WO 2009/080534PCT/EP2008/067274 Case 24695 HETEROCYCLIC ANTIVIRAL COMPOUNDS The
invention relates to the field of antiviral therapy and, in particular, to non-nucleoside reverse
transcriptase inhibitors for treating Human Immunodeficiency Virus (HIV-1) mediated diseases
including AIDSAHESREEFAIDS Related Complex). The invention provides hOVEFI B 4z0
lo[3,4-c]pyridazinyl, 1H-pyrazo lo [3 ,4-b]pyridinyl, 1K-pyrazo lo [3 ,4-c]pyrid inyl and 5 indazolyl
compounds, phaimaceutical compositions comprising these compounds, methods for treatment or
prophylaxis,of k1 mediated diseases employing said compounds in monotherapy or in combination
therapy. The compounds of the present invention provide high blood levels of HIV-1 reverse
transcriptase (HIVRT) inhibitors when administered orally. The invention relates to the field of antiviral
therapy and, in particular, to non-nucleoside 10 compounds that inhibit HIV reverse transcriptase and
are useful for treating HIV-1 mediateddiseasaS ANEIVMERAT o0 prMPdesymsyel heterocyclic compounds
according to foimula | for treatment or prophylaxis of HIV-1 mediated diseases, AIDS or ARC,
employing said compounds in monotherapy or in combination therapy. The human immunodeficiency
virus HIV ishiharcatisativiegenthef fadd oif e i dnoeefieielh ay (EStsyhdrometAlD By sadisease
characterized by the destructi fthe i n tem., particul f - T-cell, Wi tendant
susceptibiﬁrtef/]rl 8%%%8 rlt%hﬁ%s}lﬁ?é Sl%?é%lffc%}r%" g‘gﬁn‘%ﬁifg%%n%da sée%% soﬁe@wgn S-rgé%g(rls%%%ﬁ
syndromeistiaragekiabl and ARSpES IS Redhtes Gursistantiderevalided Menplsaderndpaihy, fever and

weight los ]I her ratravi athe OMme. retein gresyrsors known as
e b e W B G e

( ga _ e viral protease to afford the protease, reverse
transcAptdBeAERIY) CORPEHIE e BRETHESHF Kb RHP PRIV TR IS FSfeiRE B TR vIRGEeddor

InterruptionQfdlis prosessingREMENSs the aredustion af s maily nfecieusoviiUsinConsiderable efforts
have been directed towards the control of HIV by inhibition of virally encoded enzymes. Two

enzymes tRAPHRGEBERIS ROGHIRAIG SRR for B RO TP RHRN StHaF A5 SPE kP B RSSE S A DS Hiv
reverse transetipiaseof H1S - GreMontanasetiatasA (@R iahihierapyhdhedstatistofctheraly, Biomed &
Pharmacother. 1999 53:63- 72; R. W. Shafer and D. A. Vuitton, Highly active WO
2009/080534RPCT/EP2008/067274 -2- retroviral therapy (HAART) for.the treatment of infection with
human immtnBYEHEBART G p%%%fglr%lg&f%ﬁ eé?ﬁ?a%%@%r?i%@@%?%%@?@? %‘e&?CIercq, New
Develdpmentpanndintiski MidkeRiothevep: Guivtited: Gnbax 2604 81543185 7RV TWoegenetal classes
of RTI inhibitors have been.identified: ide revers ' {nhibit and
mon-nucle e A T o v have
emerged dtceipencotipicpityarssior HaY-Hmediabé metwesapyRD oChBRrgIrRlpyére St mpriBd Drugs
2004 9(1) - oot BRIBEM CbifARI, fvest. Drugs 2004 5(8):851-861; D. Schals, Curr. Topics
Med. Chem. 2004 4(9):883-893; N. A. Meanwell and J. F. Kadow, Curr. Opin. Drug Discov. Dev, 2003

6(4).451-461). N-substituted hydroxy pyrimidinone carboxamide inhibitors of HIV-1 )
The human immunodeficiency virus HIV is the causative agent of acquired immunodeficiency

15 syndrome (AIDS), a disease characterized by the destruction of the immune system, particularly
ofthe CD4™ T-cell, with attendant susceptibility to opportunistic infections. HIV infection is also
associated with a precursor ARC syndrome characterized by symptoms such as persistent

generalized lymphadenopathy, fever and weight loss.

In common with other retroviruses, the HIV genome encodes protein precursors known as gag
20 and gag-pol which are processed by the viral protease to afford the protease, reverse transcriptase

(RT), endonuclease/integrase and mature structural protems of the virus core. Interruption of

this processing prevents the production of normally infectious virus. Considerable efforts have

been directed towards the controi of HIV by mhibition of virally encoded enzymes.

Two enzymes that have been extensively studied for HIV-1 chemotherapy are HIV protease and
25  HIV reverse transcriptase. (J. S. G. Montaner ef al., Antiretroviral therapy: 'the state of the art’,
Biomed & Pharmacother. 1999 53:63- 72; R. W. Shafer and D. A. Vuitton, Highly active



10 integrase have been disclosed by B. Crescenzi et aL in W02003/035077, published May 1, 2003,
and MK-0518 is nearing approval NRT1s typically are 2',3'-dideoxynucleoside (ddN) analogs that must
be phosphorylated prior to interacting with viral RT. The corresponding triphosphates function as
competitive ifhibHIPd#Eatternative substrates for viral RT. After incorporalibh IFRI BT acids the
nucleoside analogs 15 terminate the chain elongati% process. HIV reverse transcriptase has DNA
editing capabilities which enable resistant strains to overcome the blockade by cleaving the nucleoside

analog and confinuing. ihe @}99%?9& eI S SRR R LIR MR ZIEAMIAINGACT).
didanosine (ddl), zalcitabine (ddC), stavudine (d4T), lamivudine (3TC) and tenofovir (PMPA). NNRT1s

were first digeodisyaerifadigomaserrt. AP8%hdsiérididhiBrdrwnidly biRd duerswy ariro-&

nonsubstrate-Rinding:site,omike. N revesstiansoriptgsetheralyatening thrashang.abihaAstive site
or blocking polymerase activity, (R. W. Buckheit, Jr., Non-nuclegside reverse transcriptase inhibitors:

perspectiveSTof kR eSS St R SiPATR GRS RIRT DA e s iR EGES SExpert
Opin. InvestigscBipugs 2001 d:Q(8)1A23t1 482 CERBardlercgr i he-relembnonvausiensideseverse
transcriptasg inhibitors (NNRTIs) in the therapy of HIV 25 infecfion, Antiviral Res. 1998 38:153-179; E.
Do oo NG BT e T R R o P G N it 2> 2004
8(13):154%1577: G. SldBdeiTheEmBpging: ReleBoNHIINHEEDSdr RavesskoFranseripiase Inhibitors
in Antiviral QL6 19 . rthirty sgruc l.cl f NNRTIs have
been idenﬁf}i—%a&g ﬁ%ﬁ’é?glg%?‘zﬁﬁ r%/%%?% ?;%)ﬁ?ééé\g%n%%%ﬁqg\g ggg%végg r"élilljgﬁ 11}‘% %?%ﬁt)ﬁbe(’r(gby:

efavirenz, Revird8he(4ntd 36 tbladirsihe O d0x 0B SB PO THER2O081067 Ahdbidrsnifilily viewed as
a proysingclass. of CORPRUNGR s Wirg andJdnyiy e studiesevirrho ssuerlsdHina NNRT IS prpgented a

low barrier to the emergence of drug resistant HIV strains and class-specific toxicity. Drug resistance
frequently EVEISHY Witk B7A518 &IRY Hoint mutation in the RT. While combination therapy with NRTIS,
Pls and NNRTIs has, in many cases, dramatically 5 lowered viral loads and slowed disease

progressionr$ignificanttherapeLtis-prehlamssemain (B GulicknBtae SRepLdigiMicteRiab and Inf.
Dis. 2003 9(3):186-193) The cocktails are not effective in all patients, potentially severe adverse

reactions SHERDREY Sha iR rhpibtly FEFSRLRRE HIRPORIE AL BROVBA SEHER St b Sy At fint
drug-resistantnaiiarihoafadiddy pep roteast anttsepese transapidsaciib eie raimaidcainsded for safer

drugs.with activity against 10 wild type and c only occurring resistant strains of HTV-1.
Compauni By A0 B e LA S P EHor o ges AP U it
by limited bibakaitabititysEHectivertherapy-fomkl the biregudebyodmpogrits thalkpsulvidekigstained high
levels of comRELAGIHOMBIYIS BERBAPIHRILIIILIG REPIORRRACLIRRIZEN SRS 15

didanosine (ddl), zalcitabine (ddC), stavedine (d4T), lamivudine (3TC) and tenofovir (PMFPA).

NNRTIs were first discovered in 1989, NNRTT are allosteric mhibitors which bind reversibly at

20  anonsubstrate-binding site on the HIV reverse transcriptase thercby altering the shape of the
active site or blocking polymerase activity. (R. W, Buckheit, Jr., Non-nucleoside reverse
transcriptase inhibitors: perspectives for novel therapeutic compounds and strategies for
treatment of HIV infection, Expert Opin. Investig. Drugs 2001 10(8)1423-1442; E. De Clercq,
The role of non-nucleoside reverse transcriptase inhibitors (NNRTIs) in the therapy of HIV

25 infection, Antiviral Res. 1998 38:153-179; E. De Clercq, New Developments in Anti-HIV
Chemotherapy, Current Med. Chem. 2001 8(13):1543-1572; G. Moyle, The Emerging Roles of
Non-Nucleoside Reverse Transcriptase Inhibitors in Antiviral Therapy, Drugs 2001 61 (1):19-
26) Although over thirty structural classes of NNRTIs have been identified in the laboratory,

only three compounds have been approved for HIV therapy: efavirenz, nevirapine and

30 delavirdine.



Compounds of formula | wherein R3 is hydrogen or C1.6 alkyl and RI', R2, X2, X2 and Ar are as
defined in the Summary of the Invention have been described by J. Kennedy-Smith et al. in U.S.
Publication N&®B980848511 which was filed August 15, 2007 and which ¢ REFEBSE#fddTporated by
reference in its entirety. 20SUMMARY The present disclosure relates to compounds according to
formula | wherein. X1 and X2 are independently CHOr N; R’ is fluorine or hydrogen; -4- R2 is

“hydrogen, halogen, C1.6 alkyl, C3. 7 cycloalkyl, C1 6 haloalkyl, C1.6 alkoxy,.or CI-6 alkylsullonyl; Ar
o et TR GRS ERab LBt P SRS SEeh YT B the
group consigtiNngiRThydeeges haledenrieyanbe Chegalkyb b alkioy: BiVostrateadknt|dnd C3_7 5

O B R e D e MU [ S RS 0"
CH20C(=03CHRBN4 i2nO® {m0)REharndy GHRORHE)XOHIZ; NRIRS Isydso gemaryChsis, altepha & iR5 is
hydrogen Q&M alkY et b8 RElOALeCel 43 ARBORIK L Gree? ALYIANNYChedQ Al GR 3
M. Gulick, Eur. Soc. Clin. Microbiol. and Inf. Dis. 2003 9(3):186-193) The cocktails are not
. effective in all patients, potentially severe adverse reactions often occur and the rapidly
reproducing HIV virus has proven adroit at creating mutant drug-resistant variants of wild type |
protease and reverse transcriptase. There remains a need for safer drugs with activity against

10  wild type and commonly occurring resistant strains of HIV-1.

Compounds of formula X wherein R® is H are efficacious HIVRT inhibitors however their utility
15 limited by limited bioavailability. Effective therapy for HIV-1 requires compounds that
provide sustained high levels of compounds to minimize the opportunity for the emergence of

resigtant strains.

15
Comp'ounds of formula I wherein R® is hydrogen or Cy.¢ alkyl and R, R?, XY, X? and Ar arc as
defined in the Summary of the Invention have been described by J. Kennedy-Smith ef al. in U.S.
Publication No. 20080045511 which was filed August 15, 2007 and which is hereby
incorporated by reference in its entirety.

20 : SUMMARY

The present disclosure relates to compounds according to formula I wherein:
X' and X? are independently CH or N;

R is fluorine or hydrogen;



dialkylamino-C1_10 alkyl, C2-10 alkenyl, C3_7 cycloaLkyl, Ci_6 alkoxy, C1_10 aminoalkoxy, C1-3
alkylamino-C1_10 alkoxyl, C1-3 dialkylamino-C140 alkoxy, NR7aR76, phenyl or pyridinyl said phenyl
or pyridinyl ring optionally independently substituted with 1 to 3 substituents selected from the group
consisting of halogen, C1-10 alkyl, C1-3 alkoxy, nitro and cyano; 20 R6 is C1-6 alkyl or the side chain
of a naturally occurring amino acid; R7 and R76 are-thdependently hydrogen, C1-6 ailcyl, C1_10
aminoalkyl, C1-3 alkylao-C1-10 allcyl, C1.3 dialkylamino-Clio alkyl; orpharmaceutically acceptable
 salts thereBF Baydragirshalogent Cheslid, Srovideltdlgdnthaunibatsbidinglioformuia t Swherein: X2
and X2 aredﬁgﬂgﬂﬂgr{%orine or hydrogen; R2 is hydr_ogen, halogen,. Cl..6 e_llkyl, C3_7 cycloalkyl, C1.6
haloalkyl, C1-6 alkoxy, or C1..6 alkylsulfonyl; 10Ar is phenyl substituted with one to three groups
independently selected in each occurrence from the group consisting of hydrogen, halogen, cyano, -
C1-6 alkyl ASTs shaikbostiluBhaigamyd writiressmepsiodinin®atls sbtepedrdently melectedt ifloeach

occurrenceftom the HQUR £ansist fy 2 56i) GA-h20-C5 i2) 4 wherein n is 2
to 5; ngg&%%lg)lﬁ%Hzoc%&gc&qg&z%a@ﬁ%hgh ot Ré’;’(&\lx (%I%\ og’é%@é%%ﬂ%%% cled
' v

R’ is independently selected in each occurrence from the group consisting of:
CH,0OH
CH,0-C(=0)(CH),CO.R* wherein nis 2 1o 5;
CH,0-C(=0)CH,0CH,CO,R?

10 CH,OCOR?;

CH,0C{=0)CHRNH;;
C(=0)R®; and,
CH,OP(=0)YO0H)s;

R* is hydrogen or Cy0 alkyl;

15 R°is hydrogen or Cy.j0 alkyl, Cy.10 haloalkyl, C,p aminoalkyl, C). allcylamino-Cy.y0 alkyl, C).3
dialkylamino-Ci.i¢ alkyl, Ca0 alkenyl, Cs 7 cycloalkyl, Cy alkoxy, Ci.1p aminoalkoxy, Ci.
alkylamino-C;. alkoxyl, C,.3 dialkylamino-Cy.yg alkoxy, NR™R™, phenyl or pyridinyl said
phenyl or pyridiny! ring optionally independently substituted with 1 to 3 substituents selected

| from the group consisting of halogen, Cy.0 alkyl, Cy3 éikoxy, nitro and cyano;

20 R%isCig alkyl or the side chain of a naturally occurring amino acid;

R™ and R™ are independently hydrogen, Ci¢ alkyl, C;.;0 aminoalkyl, C;; alkylamino-C; .10
alkyl, Cy.3 dialkylamino-C, yg alkyl; orpharmaceutically acceptable salts thereof



(vi) C(0)R5; and, 20(vii) CH20OP(=0)(OH)2; R4 is hydrogen or C1.10 alkyl; R5 is hydrogen or C1.10
alkyl, C140 haloalkyl, CO aminoalkyl, C1-3 alk-ylamino-C110 allcyl, C1.3 diallcylamino-C110 alkyl, -
C2_10 alkenyl, C3-7 cycloalkyl, C1..6 alkoxy, 25C140 aminoalkoxy, C1_3 alkylamino-C1.10 alkoxyl,
Ci.3 dialkylamino-C1-10 alkoxy, 41p NR413.76, ﬁ%enyl or pyridinyl said phenyl or pyridinyl ring
optionally independently substituted with | to 3 substituents selected from the group consisting of
halogen, C1.:1Q Al el 3nalkaXyo Dk 2085 ARE; 6,815 4o Gorliirh @r the side chain of a naturally
occurring amino acid; R7 a and leb are independently hydrogen, C1.6 alkyl Or C1_10 aminoalkyl, C1-3
alkylamino-C1.10 alkyl, C1.3 dialkylamino-C140 alkyl; or, a pharmaceutically acceptable salt thereof
Compounds of formula I inhibit HIVRT and afford a methog for prevention and treatment of HIV-1
infections and the treatment of AIDS and/or ARC. Cgppo%nds of the present disclosure -5- wherein
R3 is as described in this summary are rapidly andgffigiently absorbed into the circulation and afford
high leveLs of compounds with potent brogd spgctrine i-HIV-l activity. The present disclosure also

l

compounds of formula | that are usefuldn moy therapy or combination therapy with other anti-viral
agents. In a second aspect, there is prOV|de§a pharmaceutical composition comprising a
therapeuytically gffeetive quantity of a compound as defined above and at least one carrier, excipient or
diluent. Figure | graphically exemplifies the results of pharmacokinetic experiments comparing the
bioavailability of fouxbsadiKigse0k3 46-bromo-2-fluoro-3-(1H-pyrazo lo [3,4- c]pyrldaB-
ylmethyl)-phenoxy1-5-chloro-benzonitrile (R-73) in rats and dogs.

R’ is fluorine or hydrogen;

R is hydrogen, halogen, Ci.¢ alkyl, Csy cycloalkﬁ, Ci6 haloalkyl, Cy4
alkoxy, or Cy¢ alkylsulfonyl; '

10 Ar 1s phenyl substituted with one to three groups independently selected in
each occurrence from the group consisting of hydrogen, halo.gen, cyano, Cig

alkyl, C,.¢ alkoxy, Cy.¢ haloalkyl and Cs.; cycloalkyl;
R’ is independently selected in each occurrence from the group consisting oft
(i) CH,OH
15 (if) CH,0-C(=0)(CH,),CO-R* wherein n is 2 to 5:
| (iii) CH,O-C(=0)CH,OCH,CO,R*
(iv) CHOCOR?;
(v} CH,OC(=0)CHR*NHa;
(vi) C(=O)R’; and,
20 (vii) CH,OP(=0)(OH)x;
R* is hydrogen or Ci.1 alkyl;

R® is hydrogen or Cy.1¢ alkyl, Cr.ip haloalkyl, Cy.1 aminoalkyl, Cy.5
alkyiamino-Cy.y¢ alkyl, Cy.3 dialkylémino«cg-m alkyl, Cy.1p alkenyl, Cz.5
cycloalkyl, C.¢ alkoxy,

25 Ci.10 aminoalkoxy, C;.s alkylamino-C;.yq alkoxyl, C1 .3 dialkviamino-Cy.qg
alkoxy,



Figure 2 graphically éxemplifies the results of phailacokinetic experiments comparing the bioavailability
of four prodrugs of 3-ch|oro-5{6-chIoro-2-fluoro-3-(:g|-pyrazolo[3,4- _
c]pyridazin-3-ylmethyl)-phenoxyl-benzonitrile (R-7 B)in rats and dogs. Figure 3 provides graphs of the.

results of phagpaqokingtic I3 @Q%i e bio.availability of a pro drug 1-2 qf 5[6-bro mo
-2-fl uoro-3-(1H-pyra’z%%lgﬁg%%rﬁi%ggzgiﬁ- - ylnlﬁ} e%l#y?f:falqﬁlell %ol)lgfﬁs? pt)lﬁfh%%ﬁﬂ%ﬁg gf‘ﬁ)y in rats.. The
compounds SRSt Mithdréird Rebiginyte gerctad foterthingibitprsodi HIVRIF witheahroad spectrum

of activity agajng 'Lg:an [ ' %“%Qi%_q(%e resistant to other non-nucleoside RT inhibitors. Effective
antiviral thera{{)py ?glciuirlégs%%g%gf’eve s of the active ingredient in the blood to minimize the emergence of

resistant strains. Ur@r{y@?ﬁﬂ%l@gg@igﬁ%&%{g}d&% g})l%railpiﬁlimited‘ %astro-intesti al absorption.

Secondly, suboptimal physical properties e compounds re2ti R Uptions that could be
employed to enhan I g lve i@gr jent. Albﬁrt introduced the term prodrug to describe a
compound which Ia%gfﬁﬁgs?c%%ggdgé}géaﬁlactwigfg g?ﬁ’%%c i§ %;(Hggfeséﬂﬁ?@ig&ﬁ]igy@a(ﬁﬁoimat.ion to
the active drug subsikiitaanino-Alberellsdl daotivédi AoxisityinGipoaksanetHall, London, 1951). Produgs
have been recently reviewed (P. Ettmayer et al., J. Med Chem. 2004 47(10):2393-2404; K. Beaumont
“etal., Curr. Drug Rﬁ%ﬁ?%@h@@@n@i%@@hﬁ!%&d, Design of Prodrugs: Bioreversible derivatives
for various functional groups and chemical entities in Design of Prodrugs, H. Bundgaard (ed) Elsevier
Science PulilishessndraefatertamahO85TORY aitpitei £hatnodi: DR e ReY. L9, 2HiR3p- 256;
R. J. Jones ?rﬁgc%n'?is I: er %%n@c%%ﬁ?é R%%r#agé 7 1-15(§n C. R. Wagner et al., Med. Res.
Rev. 2000 20:417-45). While the metabolic transformation car ¢t ff)ﬁé?aeffg?ts%é“&ﬂ‘ﬂ&mvvo
2009/080534PCT/EP2008/067274 -6- enzymes, often hydrolases, the active compound can also be
regenerated by non-specific chemical processes. Pharmaceutically acceptable prodrugs refer to a
compound, which frequently have limited or no inherent biologically active but which can be
metabolized, for example hydrolyzed or oxidized, 5 in the host to form the biologically active

- compound. Typical examples of prodrugs include compounds that have biologically labile protecting -
groups linked to a functional moiety of the active compound. ALKkylation, acylation or other lipophilic
modification of the parent compound have been utilized in the produce prodrugs with optimal physical
compounds that efficiently revert to the parent compound. 10 Factors limiting oral bioavailability
frequently are absorption from the gastrointestinal tract and first-pass excretion by the gut wall and the
liver. Optimization of transcellular absorption through the Gl tract requires a D(7.4) greater than zero.
Optimization of the distribution coefficient does not, however, insure success. The prodrug may have
to avoid active efflux transporters in the enterocyte. Intracellular metabolism in the enterocyte can
result in passive 15 transport or active transport of the metabolite by efflux pumps back into the gut’
lumen: The prodrug must also resist undesired biotransformations in the blood before reaching the
target cells or receptors. The quantity D(7.4) refers the distribution coefficient wherein the aqueous
phase is buffered to pH 7.4. The distribution coefficient is the ratio of the sum of the concentrations of
all forms of the 20 compound (ionized plus unionized) in each of the two phases. Log D is defined as
the logarithm of the ratio of the sum of concentrations of the solute's various forms in one solvent, to
the sum of the concentrations of its forms .in the other solvent. While putative prodrugs sometimes can
rationally envisioned based on the chemical functionality present in the molecule, finding a prodrug
remains an empirical exercise.



25 Predictions regarding the rate of, and product from, in viva transformations is filled with uncertainty.
Chemical modification of an active compound prodti¢es an entirely new molecular entity that can

exhibit undesirable physical, chemical and biological properties absent in the parent compound

Regulatory RinBmis RS deh i et shrup A fap shtad iy soaaicnbiiehges malthsle pathways

lead to a phuralitvoalmeiabalitash Thus dhesideptification oL3QPERAN G LEMAINS AR UNES LRI and
challenging exercise. Moreover, evaluating phalmacokinetic WO 2009/080534PCT/EP2008/067274
-7- propertid& WEStLIIre lege s R KANBAGHT R T eing emeresvdr oPframmiadokifatitbresults from

animal matlejs saatibe diffigedtterrxifapolate fochivmans Hae-ohiashfthertesantiRyantipp.is to
provide new com(lﬁé) n%sﬁ ethods and compositions for the treatment of a host infected with HIV-1 . 5

The phras& &6 g inramponrdsofdumalal tharaorwiat entepotbrraneenple, a
compoundaetsrstiootierepnvark athenpotinvitaloratieast one compound. As such, the teims "a" (or
"an"), "one or more", and "at least one" can be used interchangeably herein. The phrase "as defined

herein abaye"sefarsdgdhehinadest definitionfoneach groun.asprovided.in the Summary of the
Invention or_the broadest claim. If?%ll other embodiments Wlfl‘r%ch %ﬁxol\(/%/)fnfﬁlssmub%tl et sm\}v Iilgh can be

present in“E5EH & ABBHN IR WA SrEHHE CRYBTERR A4 iRseeps s thatipratiestileinition provided

in the Summary of the Invention. The term "optional” or "optionally” as used herein means that a
subsequdfigyrdésoriblecabyentop ifeuthstends nfphabibbeedontegreiheantiigliheg description

includes instanges w %ﬁt@e event or cireumstance occur I@-guilggrtan es in which it does not. For
example, "optior?éﬁ]ly 5'su sﬁta%eléu r%fgaﬁijgﬁ%rp %eggﬁ)lﬁ{)?% ] ﬁ‘ﬁ?t%@rﬁt‘fi}é’tvwrﬁborporate a
hydrogervraisibahtnent]-FedtviicdtarmhistieiBic e msssead Hegein have the meaning commonly
understood by one of skill in the art to which the present invention pertains, unless otherwise defined.

Referencp-' a i t thodologies and materjals known to thosq of skill in the art.
Standard 21 refe%g%%ﬁe{%fg}élggg&%%ﬁgS%h%f?%]%ﬂsgé%rll%rg pﬁ(r;%?b géslcoefxﬁﬁ%%y@ocli}ww&@@ Goodman
and GilmBieFib PaphasbigiEasBasischioTidripeblive 2-Outed3-(MdGrauedkl| Gompanies Inc., New

York (20%yﬁd&@m’,@@myeﬂj@[%%@ﬁigﬁm@%%mqﬁqa@%% gégﬁill can be utilized in carrying

out the present invention. However, preferred materials and methods are described. Materials,
reagents and the like to which reference are made in the following description and 25 examples are

obtainab S5 GYMANET GEINs Gichs remitssel Mrsrivieekinstede s imentiretmpaspecification, whether in
a ransitionahaniasi p6 i fedasly obiha e dhe iRisms Ssommselsband isomprising’ are tobe
e Inte

interpreteﬂ as_having an p_en-erlllded,m,eanin . That is, the terms are to preted synonymously
with the pATESBLREGHG A RORLE aé?“’iﬁéﬁﬁﬁ%éﬂé’ﬁ%"‘t". When used in the context of a process, the

term "comprising" means that the
The compounds of formula I wherein R is hydro gen are potent inhibitors of HIVRT with a

broad spectrum of activity against mutant strains which are resistant to other non-nucleoside RT
mhibitors. Effective antiviral therapy requires high levels of the active ingredient in the blood to
minimize the emergence of resistant strains. Unfortunately the these compounds exhibit limited
gastro-intestinal absorption. Secondly, suboptimal physical properties of the compounds restrict

formulation options that could be employed to enhance de'livery of the active ingredient.

Albert introduced the term prodrug to describe a compound which lacks intrinsic biological
activity but which is capable of metabolic transformation to the active drug substance (A, Albert,
Selective Toxicity, Chapman and Hall, London, 1951). Produgs have been recently reviewed (P.
Ettmayer et al., J. Med Chem. 2004 47(10):2393-2404; K. Beauront er al., Curr. Drug Metab.
2003 4:461-485; H. Bundgaard, Design of Prodrugs: Bioreversible derivatives Jor various
Junctional groups and chemical entities in Design of Prodrugs, H. Bundgaard (ed) Elsevier
Science Publishers, Amersterdam 1985; G. M. Pauletti er al. Adv. Drug Deliv. Rev, 1997 27:235-
256;R. J. Jones and N. Bischofberger, Antiviral Res. 1995 27; 1-15 and C. R. Wagner et al., Med.
Res. Rev. 2000 20:417-45). While the metabolic transformation can catalyzed by specific



WO 2009/080534PCT/EP2008/067274 -8- process includes at least the recited steps, but may include
additional steps. When used in the context of a compound or composition, the term "comprising”
means that the compound or composition includes at least the recited features or comg)onents, but

may also incKiGeYauitiSi4l features or components. 5The term "about” isTSEH RERERS o nean

approximately, in the region of, roughly, or around. VWhen the term "about" is used in conjunction with a
numerical range, it modifies that range by extending the boundaries above and below the numerical

values setfouth.ngenaralrdhedenm ‘RAOUEISHsed bereittecmodifyadupersalelue above and
below the stated value by a variance of 20%. 10 As used herein, the recitation of a numerical range for
a variable HEHEECESEdnvey that the invention may be practiced with the variable equal to any of
the values within that range. Thus, for a variable which is inherently discrete, the variable can be equal

to any intgagFyalee RE e AlpIesieaksangs rshis ingothsoand-peitsielthatiange: Simiardy.dor a
variable which is inherently continyous, the varjable can be equal to any real yalue of the.numerical
range, 15 TG ARE EHIL SBINE Bf tHETA AT PR eAPRR A 2: 5 OMRLTHE T (< BRI as
havingsvalinebcietwee forathd Fp taichiéyQictiverdd fgrovadiafigs avhichngrie d ot eredthe dischete, and can
be 0.0, 0.1, 0.01, 0.001, or any other real value for variable i re nherent i S. It will be
understoo%bfﬁ%(f%%esé%%j}ég SY WhIC agyc%'riﬁ% lfﬁ%%%nt% i\ éﬁ%ﬁaﬁ a%ﬂ?ﬁ?é%%i %%% d%ﬁgjtésuffer from
a specific tratmetiorstand. Ihtleddiothecdmtipoondthof irerihsrtiof fnajopeof Chadenimisteparpund

prophylactigall, Brialio. A AR (RIRAMSb AL B IRIPERmLD SR LORIARRKYGhai iEABRK(ICAY, and

petmutations of these terms are used to encompass therapedutic, palliative as well as prophylactic
uses. Herf€&e@ 4o ibe pHereRYHP iating or alleviating the symptoms” is meant reducing, preventing,
and/or reversing the symptoms of the individual to which a compound of the invention has been

administeegd; a3 GRMRAGY Vdhe ympteme i idhidualidr feseiving A alchirdminisimtion.
When any variable (e.g., Rl, R4a, Ar, X| or Het) occurs more than gne time in an constituent or in any

formula ddPREE SHETeEEERBIRG BYMBd AL EHBREy SO drEaitR alit s LR PERon, its
definition girQaghieccureRceqsiiadependertet isndelinliapaiextionethee dogttiefse. Also,

combinations _of substituents and/or variables are émISSI le onlwf su%h coerpoundgfstult in 30

stable confBOUISa! SRR BoHBSEE AT AR STl dE PP U8 R B i

Ayl ACt1v]
e sym%o‘fs at'the efd of a bond or
" drawn throisgtr@banthe acthnefar tdrthecpibiitrohatiadsmeantiof exfitreionaingouly wrpptssicchemical

moietyto e iesh O e ASRRIS AL APH L HINGRPSRDRIE SRR MSEEIHR4= Tte
prodrug must also resist undesired biotransformations in the blood before reaching the target

cells or receptors.

The quantity D7 4 refers the distribution coefficient wherein the aqueous phase is buffered to pH

7.4. The distribution coefficient is the ratio of the sum of the concentrations of all forms of the
20 compound (ionized plus unionized) in each of the two phases. Log D is defined as the logarithm

of the ratio of the sum of concentrations of the solute's various forms in one solvent, to the sum

of the concentrations of its forms in the other solvent.

While putative prodrugs sometimes can rationally envisioned based on the chemical
functionality present in the molecule, finding a prodrug remains an empirical exercise.

25  Predictions regarding the rate of, and product from, in vivo transformations is filled with
uncertainty., Chemical modification of an active compound produces an entirely new molecular
entity that can exhibit undesirable physical, chemical and biological properties absent in the
parent compound. Regulatory requirements for identification of metabolites may pose
challenges if multiple pathways lead to a plurality of metabolites. Thus, the identification of

30 prodrugs remains an uncertain and challenging exercise. Moreover, evaluating pharmacokinetic



5 It is contemplated that the definitions described herein may be appended to fowl chemically-relevant
combinations, such as "heteroalkylaryl," "haloalkytheteroaryl," "arylalkylheterocyclyl,” "alkylcarbonyl,"
"alkoxyalkyl," and the like. When the term’ alkyl" is used as a suffix following another term, as in
"phenylalkyl,W&Z{W@F(gwwkyl," this is intended to refer to an alkyl group, Bslqefmed s 23%, being
substituted with one to two substituents selected from the 10 other specifically named group. Thus, for
example, "phenylalkyl" refers to an alkyl group having one to two phenyl substituents, and thus
includes t}%g&h&@ﬁ}&d@éﬂy&gﬁ%@@h@@mﬂ@@ﬂg@mmﬁskyﬁa@a&.aﬂﬁdrgm@@mw RESOIRE to two
alkylaming substjtuents. "Hydro ya(ggt;ﬁ" includes 2-hydroxyethyl, 2-hydroxypropyl,
1-(hydroxmwm§;m%‘jtﬁk§lﬁ}@b©ﬁ ! ﬁ%ﬁfﬁ‘gﬁﬁ?%ﬁj& Rybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. Accordingly, as used 15 herein, the term "hydroxyalkyl" is used to
define a syubsebRrihetaioptahorotpsisiefinegbeiovndhedapvuridy)alkybmiend toajihdrian for
unsubstituted alkyl or ralkyl.groyp.. rm (hetero)aryl or (het)aryl refers to either an aryl or a
heteroarylt 5" enfn%%%%%@?&??#e%%ﬁé%gresent invention there is provided a compound
according to formula |1 20 wherein 12.1, R2, R3, R4, 145, R6, R7a, R71', Ar, X1, X2 and n are as
defined héreiprhsayednd phamageuticalhaeteptzhlecsaltsdthereobirha secondembogiment of the
present invention there is provided a compound according to formula Lwherein X is N: X2 js CH .

S sttt BB e S A e e o i he
descriptiofoot2h®d ciesoetimert rerin 4hls2 D<) 68 9/08e894 MO THRRREDS/08727 4 -10- broadest scope
defined in the Summary of the Invention. Furthermore all the embodiments include pharmaceutically

acceptable pall AR SORBOHAT AL WAL 18 AU ampaimet ﬁié@&@@@é%ﬁ@é@tvﬂ@@ there is

provided a compound according to formula I wherein X" is N; Is CH; Ar is phenyl substituted with
two group#ithgdiveraantif ShedrersignrederPradsreiir frintidhsismPedngstig ot hBiYEn, cyano

and G} hajgalky L3 iscuarsandsi2dis saleaieddramtheiarann crNgistRE e {iiefined retain
CH20-C(=0)(CH2).002R4 wherein nis 2 to 5, (ii) CH2OCORS5, and, (iii) C(=0)R3. In a fourth

embodiméhg e ERE AR i S WRRAEER 26 IMISBUNY according to formula | wherein X' is

N; X2 is CH; Ar is phenyl substituted with two groups independently 10 selected in each occurrence

from the greuyp.eansisting ofhialngenatyanorsd felkmthalealirla RiiscHueny aagdibadsvent or
CH20-C(=0)(CH2)11CO2R4, n is 2. In a fifth embodiment of the present invention there is provided a
compound&CEGTHRG {5 P PETIIAr BRT ST, PP S RIOAP IS 1aC L T A the
3-chloro-5eeyane-gphemy oxcd-ocyarnc:ht diftspcometivyiigbhie dybsRbis fluoegaRAds broinoelighloro or C1 6

alkyl; 1%3 i%u %@S&fggﬁg :anSca%'s:l %g:'t%gzoo qgnlgﬁ?r%%gs%%ﬁaé %ggepy i&élyt&(éomorate a hydrogen or a

substituent.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
made herein to various methodologies and materials known to those of skill in the art. Standard
20 reference works setting forth the general principles of pharmacology include Goodman and
Gilman's The Pharmacological Basis of Therapeutics, 10" Ed., McGraw Hill Companies Inc.,
New York (2061). Any suitable materials and/or methods known to those of skill can be utilized
in carrying out the present invention. However, preferred materials and methods are described.
Materials, reagents and the like to which reference are made in the following description and

25 examples are obtainable from commercial sources, unless otherwise noted.

As used in this specification, whether in a transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least” or

"including at least”. When used in the context of a process, the term "comprising” means that the



In a sixth embodiment of the present invention there is provided a compound according to formula |
wherein X' and X2 are N. In a seventh embodiment of the present invention there is provided a
compound according to formula | wherein X and X2 are N; Ar is phenyl sukﬁ%g&%@z%o groups

independentW%@Gg%%égg?gﬁ in each occurrence from the group consisting of gen, cyano and CL6

haloalkyl; 141 is fluoro; and R3 is selected from the.group consisting of: (i) CH20-Ce=0)(CH2).002R1
wherein nis 2 to 5, (i) CH20COR3, and, (iii) C(=0)R3. In a eighth embodiment of the present

invention {hekesisiayided BasomprRigReacsH dindneyfarmida ddapirinXpamhuaee N;thd is phenyl

substituted with two groupaﬁi\gdependen_ﬂy 25 selected in each Qccurrerk%g)&{gm the ‘gﬁr(%)u consisting of
pites)

halogen, CoBHEHd EPPRUILIBRARMPRY R N £E3 S EHS BeC DI ERR In a ninth

embodimestbiittopraskidtinyéntioththecids farovtelest accnmpaunchaceeydiig tacfodmadaitiovakrein X'
and X2 are N; Ar is 3,5-dicyano-phenyl, 3-chloro-5-cyano-phenyl or 3- WO

2009/080 ?XB&D/EIS‘%%% 274 -11- cyano-5-difluoromethyl-phenyl; R1 is fluoro; le is chloro, bromo
or C1.6 alkyl; le is 0120- C(=0)(CH2).002R4 and n is 2 to 5. In a tenth embodiment of the present
inventibn theea dsrptavidedsasahipooumthaseordimpgotarfes ol i ltbe legied dfomuiidygrogupoohsisting of: 5
Succinic agifLnAag: (44 RLemos e (Rl Rion K ARRE R RARNEF R G RN IR By
b]pyridin-1-ylmet y?ester; uccinic acid mono-

{3[4-bromex8ydir: dieyinoderien akgyeaili beinBehe pHpsiae bIe [[Buses] FyHu i Bophirb e tedter;
Succinic acigh,PORQ;{34A:RAOM Y H R, GURFR:REY AN0:RE DOXY Y- Belllpracenay knyEagolo [3,4- 10

c]pyridazin-I-ylmethyll ester; Succinic acid
mono-{3142¥iiFd? 8208 5- dicyano-phenoxy)-2-fluoro-benzy1]-pyrazolo [3,4-c]pyridazin-1-ylmethyll
ester; Succinic acid mono- {344-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzylkpyrazolo [3,4-
: E?]pyfii]j@Zi%L‘MH&?&@@&QEE@rzﬁ:é@a%%ﬁﬁ@ﬂ%@qéﬂ@i@@ﬁ@é@&ﬁ)&@ﬂ%&g@fi&%ﬁﬂe&fﬁl@cﬁﬁv@?ﬂ&uﬂt@yram lo
3,4-c]pyridazinc-1- car OXy ic.acj met% ester; Pentanedioic.gcid mono-, . .

(344-bromfBYS PR AIBY RS RERHRSHHERSKY 5 brsten NS RPEISE A RS TS AinIO 1} ester;
Acetic acighdslviabrnaide(Bichineaiicyinesphanowy)aBid vorddenay kpdiyanlige?0aluc of the
: [3,4-c] pyrlg%%ler}-i@/ll {’gxeaég}/ ln%ﬁgglrﬁg the end-points of the range. Similarly, for a variable which is

inherently continuous, the variable can be equal to any real value of the numerical range,

15 including the end-points of the range. As an example, a variable which is described as having
values between 0 and 2, can be 0, 1 or 2 for variables which are inherently discrete, and can be

0.0, 0.1, 0.01, 0.001, or any other real value for variables which are inherently continuous.

It will be understood that the subject to which a compound of the invention is administered need
not suffer from a specific traumatic state. Indeed, the compounds of the invention may be

20  administered prophylactically, prior to any development of symptoms. The term "therapeutic”,
"therapeutically", and permutations of these terms are used to encompass therapeutic, palliative
as well as prophylactic uses. Hence, as used herein, by "treating or alleviating the symptoms" is
meant reducing, preventing, and/or reversing the symptoms of the individual to which a
compound of the invention has been administered, as compared to the symptoms of an mdividual

25 receiving no such administration.

When any variable (e.g., R', R*, Ar, X' or Het) occurs more than one time in an constituent or in
any formula depicting and describing compounds employed or claimed in the present invention,
its definition on each occurrence is independent of its definition at every other occurrence. Also,
combinations of substituents and/or variables are permissible only if such compounds result in

30 stable compounds.



(S)-2-Amino-3-methyl-butyric acid 344-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-
pyrazolo[3,4-c]pyridazin-1-ylmethyl ester;

{344-Bromo- 33{ 3-chloro-5-cyano-phenoxy)-2-fluoro-benzyg-pyrazolo[3,4- clp_lyrldazm Imethoxycarbon
yimethoxy}-a8ati®&*>¥o 2009/080534PCT/EP2008/067274 -12- TER20islier2 i
344-Bromo-3-(3-ehloro-5-cyano-phenoxy)-2-fluoro-hgnzyll-pyrazolo[3,4-c]pyridazine-1- carboxylic acid
ethyl ester; 344-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyll-pyrazolo[3,4-c]pyridazine-1-

carboxylicagidJSARIOPY SSIRr.R1 GBIk 3¢id --~--- " drawn through a bond cach refer to the point
mono-{314-chloro-3-(3,5-dicyano-phenoxy)-2-fluoro- benzylkp razolo [3,4- cﬁ yridazin-l-ylmethyll ester;

344- Bromsfétt@%ﬁr&t&%aéyaﬁ@%@wywh%@%@ﬁim ﬁimféﬁra%?é rofele LRy lic acid

2-dimethytamingad-miathyb-etryhester;,  Pentanedioic acid
mono-1344-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzylk 10
pyrazolo[3,4-c]pyridazin-l-ylmethyl} ester; Hexanedioic acid q
mono-{344-bromo-3-(3-chloro-5- ((:}/ano phenoxy)-2-fluoro- benzyhpyrazo[ 4-c]pyridazin-l-ylmethyll

ester; < :N o RE = N

343-(1-Acetyl-1H-pyraz ‘%pyrl azin-3- ylme ~6-bromo-2<fluéro-preAOxy]-5-chlorobenzonitrile
; 15 3- 16-Bromo-2-fluoro-341-(pyridine-3-carbony1)-1H-pyrazo lo [3,4-c]pyridazin-3-ylmethylk pheno

xyI -5-chloro-benzonitrile 3-[6-Bromo-2-fluoro-3-(1-isobutyryl- 1H-p yrazo lo [3,4-c] pyrida zin-3-ylmet

hyl)-pHendki§ ®ntshpleddehzoniriedinitions described herein may be appended to form chemically-

3-[4- '3rOm&l@&%%‘%ﬁéf&@%%“%Yér&fwi&lbe‘}é%@éﬁﬁé%%l%;f‘"b‘m{éﬁ&g}%&el%%ﬂfpoxy"C

acid (2-amino-ethyl)-methyl-amide;

344-Brom oAby asbnsed. b alferselindssap therlils oWermAhk syrazalbys AssisdriasHfitarboxylic acid

(2-amino-gthyl-amidsiRNRsRhNim agidnylalkyl” or “hydroxyalkyl” this is intended to refer to an
mono-}344-bromo-3-(3-¢chlorg-5-cyano-phenoxy)-2-fluoro-benzyljpyrazolo[3,4-blpyridin-I- yImethyII

ester: an da%r@m%@&g&op@@@@@gﬁ@ﬁ% with onc to two substituents selected from the
10 other specifically named group. Thus, for example, “phenylatkyl” refers to an alkyl grow
¥ y group ple, “phenylalky yl group

having one to two phenyl substituents, and thus includes benzyl, phenylethyl, and biphenyl. An
“alkylaminoalky!” is an alkyl group having one to two alkylamino sabstituents. “Hydroxyalkyl"
inchudes 2-hydroxyethyl, 2-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl,
2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used

15 herein, the term “hydroxyalkyl” is used to define a subset of heteroalkyl groups defined below.
The term -(ar)alkyl refers to either an unsubstituted alkyl or an aralkyl group. The term

(hetero)aryl or (het)aryl refers to either an aryl or a heteroaryl group.

In one embodiment of the present invention there 1s provided a compound according to formula I
20 wherein RY, R, R, R R, RE R™ R™, Ar, X', X? and n arc as defined herein above and

pharmaceutically acceptable salts thereof.

In a second embodiment of the present invention there is provided a compound according to
formula I wherein X" is N; X? is CH . Substituent definitions in this and the following

embodiments which are not specifically limited in the description of the embodiment retain the



-13- Phosphoric acid mono- {344-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzylk
pyrazolo[3,4-c]pyridazinThylmethyll ester. In an eleventh embodiment of the present invention there is

provided a method for treating an HIV-1 infection, or preventing an HIV-1 infection, or treating AIDS or
ARC, compri&iRg®4tittstering to a host in need thereof a therapeuticalRf &FEHIVE S HABunt of a
compound according to foimula | wherein RI, R2, Rg, jet, RS, R6, R7a, R7b, Ar, V, -2 and n are as

defined herein above. In an twelfth embodiment of the present invention there is provided a method for

treating af,Giysd RISCHNANPIGNeRLIRGARIAPS T HDIRCLAR O HealiRa NS @E ARSodsamArising co- 10
admlnlstetln?%lto a host in need thereof a therapeutically effective amount of at least onc compound

selected B fse bratr esieidriaccer rh sl deeirmimesrsis st reverse transcriptase

inhibitors, non-nucleoside reverse transcriptase inhibitors, integrase inhibitor, CCR5 antagonists and

viral fusion,inhikioEmBERaOSTRRLNE RECRFIRGIO R IRrd VidereitbiRboird R3oRMeRS, R6, R7a,
RTh, Ar, X1, X2 and n are as.defingd herein apovye. 15 In an th%tee;lgh embodiment of theiresent

invention tREFS T LpdTaats MOt B treAfiAtPARTH ES TSR SRt B EBIFikection, o
treating AKRIScasdAREG cEoneptising foradministeriogsieragdoshilpeed thereod & therdpdkticallyieffective
amount of at least ong compound selected from the group consjsting, of zi ipeylamivudine,
didanosingz,%1 %%ﬁ%%%efss %gﬁgé:\%?%lm ?i&:g%%?% béstt:gl\%Rﬁ@o@?ﬁ@a\%@%ﬁ%&?gpi“nf(}:al,ergg)lélvirdine,
etravirine,i20 sefuinaVH, GsPRYrndelfine@(r:Binavir, amprenavir, atazanavir, , lopinavir, enfuvirtide,
maraviroc and raltegravin along with a compound according to formula | wherein RI, R2, R3, R4, le,

R6, RTh, R0 A2 a0 ate s dsMed erein apee 10 AR guitseoiy embosiaent f e present

invention there'is pro a methogi or inhibiting HIVRT in"a host infected with HIV-1 comprising
administefirgntdad st feds ket G B hisralrautisaliyiafet i Anfognupt BEmepsoiy according
to forulag wheseinRin BeuReh@ 4dBrink Grd3f QomRididY oXhaib ANE BRrEaTHC iRsdibArah gbove. In

an fifteenth embodiment of theﬁresent invention, there is provided a method for inhibiting HIVRT in a
host infectePtmAnd K- 15 Wik fsnERY G 8s &t fehst one mutation compared to wild type HIVRT

comprising administering to a host in need thereof a therapeutically WO

2(1(19/080p 34126 THRRBINAGIOHRL frobdnteffechin ameuUabRiaicoMpaHpsLagcREdIthadormula |

wherein Rl, R2, R3, R4, R5,R6, R7,'. R71', Ar,X2 and n are_as defined herein abovye.
formula I wherein X' is N; X is CH; Ar i 3,5—£cyano—pheny , 3-cg%ro—5—cyano— \{161‘1}71 or 3-

cyano-5-difluoromethyl-phenyl; R* is fluoro; R2 is bromo, chloro or Cys alkyl; R? is selected
15 CH,0-C(=0)CH2),CO:R* and nis 1 10 4.

In a sixth embodiment of the present invention there is provided a compound according to

formula I wherein X' and X are N.

In a seventh embodiment of the present invention there is provided a compound according to
formula I wherein X' and X? are N; Ar is phenyl substituted with two groups independently

20  sclected in each oceurrence from the group consisting of halogen, cyano and Ci.s haloalkyl; R is
fluoro; and R? is selected from the group consisting of: () CH20-C(=0)(CH2)aCOR* wherein n
is 2 to 5, (ii) CH.OCOR?, and, (iii) C(=O)R’.

In a eighth embodiment of the present invention there is provided a compound according to
formula I wherein X' and X* are N; Ar is phenyl substituted with two groups independently

25 selected in cach ocourrence from the group consisting of halogen, cyano and Cy haloalkyl; R is
fluoro; RY is CH,O-C(=0)}CH),CO-R%; 1 is 2.

In a ninth embodiment of the present invention there is provided a compound according to

formula T wherein X' and X* are N; Ar is 3,5-dicyano-phenyl, 3-chloro-5-cyano-pheny! or 3-



In an sixteenth embodiment of the present invention there is provided a method for inhibiting H1VRT in
a host infected with HIV-1 wherein said HIVRT has at least one mutation compared 5 to wild type
HIVRT and which exhibits reduced sensitivity to nevirapine, delaviradine, efavirenz3 and etravirine
comprising a&'rﬂi?ﬁ@f@ﬁ?@"to a host in need thereof a therapeutically effectR/%Té%%ﬂL?n/{'%?gﬁcompound
according to formula | wherein R, R2, R3, R4, R5, Rf, RTh, R7h, Ar, Xl, X2 and n are as defined
herein above. In a seventeenth embodiment of the present invention there is provided a
phaltuacegdica). Qs GRIMRERIIRN SOMATIRING ALABINCURErAGEOHIsLte formuialiand aideest one
pharmaceutically acceptable carrier, excipient or diluent. The term "alkyl" as used herein denotes an
unbranch&d g bk&He gzghéﬁ‘f% ga‘ﬁ@r?ﬁéd, monovalent hydrocarbon residue containing 1 to 10 carbon
atoms. The term "lower alkyl" denotes a straight or branched chain hydrocarbon residue containing 1
to 6 carbop, atems o dih@lkyl 188 peashiliaharpin defers eamatky bepmpesedafrditg &0 carbons.
Examples of alkyl groups.include, but are nat limited to, lower alkyl groups include methyl, ethyl,
propyl, i-pFOE B SOt ﬁéﬂ‘fﬁlf‘?&ﬁgﬁﬁﬁﬁeopentyl, hexyl, heptyl, and octyt. When the term
"alkyl" is used as a suffix following another term, as in "phenylalkyl," or "hydroxyalkyl," this is intended
to refes to Qunalkylgiowprasdgfinedmbove-being-sulystitupaendywithllones tbetwol bubstitielitd-selected
from the tTer ) e_clificéall n met%lrgroup. Thus, for example, "phenylalkyl" denotes the radical R'R"-,
wherein R Byz;r\lify) eny}/f r dth, I,egnd’ R" is an allcylene radical as defined herein with the understanding
that the attachment point of the phenylalkyl moiety will be on the alkylene radical. Examples of
arylalkyl r&digsisdaclddedouf af¢-motiinited] Ialibemoybhpienpdtiiyh8-ptremipopy!d he terms
"arylalkyl" gr ,'aralkyl: are 25 interpreted similarly except R' is an aryl radical. An "alkylaminoalkyl” is an
alkyl grou;‘;3 hdéi'%?%%kﬁ%-tby t?vrggth é&rr%?ho substituents. "Hydroxyalkyl" includes 2-hydroxyethyl,
2-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl,
2-(hydroxyimetimt) 2 @d myetroxXgerbpydrandt-Soddete- Aerareineino as-dsBeoheferzthe vene iydroxyalkyl”
is useg to defi &Qjﬁﬂb?ﬁﬁé?ﬁﬂ?@@@'kw groups defined below. WO 2009/080534PC

T/EP2008 274 -15- The term "alkylene" as used herein denotes a divalent saturated linear
hydrocarbon radical of 1 to 10 carbon atoms (e.g., (CH2),)or a branched saturated divalent

hydrocarb8ncciniicagigfmons 46 -talrometdisddigyanepineeyp-Ehpea-ReMENDeFolhless otherwise

indicated. Excepiadisicase atmaihugne (-CH2-) the open valences of an alkylene group are not
attached to the same 5 atom. Examples of alkylene radicals include, but are not limited to, methylene,

ethylene, propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, bu;glene, 2-ethylbutylene. The term
"alkenyl" a3iGeREF Rei&RUENGrE-SHARStIb tRIpser ydrBe AR sHanr RegReBF A FRy HENP 215 10

carbon at%h@égﬁg]oy]gl@thmoeg]@ginic double bonds [preferably one olefinic double bondl. C2-00
athenyl" as used herein refers to an alkenyl composed of 2 to 10 carbons. 10 Examples are vinyl.,

1-propenyl, 2-propenyl (allyl) or 2-butenyl (crotyl). The term "cycloalkyl" as used.herein denotes a
saturdted cabEEYRIR T %&%%ﬂ@’?%ﬁxﬁ"@@go% ‘(’J‘i‘ﬁ“jﬂe. ﬁ?&%ﬁ%ﬁﬁi (':%gb%ﬁ/’f}cc}l/'clopentyl,
cyclohexyk@ysciohepiidanapelagetyl. "C3_, cycloalkyl” as used herein refers to an cycloalkyl
composed of 3 to 7 carbons in the carbocyclic ring.

Pentanedioic acid mono- {3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-

pyrazolo{3,4-c]pyridazin-1-ylmethyl} ester;

Acetic acid 3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo
20 [3,4-c]pyridazin-1-ylmethyl ester;

(8)-2-Amino-3-methyl-butyric acid 3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl}-
pyrazolo{3,4-c]pyridazin-1-yimethyl ester;

{3-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-clpyridazin-1-

ylmethoxycarbonylmethoxy}-acetic acid;



15 The term "haloalkyl" as used herein denotes a unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples are
1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluorometh lftrifluoromethyl,
trichlorometh Pﬁﬁg%ﬁ%ﬁethyl, triodomethyl, 1-fluoroethyl, 1-ch|0roethyl,P - Er%“f?%é%‘?ﬁl?l-iodoethyl,
2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2- dichloroethyl, 3-bromopropy! or
2,2,2-trifluoroethyl. The term "alkoxy" as used herein means an -0-alkyl group, wherein alkyl is as
defined aboMeseh, a5 Metnavys 1ARX Y HRHISDYIONYe oS aRYINXYr RzbltElaxylpiyRUkYIgXM - t-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy group
with a "lokRPanJIE 4r8tipad pieViously defined. "C1-10 alkoxy" as used herein refers to 25 an-O-alkyl
wherein alkyl is C1-10. The temis "alkylsulfonyl" and "arylsulfonyras used herein denotes a group of
formula -8{-f40p2Rmuliereit Riis allkyd R sy despedivet-wmehalkrandoisyd aie,eridefined herein. The
term "halogen" or."halq".as used herein means fluorine, chlorine, bromine, or iodine. WO
2009/08053MSEHEBSOBRIGEF 741 6- The term "cyano” as used herein refers to a carbon linked to a
nitrogen by a triple bond, i.e., - CEN. The term "nitro" as used herein refers to a group -NO2. The
terms Samineaiiiyradaliidanifiopikiloand-{dialdyjansipaation)ad lised-herejt]nefer-tdoNH2 (aLkylenc)-,
RHN(aIkyﬁlég)- and R2N(a k%’t'ﬁ'lﬁ)é _Egrs_,pectively wherein R is alkyl, and both 5 alkylene and alkyl are
as define e EtMo 4 yar\ﬁr 6" &s used herein refers to an aminoalkyl wherein alkyl is Cmo. CI
-10 alkyl-amino-C2_6 alkyl" as used herein refers to a C1-10 alkylamino(alkylene)2_6 wherein alkyl is
Cm() and Bat dtkytend (S{EHR) S-yandhpirtosatkyferecgrowry idantaiedofirée pyriverénedrbon atoms,
the aIKerrégrgngEg Iic@,&%dﬁﬁ@t(ﬁ&ﬁ%l)ﬁ%&ﬁ?ﬂ%hﬁﬁje&&;’ -(CMe2CH2)-. 10 The term "naturally
occurring amino’acids™ as used ‘herein means'the L-isomers of the naturally occurring amino acids.
The naturally occurring amino acids are glycine, alanine, valine, leucine, isoleucine, serine,

methionin&gtiweshine apdenylatabitfecjrosinéwhiotopharansystemeyproliherhibeiirié, aspartic acid,
asparﬁginsyg% i,g_%ﬁg,ﬁg‘ll%gmj%é{h%}r@g%ygIutamic acid, arginine, ornithine and lysine. Unless

specifically‘indicated, all amino acids referred to in this application 15 are in the L-form. The term
"hydrophobic amino acid" as used herein glycine, alanine, valine, leucine, isoleucine, methionine,

phenylalafireanegistspisihmanet prdinEomeesideinens ORRatRem steotA FiRE acids, which are

used without inamlyng apy-igraochenies ceatiguration at the point of attachment to the remainder of
the molecule, include: hydrogen, methyl, iso-propyl, iso-butyl, sec-butyl, -CH20H, -CH(OH)CH3,

-CH2SH, -CH2CH2SMe, - 20 (CHZépI)COR wherein R is -OH or -NH2 and p is 1 or 2, -(CH2)p-NH2
where q is33 & At H2)H-nvFestel ﬁmﬁfiéépéd’é‘ﬂ%?Y@ﬁiiﬁl‘é%ﬂrﬂWﬁ“@?ﬁa&ﬂﬁérﬁ%’fﬂylene, (8-
imidazolyfipgibyiene. A-M. Vandamme et al. (Antiviral Chemisny & Chemotherapy, 1998 9:187-203)
disclose current HAART clinical treatments of HIV-1 infections in man including at least triple drug 25

combinations, Highly active anti-retroviral therapy (HAART) ha itionally consisted of combination
therapy with m&m%&%@@g}F%mﬁéﬁﬁ%ﬂ@ﬁﬁﬁﬁﬁﬁ?ﬁhfﬁ&% i1 rg@%l ¥ anscriptase
inhibitors (¥R anchfiretérsectitibitors (Pl). These compounds inhibit biochemical processes
required for viral replication. While HAART has dramatically altered the prognosis for HIV infected

ecimes and GG ERGE L AT EA1 RR U ELLErS TR El A B A g AR D

356(9239)chir3-HeA20pitMiereover, these multidrug therapies do not

3-[4-Bromo-3-(3-chloro-3-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-b]pyridine-1-
20 carboxylic acid (2-amino-cthyi}-methyl-amide,

3-[4-Bromo-3-(3-chloro-3-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolof3,4-b]pyridine-1-

carboxylic acid (2-amino-ethyl)-amide;

Phosphoric acid mono- {3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-
pyrazolo{3,4-b]pyridin-1-ylmethyl} ester; and,



WO 2009/080534PCT/EP2008/067274 -17- eliminate HIV-1 and tong-tewi treatment usually results in
multidrug resistance, thus limit their utility in long-tet in therapy. Development of new therapeutics
which can be used in combination with NRTIs, NNRTIs, Pis and viral fusion inhibitors to provide better
HIV-1 treatm® #IHEH9E*4 priority. 5 Typical suitable NRTIs include zidovhSHET AP RErROVIRC):
didanosine (ddl; VIDEX8); zalcitabine (ddC; HIVID8);stavudine (d4T; ZERITt); lamivudine (3TC;
EPIVIRC); abacavir (ZIAGENO); adefovir dipivoxil [his-(POM)-PMEA; PREVONO]; lobucavir

(BMS-1808;,94)13 UEePsIgR [eYg s ranscrintasg donibiton JinciesedimER08a81H4 and
EP-0736533; BCH10652, a reverse transcriptase inhibitor (in the form of a racemic mixture of

BCH-106 T8 a#RfolS- BeivsEoy ImbarBevdédfment by Biochem Pharma; emitricitabine [(-)-FTC] in
development by Triangle Pharmaceuticals; 13-L-FD4 (also called 13-L-D4C and named f3-L-2',

3'-dicleoxybrfluerenaytiggneilicanses Viep-Rhatmacauticalss RORRIthenpusaconueeside,
(-)-f3-D-2,6- diamino-purine dioxolane disclosed in EP-0656778 g?ﬁéice@g(%to Trianigle
Pharmacettitalst EHIBR S SHTB PR 8 - oS b - BRURE o HHB- BB psRTBRIFE RS sy 1) adenine,
an acid 1%stableginine-basedrevedsecirafiactiptaredichilyitdfasrde ndevel ofmentiyublS. Bioscience
Inc. Typical suitabl RT]s jnclude irapipe (BI-RG528{7aV, EQ) delaviradi P,

U 50157 HESABT GRS LR P Bk SS Nt Souer e PIME LBttt
INTELENGeXiDtherdNNRTIs under investigation include, but are not limited to PNU-142721, a
furopyridine-thio-pyrimidine under development by Pfizer; AG-1549 (formerly Shionogi # 5- 20 1153);

5-(3,5-dichloroph flé 10-4-] -1-(4-nyridyfle -JH-imj |-2:-ylmet e disclosed
in WO 96%%%81%%%0%2(&&%&%%%éé#@ﬁgg%%mrﬁ ﬁ%ﬁ?’e?h%gé‘a%ﬁenﬁﬁ?ﬁgff%@ﬁ ]%
3H)-pyrimidive divfeticndevredasslideVAl (RS aigrsasepareH Deotindrin BRmvEEVEStisclosed in

U.S. Rgt. No.RARZODG Jypical sulahledls iﬁ@lﬁ@&ﬁ@%&@é&(&%’a&ﬁ%@%ﬂ NWRASEC,
FORTOVASEDOQ); ritonavir 25 (ABT-538; NORVIR(N)); indinavir (MK-639; CRIXIVANKOO; nelfnavir

(AG-1343 SURAEIE BoFIFIaFRpT Sheagie 1 ATWEUREASE EIE RRISES bHATH THNTeS98 I4%5° DMP-450, a
cyclic urearangdendeyalapnent Mynthienreladl harnaceuticals,RMBiRa2 623 canamajaptide under

development by Bristol-Myers Squipb.as a 2nd-generation HIV-1 PI; ABT-378 under development by
Abbott; anG%é/-Tgi@gﬁt%"’fﬂ%%qfi %Q%Wép&t?%c@s&ec\%ﬁlgﬁﬁ%lﬁf %@gﬁ%mo%ﬁﬁ?ﬁhgﬁ Haceuticals,
Inc. WO 20005 PR TIEPREDBB6ZR X' - 18-Bdhemantiiedhed betsiintiode hydroxyurea, ribavirin,
1L-2, IL-12, pentafuside. Hydroxyurea (Droxia), a ribonucleoside triphosphate reductase inhibitor

shown Fto sz\éex S nerggiégﬁgﬁect toor}cgﬂg arggg/ign% QI%%Q g}jne %nd %a%beegkggl%relzgewiﬁp g vudine.
IL-2 (611 desfeikin. J g g disdivged in AjJInomo 6 EPY014279 %,mlga eda P-(Slg 99, and
Chiron U.$IIV-1 infection, preventing an HIV-1 infection, or treating AIDS or ARC, comprising co-

administering to a host in need thereof a therapeutically effective amount of at least one

compound selected from the group consisting of zidovudine, lamivudine, didanosine, zalcitabme,

stavudine, emtricibine, abacavir, tenofovir, efavirenz, nevirapine, delavirdine, etravirine,

20  saquinavir, ritonavir, nelfinavir, indinavir, amprenavir, atazanavir , lopinavir, enfuvirtide,
maraviroc and raltegravin along with 2 compound according to formula I wherein R', R%, R®, RY,

R®, R® R™ R™, Ar, X!, X* and n arc as defined herein above,

In an fourteenth embodiment of the present invention there is provided a method for inhibiting
HIVRT in a host infected with HIV-1 comprising administering to a host in need thereof a
25  therapeutically effective amount of a compound according to formula I wherein R, R* R* RY,

R’ R%, R™ R™, Ar, X', X? and n are as defined herein above.

In an fifteenth embodiment of the present invention there is provided a method for inhibiting
HIVRT in a host infected with HIV-1 wherein said HIVRT has at least one mutation compared

to wild type HIVRT comprising administering to a host in need thereof a therapeutically



5Pat. Nos. RE 33,653, 4,530,787, 4,569,790, 4,604,377, 4,748,234, 4,752,585, and 4,949,314.
Pentafiiside (FUZEONQg) a 36-amino acid synthetic peptide that inhibits fiision of H1V-1 to target
membranes. Pentafiiside I8’3-100 mg/day) is given as a continuous sc infusion or injection together with
efavircnz and®PBHL -1 positive patients refractory to a triple combirfAtioRFHEFAE2dse of 100
mg/day is preferred. Ribavirin, 1-13-D-ribofuranosyl;}H-1,2,4-triazole-3- 10 carboxamide. The term
"carboxy C1..7 alkyl" or "C127 carboxyalkyr or denotes a CI _7 alkyl group as defined above wherein

at least ongyafithe Iydiaasn. Atoms Afdhe.ali RIS replarediR ke RarieXi iU CRmmonly used
abbreviations incluge: acetyl (Ac), atmospheres (Atm), tert-butoxycarbonyl 15 (Boc), di-tert-butyl

pyrocarboﬁété‘;or}ﬁo"é’ﬁﬁrﬁfaﬁﬂée(@@éﬁé‘)‘?‘%éh%‘fﬁ-@n), butyl (Bu), Chemical Abstracts Registration
Number (CASRN), benzyloxycarbonyl (CBZ or Z), 1,5- diazabicyclo[4.3.0]non-5-ene (DBN),

1,8-diazabicyslgla4Riuntasimene (B e Nabin cigMsiofexy learaomilmidadiRtaGor InRislighloroethane
(DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso-propylethylamine (DIPEA),

di-iso-propiaZoibarBestyRis 56 (i) divds it il Y MR e T s rRppsyed
N,N-dimethyhadeipmide OMAJ, whNpNditmes hydasathapytdiie (OMARDIN, Netimelhiyformamide
(DMF), 1-(3: dirnethylaminapropyl)-3-ethylcarbodiimide hydrochloride, (EDCI), dimethyl sulfoxide
(DMSO), SHVI (L) g ALEYAE OALY ST (o) S SHbLy I ETANE ARl acid ety
ester (EER@tiiethybethef {ER6)0On(aazationzotiarole Nwikydh R NRK| RISRERIRIR A& um

hexafluoro/gp%pggtgnag{eg[%ggiglegﬁ@dm&eﬁcd%t&@cid (HOAC), 1-N- hydroxybenzotriazole (HOBt), high
pressure liquid éhromatography (HPLC), iso-propanol (IPA), methanol (MeOH), melting point (mp),

MeS02- (mesyt or Ms), methyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid (MCPBA), mass
spectrum (mgpersetbgitterribotihetiar! (MBS INIRathyintiorshs inev{dew M) hamaethiiay rrolidone

(NMP)g ph@d%&ﬁh&%ﬁgk@%,a%%mﬁﬁeaxk&cﬁpﬁﬂ@%fmmﬁaw&n&&ﬁaﬁ)ﬂ%{g&eﬁépw), room
temperature (il or RT), tenbutyldimethylsilyl or t-BuMe2Si (TBDMS), triethylamine (TEA or Et3N),

triflate or GESBEble@MTiEHRIGIBEELAE HBENETEA)" 0-benzotriazol-1-yI-N,N,N',N1-tetramethyluronium
WO 20091080534PCT/EP2008/067274 -19- tetrafluoroborate (TBTU), thin layer chromatography

(TLC), tetrahydiolioan(F HE)Lamathysibdof Me3sidiMd)o Poiatienestlipnicacid nepatvisate (TsOH
or pTsOH), 4-MeC51-L4502- or tasyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional

nomenclam%ah%@sﬂﬂ%%@?&%ﬁ?ﬂ%ﬁfﬂ?% tomnseLBn R (o) aleriadymRts 3y sisfta- have
their 5 custetrasyhnieinchvdiecatised-with asvalkiinadiesys ciriRigataens and, D, Hctesnsyd

15 herein refers to an alkyl composed of 1 to 10 carbons. Examples of alky! groups inchude, but are
not limited to, lower alkyl groups nclude methyl, ethyl, propyl, i-propyl, r-butyl, i-butyl, #-butyl
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

When the term “alkyl” is used as a suffix following another term, as in “phenylalkyl,” or
“hydroxyalkyl,” this 1s mtended to refer to an alkyl group, as defined above, being substituted

20 with one to two substituents selected from the other specifically named group. Thus, for
example, “phenylalkyl” denotes the radical R'R"-, wherein R'is a phenyl radical, and R" is an
alkylene radical as defined herein with the understanding that the attachment point of the
phenylalkyl moiety will be on the alkyvlene radical. Examples of arylalkyl radicals include, but
are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl” or "aralkyl" are

25 interpreted similarly except R' 18 an aryl radical. An “alkylaminoalkyl” 1s an alkyl group having
one to two alkylamino substituents. “Hydroxyalky!" includes 2-hydroxyethyl, 2-hydroxypropyl,
1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-thydroxymethyl), 3-
hydroxypropyl, and so forth. Accordingly, as used herein, the term “hydroxyalkyl” is used to
define a subset of heteroalkyl groups defined below.



Nomenclature in Organic Chemistry, 1TUPAC 1979 Pergamon Press, Oxford.). COMPOUNDS AND
PREPARATION Examples of representative compounds encompassed by the present invention and
within the scope of the invention are provided in the following Table. The %g;g;a preparations
10 which f0||8€9&?g9&88§/?éed to enable those skilled in the art to more cle?r?y /un esz'?gn gand to
practice the present invention. They should not be _ggnsidered as limiting the scope of the invention,
but merely as being illustrative and representative thereof. In general, the nomenclature used in this

Applicatiofis Qﬁﬁeﬁﬁﬁiﬁ@TQN@Mﬂwdﬂ}&@eBQi&ﬁ&@i&t%ﬁﬁbﬁ%@ﬁﬁ@@ﬂt@ﬂ&ﬁﬁr@ﬁﬁtmdw@e
generation of ILTPAC systematic_ pomenclature. 15 If there is a discrepancy betwee epicted
structure dhdECARATEANTEA Gt P BRAPERS ié%&‘a"%?ﬁjé{‘(?r‘&%%% b e

A8 ded mbre weight. In
addition, itiiestereachemistiyidtsostloirE (P a)PBstiondéa sthuotuse iisimotdhditated witts, for
example, bold qr dashed li the structure or portion @f the sfructure is to be i !
encompa i HIT eSO GEs Sl HR LN e 4 O Sl R PSS
2009/G80584R CHYERZ008/057RT¢ Gdispivimbisioftitasraselimitadiotiornbali e tHadody a variety of

methods depigierkibng duistaive f/theinarelon RAbemRAsRoneRARAasrEbed below. The

starting materials and reagents used in preparirig thése compounds generally are either available from
commercial 5 suppliers, such as Aldrich Chemical Co., or are prepared by methods known to those
skilled in thbederfoiialeng!pescsed hesciedsaetrsinrarcrbidaied unasahesshandadieddity Reagents for

Organic Sypihess; WilkN® 20ms :hlalﬁﬂ%}éeéw@mﬁﬁ&-aéaﬂ& fonkig ReckrHareprehiemsive Organic
Transformations, 2nd edition Wiley-VCH, New York 1999; Comprehensive Organic Synthesis, B. Trost

and 1. Flerftvgieeaadlvor v dksarlamBirdORreiicign o suilsienh SALRRsIb &t b yéioBhemistry, A.

R. Kafitzkyxangics 3¢ Rees] (RdprRergamenn @rinih 3984wetyltQoGdmprehensive Heterocyclic
Chemistry I, A. R. Katritzky and C. W. Rees (Eds) Pergamon, Oxford 1996, vol. 1-11; and Organic

Reactions, Wiley & Sons: New York, 1991, Volumes 1-40. The following synthetic reaction schemes
are merel);r ﬁﬁj%i\?é%?%@ﬁfé%%%@ %ﬂ?&ﬁstﬁéd%?ﬁ%%fﬁ%%cgf\ﬁﬁ ecé)élﬁatnilﬁ%g%%% can be

synthesizedriand:anious. metibeationsytdothese cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
"Ca.7 cycloalkyl" as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.

15 The term “haloalkyl” as used herein denotes a unbranched or branched chain alkyt group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
arc !-fluoromethyl, 1-chioromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-
bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-

20  dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyi.

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyioxy, t-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy"” as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "Cy-1 alkoxy" as used herein refers to

25 an-O-alkyl wherein alkyl is Cy_i.

The terms "alkylsulfonyl” and "arylsulfonyl"as used herein denotes a group of formula -S(=0 )R

wherein R is alikyl or aryl respectively and alkyl and aryl are as defined herein,

The term "halogen" or "halo™ as used herein means fluorine, chlorine, bromine, or iodme.



15 synthetic reaction schemes can be made and will be suggested to one skilled in the art having
referred to the disclosure contained in this Application. The starting materials and the intermediates of

the synthetic reaction schemes can be isolated and purified if desired usin %quEr}])\zl(%%iaogza,} techniques,
including but‘?ﬂ%ﬁﬁ?ﬁﬁé‘lﬁ%, filtration, distillation, crystallization, chromatography, and fhe filce. Such

materials can be characterized 20 using conventiofjgl. means, including physical constants and
spectral data. WO 2009/080534PCT/EP2008/067274 -23- Unless specified to the contrary, the

reactions gesesibed hgkeinnielerrbinatecondusiad vnsiesan inatalnosnhelgatatimespheric
pressure at a reaction temperature range of from about 7%% to about 150 C, more preferably from
%fi‘ipa‘?%fr‘é‘f’d"ﬁfsr‘i

about 0C fo-abddif 198 YA NG 3L BRVBRiEHAY at about room (or ambient)

temperature, e.g., about 20C. 5 Some compounds in following schemes are depicted with generalized
substituenfs; haweveniangkskillegigthaad il immetiately-aippsdoritesthaidhersiateferab the R groups
can varied fford the vari compounds, cont lated in this invention. Moreqver, the reaction
conditionéﬁ%é?ae[%%ér\?ﬁﬁg%g?ﬁ iv%n%?ﬁﬁg%ﬁﬁmﬁanr{é WS?PEE%WH’. %rhgerglacﬁ%%ﬂ(s}gqﬁtgﬁ%%% in the
followifig eXarptesmardkybtmeadtfiodinhitrtie S€hpe dkyhenimedntioncdhseirfoethritehe claims.
A-1A-2A-3 1. AAA-DA-6 N-Acyloxymethyl derjvatives (A-3) of.cempaunds.according to fermula I are
prepared %Ignt?g%tlQg@?ﬂ?gé%%gszgfé%it 7 Srm d?élﬁy e tzoﬁfon% the a cohgl A-2 which is then acylated
with an acylkhllidiesGikslehgtkdehorcimictivated canb et dens detiidtive toVafoLEcAIRYRRrein R. is

carboxy-Cip alkol GO SR InGL A0uIARIYL R0 ARINGAIM LGS alkylemine -6 bR alky!, C1.3
dialkylamino-C1.10 alk%/I, C7.10 alkenyl, C3.7 cycloalkyl, C1.6 alkoxy, Cmo aminoalkoxy, Ci.3

alkylarniné-g4-( - C1.3 dialkylamino-

10 The term "naturally occurring amino acids” as used herein means the L-isomers of the naturally
occurring amino acids. The naturally occurring amino acids are glycine, alanine, valine, leucine,
isoleucine, serine, methionine, threonine, phenylalanine, tyrosine, tryptophan, cysteine, proline,
histidine, aspartic acid, asparagine, glutamic acid, glutamine, y-carboxyglutamic acid, arginine,
ornithine and lysine. Unless specifically indicated, all amino acids referred to in this application

15  are in the L-form. The term "hydrophobic amino acid” as used herein glycine, alanine, valine,
leucine, isoleucine, methionine, phenylalanine, tryptophan, and proline. The side chains of
naturally occurring amino acids, which are used without implying any stereochemical
configuration at the point of attachment to the remainder of the molecule, include: hydrogen,
methyl, iso-propyl, iso-butyl, sec-butyl, -CH,OH, -CH(OH)CHs, -CH,SH, -CHCHSMe, -

20 (CH:),COR wherein R is -OH or -NH; and p is 1 or 2, ~(CHy)-NH; where q is 3 or 4, -(CHz)s-
NHC(=NH)NH;, -CH,C¢Hs, -CH;-p-CsHs-OH, (3-indolinylymethylene, (4-

imidazolyl)methylene.

A-M, Vandamme et al. {(Antiviral Chemistry & Chemotherapy, 1998 9:187-203} disclose current
HAART clinical treatments of HIV-1 infections in man including at least triple drug

25 combinations. Highly active anti-retroviral therapy (HAART) has traditionally consisted of
combination therapy with nucleoside reverse transcriptase inhibitors (NRTI), non-nucleoside
reverse transcriptase inhibitors (NNRTI) and protease inhibitors (PI). These compounds inhibit
biochemical processes required for viral replication. While HAART has dramatically altered the
prognosis for HIV infected persons, there remain many drawbacks to the current therapy

30 including highly complex dosing regimes and side effects that can be very severe (A. Carr and
D. A. Cooper, Lancet 2000 356(9239):1423-1430). Moreover, these multidrug therapies do not



alkoxy, NR7212,7b, optionally substituted phenyl or optionally substituted pyridinyl or C(=0)121
comprise an alpha-amino acid. N-Acyl derivatives (A-4) are prepared similarly except the
formaldehyde treatment is omitted and the pyrazole nitrogen is acylated with an acyl halide, an
anhydride or ¥R W& ¥586/080534PCT/EP2008/067274 -24- activated cafiosylic aald dérivative.
Phosphoryloxymethyl derivatives (A-6) were preparggl from the corresponding chloromethyl compound
(A-5) by displacement with a diallcylphosphoric acid di ester to afford A-6 wherein Y is alkyl which is

further deglkyiatedriowaifard Al whersituhishysrogaes:an alkaliionalkalingfronis Salkitihbe requisite

pyrazoles of formula A-1 which are precursors have been 5 descrihed hy %’.aKenned -Smith et al. in U.
S. Ser. Ngh4!i 88RO TERDS, DOFIORME W RICH 15 HEVESTHIE SHS ?@ﬁmgﬁe%nce in its
entirety. Pgpedthaias 90 orars; CONRULN S agdanaing:tafoithitiecs o gaovink: fatmed ke referential
examples contained herein. Activated carboxylic acids which can be used to prepared compounds of
the preseﬁ{%ﬁ%ﬁfiéwglﬁea e 1ﬁltg'xtensively researched for peptide coupling reactions and any of the
plurality of 10 alternatives would be suitable. The hydroxymethyl phosphate derivatives are prepared
from the comasgonditng: cforormelngt detivative \wilch RETED8HRIh didisbkyl plidsphal€e ¥R afford the

ding dialkyl e which is deal 40 produce compe 4 t
vention. Bl A T R e heed in
vivo to inh{BitAIVRD)cade beid dipivninkhisy RRBBrARA i RRBXON sk disckodsdd tnlélaMple 9. The
problem tq, e solver /9 delver sulsiRHING L aasaitase ity topipaksirpiseplication and

suppress the formation of resistant strains. The pharmacokinetic assays in examples 10 and 11 are

used to evwé%@eatﬁfé%veqr@fswpé\%léﬁlihiﬁ%ﬁ’iaﬁgqé?%afiﬁ et e rEBatioHRfotithg an oral
20 dofg oy NRAY GnROSAGH ANPHBMNSETRATIO N serRoyndsIef| theipresphtanvention

may be formulated in a wide variety of oral administration dosage forms and carriers. Oral

administratiohens B MR sutenlsr BabréfR4 Splitechtis Bl - AfSotssiard Basotr felstine capsules,

solutions, aRWSIONEe Y HES::04 RosUSReRSINEAODRIINAdEOf thecpiesenimyentipn are efficacious
when administered by other routes of administration including continuous (intravenous drip) topical

parenteraldiRTRSEERS GRiaveAste se BehtaRedtis StraAdifsnsed RuHiens sy RS BEnetration

enhancemgptiagsiinbussah nasalzinhrlation anstsiprpasiany adpfinisisaigmcaneng ather routes of
administration. The preferred manner of administration is generally oral using a 30 convenient daily
dosing regifiif W%%Wﬁﬁvgfﬁﬁgﬁéﬁ%@&%mﬁ%%‘énﬂ@g‘% 6%’?5%’5&(%% '(%’ﬁécb%?ﬁg response

to the active ingredient.
Typical suitable NNRTIs include nevirapine (BI-RG-587; VIRAMUNE®); delaviradine (BHAP,

1J-90152; RESCRIPTOR®); efavirenz (DMP-266; SUSTIVA®); and etravirine (TMC-125,
INTELENCE®). Other NNRTIs under investigation include, but are not limited to PNU-142721,
a furopyridine-thio-pyrimidine under development by Pfizer; AG-1549 (formerly Shionogi # S-
20 1153); 5-(3,5-dichlorophenyl)-thio-4-isopropyl-1-(4-pyridyhymethyl-1H-imidazol-2-ylmethyl
carbonate disclosed in WO 96/10019; MKC-442 (1-(cthoxy-methyl}-5-(1-methylethyl)-6-
(phenylmethyl)-(2,4(1H, 3H)-pyrimidinedione); and (+)-calanolide A (NSC-675451) and B,

coumarin derivatives disclosed in U.S. Pat, No. 5,489,697.

Typical suitable Pls include saquinavir (Ro 31-8959; INVIRASE®; FORTOVASE®Y; ritonavir
25  (ABT-538; NORVIR®); indinavir (MK-639; CRIXIVAN®); nelfhavir (AG-1343;
VIRACEPT®); amprenavir (141W94; AGENERASE®); lasinavir (BMS-234475), DMP-450, a
cyclic urea under development by Triangle Pharmaceuticals; BMS-2322623, an azapeptide under
development by Bristol-Myers Squibb as a 2nd-generation HIV-1 PI; ABT-378 under
development by Abbott; and AG-1549 an imidazole carbamate under development by Agouron

30 Pharmaceuticals, Inc.



WO 2009/080534PCT/EP2008/067274 -25- A compound or compounds of the present invention, as
well as their pharmaceutically useable salts, together with one or more conventional excipients,
carriers, or diluents, may be placed into the form of pharmaceutical compaositions and unit dosages.
The pharmaé@@[ﬁ?ﬁ?’@%"r%ﬁositions and unit dosage forms may be comprisggwg%)or?%ﬁlzgﬁal
ingredients in conventional 5 proportions, with or without additional active compounds or principles,
and the unit dosage forms may contain any suitable effective amount of the active ingredient

commensyyale WiRIneRa0ded daty desaeed anas 1nba emnloyeddhe.pharmarticata
compositions may be employed as solids, such as tablets or filled capsules, semis,olids,g;?)ﬁ?wders,
sustained 1318&E: forRANUHEREI S IR G CRONS A SBRLOSTRITEN G JREE AT BISEC SRFEOBr filled
capsules fge heRial ssgidesdaitbedo s obsypparitores fertdaial 0rYagaladministration; or in the
form of sterjle injectable solutigns for parenterat use. ical pr | Il contain from about 5%
1 about, SOH LA U SUANOF S BT ) T o or MGk ot s
intendéd tBantudeRIFoIR, 853id! 36, it Ui, fothTala it of7thel déthad £ahpdLiad, and ©A¢9skilled in the art
will apprecjate that. a vedngredient can exist in,diff : ratiar j ] the target
organ or (o B e A e ient as
used herefargefersrebransenipotaidstiaf s 08anhal dapre gavingadpieatmareicaleopigusiieriigenerally
safe, non-foxieand neitherbiolagicaynoraharpiseivnpesirablerancineludesiexsipignisdhat are

acceptable for veterinary use as well as human pharmaceutical use. The compounds of this invention
can be adthfitsres afdf® meydei iv 0rgBuerhibavidmninfkeraboRusasiid s v -Siedpvore suitable

pharmgceutigglexgiients, diluents or carriers selected with regard to the intended route of
administration and standard pharmaceutical practice. A "pharmaceutically acceptable salt" form of an
active ingredient may also initially confer a desirable pharmacokinetic property on the active ingredient

which werd S8Rt FHPRER il 5 For i iEbRa EYE P haSInkRsy SrradlreEparAidesashamics of
the active jpgiediantamth 18sPest 1Y its hrapen it astiitidnithe body isHheintuase dphakrgceutically
acceptable salt" of a compound means a salt that is pharmaceutically acceptable and that possesses
the desire&'BHBimaeological activity of the parent compound. Such salts include: (1) acid addition

salts, formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 30

acid, phospbafigasidsanshbievike mrifondedanstit organinasidesuchas aeatiuavigepbopidnic acid,

hexanqic agid, cyclopentanepropionic acid, glycglic,agid ic acid tic acid, malopic acid
succirrl%c az%,’% "éegfé dl,t%g% é% ! ?dl,&fﬁ%ra’?lgc(}/aac|c}',d{ér?a(r}#c)g%gﬁgfiﬁéyﬁ%}?b%}ﬁ%{él ggtii?;,& iich
2099/08054814,@@&&3%2@@%6%&‘2GiCa_&R}Iﬁydzmybemampeh(ﬁﬁiam@dmamic acid, mandelic
acid, meth@i@%?b‘i‘}%&5@@&'@'_]«@5%@8@%B%Ni 44dy; 1, 258! .Q!ﬁjﬂﬁ%@&%&ﬁ@’ﬁ%ﬁwj’!%}@ha”esu'fon'C
acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesuifonic acid,

4-toluenesliffprirhexsitacerfprisie (RGSiE Addlichivregihm (fefof). Ziohlpermeteci RaM byt Ecid,
glucoheptQRigRGidoxylate (DEAD), di-iso-propylethylamine (DIPEA), di-iso-propylazodicarboxytate
20 (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), N.N-dimethyl acetamide (DMA),
4-N,N-dimethylaminopyridine (DMAP), N,N-dimethylformamide (DMF), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), dimethyl sulfoxide (DMSO),
ethyl (Et), ethyl acetate (FtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid
cthyl ester (EEDQ), diethyl ether (Et;O), O~(7-azabenzotriazole-1-y1)-N, N,N'N’-
25  tetramethyluronium hexafluorophosphate acetic acid (HATU), acetic acid (HOAc), 1-N-
hydroxybenzotriazole (HOB), high pressure liquid chromatography (HPLC), iso-propanol
(IPA), methanol (MeOH), melting point (mp), MeSO,- (mesyl or Ms), methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl zerz-butyl ether
(MTBE), N-methylmorpholine (NMM), N-methylpyrrolidone (NMP}, phenyl (Ph), propyi (Pr),
30 iso-propyl (i-Pr), pounds per square inch (psi), pyridine (pyr), room temperature (rt or RT), tert-
butyldimethylsilyl or t-BuMe,Si (TBDMS), triethylamine (TEA or Et:N), triflate or CF3S0:-
{(T1), trifluoroacetic acid (TFA), , O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium



5 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic
acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; or
(2) salts foimed when an acidic proton present in the parent compound either is replaced by a metal
ion, e.g., an IHARYEEITN, an alkaline earth ion, or an aluminum ion; or E&IYEFAMELKTH an organic
base such as ethanolamine, diethanolamine, triethapplamine, 10 tromethamine, N-methylglucamine,
and the like. It should be understood that all references to pharmaceutically acceptable salts include

solvent adgiign i (SaWYBIRS), 9T4SIAlpta (RANAFBIE) 35 AR B PEreinpe the same aci

addition salt. "Pharmaceutlcalllg accepfable” means that the moiety iS useful in pre agpi(r)lg a

pharmace el ebHPdRIRG ?%Sg;}eﬁ%ﬁ%@&ﬂ&%ﬁ%ﬂ&@h&%ﬁ@%w&fﬁﬂ Mererwise
undesirablei1380lig fosm @repaLationminaledapowdes:italiietsc pills (caRsulesmaCasheitlature
suppositories, and dispergible granules. A solid carrier may he one or more sybstances which may
2190 act 2 HLRES R ERITS UG Roft e TUEAN BRI SGBh s e e
preseryativesptaiehdisintg gratingsadends anu kylencaps (lattigrudateriD | . jOwaeys, the carrier
generally ig & iy cyided solid which s amburs it the fnelx diidsg gative component. In tables,
the 20 active componen ge%eral y IS mix c} with the carrier aving thé necessary binding capacity in
suitable proportions and compacted in the shape and size desired. Suitable carriers include but are not
limited to magnesium carbonate, magidsluhmMEcardie); RRIEPsUysl 1(28tose, pectin, dextrin, starch,
gelatin, tr , cell L. G me qnlg glg WX, GRcoa butter,
and the |i|§§f%§%—%}§g’ fg?(%&%?%%%%lt?gr%%ﬁgﬁ%r%%%ﬁa%éﬁé%%ﬁgoﬁ%%%aivgﬁ Zt%g coIIr%%oneln'_[, %olorants,
flavors, stapiPeeySthsufferaticrtifiepioartshuttialfelvsanmbbledidpese srtsmisekehareasligsiizing
agentsy angiig Hkk-iguiskiotuidlalions RIa arasitphlenionPra hasinistatingeRelhggicid
foimulation including emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These

include solErf&RMtPrapaTetdREien Havinkenlirpidnerasiisritad iiradiosprebtations shortly
before usanaéhEsnUlsiONSBMYshRpEEPased:it-sRldtignssdanexam@iain aqueous propylene glycol
solutions or may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
WO 2009/080534PC T/EP2008/067274 -27- solutions can be %{eparedﬁ ﬁss&jvin the active
componentigSRSEr BRUDTRAG LIRSS BB HREIFRRS Bty A 31(1 Mkerﬁﬁg)a@ents. Aqueous
suspensioBsitasihpieparethhy dispesgingilie finedy divided Aglireacosmponetit imwakelawith viscous
material. soh s natyral of synihelic gums resins. melhulcelllose  sodi carbmampeihyloellutose.
and 01 er wellt known b su peﬁ f?wg %Cgen 's.fnf“ e (‘:ompuoﬁnas of the Erese%:lﬁ mven(ﬁon’may be
formulatedifprqpatetrtstateaid wibistcatotedergrebyeigfectiondforexahtitestomiochinjestionfer continuous
infusion) agd, Max e AIESERtEHIB LSS LI ATRRHISS, RS HHled SHRoeR:SIRIYame

infusion or In multi-dose containers with an added preservative. The compositions may take such
forms as SHEHEHSIERBOBHINNGHE BFUEOENHUIR BhEARINCE A §RestRavarEIds testodseamssialsblutions in
aqueous polyethylene glycol. Examples of oily or nonaqueous carriers, diluents, solvents or vehicles
include propylenegtycot; TABLE 1

No. Structure ms mp

585 (M-H)  183-184

577.0397

172.6-
173.9




polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl oleate), and
may contain formulatory agents such as preserving, wetting, emulsifying or suspending, stabilizing
and/or dispersin ents. Alternatively, the active ingredient may be in 15 powder form obtalned by
aseptic |solaﬁ%ﬂ%Pg’f5‘ﬂfé 4solid or by lyophilisation from solution for constlﬁ%%ﬁm fare use with a
suitable vehicle, e.g., sterile, pyrogen-free water. Thg compounds of the present invention may be
formulated for topical administration to the epidermis as ointments, creams or lotions, or as a
transdermal patch. Ointments and creams may, for example, be formulated with an aqueous or oily
base with the addition oficyiiagle.8Q thicke ning,and/or gelllng agents. Lotions may be formulated with
an aqueous or oily base any || o"' ala OW oneommore emulsifyingzdents, stabilizing
agents, dispersing agents, sbpanrdingageatSthickenirg agents or coloring agents/%Formulations
suitable for topical administratisn in the molith ifclude Igzenges comprising active agents in a flavored
base, usually sucrose and acacia or tragacan% pastilles comprising the active ingredient in an inert
25 base such as gelatlr}\%nd cherm oy sucrose and acacia; and mouthwashes comprising the active
ingredient in a suitable liqut Y COmed nds of the present invention may rmulated for
administration aslsupposito ind.Vy quﬁ?ﬁure of fatty acid glygerides or cocoa
butter is first melted and the ent i dlspereed homogeneously, for example, by stirring
The molten 30 homogeneous mixture is thet zpéured into convenient sized molds, allowed to cool, and
to solidify. WO 2009/080534PCT/EP2008/ﬁ67274 -28- The compounds of the present invention may
be formulated for vaginal ad¥ Qli00. PagsaHs mpons creams, gels, pastes, foams or sprays
containing in addition to the actiy predjent puchf cal are knowdinihe art idbe appropriate.

suspensions are applied directly t&€the nasal caWty By conventional means, for example, with a
dropper, pipette or spray. The folmutations may be provided in a single or multidose form. In the latter
case of a dropper or plgitte thls  a be achleved by the patient administering an appropriate,
predetermined volume o G St sion.In the case of a spray, this may be achieved for
example by mearns,of a me o) y"p‘ﬁmmagmpounds of the(’ff%ﬁsent invention
@r rticulafly to the respiratory tract an fiiglt?ludlng
tgenerally have a small particle size for example of the

intranasal administration. Thé compound w
order of five (5) microns or less. Such a

530,532 71.1-

[M-+H] 73.0

155.0-
156.0

146.0-
147.0

139.0-
140.0




particle size may be obtained by means known in the art, for example by micronization. The active
ingredient is provided in a pressurized pack with a suitable propellant such as a 15 chlorofluorocarbon
(CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or d|chlorotetrafluoroethane or
carbon dioxide% 8%’3? “litable gas. The aerosol may conveniently also contam A 8% 4 tant such as
lecithin. The dose of drug may be controlled by a mefered valve. Alternatively the active ingredients
may be provided in a form of a dry powder, for example a powder mix of the compound in a suitable
powder base such as lactose, starch, starch 20 derlvatlves such as hydroxypropylmethyl cellulose and
polyvinylpyrrolidine (PV#). Lig -
composition ma¥ prese
or blister packs = 403"
foimulations can be prepareddWith enteric auﬁgs adapted for sustained or 25 controlled release
administration of the active ingredient. For eﬁmple the compounds of the present invention can be
formulated in transderrgél or sub uta eous drug delivery devices. These delivery systems are
advantageous when sustajfies aSept the=t mpo&nd is necessary and when patient compliance
with a treatmentquglmen ISGeercial-~"Cgrnpounds n]{frahﬁaé‘lm teligery systems arkl fréquently
attached to a skin-adhesive plldrsupport {hecormponid of 30 interest can also bd €ofnbined with a
penetration enhancer, e.g., Azone (1-dodetyézacyclolieptan-2-one). Sustained release delivery
systems are inserted subcutaneously into to the WO 2009/080534PCT/EP2008/067274 -29-
subdermal layer by surgery or |nJect| . The subdermal implants encapsulate the compound in a lipid
soluble membrane, e.g¥ilies o2 g 'degradable polymer, e.g., polyactic acid. Suitable
formulations along yith pharmgceut ___,, W, eepdipients are descriBed-in Remington:
,dlted byYlE. W. Martin, Mack 5 Pubh%ﬁ% Company,
19th edition, Easton, Pennsﬂ\'/anla A skilled fePmulation scientist may modify the formulations within
the teachings of the specification to p&owde numerous formulations for a particular route of
admlnlstratlon W|thout g@@derng e cmposmons of the present invention unstable or compromising
di ' RS present s to render the re soluble in
water or other 1@‘\’/éh|cle i hay, A Ng ?ﬁa c% b%elég?j by minor modlr;;%gt?;)ns (salt
formulation, esterification, etgy), WhICh are Well |4 ithin tHb ordinary skill in the art. It is also well within
the ordinary skill of the art to modify the route Bf administration and dosage regimen of a particular
compound in order to manage the pharmaco inetics of the present compounds for maximum
beneficial effect in patients. 1 thergpetiically effective amount” as used herein means an
amount required fgdreduce sympt fth : |n AR jndividual. The#9%% will e -adjusted to the
individual requirements in each partiEul8f casSe. That dpsage can vary witifWide Il}ﬁ)ﬂsgdependlng
upon P

2
-

563, 565 187.7-

1-17 [M-+H] 188.5

1-19 550 [M-+H]



numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and 20
form of administration and the preferences and experience of the medical practitioner involved. For
oral adminisﬂ%‘ﬁ&?f’,gﬁ’%faﬁ‘f/ dosage of between about 0.01 and about 100 %’Q/ﬁ?&%}%gﬂ%\%ight per day
should be appropriate in monotherapy and/or in coRtpination therapy. A preferred daily dosage is
between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and about 100 mg/kg body
weight and most preferred 1.0 and about %0 mg/kg body weight per day. 25 Thus, for administration to

without undue experimenta,_gen and inOreIince on personal knowledge, experience and the disclosures
of this application, to ascertain ' ’Ic SHe80 CT/EE@@O8/O67274 -30- therq l;y_tically effective
amount of the cdrdpounds of t R.igrentidg | glven disease and patient. {r;gmbodiments of
the invention, the active compou : tadministered in combination with another antiviral
agent, such as a nucleoside reverse transcriptasafnhibitor, 5 another nonnucleoside reverse
transcriptase inhibitor, a protease inhgbitor, an integrase inhibitor or a CCR5 or CXCR, antagonist. In
addition compounds wWhislBtgckoqrakdocking{o CD4 have be identified and which may be used with
compounds of the presentiinventiof. When he'qCtive : _rgd ot its derivative or salt are
administered in édbinationfvitranofher afitvfral igent the activity mastbé3ftreased over the parent
compound. When the treatmiént is combin&tigsN1L0 therapy, such administration may be concurrent or
sequential with respect to that of the nucleoside derivatives. "Concurrent administration" as used
herein thus inclrges-agministration re-agents-at 8 me-or-at-c —times—Administration
of two or mare agents.af (he. same ime can be achipved. by, a.sinals brawlatian centaloing two or
more active mBrealen s or %y su srfanthaﬁﬂ/ dimultAneous administration of two or more dosage forms
with a singlasictive B tgnterEaithexinores searment dfsaribbd-teinfeclion ststingctasieingadso
includes tﬁ%@%&%“ﬁé%ﬁﬁﬂ&/@@é%@tﬁgﬁ dReanm e ﬁ&@@g@a ARROCIRIAdh YIRS saiated by HIV-1

infection, or the clinical symptoms thereof Example 1 uccinic acid o
mono-#344ubrdiais-9:¢B ahidisich &haricaheno Ry 2 Mo B N ZPBOTa FBRITE, e hoss I HerdAn-yImethyl

ester (I-1) ?MGNilowing procedures set forth in references such as Fieser and Fieser’s Reagents for

Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C. LaRock, Comprehensive
Organic Transformations, 2™ edition Wiley-VCH, New York 1999; Comprehensive Organic
Synthesis, B. Trost and I. Fleming (Eds.) vol. 1-9 Pergamon, Oxford, 1991; Comprehensive

10 Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon, Oxford 1984, vol. 1-9;
Comprehensive Heterocyclic Chemistry I, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1996, vol. 1-11; and Organic Reactions, Wiley & Sons: New York, 1991, Volumes 1-40.
The following synthetic reaction schemes are merely illustrative of some methods by which the
compounds of the present invention can be synthesized, and various modifications to these

15 synthetic reaction schemes can be made and will be suggested to one skilled in the art having

referred to the disclosure contained m this Application.

The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
purified if desired using conventional techniques, including but not limited to, filtration,
distillation, crystallization, chromatography, and the like. Such materials can be characterized

20  using conventional means, including physical constants and spectral data.



N-Rstep 2NO ire(CH2)2C0O2. 0 r- R-54: R H1-1 1-er. 10. R = CR20RAr = 3-chloro-5-cyano-phenyl
step 1 step 1 - A mixture of R-54 (1.6 g), 37% aqueous formaldehyde solution and MeOH was stirred
overnight at 60 C under an inert atmosphere. The MeOH was evaporated and the resulting solution
diluted with ﬁgéﬁﬁﬂgﬁ?@resulting precipitate was filtered, washed with HO0 A %Ofglj-ﬂﬁgﬁgried to afford
1.63 g of 10. WO 2009/080534PCT/EP2008/067244 -31- step 2- To a suspension of 10 (0.488, 1
mmol), succinic anhydride (0.15 g, 1.5 mmol), DMAP (6.1 mg, 0.05 mmol) and DCM (10 mL) at RT
was addegdiiREA(P28 @ khelcb 119 0k 0L BSs IS UIting mbdhrarwias Biiried ahRibAhagglution

became homogenous in 10 min. After 1 h the reaction was diluted with additional DCM (20 mL) and
washed wHthEEE 1 SO ISR ShtBR AaFISiPaderRed R gEnrhlrBaael wis triturated
EtOAc and sonjgaied whigly.affordeshs, white.pewder whish wasditerash washaerwithERAC and dried
to afford 0.4 g of 1-1. An additional 0.1 g was recovered in a second crop from the mother liquor: Anal.
Calcd. for @RPBRigIRCIRNUIDIT(05 (IBgeH) EopeRiue 53-8l "€ '61.01; 1A, 2.93; N, 9.52.  1-2
was prepared analogously except in step 1, 546-bromo-2-fluoro-3-(1H-pyrazolo[3,4- 10

clpyridazing 3-vmaibyRhenendisopiinalanitrie {Repl) wWassed D RAIAR QLB Ahdwamplnd

Succinic acid mono- {314-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzylkpyrazolo[3,4-
cloyridazifkiNedxhapastal frrss re - aPERripE AR e NSNESISHIMORRTRIBRSE (RS s ok
[3,4-c]pyridaziar3ud methybn > pherg i bloy arbemeanitvile dRof 3iht 22 @iod Shanoal) «37%
aqueous formaldehyde (100 mL) and.MeOH (100 mL) Wasrféirred at67C for 35.h, T eﬂvolatile solvents
were evapgSBi A ITHE FEG A e AR BIFHIT SR HIERISRETS iHBFa BN 4Led with
H20 and aixddnigidstarafiorthéde @ A@liit the scope of the invention as set forth in the claims.
346-bromo-2-fluoro-3-(1-hydroxymethy1-1H-pyrazolo[3,4-c]pyridazin3-ylmethyl)-phenoxy]-5-chloro-be
nzoni%le (12).

SCHEME A

CHOCEOR’

A-4 A-5 A6

N-Acyloxymethyl derivatives {A-3) of compounds according to formula I are prepared by treating a fused
pyrazole with formaldehyde to form the alcohol A-2 which is then acylated with an acyl halide, an
anhydride or an activated carboxylic acid derivative to afford A-3 wherein R' is carboxy-Css alkyl, Ci.10
15 alkyl, Cy.ip haloalkyl, C1.10 aminoalkyl, Cy; alkylamino-Cy.p alkyl, Cy; dialkylamine-C;.jg alkyl, Coe
atkenyl, Cs.,; cycloalkyl, C, alkoxy, Ci.;o aminoalkoxy, Ci.5 alkylamino-C,. 1 alkoxyl, C,.; dialkylamino-
Cuio alkoxy, NR™R™, optionally substituted phenyl or optionally substituted pyridinyl or C(=O)R'
comprise an alpha-amino acid. N-Acyl derivatives (A-4) are prepared similarly except the formaldehyde

treatment is omitted and the pyrazole nifrogen is acylated with an acyl halide, an anhydride or an



20 step 2 - A mixture of 12 (1.28 g, 2.62 mmol), succinic anhydride (0.39 8, 3.93 mmol), DMAP (16
mg, 0.13 rnmol), DIPEA (0.73 mL, 4.19 mmol) and DCM (65 mL) was stirred at RT under an inert
atmosphere for 3 h. The volatile solvents were evaporated and the crude residue was purified by Si02
chromatograpty BR{HGHth a MeOH/DCM gradient (I to 4% MeOH) to affdr§oFFa" {916{’.)[273* as a brown
solid which was dried overnight in vacua at 110C: Agjal. Calcd. 25 for C24H1513rCIFNS05: C, 48.29;
H, 2.85; N, 11.73; Found: C, 48.31; H, 2.68; N, 11.57. 1-4 is prepared analogously except in step 1,

R-73 was 5&@%@&%5&@&1@&%&%&5 |U1§H(9, 01 vioxymethyl derivatives (A-6) were prepared from the

(AH- pyrazoll[ fég c%zm -3- Imeth @rgxg SO hthalonlt |Ie§ﬁlgp[ﬂ\ V\{t dd

2009/080534F OBEIBE lﬁimfp PHepa el AFAISY PRt 394 Canhydride
was replacédrby i I’W@r@pﬁm@y@%@h@b(@lﬁhm@‘c&kﬁﬁ@wﬂh@@)ff@dl@-méemle%ﬁé@@ﬁﬁl@g@uﬁwlexcept in
step} 2, SUQQHH@Q&GiQaM@% %@E'aﬁ%%@&mtl;ﬁ&@&@l@@@f&u@u@@ﬂ%%%&ﬂﬁ@r@ﬁu@b@e&-ﬂ is prepared
analog us t|n wa Qr org

(1H- pyér)azé Tf«f /% Qﬂgyr é’glﬁidy?a ﬁu ?ﬁeéfﬁyl) pﬁjenoxyl |sorl)5ﬁf%§|?)nltgll (%? g}ﬁbfs ZQLOZ \a/\l}gsw Blrcélﬁ%red
analogoushyréxceprivstepby refez8onagiseplased RiteBas hitnere sipesrgs according to formula

(1H-pyrazala[ 3.4 & pysid azin-3cmethyhzphenoxyliacehtera-benzonitrile (R-73a ) and in step 2,
succinic anhydride was replaced with glutaric anhydride 10 1- 15 was prepared analogously except in

step 2, succmlc agréyg) was re% wit >%epaned| ne 8 drlde ASRN 2035-75-8)
Example ﬂé@‘fs %Xfﬂi%%l 0°3-(3-&flio %‘%e c’ir%gBﬁrgnoxy ugr% pylrnavzeo éﬂ% 4-c]
pyridazin-kyimétoylaastesitilB)esci R Wad+f3-phiodo-Suydmprpleanyklad any of the plurahty of

10  alternatives would be suitable. The hydroxymethy! phosphate derivatives are prepared from the
corresponding chloromethyl derivative which 1s treated with a dialkyl phosphate to afford the
corresponding dialkyl phosphonate which is dealkylated to produce compounds of the present

invention.

BIOLOGICAL ASSAYS
15 The capacity for fused-pyrazoles (A-1) which are produced in vive to inhibit HIVRT can be
determined by the enzyme inhibition assay disclosed in example 9. The problem to be solved is
to deliver sufficient HIV-1 transcriptase inhibitor to block viral replication and suppress the
formation of resistant strains. The pharmacokinetic assays in examples 10 and 11 are used to
evaluate the level of pyrazoles which are formed in the systemic circulation following an oral

20 dose of the prodrug.

DOSAGE AND ADMINISTRATION

The compounds of the present invention may be formulated in a wide variety of oral
administration dosage forms and carriers. Oral administration can be in the form of tablets,
coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or

25  suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral,
mtramuscular, intravenous, subcutaneous, transdermal (which may iaclude a penetration
enhanccment agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration, The preferred manner of administration is generally oral using a

30 convenient daily dosing regimen which can be adjusted according to the degree of affliction and

the patient's response to the active ingredient.



To a solution of 12 (0.1 g, 0.2 mmol) and DCM (3 inL) was added pyridine (0.08 inL, 1.0 mmol) and
acetic anhydride (612 mg, 6 mmol). The resulting solution was stirred overnight at RT under an inert
atmosphere. Starting material was still evident and additional aliquots of pyridine (0.08 mL) and Ac20
(0.612 g) werd QAHed¥rY the resulting mixture stirred at 55C for ca. 5 h. e TERIFYEBAtents were 20
evaporated and the residue purified in two batches e a preparative Si02 TLC plate developed with
60% EtOAc/hexane containing 1% TEA. The product was eluted from the plate and crystallized from

DCM/heX%@o@ﬁwﬁﬁfﬂo@&?@)&ﬁ&@b@%MESQ@@VJ%&?Mﬁ%E@@NEﬁé}hﬁcé’c@i&ﬁiﬁs&@@i N, 13.20;
Found: C, 49.87; H, 2.63; N, 12.92. WO 20091080534PCT/EP2008/067274 -33-

(S)-2-AmifbltE- AT Bty AR SRS AP TR AR R R B S RIS - BB H ST ) 2 TR 6 I e
pyrazolo[3x:-glpyridatindymethylestesssasosiiaitesalidl-The MotrNicOuliRasongiestbnl3: R = Bee

Ar = 3-ch|ora;5-e)|€%go- Eﬁ?n Istep2 R=H %I%C%)Cs%lte%g a}i{lTQ as Ili%ion %n 1201(1911200 9,04 mmol)
and anhy(ﬂ% L) a(%g ' fﬁx}%ﬁ% added " FER 0( . equwg anﬁ Kafines -ca}boxyanhydrlde (0.117
g, 0.48 mmalpofthasesiitingrstdiotioniditional active compounds or principles, and the unit dosage

forms may contain any suitable effective amount of the active ingredient commensurate with the

intended daily dosage range to be employed. The pharmaceutical compositions may be

employed as solids, such as tablets or filled capsules, semisolids, powders, sustained release

formulations, or liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for

10 oral use; or in the form of suppositories for rectal or vaginal administration; or in the form of

sterile injectable solutions for parenteral use. A typical preparation will contain from about 5%

to about 95% active compound or compounds (w/w). The term "preparation” or "dosage form"

is intended to include both solid and liquid formulations of the active compound and one skilled

in the art will appreciate that an active ingredient can exist in different preparations depending on

15  the target organ or tissue and on the desired dose and pharmacokinetic parameters.

The term “excipient” as used herein refers to a compound that is useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and includes excipients that are acceptable for veterinary use as well as human
pharmaceutical use. The compounds of this invention can be administered alone but will

20 generally be administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

A "pharmaccutically acceptable salt" form of an active ingredient may also initially confer a
desirable pharmacokinetic property on the active ingredient which were absent in the non-salt

25 form, and may even positively affect the pharmacodynamics of the active ingredient with respect
to its therapeutic activity in the body. The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, mtric

30  acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic

acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,



was stirred at RT for 2 h. The resulting solution was partitioned between equal volumes of EtOAc and
H20 and the EtOAc phase was separated. The aqueous phase was extracted with EtOAc and the
combined extracts were dried (MgS01), filtered and evaporated. The crudef%oduct was purified on a

preparative e %ﬂ%%sa%veloped with 3.5% MeOH/DCM containing 10 196 FEARGRRRCHSrd 250 mg of

13 as a viscous yellow oil. step 2 - To a vial which was flushed with a stream of Ar containing 13 (55
mg, 0.07 mmol), Et20 (1 mL) and a stir bar was added 1.0 M HC1/Et20 (0.21 mL). The Ar line was

removed, theyvighcaRBegIshsiizredaton 3ahlibese)idas eeptifugec sawmnandthe liquid
decanted. The solid was twice suspended in EtOAc/hexane, centrifuggd andt %I;%uid decanted. The

sample stift AR Some St niRe arcifilthadrssale PaNse E’belsﬁ%%%itional
aliquot of KQYdignandéRzbrequivninasdaddaganddhssfinionrigliresifordutfoAisaecand 50 mg batch
was prepared similarly and the products c ined. The crude product was dried.in a vacuum oven to
afford 64 ﬁﬁng?’ir-iﬁt%?grﬁ%@ %‘%ﬁ%ﬁ fﬁ?gﬁig:gﬁ(%%’ht%%ﬁa%%o% %Ce%%xﬁ- it r%)- &nzyll-pyrazo lo
[3,4-C]pyridatinehragohixadid, acidahethydtesteid( 1eBjan/ B2 0000E3 4R GT AERRO08/T6 7274 -34-
ArOAr0O NHNyOMe N-z.NNsIGO R-731-6 Ar.= 3-chloro- -pheny Iuiti R-73,(0.200 g,
AR s e L e e R e S T T
mL of a soludithe dlmethiy) shlisrbromdatdiON B5idy ariMMeTrinbs. PRERTFS80IRI S SRR S Was
stirred at RIfor.4 f, Thgtgasiiomixtyiie wasaiRartiionsdiprtvwesndd 20r andiEi0Am e, tbe aqueous

layer was séparated and extracted again with EtOAc. The combined extracts were dried (MgSO4),
filtered, ei9BFEEESANEMRIDMEMEEHE T4k sudibenedunitngtintbeephaBre disthtec A Solid was
repeaigd tfHhatedivthEiRoMexrReichnafinedi06l b dithasaiystiovd salidaichuas @ried

overnight in a vacuum gven. 10 1-9 and.1-20 were prepared gnalogousl cept methyl chloroformate
was repla@@ﬂ%ﬁﬁe%ﬁﬂgﬁfiﬁ%&mﬁﬁﬁéﬁb@ %é%qﬁpgﬁﬂt&g%m?ﬁ%%%?g%%egg\%l Wﬁ%a%ﬁ 6
34341-Acépdhbiprazeldefd dddepyiridaiziie 3apim et/ ironad-2-fluoro
-phenoxy]-5-chlorobenzonitrile (1-16)

“Pharmaceutically acceptable™ means that the moiety is useful in preparing a pharmaceutical

composition that is generally safe, non-toxic, and neither biologically nor otherwise undesirable.

15 Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as |
diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is a
finely divided solid which is a mixture with the finely divided active component. In tablets, the

20 active component generally is mixed with the carrier having the necessary binding capacity in
suitable proportions and compacted in the shape and size desired. Suitable carriers include but
are not limited to magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. Solid form preparations may contain, in addition to the active

25 component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation including

emulsions, syrups, clixirs, aqueous solutions, aqueous suspensions. These include solid form

preparations which are intended to be converted to hquid form preparations shortly before use.
30 FEmulsions may be prepared in solutions, for example, in aqueous propylene glycol solutions or

may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous



15 To a solution of R-73 (0.050 g, 0.11 mmol) and dry MeCN (3 mL) was added Me3SiCN (0.1 mL, 7
equivalents) and acetyl chloride (0.013 g, 0.48 mL of a solution of 27 mg of AcC1 and 1.0 niL of
MeCN). After stirring at Rl for 15 min H20 (20 mi.), EtOAc (30 ml.) and 5% ag NaHCO3 %5 ml.) were
added seque‘ﬁﬁaﬁﬂ‘)? SEt0AC phase was separated and evaporated. Thétedibte was taken up in
DCM, dried (MgS01), filtered and evaporated and the_product purified 20 by re-crystallization from
DCM/hexanes to affords 0.39 g of 1-16 as a light brown powder. 3-

{6-Bromo2floxe-34 1 pysiding ¥, carbembid kawazelald e nyrigaz irdmeiBiitatienoxy 1-5-chlor

o-benzonitrile was prepared analogously except acetyl chloride was replaced with nicotinggl chloride to
afford 115 IAFA1S CHIGTS o b ERE 13e CENIBREE0E3 DB R RE9H 11 ROAREE 53 .31; H,
2.22; N, 1dishers MO0 3G S4PLIVE PRS00 AR FatdSwith viscous material, suchEsarmotel 6r

344-Bromo-3-(3-chloro-5-cyano-phen -2-flugro-benzylkpyrazo | 4-1flpyridine-1.-.carboxylic acid
(2-amino-SXAYIFH Wﬁﬁ%’[ﬁ%;nﬁ%}%}é@ %ﬁeé %%%Wf@?%%%%%%%{%ﬁ?d?lj({aado\%%éelrvvglsl léﬁ%‘?féled with
DIPEA (0 stdpmiidid:mgamrol), ten-butyl-2- S (methylamino)ethyl carbamate (132.4 mg, 0.76 mmol,
CASRN 122734-32-1) and DCM (2 mL). An oven-dried microwave flask was charged with
bis-trichlormeltiearhonaiz (9,090 And RCM. Gk AT saslesian & e alines selufion was

£
t 8K
added to the CS0IRE CaTBonated solution via syrlﬁge over ca.% mm and stirred at O for 5 mm and

allowed tobwanertiorR for Eaathpledsiiting sslotion waknaddethiRsBuy 8ng30ay ) broleswedesypyHtine (0.2
mL). The resulfing, 10 er%,vg?&.ﬂ%tméssmﬂvm%@m&fgg GRmhfiNcEhesRlidmaterial was

filtered. Both the solid and the filtrate contained starting material and the desires urea. The crude

product wastharifeded SITRGemAsE Gord BaromRO BEIONA BRI B BT SHRG RO 7 SO EYBA hexane.

The regovgrpasRIRAUG iR Rlateaives ArRiathiR-apeiareRativedigalaterndyseyuentially
developed with 45% EtOAc/hexane then 50% EtOAc/hexane then %u ed from the Iaﬁte. The 15

resulting JroRRIBISH AE Y AEREBATHES K SHTIERaPHERI: ARETEHSET AR BERY dF thE!k #Eiinding
Boc urea giesieprR oileod selutior ofld d(0.036go D00 njaalblDaivhiR midsEtQAcBytirops) and

MeOH (3 dro%%} wg; added { M 'f"CUE 0 (O'%gts%% ﬁilglsd %isréednfor 1e .befor%% algditironal aliquot of 1
M HCUESGtias B SEH R HE ARt AppRrent and IM He:gdioxane (0.1 mL) 20 was

added. Aftersptinding, fortiirinpenditatiBmoientgwercAévaponaiadtnecthe restedientrinasabsdnwith
Et20/hexane (1.:1), filtered. ried. i en.t bomhebdadd 25/ Whitspgwder.
Examli;ﬁe g 0“%%2—%%%%%3%%%%%%—%éggﬁ%rﬁﬁ@%%ﬁﬁ%ﬁﬁbenglk%y;azo lo [3,4-c] pyridazine-1-
25 carboxytisstitition- Ghfsseiyrariic: Eniebhy L)t s ter SRUOtARITESAVEEL 3) step 1 - In an
oven-dried vial was mixed 1-dimethylamino-2-propanol (0.73 mL, 6 mmol), dry pyridine (0.5 mL, 0.5

equiv.) an%%%g%-ml&fﬁ%s%& auenrdrieddaskwas charasdopihnhesaana Ot ke 1 equiv.,

20% solution in toluene) and dry DCM (10 mL) and the solution was maintained under N2 and cooled
t0 -40 C. TanileanicHte BITeatY ST HBROR IR RS it A BBt s e s [RTAGREBIN AR KR Stirred at -40
C for 5 migsthepalouwgddoowrimiaed wke siqueous or oily base with the addition of suitable

20  thickening and/or gelling agents. Lotions may be formulated with an agueous or oily base and
will in general also containing one or more emulsifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert

25  basc such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

The compounds of the present invention may be formulated for administration as suppositories.
A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and
the active component is dispersed homogeneously, for example, by stirring. The molten

30 homogenecous mixture is then poured into convenient sized molds, aliowed to cool, and to

solidify.



WO 2009/080534PCT/EP2008/067274 -36- resulting solution was added R-73 (0.225 g, 0.49 mmol)
and the resulting mixture stirred for 3 h. The solution was diluted with Et20 and the liquid phase
decanted from the resulting precipitate. The solid was washed twice with Et20 (2 x 20 mL) and the
supernatant S #8HE e combined and evaporated. The residue was partioney betveen EtOAC (30
mL) and 2.5% Nar-ICO3 (30 5 ralL). The EtOAc solygion was washed with an equal volume of brine,
dried, filtered and evaporated The ester was dissolved in DCM (2 mL) and 0.5 mL of HCI/Et20 solution

(1 M) waspadded, Theaesiting selutionnas stes fRr-:0imin the E20/ R supesnatant was

decanted, the residue taken up in Et20, evaporated and dried in a vacuum oven to afford 0.118 g of

1-13 contARFT B BRI, BEIF Lk BRLFH G PHOSH RO ROWRIgng in addition fo the active

MOoNO-(34#nkaRag: 3nch eAHasa- BsGyaRAspREREXY k2 fBurrappeipeiid - pyrazolo[3,4-c]pyridazin-l-ylmethyl)
ester (1-18) step 1 - To a suspension of 10 (1.24 g, 2.54 mmol) and DCM (100 mL) was added thionyl

chloride (2 mL) The resulting solution was stirred for 1 h then evaporated and resuspended in 15
benzene arf ?8%5@%@@?&%8%’%%%‘@%?@&%—&?% %'3‘;5{%{35%%%%%%%}&%&9%%&2%0[3,4-
b]pyridin-3arivathyh sdsfuanorphenepxycd-dhterd- betiranitnle l6) bs @yettowitd amanhiéhr was used in
the next ste§ﬁv6\éi hout ad%itional purification. step.2 -.19 am

ixture of 16(1.28 9,.2.54 ),
di-tert-butfli{ %h%g 616%3 B?IB%%eﬁn‘?r%Ffrﬁ%ﬂM&e Nﬁ)%r%to)n\?vﬁg a%l%%% A%ezgol 0%19 , %54 mmol) and

the resulting inixterwasistihceldtfor 2 2E HaalrRPeT hepipstidtiHysmixire atks illdre shehpaigyi
CELLTE(r), the filtrate | _ : N2 ¢ luti
%%é%?gg%%?ﬁ\é%%%@%&m&Wﬁrﬁé%@% QSO R SIRA S OmalRaiaRy eluting

with a Me ( { % MeOH) to afford 1.1 g of phosphoric acid
3-14-brorﬁo3w-t¥h$df@§5béyﬁahﬁlﬁﬁé°%%i)nﬂﬂ$lEi?éFﬁ%@h?gﬁ-%ﬂ@fg%wpaﬂ@%ethyl ester
di-tert-butyl ester (18) step 3 - To a solution of 18 (0.179 g) in DCM (2 mL) was added TFA (1 mL) and
the regpilting 25 SOItOR SHFERALRTHOkHiBH MG SHMRMRWRISLRIIOVRch WA stream of N2 while

maintaining the solution at RT or below. Benzene (10 mL) was added to. the residue and the Penzene
was remoVadivy gE (e Wi ARSI AE RE R B s A 4 (R G eaiad sl

anhydrous,Me@iN andeatienis.koR NANaPkkipR silthwadaddedavbichipmdusada Shiteasolid. The
suspension was stirred for 5 min then filtered, washed with MeCN an% he solid 30 dried].ik?ea vacuum

desiccatoP &R ANES BYE R GHEIMEREPRFUREI0NT 8 Hifcrd 01 55T P BSEORTE O
2009/080534RGT/ERRA0R/PRTATA 8 T-prewhitecsoiickntith (D2AYE B Had; BTk, 5.95 (2H, d,

CH201)5 7'%&&"’5‘&&?&%&@ {bP%ﬁjfo(rlg{ar%pﬁ‘e,r)digh‘iczr(;%llﬁugfo'?‘r{gthane, trichlorofiuoromethane, or
dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The acrosol may conveniently
also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered
valve. Alternatively the active ingredients may be provided in a form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose, starch, starch

20 derivatives such as hydroxypropylmethy! cellulose and polyvinylpyrrolidine (PVP). The powder
cartier will form a gel in the nasal cavity. The powder composition may be presented in unit
dose form for example in capsules or cartridges of e.g., gelatin or blister packs from which the

powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustamed or
25  controlled release administration of the active ingredient, For example, the compounds of the
present invention can be formulated in transdermal or subcutancous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen is crucial. Compounds in transdermal
delivery systems are frequently attached to a skin-adhesive solid support. The compound of
30  interest can also be combined with a penetration enhancer, ¢.g., Azone (1-dodecylaza-

cycloheptan-2-one). Sustained release delivery systems are inserted subcutaneously into to the



Example 10 Heteropolymer HIV Reverse Transcriptasc Assay: Inhibitor IC50 determination 5 HIV-1
RT assay was carried out in 96-well Millipore MultiScreen MADVNOBS50 plates using purified
recombinant enzyme and a poly(rA)/oligo(dT)16 template-primer in a total volume of 50 p.L. The assay
constituents Wet&BHWRRA*Tris/HC1, 50 mM NaCl, 1 mM EDTA, 6 mM MgCE3BHF AT TP, 0.15 ,uCi
[BH] dTTP, 5 ug/mlpoly (rA) pre annealed to 2.5 ugég]loligo (dT)16 and a 10 range of inhibitor
concentrations in a final concentration of 10% DMSO. Reactions were initiated by adding 4 nM HIV-1

RT and afleg, Rcubation: %&%Z%fg&qri}éu}ioﬁh%@%ﬁ%@eﬂm&m&%&q%@ﬂ&%%ﬁ%@ﬂ L0%TCA

and allowed to precipitate’at 4T for 30 min. The precipitates were collected by applying vacuum to the
plate and SaLHIRyFREERG Fith Sicooubenroradhiademralille Boboest: £ ons Rt Finally, the
plates were dried and radioactivity 15 counted in a Packard TopCounter after the addition of 25 ul

scintillatiorfiuig PRI Welkilfn2 Qi WatfICaarIRed Y, Piatag: 4idiRitan Me/apRI0IP.InRIBIRY
concentrations. Representative IC50 data is depicted in TABLE 2. TABLE 2 Compaound IC50 tIM
1-31 1. sothdtgraagion: The Science and Practice of Pharmacy 1995, edited by E. W. Martin, Mack
5 Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may
modify the formulations within the teachings of the specification to provide numerous
formulations for a particular route of administration without rendering the compositions of the

present invention unstable or compromising their therapeutic activity.

The modification of the present compounds to render them more soluble n water or other

10 vehicle, for example, may be easily accomplished by minor modifications (salt formulation,
esterification, etc.), which are well within the ordinary skill in the art. It is also well within the
ordinary skill of the art to modify the route of administration and dosage regimen of a particular
compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect m patients.

15 The term "therapeutically effective amount" as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and

20 form of administration and the preferences and experience of the medical practitioner involved.
For oral administration, a daily dosage of between about 0.01 and about 1000 mg/kg body
weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred
daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.

25 Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect for the individual patient is reached. One of ordinary skill in

30 treating diseases described herein will be able, without undue experimentation and in reliance on

personal knowledge, experience and the disclosures of this application, to ascertain a



0.0049 0.0074 Example 11 20Determination of pharmacokinetic parameters in rats Intact male 'GS
Wistar Han Rats CHMI(GLx/BRL/Han)IGS BR (Hanover-Wistar) rats weighing 200-250 g were used.
Groups of two rats were used for each dose level of an experimental compound. Animals were allowed
normal acces¥ ¥ 2Hd water throughout the experiment. The test suS&EAEERAME fttulated as
an aqueous suspension containing 5 mg 25 Hypromgllose 2910, USP(50 cps); 4 mg Polysorbate 80,
NF; 9 mg Benzyl Alcohol, NF; g.s. with Sterile water for injection, USP 2 or 25 mg/kg of the R-73 and

was admi@in%‘i%{j%E!u%5@1‘%B%oWQa%B%%{%WéPHQ&E&?&Qﬁé%Z%% iRRnEV RS AvBlogd.sample (0.3

nit) was collected from the treated rats at, 0.083, 0.25, 0.5, 1, 2, 4, 6, and 8 h from a jugular cannula
and at 24 F\“B)P%%ﬁ“@ﬁ-ac puncture. Samples were collected in tubes containing potassium oxalate/NaF
and stored on ice during sampling procedure. The samples were spun in a refrigerated centrifuge at -4

C as soomagppssitieand theiplaama, asamplesupasiosed im0k {ieasrisadiianalysis. Aliquots
of plasma (0.05 mL) were mixed with 0.15 mL of acetonitrile containing 200 ng/mL of internal standard.

A set of cATFATGH QAR A & B PaRA RS By SHRX g R EECAIERERTS BRSH B URtreated rats
with 0.15 miloteetomnitilte60iatainneg2RMhngipsofihtsraalasteneardinkneon asimagsan pieising

calibration sta rd w rtexed thoroughly.and then centrif d.at 3500 rgm .for 20 min, to
iedenelvias s ante it i A A e R G SR

96-well plateifentifiiSMSahatygibe used with compounds of the present invention. When the active

compound or its derivative or salt are administered in combination with another antiviral agent
the activity may be increased over the parent compound. When the treatment is combination

10  therapy, such administration may be concurrent or sequential with respect to that of the
nucieoside derivatives, "Concurrent administration” as used herein thus includes administration
of the agents at the same time or at different times. Administration of two or more agents at the
same time can be achieved by a single formulation containing two or more active ingredients or
by substantially simultancous administration of two or more dosage forms with a single active

15 agent. Furthermore, treatment of a HIV-1 infection, as used herein, also includes treatment or
prophylaxis of a disease or a condition associated with or mediated by HIV-1 infection, or the

clinical symptoms thercof.

Example 1
Succinic acid mono-{3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl}-pyrazolo|[3,4-

20  Dblpyridin-1-ylmethyt} ester (I-1}

I:.: R-54: R=H I-1
10: R =CH,0H Ar = 3-chloro-5-cyano-phenyl
step 1

step 1 - A mixture of R-54 (1.6 g), 37% aqueous formaldehyde solution and MeOH was stirred

overnight at 60° C under an inert atmosphere. The MeOH was evaporated and the resulting

sotution difuted with H>O and the resulting precipitate was filtered, washed with HyO and air-
25 dried to afford 1.63 g of 14.



Sample Analysis - Prodrugs were analyzed using high-performance liquid chromatography with
tandem mass-spectrometry (HPLC/MS/MS). A BDS C18 guard column was placed prior to an ACE
C18 50 x 2.1 mm column (5 mm) that was used for separation. Electrospray lonization 15 (ESI) was
used for the %’lﬂfﬁ%ﬁ‘{bﬁr}écess. The mobile phase A contained 5 mM amrﬁgﬁﬁm%g@?g@ﬁn water with
0.1% formic acid and mobile phase B contained 50:30 MeOH:Acetonitril with 0.1% Boothe Acid.
Elution was performed with the following gradient with a flow rate of 0 3 mL/min.: %A %B 0 min 100

0.5 min 1Q9.0 2.019in Q108 LoD 4P9RQ, 1 mmol), succinic anhydride (0.15 g, 1.5 mmol), DMAP
(6.1 mg, 0.05 mmol) and DCM (10 mL) at RT was added DIPEA (0.28 mL, 1.63 mmol) and the
resulting mixture was stirred at RT. The solution became homogenous in 10 min, After 1 h the
reaction was diluted with additional DCM (20 mL) and washed with 10% aq HC], dried

5 (MgSQ,), filtered and evaporated. The gummy residue was triturated EtOAc and sonicated
which afforded a white powder which was filtered, washed with EtOAc and dried to afford 0.4 g
of I-1. An additional 0.1 g was recovered in a second crop from the mother liquor: Anal. Caled.
for CasH7BrCIFNLOs: C, 51.09; H, 2.92; N, 9.53, Found: C, 51.01; H, 2.93; N, 9.52.

I-2 was prepared analogously except in step 1, 5-[6-bromo-2-fluoro-3~(1H-pyrazolo[3,.4-
10 clpyridazin-3-ylmethyl)-phenoxyi-isophthalonitrile (R-58) was used in place of R-54.

Example 2

Succinic acid mono-{3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-

¢Jpyridazin-1-ylmethyl} ester (I-3)

step 1 — A suspension of 3-[6-bromo-2-fluore-3-(1H-pyrazolo[3,4-c]pyridazin-3-ylmethyl)-

15 phenoxyl-3-chloro-benzonitriie (R-73, 1.32 g, 2.88 mmol), 37% aqueous formaldehyde (100
mL) and MeOH (100 mL) was stirred at 67° C for 35 h. The volatile solvents were evaporated
and the residue diluted with H,O and the resulting precipitate filtered, washed with H>O and air-
dried to afford 1.27 g of 3-{6-bromo-2-fluoro-3-(1-hydroxymethyi-1H-pyrazolo[3,4-c}pyridazin-
3-ylmethy!)-phenoxy]-5-chloro-benzonitrile (12).

20 step 2 — A mixture of 12 (1.28 g, 2.62 mmol), succinic anhydride (0.39 g, 3.93 mmol), DMAP
(16 mg, 0.13 mmol), DIPEA (0.73 mL, 4.19 mmol) and DCM (65 mL) was stirred at RT under
an inert atmosphere for 3 h. The volatile solvents were evaporated and the crude residue was
purified by Si0; chromatography eluting with a MeOH/DCM gradient (1 to 4% MeOH) to
afford 0.75 g of I-3 as a brown solid which was dried overnight in vacuo at 110° C: Anpal. Caled.

25 for CqHyBrCIFNsOs: C, 48.29; H, 2.85; N, 11.73; Found: C, 48.31; H, 2.68; N, 11.57.

1-4 is prepared analogously except in step 1, R-73 was replaced with 5-[6-bromo-2-fluoro-3-

(1H-pyrazolo[3,4-clpyridazin-3-yimethyl)-phenoxy]-isophthalonitrile (R-77).

1-5 is prepared analogously except in step 1, R-73 was replaced with 5-[6-chloro-2-fluoro-3-(1H-
pyrazolo]3,4-c]pyridazin-3-ylmethyl)-phenoxy]- 5-chloro-benzonitrile (R-73a).



4.0 min 100 20 Representative data for compounds of the present invention is tabulated in TABLE 3.
Example 12 Determination of pharmacokinetic parameters in dogs Intact female Marshall Fdnns
Beagle dogs weighing 8-13 kg were used. Groups of two dogs were used for each dose level of an
expenmental‘?:glﬁ f%ﬂis%nlmals were allowed normal 75 access to chow SAdWAlE %zrg'ughout the
experiment. The test substance was formulated as_gf aqueous suspension containing 5 mg
Hypromellose 2910, USP(50 cps); 4 mg Polysorbate 80, NF; 9 mg Benzyl Alcohol, NE; qg.s. with Sterile
water for PGl SR MY/KIRhlhe Ry WORAR0IGR0GIAPT/ERACABIATATA;39- 73 and
was administered orally avage. A blood sample (1.0 mL) was collected from the treated dogs at,
0.25, 0.5, AyFon4, €6d§“3ﬁ%i‘§ﬂ“§ AREHE Jugular vein. Samples were collected in tubes containing
potassium oxalate/NaF and stored on ice during sampling procedure. The samples were spun in a
refrigerateﬂzwaﬂmgaeé&énﬁl@g%ﬁ@p@@%y@@ﬁgi@ﬂamm@cma&mﬁ@ﬂmmiwar,a&teﬁedem,a_-soc
freezer until analysis. Ali lasma (0.05 mL) were mixed with 0.15 mL of acetonitrile containing
200 ng/mL @Fﬁﬁgﬁﬁr@té%%%% set of calibration standards was prepared by mixing 0.05-mL
aliquots of plasma from untreated rats with 0.15 mL, acetonitrile containing 200 ng/mL of internal

standagd. Eazhkphagmeisanpieandesatipr atigspstardzs dwasplectdxeditideubbiy nfhtierseentrifuged

at 3500 rpm_ for 20 recn itate th %]%I in. Supern {] ti ) from centrifugation
was trans e@“ﬁ%ﬁ%&%@ﬁrpaéﬁi‘or}f@? f enox é?(s)paéamp eé an ysis was carried out as

described in the previous example.
I-14 was prepared analogously except in step 1, R-73 was replaced with 3-[6-chloro-2-fluoro-3-

(1H-pyrazolo[3,4-c]pyridazin-3-ylmethyl)-phenoxy]-5-chloro-benzonitrile (R-73a) and in step 2,

succinic anhydride was replaced with glutaric anhydride.

10 1-15 was prepared analogously except in step 2, succinic anhydride was replace with 2,7-
oxepanedione (adipic anhydride, CASRN 2035-75-8)

Example 3
Acetic acid 3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyll-pyrazolo[3,4-c]
pyridazin-1-ylmethyl ester {I-8)

15 Ar = 3-chloro-5-cyano-phenyl

To a solution of 12 (0.1 g, 0.2 mmol) and DCM (3 mL) was added pyridine (0.08 mL, 1.0 mmol} and
acetic anhydride (612 mg, 6 mmol). The resulting solution was stirred overnight at RT under an inert
atmosphere. Starting material was still evident and additional aliquots of pyridine (0.08 mL) and Ac.0
(0.612 g) were added and the resulting mixture stirred at 55° C for ca. 5 h. The volatile contents were

20 evaporated and the residue purified in two batches on a preparative SiO, TLC plate developed with 60%
EtOAc/hexane containing 1% TEA. The product was cluted from the plate and crystallized from
DCM/hexane to afford 0.076 g of I-8: Anal. Caled. for CooHysBrCIFN:Oy: C, 49.79; H, 2.60; N, 13.20;
Found: C, 49.87; H, 2.63; N, 12.92.

Example 4



TABLE 3 Rat Dog Cpd. No. Dose AUCO-. ng*him L Cm" (ngimio Dose AUCO -0 ngsh/mL C. (ng/rno
R-73 2

WO Z009/080534 PCT/EP2008/067274
~33.

(8)-2-Amino-3-methyl-butyric acid 3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzylj-
pyrazolo[3,4-clpyridazin-1-ylmethyl ester; hydrochloride salt (1-9)

13: R=Boc
1-9; R = H (HCl salt}

step 1 - To a solution of 12 (0.200 g, 0.4 mmol) and anhydrous DMF (5 ml.) was added TEA

At = 3-chioro-5-cyano-phenyl step 2 [

5 (0.2 equiv.) and (S)-valine-N-carboxyanhydride (0.117 g, 0.48 mmol). The resulting solution
was stirred at RT for 2 h. The resulting solution was partitioned between equal volumes of
EtOAc and H»O and the EtOAc phase was separated. The aqueous phase was extracted with
FtOAc and the combined extracts were dried (MgS0,), filtered and evaporated. The crude
product was purified on a preparative TLC plate developed with 3.5% MeOH/DCM containing

10 1% TEA which afford 250 mg of 13 as a viscous yellow oil.

step 2 - To a vial which was flushed with a stream of Ar containing 13 (55 mg, 0.07 mmofi), Etz0
(1 mL) and a stir bar was added 1.0 M HCVEt;0 (0.21 mL). The Ar line was removed, the vial
capped and stirred for 3.5 h. The solid was centrifuged down and the liquid decanted. The solid
was twice suspended in EtOAc/hexane, centrifuged and the liquid decanted. The sample still

15 contained some starting material and the process was repeated except ad additional aliquot of
HCl/dioxane (2.5 equiv.) was added and the solution stirred for 6 h. A second 50 mg batch was

prepared similarly and the products combined. The crude product was dried in a vacuum oven to
afford 64 mg of I-9.

Example 5
20 3-[4-Bromo-3-(3-chloro-3-cyano-phenoxy)-2-fluoro-benzyl}-pyrazolo[3,4-c]pyridazine-1-
carboxylic acid methy! ester (I-6)



992 85 2 64 13 1-3 25 18700 1520 11.7 5930 958 1-7 2 969 90 2 1950 299
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15

20

WO 2009/880534 PCT/EP2008/067274
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Ar = 3-chioro-5-cyanc-phenyl

To a solution of R-73 (0.200 g, 0.44 mmol) in anhydrous THF (10 mL) was added Me;SiCN
(0.19 mL, 1.54 mmol) followed by 0.95 mL of a solution of methyl chloroformate (0.105 g} and
MeCN (2 mL). The resulting solution was stirred at RT for 1 h. The reaction mixture was
partitioned between H,O and EtOAc and the aqueous layer was separated and extracted again
with EtOAc. The combined extracts were dried (MgSQs), filtered, evaporated and
FtOAc/hexane was added resulting in a solid precipitate. The solid was repeated triturated with
Et,O/hexane which afford 0.061 of I-6 as a yellow solid which was dried overnight in a vacuum

OVERL

1-9 and 1-20 were prepared analogously except methyl chloroformate was replaced with ethyl

chloroformate and iso-propyl chloroformate respectively.

Example 6
3-[3-(1-Acetyl-1H-pyrazolo]3,4-c]pyridazin-3-ylmethyl}-6-bromo-2-flucro-phenoxy]-5-chlore-
benzonitrile (I-16)

To a solution of R-73 (0.050 g, 0.11 mmo!) and dry MeCN (3 mL) was added MesSiCN (0.1
mL, 7 equivalents) and acetyl chloride (0.013 g, 0.48 mL of a solution of 27 mg of AcCland 1.0
mL of MeCN). After stirring at RT for 15 min H,O (20 mL), EtOQAc (30 mL}) and 5% aq
NaHCO; (5 mL) were added sequentially. The EtOAc phase was separated and evaporated. The
residue was taken up in DCM, dried (MgSQy), filtered and evaporated and the product purified
by re-crystallization from DCM/hexanes to affords 0.39 g of I-16 as a light brown powder.

3-{6-Bromo-2-fluoro-3-[ 1-(pyridine-3-carbonyl- 1 H-pyrazolo[3,4-cIpyridazin-3-ylmethyl]-
phenoxy}-5-chloro-benzonitrile was prepared analogously except acetyl chioride was replaced
with nicotinoyl chloride to afford I-17: Anal. Caled. for CsHi:BrCIFNgO,: C, 53.26; H, 2.32; N,
14.91; Found: C, 53.31; H, 2.22; N, 14.72.



1-152 3710 319 2 2860 531 1-9 2 1239 121 2 2360 469 Example 13  Pharmaceutical compositions
of the subject Compounds for administration via several routes 15 were prepared as described in this
Example. Co‘r;]jgosition for Oral Administration (A)

160

15

20

25

30
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Example 7
3-[4-Bromo-3-(3-chloro-3-cyano-phenoxy)-2-fluoro-benzyl}-pyrazolo[3,4-bipyridine-1-
carboxylic acid (2-amino-ethyl)-methyl-amide; hydrochloride salt (I-19)

step 1 — An oven-dried vial was charged with DIPEA (0.44 mL, 2.5 mmol), tert-butyl-2-
{methylamino)ethyl carbamate (132.4 mg, 0.76 mmol, CASRN 122734-32-1) and DCM (2 mL).
An oven-dried microwave flask was charged with bis-trichloromethylcarbonate (0.090 g) and
DCM (4 mL) and cooled to 0° C. The former solution was added to the cooled carbonated
solution via syringe over ca. 2 min and stirred at 0° for 5 min and allowed to warm to RT. To
the resulting solution was added R-54 (0.350 g) followed by pyridine (0.2 mL). The resulting
mixture was heated in a sealed tube at 70° C for ca. 16 h. The solid material was filtered. Both
the solid and the filtrate contained starting material and the desires urea. The crude product was
purified using three preparative tle plates which were developed with 75% EtOAc/hexane. The
recovered product from the plates was applied to another preparative tle plate and sequentially
developed with 45% EtOAc/hexane then 50% EtOAc/hexane then eluted from the plate. The
resulting product was triturated with EtoO/hexanc and filtered to afford 0.018 g ofthe

corresponding Boc urea (14).

step 2 — To a solution of 14 (0.035 g, 0.053 mmol), DCM (2 mL), EtOAc (6 drops) and MeOH
(3 drops) was added 1 M HCVEt,O (0.13 mL) and stirred for 1 h before an additional aliquot of 1
M HCVEt;0O was added. Afier 1 b little reaction was apparent and 1M HCVdioxane (0.1 mL)
was added. After stirring for 1 h, the volatile solvents were evaporated and the residue triturated
with Et;O/hexane (1:1), filtered and dried in a vacuum oven to afford 31 mg of 119 as a white

powder.
Example 8

3-[4-Bromo-3-(3-chioro-5-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-c]pyridazine-1-
carboxylic acid 2-dimethylamino-1-methyl-ethyl ester; hydrochloride salt (1-13)

step 1 — In an oven-dried vial was mixed 1-dimethylamino-2-propanol (6.73 mL, 6 mmol), dry
pyridine (0.5 mL., 0.5 equiv.} and DCM (2.5 mL). A second oven-dried flask was charged with
phosgene (0.6 mL, 1 equiv., 20% solution in toluene) and dry DCM (10 mL) and the solution
was maintained under N; and cooled to -40° C. The contents of the vial were added dropwise

and the resulting solution was stirred at -40° C for 5 min then allowed to warm to RT. To the



Ingredient % wt./wt. Active ingredient 20.0% Lactose 79.5% Magnesium stearate 0.5% The
ingredients are mixed and dispensed into capsules containing about 100 mg each; one capsule would
approximate a total daily dosage. 20Composition for Oral Administration (B) WO

2009/080534F8 HEWSERFE/067274 -40- Ingredient% wt./wt. Active ingrediEhtoBBITISGAEsium
stearate0.5% Crosscarmellose sodium2.0% Lactosg/6.5%

resulting solution was added R-73 {0.225 g, 0.49 mmol) and the resulting mixture stirred for 3 h.
The solution was diluted with Et;0 and the liquid phase decanted from the resulting precipitate.
The solid was washed twice with Et,0 (2 x 20 mL) and the supematant solutions were combined
and evaporated. The residue was partitioned between EtOAc (30 mL) and 2.5% NaHCO; (30

5 mL). The FtOAc solution was washed with an equal volume of brine, dried, filtered and
evaporated. The ester was dissolved in DCM (2 mL) and 0.5 mL of HCI/Et;O solution (1 M)
was added. The resulting solution was stirred for 10 min, the Et;O/DCM supernatant was
decanted, the residue taken up in Et,0, evaporated and dried in 2 vacuum oven to afford 0.118 g

of I-13 containing about 12% of R-73.

i0 Example 9
Phosphoric acid mono- {3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-

pyrazolo[3,4-c]pyridazin-1-ylmethyl} ester (I-18)

step 1 — To a suspension of 10 (1.24 g, 2.54 mymol) and DCM (100 mL) was added thionyl

chloride (2 mL). The resulting solution was stirred for I h then evaporated and resuspended in
15  benzene and re-evaporated to afford 1.32 g of 3-{6-bromo-3-(1-chloromethyl-1H-pyrazolo[3,4-

b]pyridin-3-ylmethyl)-2-fluoro-phenoxy]-5-chloro-benzonitrile (16) as a yellow foam which was

used in the next step without additional purification.

step 2 - To a mixture of 16 (1.28 g, 2.54 mmol) , di-fer¢-butylphosphate (1.06 g, 5.08 mmol), in
MeCN (70 mL) was added Agy0 (0.59 g, 2.54 mmol) and the resulting mixture was stirred for 1
20 dat RT. The resulting mixture was filtered through CELITE®, the filirate was evaporated and
the crude product purified by SiO2 chromatography eluting with a MeOH/DCM gradient (0 to
1% MeOH) to afford 1.1 g of phosphoric acid 3-[4-bromo-3-(3-chlore-5-cyano-phenoxy)-2-
fluoro-benzyl}-pyrazolo[3,4-blpyridin-1-ylmethyl ester di-fert-butyl ester (18)

step 3 — To a solution of 18 (0.179 g) in DCM (2 mL) was added TFA (1 mL) and the resulting
25  solution stirred at RT for 1 min. The solvents were removed with a stream of N, while
maintaining the solution at RT or below. Benzene (10 mL) was added to the residue and the
benzene was removed in vacuo while maintaining the bath at RT or below. The residue was
stirred in anhydrous MeCN and aqueous 1.00 N NaOH (0.53 mL) was added which produced a
white solid. The suspension was stirred for 5 min then filtered, washed with MeCN and the solid

30 dried in a vacuum desiccator and dried overnight under high vacuum to afford 0.129 g of1-18 as



PVP (polyvinylpytTolidine)1.0% The ingredients are combined and granulated using a solvent such as
methanol. The formulation is then dried and formed into tablets (containing about 20 mg of active
compound) with an appar%priate tablet machine. 5Composition for Oral Administration Cg Ingredient%
wt./wt. ActivedMPBINEY 0 g Fumaric acid0.5 g Sodium chloride2.0 g Me]fﬁglf%paﬁ%ﬁ@é—&ﬁ g Propyl
paraben0.05 g Granulated sugar25.5 g Sorbitol (70% _solution)12.85 g Veegum K (Vanderbilt Co.)1.0 g
Flavoring0.035 ml Colorings0.5 mg Distilled waterg.s. to 100 ml The ingredients are mixed to form a

suspensiop far. o3l admipiasinRaremerab g wation (RIngrsciantys b, Ackiv ingredient.25
? (1H, d, Ar), 8.47 (1H, d, Ar).

Example 16

Heteropolymer HIV Reverse Transcriptase Assay: Inhibitor ICso determination

HIV-1 RT assay was carried out in 96-well Millipore MultiScreen MADVNOBS50 plates using
purified recombinant enzyme and a poly(rA)/oligo(dT);¢ template-primer in a total volume of 50
uL. The assay constituents were 50 mM Tris/HCL, 50 mM NaCl, 1 mM EDTA, 6 mM MgCl, 5
uM dTTP, 0.15 uCi [*H] dTTP, 5 pg/ml poly (rA) pre annealed to 2.5 ng/ml oligo (dT)ss and a
10 range of inhibitor concentrations in a final concentration of 10% DMSO. Reactions were
initiated by adding 4 aM HIV-1 RT and after incubation at 37°C for 30 min, they were stopped
by the addition of 50 ul ice cold 20%TCA and allowed to precipitate at 4°C for 30 min. The
precipitates were collected by applying vacuum to the plate and sequentially washing with 3 x
200 ul of 10% TCA and 2 x 200 ul 70% ethanol. Finally, the plates were dried and radioactivity
15 counted in a Packard TopCounter after the addition of 25 1 scintillation fluid per well. 1Csp’s

were calculated by plotting % inhibition versus log)o inhibitor concentrations. Representative

1Csq data is depicted in TABLE 2.

TABLE 2

Compound ICsp uM

1-3 0.0049
I-5 0.0074

1. sodium salt

Example 11

20 Determination of pharmacokinetic parameters in rats
Intact male IGS Wistar Han Rats CrlWI(GLx/BRL/Han)IGS BR (Hanover-Wistar) rats
weighing 200-250 g were used. Groups of two rats were used for each dose level of an
experimental compound. Animals were allowed normal access to chow and water throughout
the experiment. The test substance was formulated as an aqueous suspension containing 5 mg
25 Hypromellose 2910, USP(50 cps); 4 mg Polysorbate 80, NF; 9 mg Benzyl Alcohol, NF; q.s. with
Sterile water for injection, USP 2 or 25 mg/kg of the R-73 and was administered orally by



Sodium Chloridegs to make isotonic Water for injection to100 ml WO
2009/080534PCT/EP2008/067274 -41- The active ingredient is dissolved in a portion of the water for
injection. A sufficient quantity of sodium chloride is then added with stirring to make the solution
isotonic. The 8181 Made up to weight with the remainder of the watel $3f thietditH Hittered
through a 0.2 micron membrane filter and packagedginder sterile conditions. 5Suppository
Formulation (E) Ingredient "A wt./wt. Active ingredient 1.0% Polyethylene glycol 1000 74.5%

Polyethylens,glycal 4000 24,5 Seinaredisioae fBeliad IRGRIRheRTXEHOR BteRm bath, and
poured intd molds containing 2.5 g total weight.
6, and 8 h from a jugular cannula and at 24 h by cardiac puncture. Samples were collected in
tubes containing potassium oxalate/NaF and stored on ice during sampling procedure. The
samples were spun in a refrigerated centrifuge at -4° C as soon as possible and the plasma
5 samples were stored in a -80° C freezer until analysis. Aliquots of plasma (0.05 mL) were mixed
with 0.15 mL of acetonitrile containing 200 ng/ml. of internal standard. A set of calibration
standards was prepared by mixing 0.05-mL aliquots of plasma from untreated rats with 0.15 mL
acctonitrile containing 200 ng/mL of internal standard. Each plasma sample and calibration
standard was vortexed thoroughly and then centrifuged at 3500 rpm for 20 min to precipitate the

10 protein. Supernatant (150 uL each) from centrifugation was transferred into a 96-well plate for
LC/MS/MS analysts.

Sample Analvsis — Prodrugs were analyzed using high-performance liquid chromatography with

tandem mass-spectrometry (HPLC/MS/MS). A BDS C18 guard column was placed prior to an
ACE C18 50 x 2.1 mm column (5 mm) that was used for separation. Electrospray lomization
15 (ESI) was used for the ionization process. The mobile phase A contained 5 mM ammonium
acetate in water with 0.1% formic acid and mobile phase B contained 50:50 MeOH: Acetonitril

with 0.1% Formic Acid. Elution was performed with the following gradient with a flow rate of

0.3 mL/min.:
Time % A % B
0 min 100 0
0.5 min 100 0
2.0 min 0 100
3.1 min 100 4]
4.0 min 100 0

20 Representative data for compounds of the present invention is tabulated in TABLE 3.

Example 12

Determination of pharmacokinetic parameters in dogs
Intact female Marshall Farms Beagle dogs weighing 8-13 kg were used. Groups of two dogs
were used for each dose level of an experimental compound. Animals were allowed normal
25 access to chow and water throughout the experiment. The test substance was formulated as an
aqueous suspension containing 5 mg Hypromellose 2910, USP(50 cps); 4 mg Polysorbate 80,
NF; 9 mg Benzyl Alcohol, NF; q.s. with Sterile water for injection, USP 2 or 25 mg/kg of the R-



Topical Formulation (F11 Ingredients grams Active compound 0.2-2 Span 60 2 Tween 60 2 Mineral oil
5 Petrolatum 10 Methyl paraben 0.15 Propyl paraben 0.05 BHA (butylated hydroxy anisole)

WO 2009/680534 PCT/EP2008/067274

-39.

73 and was administered orally by gavage. A blood sample (1.0 mL) was collected from the
treated dogs at, 0.25, 0.5, 1, 2, 4, 6, 8, and 24 8 h from a jugular vein. Samples were collected in
The

samples were spun in a refrigerated centrifuge at -4° C as soon as possible and the plasma

tubes containing potassium oxalate/NaF and stored on ice during sampling procedure.

5 samples were stored in a -80° C freezer until analysis. Aliquots of plasma (0.05 mL) were mixed
with 0.15 mL of acetonitrile containing 200 ng/ml. of internal standard, A set of calibration
standards was prepared by mixing 0.05-mL aliquots of plasma from untreated rats with 0.15 mL
acetonitrile containing 200 ng/mL of internal standard. Each plasma sample and calibration
standard was vortexed thoroughly and then centrifuged at 3500 rpm for 20 min to precipitate the

10 protein. Supernatant (150 uL each) from centrifugation was transferred into a 96-well plate for

LC/MS/MS analysis. Sample analysis was carried out as described in the previous example.

TABLE 3
Rat Dog
AUCh e

cpd.. C;ua}; . AUCO'“*UO Cmax
No. Dose ng*il/m (ng/mL) Dose ng#h/mL | (ng/mlL)
R-73 12 992 85 2 64 i3
1-3 25 18700 1520 11.7 | 5930 958
1-7 2 969 90 2 1950 299
-15 32 3710 319 2 2860 531
1-9 2 1239 121 2 2360 469

Example 13

Pharmaceutical compositions of the subject Compounds for administration via several routes

15 were prepared as described in this Example.

Composition for Oral Administration (A)

Ingredient % wi./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

The ingredients are mixed and dispensed into capsules containing about 100 mg each; one

capsule would approximate a total daily dosage.

20 Composition for Oral Administration {(B)



0.01 Water q,s. 100 10 All of the ingredients, except water, are combined and heated to about 60C
with stirring. A sufficient quantity of water at about 60C is then added with vigorous stirring to emulsify
the ingredients, and water then added q.s. about 100 g. Nasal Spray Fo,LnuIationsiﬁéG 15 Several
aqueous susPehdBHE & taining from about 0.025-0.5 percent active comoultry 06)?%76ared as
nasal spray formulations. The formulations optionalljycontain inactive ingredients WO
2009/080534PCT/EP2008/067274 -42- such as, for example, microcrystalline cellulose, sodium
carboxymethylcellulose; Pt TRe: s [ ' adjust pH. The
nasal spray formulations riiay be delivered via a nasal spray metered pump typically delivering about
50-100 microliters of forrmetiatiomepahattuation. A typiédl®osing schedule is 2-4 sprays every 4-12
hours. SReferential. Exappple 4 - 3-Arylaxyphenylaceticsacids
[4-Chloro-3-(3-chloro-5-cyano-nhenoxy)-2-fluoro-phenyll-acetic acid (R-11 and 14-Chloro-3-(3-
chloro-5-cyano-phenoxy§ 2sieisracpperiafiteet 1 chloAdé(R-2) R-3a: R =astep 4 R 4a. R - F steple
Lactose 76.5% :

PVP (polyvinylpyrrolidine) 1.0%

The ingredients are combined and granulated using a soivent such as methanol. The formulation
is then dried and formed into tablets (containing about 20 mg of active compound) with an

appropriate tablet machine.

5 Composition for Oral Administration (C)
Ingredient Yo wit./wi.
Active compound 1.0g
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 015¢
Propyl paraben 0.05¢
Cranulated sugar 255¢
Sorbitol (70% solution) 1285¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilied water .. to 100 ml

The ingredients are mixed to form a suspension for oral administration.

Parenteral Formulation (D)

Ingredient % wt./wt,
Active ingredient 025¢
Sodium Chloride gs to make isotonic

Water for mjection to 160 ml




1 R-4b: R CH(CO2,13u)CO2Et R-3b: R = OIV step 5R = C42CO2Et step 2 1-4" R-3e: R = OH

R-5a: R=NH2 1---)0R-51): R=Clstep7 ClI RPR=OHstep9"I"R-22.R=Clstepl -A 100 ml
round bottom flask was charged under a stream of nitrogen with 3,5- 10 dichlorobenzonitrile (R-3a, 7.0
g, 40.69 mmPHMEPLERIarous DMF (75 mL). To the solution was added SSdUM&Hi&ibe (2.26 g,
44.76 mmol) and resulting solution was stirred furthgy_at RT for 24 h. When the reaction was complete,
aqueous 10% HCI added dropwise to the reaction vessel. The crude mixture was extracted with EtOAc

and sequeffially;wesheowithadugas acit,walaramt bring: fgpﬁ?gég&& extrasiswers dredor

(Na2S04), filtered and the solvent was removed 15 in vacuo to afford a crude solid, which was
recrystalliseaie i iosids e A toHeds Ko w e k66 pRIuERN Sl ATISEHHFIMSKHRES charged
with R-3b ¢f @ Qicfhi7 661D ekhandid: 4/GicolidinelaR by, Thedixitiawas bestesdsto 170C and Lil
(16.76 g, 125.29 ol) wgas %g a%g?the r.iactio({l mixture was heated for 4 h. When R-3b was

el 0 pToN

8
consumed 1HBPAAR 614 GRS EREREd with 10% aqueous HC1. The resulting
mixture was extracted with EtOAc and

5 Suppoesitory Formulation (E)
Ingredient % wt./wit,
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%

The ingredients are melted together and mixed on a steam bath, and poured into molds

containing 2.5 g total weight.

Tonical Formulation (F)

Ingredients grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral o1l 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy 0.01
anisole}

Water g.s. 100

10
All of the ingredients, except water, are combined and heated to about 60°C with stirring. A
sufficient quantity of water at about 60°C is then added with vigorous stirring to emulsify the

ingredients, and water then added q.s. about 100 g.

Nasal Spray Formulations {(G)

15 Several aqueocus suspensions containing from about 0.025-0.5 percent active compound are

prepared as nasal spray formulations. The formulations optionally contain inactive ingredients



WO 20091080534PCT/EP2008/067274 -43- washed with water and brine. The EtOAc extract was
dried over (Na2S04) and filtered. The solvent was removed in vacua to afford a yellow oil which was
purified by silica gel chromatography eluting with EtOAc/hexane (10:90) to afford 6.0 ﬁ(%ﬁ%) of R-3c.
step 3 - A 255 ¥ ottom flask was charged with R-3c (6.0 g, 39.075 MG ﬂf? Hnhydrous
THE (100 mL) and the solution was cooled to 0 C. T,g the cooled solution was added sodium
tert-butoxide (46.89 g, 4.51 rmnol) and the resulting solution stirred for 1 h. 2,3,4-
Trifluoro-nifrg-henzepe. (6,82 Gic3s R4 MR ebiRI 2dsad:H tarwise e malpiainiagfis, raction at 0

C until phenol was comp letely consimed. The mixture was Juenched by addition of 10% aqueous HCI

and the re&itike rﬁX@ﬂ?étW% afidaerrob et debinsrmshatr. AlERE EPTheLations M8y Rhith Et0AC
and washeggiwitauater anreh Bpae J&&@tgﬁﬁﬁ/@ﬁ]@H!I%Udéﬁa&ﬁ%b@ﬂdsﬁﬂimedm&hﬁt&@wm was
removed |n vacua, to yield a yellow alil wh 02 colum atography eluting with
hexane/EtS. % I¥ ARSI ¢ (8B% 6?9 ﬁnﬁa?p E?é}i’i H)‘l)l'o 5p§&fﬁﬁ3%r%%te% ﬂﬂﬁ? ethyl malonate
(10.31 g, 54 80 mmol) and anhydrous NMP (200 mL) cooled to 0 C and stirred under a nitrogen

atmosphere. To this solutioRufaseadaieddindaHd03xiny oiypladmilack@dgidis. 70 mmol). The mixture
\;_V(:?jeacijl'[oc\)lv 1t| gt 9 f{ an ?ddltlo I 1 h Tge |ar I e gth_%%c(l]dsiQ a4d9 §Q;H}m0 f a_lehthen

: mlxture was extracted with Et0OAC

solvent and excess Wereg@gmoved in Flagt ; -

to 0 C and aqueous N&gHCO3 was added. T rhlxture was extracted witlCDCM and washed with
water and brine. The DCM was dried (Na2S04), filtered and the solvent was removed in vacua to
afford a yeIIow oil. The crude. @il was F%%fiem 8i@2 Brdmatogr eluti ithSexanel/EtOAC

(90:10) to aﬁor&l’g %ao% )1of Buic. WOPBO BB S4B %ﬂ 067272 R-5b: R = CI

R-3¢: R=OH R-4c: R = CH,CO, Bt step 7

further purlflcatlon ggns - The diester R 4b 24.
(300 mL) and TRA %5 13 mmol) S

R-1: R=OH
sep? [ p2iR=C

step 1 - A 100 mi round bottom flask was charged under a stream of nitrogen with 3,5-

10 dichiorobenzonitrile (R-3a, 7.0 g, 40.69 mmol) and anhydrous DMF (75 mL). To the solution
was added sodium methoxide (2.26 g, 44.76 mmol) and resulting solution was stirred further at
RT for 24 h. When the reaction was complete, aqueous 10% HCl added dropwise to the reaction
vessel. The crude mixture was extracted with EtOAc and sequentially washed with aqueous acid,
water and brine. The FtOAc extracts were dried {Na;SQy), filtered and the solvent was removed

15 in vacuo to afford a crude solid which was recrystallized from hexane/acetone to afford 5.9 g
(86%) of R-3Db.

step 2 - A 250 mL flagsk was charged with R-3b (7.0 g, 41.766 mmol) and 2,4,6-~collidine (100
mL). The mixture was heated to 170° C and Lil (16.76 g, 125.298 mmol) was added and the
reaction mixture was heated for 4 h. When R-3b was consumed the reaction was cooled to RT

20  and quenched with 10% aqueous HCL The resulting mixture was extracted with EtOAc and



-44- ml) and iron (1.17 g, 21.12 mmol) The reaction was stirred and heated to 80 C for 4 h. When R-4c
was consumed, the heterogeneous mixture was filtered through a pad of CELITE(r) and the filter cake

was washed with EtOAc. The aqueous filtrate was extracted with EtOAc and washed with water and
brine. The cofbI8Y M c extracts were dried over (Na2S04) and filtere 8 HEBEER At was

removed in vacuo to afford a pale oil which was purjfied by Si02 chromatography eluting with
hexane[EtOAc (85: 15) to afford 6.0 g (87%) of R-5a. step - A 100 mL round bottom flask was charged

with anhydrays MeGN, (15 mkhradera eantinuaus SHeam-RENIQgRR, J0, faiimikke was added
Cu(INC12 (0.083 g, 0.624 mmol) and ten-butyl nitrite (0.064 g, 0.624 mmol). The mixture was heated

to 70 C 3GIMARTERHRR ke ife R AS BT @ retaM oL obigh orapeirfindh+iisgle portion and

stirring coptiyeddan s addiienatiPioWpaseansuptias afstading matey@sibe mixture was cooled
to RT and reaction mixture quenched with aqueous 10% 1-IC1. The mixture was extracted with EtOAc

and the combined extracts were washed with water agd l;]gjine. I[?,% Etogﬁc eiétract as ‘fried (Na2S04)
and filteredSFRe Sofvlrithnindihaii firdawas Beesrsry il med e di- WY oS Plirified by 15
Si02 chromatagtap HE Utgmithhe kenelktioAc{96aido affsrd. 0TRB00(A6Ib dfifbastelldl- A
dried 100 mL.round bottor, fl?%kE urged. with nitro and charged with R-5hb-(2.0, g; 5,43 mmol) and
dissolved fﬁhﬁﬁtffﬁ H%E}‘Eg% sﬂr% dgrgtljg?l %01 raenagr?f{leo R rﬁola rsclz) téot]ﬁgt]rrgé%c 'f%nlo\pésésglgvas added
LiOH (0.468 gfid@@aimnieh)foltoledd by3s.670 muelpmizeaddatdroffves edutionarsgistigdet for 1 h under

a continugus iAo NiiA9HInJG omATEIRRS LU CHIES A0 GACHRA BRAC YRR

agueous HECT The reaction mixture was r an additional 15 minutes. The crude mixture was

extracted witH Eremseridivhsné thodesuiiae raraBrivs siinedbiyyamiedditiarashiiere titediE2S04) and

filteregly The,salveptwasiiemovedhin vacHasanththacride Bsid Rk wasAisess witboulamofydher
purification. step 9 - A 100 ml., round bottom was chara;%with R-1 (0.200 g, 0.520 mmqal) and 5 mL of

]
DCM 25 afilieiise. SORGHON G7A S ahiFrERP VRt e de Y SRy oHs W ooy RUHiRdc b RiGayI chioride

(0.061 g, QéRmehstpyyse Jotpwed by siegleodo pofpi k3 fiel teactitn wiRstired for 1 h at
RT. Excess solvent and thionyl chloride were removed in vacuo to afford the carboxylic acid R-2 as a

crude yellow oil which was used in the next reaction withqut any further purificatjon. 30 General
procedure%?%’ej}?réﬁﬁ%ﬁh%ﬁ@f%ﬁﬁ“ﬁﬂéﬂ%?a@éﬁ Wﬂ@%ﬂﬁ%&%@%@ﬁ% 67274 -45-
To an ice-crid salutiesicafthe’ ethytorimethyl esieriobd gsubstitptecspfenyiaedticoacicirndddd is added
an agyeo lption of Li01-1-1- 1 uivalents). The reaction mixture is sticr RT and the
progrgss 'ﬁ %%% %}%@%‘?&rﬁé 6%8%%0*&&%@8&‘ IﬁBﬁ:’. eemn%lg(?ggcst?oﬁnﬁ)%e%g?ﬁ%re%eWlﬁ%%nand EtOAC
are addedzdriitne! drhahe phass!ishvashde (Wﬁtﬁ(bg’n@.%ﬁie@ﬁiﬂtw@ﬂm@é@%@rﬂt@@@@ﬁord the
corresponding. .G RBKNIGAEKhi iR 1oRA R ERtRARWIE RSl e R ARehained under

an inert atmosphere was adde ) i
quenched by addition of aqueous 10% HCl at RT. The mixture was extracted with EtOAc and
washed with water and brine. The EtOAc was dried (Na;SO4) and filtered. The solvent was
20 ' removed in vacuo to afford R-4b as a light yeliow oil which was used in the next step without

any further purification.

step 5 - The diester R-4b (24.0 g, 50.117 mmol) was dissolved in dichloroethane (300 mL) and
TFA (6.29 g,55.13 mmol) and heated to 75° C for 24 h. The mixture was cooled to RT and
solvent and excess TFA were removed in vacuo. The crude oil was redissolved in DCM and

25  cooled to 0° C and aqueous NaHCOQ; was added. The mixture was extracted with DCM and
washed with water and brine. The DCM was dried (Na;SQOy), filtered and the solvent was
removed in vacuo to afford a yellow oil. The crude oil was purified by SiO, chromatography
eluting with hexane/EtOAc (90:10) to afford 15.0 g (80%) of R-4c.

step 6 - A 250 mL round bottom flask was charged with R~de (8.0, 21,12 mmol) and absolute
30 FEtOH. To the reaction vessel was added ammonium chloride (2.26 g, 42.244 mmol), water (30



(MAP (0.3 equivalents and di-tert-butyl dicarbonate (Boc anhydride, 2 equivalents). The reaction is
stirred at RT until gas evolution ceases and the reaction is complete. The solvent is removed in vacua
and the product purified by Si02 chromatography. 10
4-Chloro-3-(34 34486 henoxv)-2-fluoro-phemfll-acetic acid (R-7) and™-EfprRs0e32a¢
dicyano-phenoxy)-2-fluoro-phenyll-acetyl chloride (| z@) R-6 step 2 L_ Iv.R-9a: =CO2-tert-Bu R-9b: R1
=H CNstep4L__its. R-11a:122 =NO2 R-11b: R2 = NH, step 51R-11e: R2 = CI LR-7: R = OH step

7 R-8: R 3.6} 81eRS 1% 7 ¢ ihyb2.:ghitan laceiats RADJ0 AN IRercaldisoliion pi-tey-byivl,
ethylmalonate (Alfa Aesar) (31.2 g, 166 mmole) in NMP 15 (300 mL) cooled to O C under a nitrogen

atmospheRe-#fa¥aageretmed- the dvscsnednsparsiv RIS ey, Pigahthutagivhed mbidthidiRg the the
temperaturg helaw 20.GvAlfter aaidtiemeompleie. dbgs stkion wasBaedh fRrR Gine ToithisgQiution

was added dropwise 2,3,4-trifluoronitrobenzene (R-6, Oakwood Product§ Inc.) (26.6g, 163 mmole) in
NMP (50 r’f’ffjhmrﬁ ﬁr}gimmrﬁinglwmbmed EtOAc extracts were dried over (NapSOy) and filtered. The

5 solvent was removed in vacuo to afford a pale oil which was purified by Si0; chromatography
eluting with hexane/:EtOAc (85: 15) to afford 6.0 g (87%) of R-Sa.

step 7 - A 100 mL round bottom flask was charged with anhydrous MeCN (15 mL) under a
continuous stream of nitrogen. To this mixture was added Cu(11)Cl; (0.083 g, 0.624 mmol) and
tert-butyl nitrite (0.064 g, 0.624 mmol). The mixture was heated to 70° C 30 min. To this

10 mixture was added R-5a (0.100 g, 0.624 mmol) i & single portion and stirring continued for an
additional 2 h. Upon consumption of starting materials the mixture was cooled to RT and
reaction mixture quenched with aqueous 10% HCL The mixture was extracted with EtOAc and
the combined extracts were washed with water and brine. The EtOAc extract was dried (NapSOy)
and filtered. The solvent was removed in vacuo to afford a light brown oi! which was purified by

15 Si0; chromatography eluting with hexane/EtOQAc (96:4) to afford 0.080 g (76%) of R-5b.

step 8 - A dried 100 mL round bottom flask purged with nitrogen and charged with R-5b (2.0 g;
5.43 mmol) and dissolved in THF (20 mL) and stirred under a stream of nitrogen. To the reaction
vessel was added LiOH (0.46 g; 10.86 mmol) followed by 5 mL deionized water. The reaction
was stirred for 1 h under a continuous stream of nitrogen. The homogeneous mixture was

20 quenched at 0° C with 10% aqueous HCL The reaction mixture was stirred for an additional 15
minutes. The crude mixture was extracted with EtOAc and washed with water and brine. The
organic extracts were dried (Na,SOy) and filtered. The solvent was removed in vacuo and the

crude acid R-1 was used without any further purification.

step 9 - A 100 mL round bottom was charged with R-1 (0.200 g, 0.520 mmol) and 5 mL of DCM

25  and the solution was stirred under nitrogen at RT. To the solution was added thionyl chloride
(0.061 g, 0.520 mmol) dropwise followed by a single drop of DMEF. The reaction was stirred for
I hat RT. Excess solvent and thionyl chloride were removed in vacuo to afford the carboxylic
acid R-2 as a crude yellow oil which was used in the next reaction without any further

purification.

30 General procedure for the preparation of fert-butvl phenvlacetates




temperature below 20 (highly exothermic). Upon completion of the addition the reaction was 20 aged
at RT for 2 h. The solution was added to an aqueous solution of NH4C1 (1.5 L), extracted WO
2009/080534PCT/E112008/067274 -46- with EtOAc (3 x 200 mL). washed 5 times with water (400
mL), dried (W§S&I9 % &vaporated. The crude substituted malonic ester'R7948 WA L&t without
further purification. Ester R-9a was dissolved in DCM_(400 mL) and TFA (100 inL) was added, this
solution heated at 400 C for 16 h. The reaction mixture was cooled to RT and the solvents evaporated.

The cruder§ produstAissalyes iRE0A6 @8y mbd washsd:seausnrtialhcsmith-anaousiNattg @3, water,
and brine, dried (MgS0O4) and evaporated. The residual oil was purified by S102 chromatography

eluting WitHIEH SO b He i e gibrisd of BoleRSHBIFEE IS d) FE0%b i RAR 98778 upon
sitting. steys the A@eNE0R fofl anhyelrau s BplE (VAehmk yaothRid: 000,169, 38! Bitvet)acoalédito 0 C
10 was treated with s eft 3 XIEE was stired for,30 min at 0
C then R-5 dege X amgg% %Scnl%n‘%%ﬁ%v@i%%%% %??g Eﬁrﬁfg%@ %9?1 I%%e(f?gacégn was qt}%%ched with 10%
aqueoéls H@P"Wé %Cr‘flde mixture was extracted with EtOAc and the combined extracts washed with
water and brine. The organic phase was dried (Na2S04) and filtered. The solvent was removed in
vacuo to affosdotussderpiloabickivas pidrifiedunn Sinzichiiehatograpghy ehuinghis withdiedanes/Et0AC
(90:10) to B{iAtF 63 LARIALCLI daa. NRAEHOR. &&% G 9&9@9%&\5%@&@% 4.£R)were carried

out as descri e In steps 6 & 7 of the preparation of (supra). ngdro ysis of the ester and formation

of the acid®HioARI(¥tEhEy c&"é‘)‘*’\ﬂié‘f@%?éﬁ?ééhﬁﬁﬁaﬁﬂpﬂfé ?ﬂ%‘éﬁu SIS BEAT S E L &§6f the
preparatiomafrRiichichcdfioreied dReafrangrépily. 20 14-Chloro-3-(3-cvano-5-difittorometh-2-fluoro-
henvfi-acetic acid ethyl ester (R12) HOOR step 3F,HCO R9b

10 4-Chloro-3-(3.5-dicvano-phenoxy)-2-fluoro-phenyll-acetic acid (R-7) and 4-chloro-3-(3.5-

dicvano-phenoxvi-2-fluorto-phenvll-acetvl chloride (R-8)

F  COFt
Step I F - . 1{1
ikt
ON
R-9a; R! = CO,-teri-Bu
step 2 :R—Qb: RI-H
CO,Et e
o ———
step 6
R-11a: R? = NO R-7: R = OH
tep 4 ! , 2 :
S R-11b: R? = NH, step 7 R-8: R =Cl

step S| it m=C1

steps 1 & 2 - ethyl 2.3-difluoro-4-nitrophenvlacetate (R-9b)

To an ice-cold solution of fert-butyl ethylmalonate (Alfa Aesar) (31.2 g, 166 mmole) in NMP

15 (300 mL) cooled to 0° C under a nitrogen atmosphere was added NaH (60% oil dispersion,
13.1g, 218 mmole) while maintaining the temperature below 20° C. After addition complete, the
solution was aged for 20 min. To this solution was added dropwise 2,3,4-trifluoronitrobenzene
(R-6, Oakwood Products Inc.) (26.6g, 163 mmole) in NMP (50 ml), while maintaining the
temperature below 20° (highly exethermic). Upon completion of the addition the reaction was

20 aged at RT for 2 h. The solution was added to an aqueous solution of NH;CI (1.5 L), extracted



CNCNstepli ....R-13a:R=1lIstep 31_1. R 14a: R = CH20(CH2)2TMS step 5L_.... R-15a: R' = NO2
R-13b: R =AcR-14b: R = HR-15b: Rl = NH2 step 2step I-0. R-13c: R = CH20(CH2)2TMS6 | W R-12:
RI=Cl step 1 - Acetic anhydride (30 mL, 4 equiv) was added to a solution of R-13a (10.36 g, 77
mmol) 25 in Ey¥EeHridine (60 riff) cooled to 0" C and blanketed with"flfEEEI* e Heaction was
warmed to RI and stirred for 16 h. The volatile mategjals were removed in vacuo, and the WO
2009/080534PCT/EP2008/067274 -47- remaining oil was dissolved in EtOAc, washed with water, 5%
HC1 solutiph, BriHg ARk A48 IR E@ﬁn‘é@l@ﬂfﬁ%‘@ﬁﬂ@!ﬂﬂ%@iﬁ%ﬁf@%@% aHord }draig(86%) of

the diacetate. The diacetate (14 g, 64 mmol) was dissolved in a mixture of EtOH (100 mL) and
benzene (Lb0HAy SHRFESHEPHPOIEHE BRI HAS PR fUithes BN was added dropwise.

After 1 h, 5 the solution was added to an ice-cold solution of saturated ammonium chloride, extracted

with ethergngwashied with Rune, Dot EIZA eutiasts Tra ¢ conaenkatediand muriiediby Rl
chromatogr%gy eluting with a hexane/EtOAc gradient (0% _to 25% EtOAc) which aff%‘sgrgd 10 g%of
S

R-13b (88%j Uster®s Lo5- FHRTERTRAFISTHEYFHIEURA L R TR S 2 R 1 BR{URI§ WwadHeled to a
solutio ofiQithedRssBRd 2:0:60 A1.G100m0)), andHdREA R4l kyith 2qeqoix)Na HITM (&6:midcooled to 0
C. The solution wa r to RT, stirred for 16 h, and.poured into.a saturated NaHCO3 solution.
The aque (8%s ﬂ?%&vgg? §x {£16 ‘éh Wity gﬁﬁ,rgsr%uﬁlnéncgvr% ﬁ%%%d%g%g%fﬁ?cr{]? Was %eyd with water
and brine entmrieth(fMg E@Hc/TheseiventiowtRe Ve msovaddenvat(id 2gil (98 acdtidatasspibderct was
dissolved Ln (?nrﬁ%%#e of water (8 rnL) and THF (32 mL). LiOH.H20 (0.71 g, 1.5 15 equiv) was added.
The mixturé was stifred for 2 h, acidified to pH 5 and extracted with ether. The organic layer was dried

(MgS04) and evaporated to provide 2.5 g (80%) of the R13-c. step 3 - F2C1CCO2Na (2.84 g, 2.3
equiv) wastepldediteohisohtiomiaf@aCBE (3069, ral &R R3S (2.38 mreld9oeiasdVIE (32 triL)

and water (2 mb). Fhesalition was hesied te 399G o2 hnsotertn Ril-aRdsRomedinteasatd.

solution of NH4C1. The solution was extracted 20 with a mixture of EtOAc and hexanes, and the

organic lagePatheraRit(WVidibAke bmehacrsnriisbuy sHece fue Brddsaeirsepurtisiensiedon

chromatogyaphy eyt with@. EtfdcthexanegeadienkRdowiyewaichhalin deshdida gxt#¥) of R-1
4a. The difluoromethyl ether R-14a was dissolved in McOH (30 mnga n M solution of

1 d5 1.
I-ICI was S¥d8er FHE Eaterion RHlohd S $ErEOPeats M Eh I S %Iﬁﬁ%?e?e .aeﬁ%’ vent

was removed in vacuo to afford a crude oil which was purified by Si0; chromatography eluting

15 with hexanes/EtOAc (90:10) to afford 20 g (78%) of R-11a.

Introduction of the chloro substituent (steps 4 & 5) were carried out as described in steps 6 & 7
of the preparation of R-1 (supra). Hydrolysis of the ester and formation of the acid chloride
{steps 7 & 8) were carried out by the procedures described in steps 8 & 9 of the preparation of R~
1 which afforded R-7 and R-~8.

20 [4-Chloro-3-(3-cyano-5-difluoromethoxy-phenoxy)-2-fluoro-phenyl]-acetic acid ethyl ester

(R12)
| 2
RYb
R-13a:R=H u R-14a: R = CH,O{CH,), TM5S . 5 R-i%a: R' =NO
[ st step 5 | ; 2
top 1L g R 130: R=Ac %P3 [ potapi R =1 6 Lo Ro15b: R - N,
step 2 [ R-13e: R = CH,O(CH,),TMS step R12: Rl=Cl

step 1 - Acetic anhydride (30 mL, 4 equiv) was added to a solution of R-13a (10.36 g, 77 mmol)
25  in anhydrous pyridine (60 mL) cooled to 0° C and blanketed with nitrogen. The reaction was

warmed to RT and stirred for 16 h. The volatile materials were removed in vacuo, and the



25 volatile materials were evaporated, and the aqueous residue was partitioned between DCM and
water. The agueous layer was extracted with DCM, and the combined extracts were washed with
water and brine. The volatile materials were removed in vacua to afford 780 m 73%) of R-14b.
CondensatioW O RY%#9%hd R-9b was carried out by the procedure desanEE/ 3 dfithe 30
preparation of R-7. Reduction of the nitro group (step 5), diazotization of the amine and WO
2009/080534PCTTP2008/067274 displacement by chloride (step 6), hydrolysis of the ester and

conversion.of, 6, 26l bR asidl ehieriaawsra fartet autdy shereossiics. deseribadinateps 6-9 of

the preparation of R-2. 114-Chloro-3-(3-cvano-5-methox -was prepared _in similar fashion except in

step 4, 3- derr?Btﬁmviﬁﬁéﬁ&?éwém%ﬁmaeq%@ﬁg%@é) &\f§§%)l§éhelﬁliﬂ8@éﬁofrhel4b
14- Ch|0roﬁa@fﬁqm@é@fwambﬁﬁﬁm@@%yk%1&%9’@,009E@(DM”(?@@H&%M athykesteodRi6a)
ROCROHOCHF, step sot%p 23F,HC -?
and cooled 10 0 A solution of KOH (3 6 g, 1 equiv) in EtOH was added dropwise. After 1 h,
5 the solution was added to an ice-cold solution of saturated ammonium chloride, extracted with
ether, and washed with brine. The Et,O extracts were concentrated and purified by Si0,
chromatography eluting with a hexane/EtOAc gradient (0% to 25% EtOAc) which afforded 10 g

of R-13b (88%).

step 2 - (2-Trimethylsilyl-ethoxy)-methyl-ckloride (2.2 mL, 1.1 equiv) was added to a solution of
10 the R-13b (2.0 g, 11.3 mmol) and DIPEA (2.4 mL, 1.2 equiv) in DCM (50 mL) cooled to 0° C.
The solution was warmed to RT, stirred for 16 h, and poured into a saturated NaHCO; solution.
The aqueous solution was extracted with DCM, and the combined organic extracts washed with
water and brinc and dried (MgS0O4). The solvents were removed in vacuo and the acetylated
product was dissolved in a mixture of water (8 mL) and THF (32 mL). LiOH-H,O (0.71 g, 1.5
15 equiv) was added. The mixture was stirred for 2 h, acidified to pH 5 and extracted with ether.

The organic layer was dried (MgSQ4) and evaporated to provide 2.5 g (80%) of the R13-¢.

step 3 - FoCICCO,Na (2.84 g, 2.3 equiv) was added to a solution of Cs;CO5 (3.69 g, 1.4 equiv),
R-13¢ (2.26 g, 8.09 mmol), DMF (32 mL) and water (2 mL). The solution was heated to 100° C
for 2 h, cooled to RT, and poured into a sat'd. solution of NH4CL The solution was extracted

20  with a mixture of EtOAc and hexanes, and the organic layer was washed with brine and dried
(MgSQ,). The crude product was purified by SiO; chromatography eluting with a
FtOAc/hexane gradient (0% to 10%) which afforded 1.83 g (70%) of R-14a. The
difluoromethyl ether R-14a was dissolved in MeOH (30 mL), and 5.6 mL of a 1.0 M solution of
HCI was added. The solution was heated fo 50° C for 5 h, and stirred at RT for 16 h. The

25 volatile materials were evaporated, and the aqueous residue was partitioned between DCM and
water. The aqueous layer was extracted with DCM, and the combined extracts were washed

with water and brine. The volatile materials were removed in vacuo to afford 780 mg (73%) of

R-14b.

Condensation of R-14b and R-9b was carried out by the procedure described in step 3 of the

30 preparation of R-7. Reduction of the nitro group (step 5), diazotization of the amine and



step' - A solution of BBr3 (29.1 mL of a 1.0 M solution in DM, 29.1 mmol) was added slowly 10 to a
solution of R-17a (2 5 g, 11 62 mmol, CASRN 262450-65-7) in anhydrous DCM (25 mL) maintained
under N2 at -78C. The orange solution was warmed to RT, stirred for 2 h, and poured onto ice. The
mixture was S&rHERER*h DCM (100 mL), and the organic layer was was%%ﬂ‘%ﬁ??%@(éo mL) and
brine (50 mL). The solvents were evaporated, and the remaining oil was purified by Si02
chromatography eluting with a EtOAc/hexanes gradient (0% to 20% 15 EtOAc) to provide the desired
phenol. T‘&i@g’f’é@&ﬂ@& ol this. Rie neLin Pyriding (M Laderaraen was-shevy Adderiacatie anhydride

(0.6 mL, 6.33 mmol) After 2 h, the volatile materials were removed tg provide 3-bromo-5-formyl-phenyl
acetate (FhloHda wcartesyuspyghe progednrq fseribid 1 genmid aiviharsenietied 8'Ridtion of the
3-bromo-5-formyl-phenyl acetate (R-17b, 1.1 g, 4.52 mmol) in DCM (5 mL) under nitrogen contained in

a NALGENE(H) 2R bottleyEIOH- (013 Min-e33)mnab¥aaadrad aneihe it waspstpeestifor 16
h. The reaction mixture was then added slowly ta an aqueous solution of saturg%e%gﬁg% 3. After the
é‘&fé (e F

bubbling dBAEBHATERIBEHP) RALRASTARG tHETRERERERS dépt 168 Yy &as
washesl with:diingi{&Oomik)1apd dried (MgSO4). The solvent was removed to provide a yellow oil that
was placed in a mixture of THE (15 mL) and H20 (4 mL). LiOH monohydrate (474 mg, WO
2009/080534PCT/EP 008/06 74 -49- 11.3 nuno0 stf‘%’udh%{‘ the reaacl:siii Qﬂrlnixt re was stirred at

RT for 2 h- e Gt oh S i A e R T 597 s Y bt 8 “anad-the-mixture was
extracted nth) EtOAc (3 x 30 mL). The combined organic fractions were washed with brine (30 mL),
and dried (MgSO4). Evaporation of the volatile materials gave an oil that was gurifigg py Si02
chromatography 5 ®&Psgier xgag gratlient (9% te 2o% KI0AS) 10.pro ide 800 mg (79%)
of R-18. Condensation!of, @ -9b tstep-S¥was calffiedout ] e procedure
described in step 3 of th preparation of R-7. ReductiorfdPthe nitro grylipi( ), diazotization of the
amine and displacemenFBy l%ﬁlg%r_igg f\%ep 5) ¥ afford R-19¢c Werg[egqrrlﬁfd out by the procedure

described in stepses ‘dnd Z.of preparation BfIR-2. R-19a: R = NO,

[: R-19b: R'= NH,
0,Et
FHC. a0 A
ey
step & N Cl i
CN

R-19¢: R'=(]
step 3

step 1 - A solution of BBr3 (29.1 mL of a 1.0 M solution in DCM, 29.1 mmol) was added siowly

~ 10 to asolution of R-17a (2.5 g, 11.62 mmol, CASRN 262450-65-7) in anhydrous DCM (25 ml.)

maintained under N, at -78° C. The orange solution was warmed to RT, stirred for 2 h, and
poured onto ice. The mixture was extracted with DCM (100 mL), and the organic layer was
washed with H,O (50 mL) and brine (50 mL). The solvents were evaporated, and the remaining
oil was purified by SiO; chromatography eluting with a EtOAc/bexanes gradient (0% to 20%

15 EtQAc) to provide the desired phenol. To a solution of this phenol in pyridine (10 mL) under
argon was slowly added acetic anhydride (0.6 mL, 6.33 mmol). After 2 h, the volatilec materials
were removed to provide 3-bromo-5-formyl-phenyl acetate (R-17b, 1.02 g, 40 %).

step 2 - DAST (1.02 mL, 7.69 mmol) was added to a solution of the 3-bromo-35-formyi-phenyl
acetate (R-17b, 1.1 g, 4.52 mmol) in DCM (5 mL} under nitrogen contained in a NALGENE®

20 bottle. EtOH (0.013 mL, 0.23 mmol) was added, and the mixture was stirred for 16 h. The
reaction mixture was then added slowly to an aqueous solution of saturated NaHCOs. After the
bubbling ceased, DCM (50 mL) was added and the layers were separated. The organic layer was
washed with brine (30 mL) and dried {MgSO,). The solvent was removed to provide a yellow
oil that was placed in a mixture of THF (15 mL) and H,0O (4 mL). LiOH monohydrate (474 mg,



10 step 6- A solution of R-19c¢ (757 mg, 1.73 mmol), Pd[P(Ph)1]4(0) (300 mg, 0.26 mmol), and zinc
cyanide (122 mg, 1.04 mmol) in DMF (8 mL) under nitrogen was heated to 80C for 4 h. The reaction
mixture was cooled to RT and added to 2 M aqueous NH4OH. The solution was extracted with 1:1
Et0Ac/hexan®&Y3MO8B%3E), and the combined organic fractions were washHe® XA RG3E x 20 mL)
and dried (MgSO4). The solvent was evaporated, apg the remaining oil 15 was purified by Si02
chromatography elutlng with an EtOActhexanes gradient (0% to 25% EtOAc) to provide 580 mg (87%)

of R16. HyioNasiPLUNG IOy ARSI ELARYSISIRD IR e AR RioRA fo e et ot s

described In steps 8-9 of t reparation o

[3-3- Bromﬂa@@yé%dﬁwmw a%ﬁfmwﬁiar@%ﬁéﬁyﬁ@déﬁérw@r@w edtarteR 2o EtO3BER' 20

R-21a: R % B S1EP TR @HBiR ForddflcHaB R AR I WRHe MW Brine (30 nfR PARd BrillY (151 Schio2 step

51 IFSR 20b. = Br, = NH2 step 6 1-st-20c: R' = Br, R" = Cl step 7R-20d; R' = Et, R" =
Evaporation of the volatile materials gave an oil that was purified by SiO; chromato graph)

5 eluting with a EtOAc/hexanes gradient (0% to 25% EtOAc) to provide 800 mg (79%) of R-18.

Condensation of the phenol R-18 with R-9b (step 3) was carried out by the procedure described
in step 3 of the preparation of R-7. Reduction of the nitro group (step 4), diazotization of the
amine and displacement by chloride (step 5) to afford R-19¢ were carried out by the procedure

described in steps 6 and 7 of the preparation of R-2.

10 step 6 - A solution of R-19¢ (757 mg, 1.73 mmol), Pd[P(Ph):]4(0) (300 mg, 0.26 mmol}, and zinc
cyanide (122 mg, 1,04 mmol) in DMF (8 mL) under nitrogen was heated to 80° C for 4 h. The
reaction mixture was cooled to RT and added to 2 M aqueous NH4OH. The solution was
extracted with 1:1 EtOAc/hexanes (3 x 30 mL), and the combined organic fractions were washed
with H,O (3 x 20 mL) and dried (Mg5Qy4). The solvent was evaporated, and the remaining oil

15 was purified by Si0O; chromatography eluting with an EtOAc/hexanes gradient (0% to 25%
EtOAc) to provide 580 mg (87%) of R-16.

Hydrotysis of the ethyt ester and conversion to the acid chloride can be carried out as described

in steps 8-9 of the preparation of R-2.

[3-(3-Bromo-3-cyano-phenoxy)-4-chioro-2-fluoro-phenyll-acetic acid ethyl ester (R-20c¢)

o | R-214: R = Br R-22 R-20a: R'=Br, R" = N
p2: R-21b: R = CHO step S [ 32 R = Br R = 1\%
step E: R-21c: R=CN step 6 CR@& R = BT R" 531 ’
€L I = T, =
20 step 7 [ r-20: R =Et, R" =l

step 1 - n-Buli (2.6 mL ofa 1.6 M solution, 1.1 equiv) was added slowly to a solution of the R-
21a (1.0 g, 3.8 mmol, CAS Reg. No. 74137-36-3) in Et,0 (20 mL) cooled to -78° C under an N,
atmosphere. The solution was stirred for 45 mm, and DMF was added via syringe. The solution

was warmed slowly to RT, added to saturated ammonium chloride, and extracted with ether.



step 1 - n-BuLi (2.6 mL of a 1.6 M solution, 1.1 equiv) was added slowly to a solution of the R-21a (1.0
g, 3.8 mmol, CAS Reg. No. 74137-36-3) in Et20 (20 mL) cooled to -78 C under an N2 atmosphere.
The solution was stirred for 45 min, and DMF was added via syringe. The solution was warmed slowly
to RT, added%® 24t 4s& ammonium chloride, and extracted with ether. \RfG/EP2008/067274
2009/080534PCT/EP2008/067274 -50- The organic @_hase was washed with brine and dried (MgSO4),
filtered and evaporated to afford 0.80 g (98%) of R-21b stepl - A solution of the aldehyde R-21b (12.0

g, 56 namg), H}gﬁé RIINE DYAQCchIoNAe 61240 dr &As SRR Mk ). e RYlipinefdQ mL) was

heated to 65 C h. The mixture 5 was cooled to RT, and partitioned between 50% EtOAc/hexanes
and water TR 67§ niefiByéFvas washed with brine and dried (MgSO4). The volatile materials were
evaporated to afford 12.4 g (97%) of the oxime. This material was dissolved in anhydrous dioxane

(100 mL) gpdl pyriding.(26 B1sh 6 Sauiyde Roersalution WaseRolE & 180G la kit AtdD Mler A £0YIY-) Was

added, and the mixture was allowed to warm to RT. The solution was stirred for 2 d, and warmed to 60

10 C for 1% ST MEPEWHY ol a8 BYRF NG A e o B PER b Gee Wit Bhd MRt fas
extracted with Ja6iM, ramdrthacpmbines oigania Byersipawwhaashednittawatand deklcliagand brine.
The organic layer.was dried (M 4 aporated to afford 10.4 g (90%) of R.-21c, step 3 -

Ay oS EOTTGRECEO0 SR A B iy A BORATHAG 2 B2 CRGTE § oor e ant Li
(19.6 g, 3 tAdig)(ITheE sbthtionimas Heatea aidennitiogdvetod sth@Gioverdightdd ¢dolbiaadRT, and
poured intQ an ice cold HC1 selution. . The mixtur extr i 1: hexanas
Colution. WL i o Y o B of -2
Condensatishthyf thistpteria Rloged ith Regbi¢Rdp Jhwerwimisgotitsy the hoeadniemedttidld in
step 3 thegprenarafionaf el Redurlion RTHANIMAMOHPHHICR Y. diagplizglion ofibe 20 amine

and displacement by chloride (step 6) to afford R-20c were carried out by the procedure described in
steps 6 antkirastaha HrdaMtii SrrRonbineNERNE- (Bre AT SRt SHER BRI 2L N6 pfEhy acetic

acid ethyl gstRr (Rr208kwasapeepasanifonnBydig aling-wapbirkesebutfrndf (4200 witho PREIRPTC12,
DIBAL-H (1M in toluene), diethylzinc utilizing the procedure described in the preparation of R-31

(infra). 25 f 4-Bromo-3-(3-chIorp-_5-cg{r$no- henoxy)-2-flu.oro-phenylkacetic acid eth%/l gster (R-23a)
and 4-Brof¥ERa-(3BRFeMS- o HitRaieNGons. men ddsdane dardarospieines R-21e (10.4¢, 49
2009/080534RB G 148 P2008/067 2 é4uiv). The solution was heated under nitrogen to 150° C overnight,

15 cooled to RT, and poured into an ice cold 1 M HCl solution. The mixture was extracted with a
1:1 EtOAc/hexanes solution, washed with water, and dried (MgSQ4). Concentration in vacuo

afforded 8.7 g (89%) of R-22.

Condensation of the phenol R-22 with R-9b (step 4) was carried out by the procedure described
in step 3 of the preparation of R-7. Reduction of the nitro group (step 5), diazotization of the
20 amine and displacement by chloride (step 6) to afford R-20¢ were carried out by the procedure

described in steps 6 and 7 of the preparation of R-2.

[4-Chloro-3-(3-¢cyano-5-ethyl-phenoxv)-2-fluora-phenyl]-acetic acid ethyl ester (R-20d) was
prepared from by treating a THF solution of R-20¢ with, Pd(dppH)Cl,, DIBAL-H (1M in

toluene), diethylzine utilizing the procedure described in the preparation of R-31 (infira).

25 [4-Bromo-3-(3-chloro-35-cvano-nhenoxvi-2-fluoro-phenvli-acetic acid ethyl ester (R-23a) and

[4-Bromo-3-(3-chloro-5-cvano-phenoxy)-2-fluoro-phenyli-acetic acid (R-23b)




-51 - 0,Et R-5a: R =NH, R-23a: R = Br A 150 ml three-neck round bottom flask was charged with
MeCN (50 mL), CuBr2 (2.8 g, 12.61 mmol) and t-butyl nitrite (1.4 g, 13.76 mmol), degassed and
maintained under an Ar atmosphere and heated to 70 C. To the mixture was added dropwise a
solution of R¥Q HHEO%E 47 mmol) 5 dissolved MeCN (20 mL). The reactiol HAHHE V\%‘é stirred at
700 C for 4 h and then cooled to 0 C. The reaction was quenched by addition of 10 % HC1 (30 inL)
and extracted with EtOAc. The combined extracts were sequentially washed with 10% HCI and brine.
The organic extract was dried (Na2SO4), filtergd apgd ifae volatile solvents removed in vacuo to yield a
black oil which was purified by Si2, chyg :-._";_7__._ Py eIutlng V\ﬂ hﬁx s/EtOAc (95:5) to afford 2.5 g
10 (52.8%) of R-23a. Hydrolysis of ,{ tey by thefproc e{h re]ge cribed in step 8 of example 1
afforded the carboxylic acid R-23 b. [2¥E ~8-(3,5-dicyano-phenoxy “2-fluoro- phenvikacetic acid
ethyl ester (R-24) was prepared from &-1 1 b by reduction of the nitro as described in step 6 of the
preparation of R-5a and diazotization of the amine and displacement with bromine as described for

R-23. 154- 0-3- SCan I heox fluo S A
solution ofA'R[ %E? }E&‘h‘f\‘? fggr‘é“bﬁ eqﬁ 2 ene%n W rﬁt:je%:ﬁ%{e nflﬁg%tfL under
an N2 atmespih)emdaﬂﬂmﬁhewaila‘ﬂilg ia)l%ntslmrréeg@mﬂ/e@ﬂummmémddwweérdﬁ@mm@ned

between R Eh%ooﬁ%%&t&&%%‘QZ&M@&J&%WE%M&{%% 2 a@Len and dried
(MgS04), ere and evaporated to afford R-27b. step 2 - To a solution of R=275 (60 g, 0.2256 mol)
and arﬁ]ydi@e@\e@m@h{)(%%mé&t (Shey paEtipnaHrameae gtirdert 4R A %ﬂ’rﬁé&ﬁﬁ’e‘i@w&écﬂ%d

dropwise gver 3Qmin aBuli{10000kd §24R% 10b A 6M indexang)) Iie.yakiowsatuiigronas stirred at
-78 C for 20 min. To the WO 2009/080534PCT/EP20080067274 -52- reaction mixture was added

dropwise diFERIPTRS FHEaslavs RsBis iy Teshnd St i vElckiBl Shned B 9B 8%P6%hin before
the CoollnngsaHqum%mye@haﬂﬂ the reactiatiialowes decnara ta 182@1&3 10VeldQ biiek Bie reaction

vessel vag placed namcenvaley bRl andaner i A0 SIS DR s Rnagdesjo an e

cold saturat
10 (52.8%) of R-23a. Hydrolysis of the ethyl ester by the procedure described in step 8 of example

1 afforded the carboxylic acid R-23b.

[4-Bromo-3-(3.5-dicvano-phenoxy)-2-fluoro-phenyl]-acetic acid ethyl ester (R-24) was prepared

from R-11b by reduction of the nitro as described in step 6 of the preparation of R-5a and

diazotization of the amine and displacement with bromine as described for R-23.
15 [4-Bromo-3-(3-cvano-3-difluoromethyl-phenoxy)-2-fluoro-phenyl]-acetic acid ethyl ester (R-25)

OMe NC jz;IOH
step 3 ; step 5

CHO CHF,

- R-26
R-27a: R =F R28  step 4 R-29a: R = CHO
step L[ R 27h: R = OMe step 4 [ 2000 R - CHF,

step I - A solution of R-27a (CASRN 1435-51-4), MeONa (1 equivalent) and DMF were stirred
overnight under an N; atmosphere at RT. The volatile solvents were removed iz vacuo and the
residue partitioned between Et,O and water. The organic phase was washed with 5% NaOH,

20 water and brine, dried (MgSOs,), filtered and evaporated to afford R-27b.

step 2 - To a solution of R-27b (60 g, 0.2256 mol) and anhydrous Et;O (1 L) cooled to -78° C
and maintained under an Ar atmosphere was added dropwise over 30 min z-BuLi (100 mL,

0.2482 mol, 2.5M in hexane). The yellow solution was stirred at -78° C for 20 min. To the



5 solution (400 mL). The organic layer was separated and the aqueous phase thrice extracted with
Et20. The combined extracts were washed with water, dried (MgSO4), filtered and evaporated to
afford an oil which solidified on standing. The crude product was purified by Si02 chromatography
eluting with 2 ¥RRXYAEREAC gradient (3 to 5% EtOAc) to afford R-28. stgﬁr\éﬁ“-]’%f‘f)gfﬁgﬁ%ﬁ of R-28 to
afford R-29a was carried out with Zn(CN)2, Pd(PP1}3)4(0) and 10 DMF as described in step 6 of the
preparation of R-16 (supra) step 4- DAST (21.04 mL, 519 mmo 0 was added to a solution of R-29a

(15.1 9, 94 punalkaRdRGM (8% psanialashiF A CENE(R Aot e ungsritiagen: EIOH (0.013

nit, 023 mmol) was added, and the mixture was stirred for 16 h. The reaction mixture was then added
slowly to APRERIEBHEYAtTSn ofXaldraa dHer O LUWRS LAl BHLISHIRY G dEE4HEM (50 15 mL)
was addedipre dhe faaf sovere separatesinl NEnerganiclaxeieMaswashehwithcbring3thmbiand dried
(MgS04). The solvent was removed and the crude product.was purified by two flagh, 502
chromatod??—fﬁ‘?ﬁ%oeﬁj{)l nngg? %ﬁfﬁ‘@ﬁ%&iﬁgﬁ %}% (e (6%%(@ fd%rgfgl&gﬁgﬁué%hgsb as a white
solid. 5 stephified M®inell)y| BiberfRn5Ohwas derpethyddted thaagotutiopiekd 8¥icagueecsdiBthand
glacial 20 eated to 120 C until demethylation was complete val of velafil

partitioningj[ f?g?v%ggr? Wa greéﬁétﬁéfﬁ/lwgfo%? q%leﬁvggl %%%ﬁ?ﬁ@ﬁgﬁég@tfégﬁ{% V\%ga?:%drﬁ?ed out
by the proefaudrendebetibédidip! 3nftndipge prationopRAPcCResUBHER &b Ritro group was
carried outigs escrined IEPA1eRERAmIIon B2 Dipenlizasion Apdilisplaggment of the

diazole with bromine was carried out 25 as described for R-23 to afford R-25.

j3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methyl-phenylkacetic acid ethyl ester (R-31) WO
2009/080582083¢ Trpaousddtr29 4o-storg Ri2fa pas Raziph miByitRZ A FREhp §iddegassed

ice-cqlgl seiwiieRQf-IdAhdd RMteh FIIRPHCHELRDIRQ6ledmmol) was added DIBAL-H (0.012 mmol,

1M solution in toluene). The reaction mixture was allowed to warm to RT. A solution of R-23 (1.0 g,

2.42 mmol) was added followed by dimethyl zinc (1M in THF, 5 4.240 mmol) The reaction was heated
to 65 C fortai chbied {8 R aMd %H@@W?W%@B@Nﬂ%ﬁf%%&&} gt FE WA xtracted

with EtOAQang weshad sesruartialy Wit NEKEL watkhige: dinedsi0Anerttaciwag doed (Na2S04),
filtered and the volatile solvent removed in vacuo o yi(?fléi a dark brown oil tthat was @urifi&gu g)y Si02
chromatodPHpEY Bt ARG ERh B‘/‘Ef@ﬂ”@%@%’f’?ﬁi@% Po 0\ BB GABEITGF S ES gen adde

[3-(3-Cyanaraidiftuaramethylsphena)s2aflaronNeitihy phenyt] abtdliopeid ethyt IR 3B) was
prepayed fram R-25 usin rocedure described above for R-31. , S b ml
(3 D A AT R By he S A APy rine GARLL ) o
R-24 usingrithdribCeigid: HeEbribeiscabbye fondegland the crude product was purified by two flash

Si0, chromatography's eluting with an EtOAc/hexanes gradient (0% to 10% EtOAc) to R-59b as

a white solid,

step 5 - The methyl ether R-539b was demethylated in a solution of 48% agueous HBr and glacial
20 HOAc heated to 120° C until demethylation was complete. Removal of volatile and partitioning
between water and DCM afforded R-26.

Condensation of R-26 and R-9b was carried out by the procedure described in step 3 of the
preparation of R-7. Reduction of the nitro group was carried out as described in step 6 of the
preparation of R-2. Diazotization and displacement of the diazole with bromine was carried out

25  as described for R-23 to afford R-25.

[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methvl-phenyl]-acetic acid ethyl ester (R-31)




f3-(3-Chloro-5-cyano-phenoxy)-4-ethyl-2-fluoro-phenyli-acetic acid ethyl ester (R-32) was 15 prepared
from R-23 using the procedure described for R-31 except diethylzinc was used in place of
dimethylzinc. [3-(3,5-Dicyano-phenoxy)-4-ethy1-2-fluoro-phenyl]-acetic acid ethyl ester (R-36) was
prepared frorfY R29¥WPRIFY the procedure described for R-31 except diethyrﬁﬁ%égsﬂ?% fn place of
dimethylzinc 20 13-(3-cyano-5-difluoromethyl-phengxy)-4-ethyl-2-fluoro -phenyll-acetic acid ethyl ester
(R-37) was prepared from R-25 using the procedure described for R-31 except dicthylzinc was used in
place of dirnethylzinc. 3 3-Chloro-5-c ano hengx 4+glgsro 1-2-fluoro henacetic acid eth | ester R-38
WO 2009/080534PCT/EP2008/G67.2 74 -2é_ Ad :
Pd(PP113)4 (0.23 g, 0.10 equiv) andj tolliendj (10
via syringe and the solution was refluxgd faf 5. The reactionﬁ/yﬂsé:g Ited to RT and poured into
saturated aqueous NH4C1 and 5 extratted with EtOAc. The orgaric layer was washed with H20 and
brine, dried (MgSO4) and evaporated. The resulting grayish brown solid was purified by Si02
chromatographiyekstio gwitbla ciodclhesae (g fadiatd@REI61E(0AR )t d AffdndBobOg(8886) of R-40.
step 2 - Diethyl.e mL %% mL). and solid §)H 3.9) were combined.in an Erlenmeyer flask
and coole io‘%%ﬁ Kﬁt%%’ouréial’}_‘(ﬁ\.ql gf?l%ne%l%?/ SR g aed'm p%tr%lc)?nugeavﬁ%sf Gsffi%%% %%F?E% The
ether layeRWas stégaoed Brtd & Hegl DK @Radhdanaddedifietbard & dmetbgharste! sk Téter R-40

(0.49,l.1 .zummﬂgrggggz@ﬁaa {00080 Q081 Wer & dlisselyedrin G 2L -} R0gLRGEM (5 InL)

and cooledto0OC. T ecanted ethereal solution of diazomethane was added to this mixture and

stirred for BiCtn& kotandhing aaiimes srtsrotagir Cotr it anadsioshanh scauriéntrated tofbrd 0.40 g
(95%) of Ryl i | 3r{3-£10IR0: 26X AR RARACKK) <bey Hrpreryk 2 werairhemdhasstiic.acid ethy!

ester (R-41 a) was prepared analogously except.in . X ,
[4-bromo- 39 B IS 2 fRh SrBRERBL RO S SRS HRL Ry PACe fLaBia e TRE 18 9 88) was used in
place of Rh2dane/EtOAc (95:5) to afford 0.50 g (59%) of R-31.

10 [3-(3-Cyano-5-difluoromethyl-phenoxy)-2-fluoro-4-methyl-phenyl]-acetic acid ethyl ester (R~
33) was prepared from R-25 using the procedure described above for R-31.

[3-(3.5-Dicyano-phenoxy)-2-flucro-4-methyl-phenyl]-acetic acid ethyl ester (R-34) was

prepared from R-24 using the procedure described above for R-31.

[3-{3-Chloro-5-cyano-phenoxy)-4-ethyl-2-fluoro-phenvi]-acetic acid ethyl ester (R-32) was

15  prepared from R-23 using the procedure described for R-31 except diethylzine was used in place

of dimethylzinc.

[3-(3.5-Dicyano-phenoxy)-4-cthyl-2-fluore-pheny!]-acetic acid ethyl ester (R-36) was prepared

from R-24 using the procedure described for R-31 except diethylzinc was used in place of

dimethylzinc

20 [3-(3-cyano-5-difluoromethyl-phenoxy)-4-ethyl-2-fluoro -phenyl]-acetic acid ethyl ester (R-37)

was prepared from R-25 using the procedure described for R-31 except diethylzine was used in

place of dimethylzinc.

[3-(3-Chloro-5-cyano -Dhenox.v)~4-cvclonr0nv1—2-ﬂuoro-'ohenvl}-ace'tic acid ethyl ester (R-38)




3- 3-Chloro-5-c no- henox1 -acetic acid R-42b R-43a: R'=2"=11 R-43b: R'=R"=TMSR-44a: R = CHO
step 8 R-43c: 121-R"--BrR-44b: R = OH R-44c: 12= OMe R-43d: W = CHO, R"=Br step 6 20 step 1 -
To a solution of di-iso-propylamine (150 mL, 108.3 g,1.07 mol) in THF (500 mL) cooled to -78 C and
maintained UG 3 mosphere was added over a 15 mm period, n-BAET(EGO%Pey 27
2009/080534PCT/EP2008/067274 -55- mL, 1 00 me}, 10M in hexanes). The resulting mixture was
stirred for 30 min at -78 C. A mixture of R-43a (45 mL, 52.110 g, 0.457 mol) and chlorotrimethylsilane
(130.0 mL, 111.28 g, 1.024 mot) was pdded at a rate which maintained the internal reaction
temperature below -50 &; The, s s stirred at -78 C ]fjw-;l_h H-be reagtion was quenched at -78
C by addition of 5 1M H2S 1:?@ h MABES and (6 Pikicreita: Sat@rated.with solid NaCt. The
phases were separated and & agieetls phase was extféttde-withRMTBE ¢300:mL). The combined
organic extracts were dried (MgSO4), filtered and the solvents evaporated to afford 118 g (100%) of
R-43b as a white solid. step 2 - To neat Br2 (76.9 mL, 1.50 mol) cooled to O C in an ice bath was
added portien Wide 10xolichR4B12412628, d, V. sotoihdhi@rite)Maittainintbpiintermiablesnperature
between 20-45C. (caution: thermich). T action mixture was stirred at,58 C for 2 h. After 1 h of
this periog(%ga ;‘bageaé? Jaégceﬁc%ur% eivﬁ%%?n@%ég% s ‘\}vg uga&é%Sgﬁﬂg[%%ngcgg?tlsgcri\ufboﬁln‘gﬁvas rinse with
cyclohexarigl§t &drfiir)s THEhremetidrmmixtyre it doblad oy 0eidne sitwriyedegreduntdael aadld
saturated NabSO3, splusiers Migl e, a00108 e resulting iKysE.NeS SRR L} Psalid NaCl,
extracted with MTBE (500 mL and 200 mL), dried (MgSO4) and concentrated in

evaporated. The resulting grayish brown solid was purified by SiO; chromatography eluting with

a EtOAc/hexane gradient (0-25% EtOAc) to afford 0.60 g (85%) of R-40.

step 2 - Diethyl ether (18 mL), H>0O (10 mL) and solid KOH (3 g) were combined in an
Erlenmeyer flask and cooled to 0° C. Nitrosourea {(1.17g, 10 equiv) was added in portions and

10 stirred for 1 h. The cther layer was decanted onto a bed of KOH and maintained at 0°C. Ina
separate flask, ester R-40 (0.4 g, 1.14 mmol) and Pd(OAc)2 (0.01g, 0.05 equiv) were dissolved
in Et;0 (10 mL) and DCM (5 mL) and cooled to 0° C. The decanted ethereal soiution of
diazomethane was added to this mixture and stirred for 3 h. The solution was filtered through
CELITE® and Si0; and concentrated to afford 0.40 g (95%) of R-41.

15 [3-{3-Chloro-5-cvano-phenoxv-4-cyclonropvl-2-fluoro-phenvl]-acetic acid ethyl ester (R-41a)

was prepared analogously except in [4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenylj-

acetic acid ethyl ester (R-23a) was used in place of R-24.

[3-(3-Chloro-5-cvano-phenoxv)-2-fluoro-4-methoxv-phenyll-acetic acid (R-42b)

Y DD step 5 . _
sep | s Rartvs [ R44mR=CHO  siep g [ M43 R=CHLONmCH,
step 2 R-43p; R=R"= R-44b: R = OH R-42b: R= CH,CO,H

R-43¢: R=R"=Br :
siep 3 R-d4dc: R = OMe

R-43d: R' = CHO, R"=Br gen6
20 step 1 - To a solution of di-iso-propylamine (150 mL, 108.3 g,1.07 mol) in THF (500 mL) cooled

to -78° C and maintained under a N atmosphere was added over a 15 min period, »-BuLi (100



vacuo to afford 191 g of R-43c. The reaction mixture was distilled at ca. 60 mbar which afforded
161.53 g of colorless liquid which boiled at 110 C and contained about 11% of the monobromo
derivative. The product was redistilled through a bubble ball column at ca. 50 mbar which afforded
141.3 (78.5%Y Br024%8534th a boiling point of 93-94 C which was >99.6 pdiel/882808{8¢%teparation of
iso-PrMgCDbLICI - A sample of LiC1 (4.56 g, 107.6 mmol) was dried under high vacuum with a heat
gun for 10 min. To the dry solid under a N2 atmosphere at 23 C was added iso-PrMgCI (53.8 mL,

107.6 mmph 2Mysoiionin THELA0d e cssuling mixue vassiuehAsgRG IprAdays, To a solution
of R-43c (1.29 mL, 10'mmol) in THE (5 mL) at -40"C was added the (so- 25 PrMgCI.LiCl solution (5.5

mL, 11 miskrOVBATHED atla fatd ihat Arbinemeanthehiermstissitfperatld) Bedw L3 A8 &stirring
was continuesh as33 1R 230§ 401 i therwarmesde mé Giohanaddiional,thnlbsreackgnanixture

was cooled to -30 C and DMF (1 00 mL, 13 mmol) was added in one portion (temperature rgse to -23

C) and stirtRRPRBINGRIEY F85th-4F -557e5 i BICFRETARABHINTAGHFE HaspSurBadMier v H2s 04
and icg anthvihe, sesytingemMdureITRE 3R saturated vt seligaNaGliand hvise@xirastshveitkbd BE.

The combined extracts.were dried (MgSO4), filtered a rated in.yacuo to afford 2.17 g (98%)
of 430 RS HRASbI A SRR B IBOL REe L 1850 A o 3 o o

3-chloro-5ekrdeoxy<doe daeniivileS (3, B4i by rdd 260 rpowbenideRagdpand e bdifyldnit e Wid9 ‘@l dER-R-43d
(5.57 g). Tiljebresaé:g/%ﬂenqgﬁt&{re was heated to reflux for 4.5 h when the reaction appeared complete by

gc/ms. The reaction mixturé was cooled and poured into water and then EtOAc was added. The

resulting mixture was allowed to stand until the layers 5 separated. Some crystals were present at the
interface aeh&lody tetBallE765thd.upp8mialeropkitie Weteifikeried kath wastidddponwatesand

hexangs. L fiIaE 1yag oy EPG’.E«%‘@QIH?)%ﬁ%ﬁ?&é&%ﬁ%ﬁé%@%ﬂ%&ﬁBﬁt@x@%&&&@é’l@@&@eé- The

solid was triturated with hexane and filtered. The mother liquor was evaporated and the residue
purified by SEPRHFERHEYEADhYSERMsHRTAHERNaIEtorRdE D). frhe rédlset i thitirated with

IPA, filteregband washedowithdaeanesnifandsbe produchfiacionmeaniinadienaliond d4s g (83%) of
R-44a. step_5 - Trifluoroacetic anhydride (8.88, 4.231 mmol) was agdded to a 100 mL round, bottom

and stired"3tF¥elod588M19440dgkh Jerosarced. 3ot E A8 hiRptviad theRheaRd HUBGiLR e
reaction vessetandtstines §ur. 2diotss ahzeraio jddidocenty ituoroperacetic waid{iFRA)wED a solution

of R-44a (2.Q,.5.64. mmol) in D tirred gt s ad 0415 (15.35 9, 112.82
mmoﬁ%ToSﬁ?fg %@é&gg&%@%gg&%&%@%@v@é %%@%@H@iﬁ%&gwg&%ﬁ %é%nﬁ?r??g for 48 h.
Upon consumyptiorfdérstastingoinBidfial fidrotectinixturerwas:edoteldthad @, Ghuigitutdacivith brine, and
guenched wy Q I isulfite, - t i i) it >M and
washed W%ﬁ%ﬂﬁ%%%ﬁ;%%%%g%%@g%@ﬁﬁgﬁgéﬂ §ﬁ>§ ?ﬁé[gs%%gg%:e.@ré%ggg\%%%%é E&&m?gigd%@lglow solid
which wasrpufieenisydsioztstsrohtatbtpdphy etuafg 2odirenekahstibio Rell ookgywgtberortd 184 (94%)
of R-44b. which afforded 141.3 (78.5%) of R-43¢ with a boiling point of 93-94° C which was >99.6 pure.

20  step 3 - Preparation of iso-PrMgCLLICI - A sample of LiCl (4.56 g, 107.6 mmol) was dried
under high vacuum with a heat gun for 10 mmn. To the dry solid under a N; atmosphere at 23° C
was added iso-PrMgCl (53.8 mL, 107.6 mmol, 2M solution in THF) and the resulting mixture
was stirred at 23° C for 3 days.

To a solution of R-43¢ (1.29 mL, 10 mmel) in THF (5 mL) at -40” C was added the iso-

25  PrMgCLLICl solution (5.5 mL, 11 mmol, 2.0M in THF) at a rate that maintained the reaction
temperature below -30° C. Stirring was continued at -35 to -30° C for 1 h then warmed to -7° C
for an additional 1 h. The reaction mixture was cooled to -30° C and DMF (1.00 mL., 13 mmol)
was added in one portion (temperature rose to -23° C) and stirring continued for 3.5 h at -25 fo
+15° C. The reaction mixture was poured into 1M H,S0, and ice and the resulting mixture was

30 saturated with solid NaCl and twice extracied with MTBE. The combined exiracts were dried
(MgSOy), filtered and concentrated in vacuo to afford 2.17 g (98%) of R-43d as a white solid.



step 6- To a solution of R-44b (1.8 g, 5.26 mmol) in DMF (15 mL) was added Cs2CO3 (3,43,10.52
mmol) and iodomethane ( 0.74 g, 5.26 mmol). The reaction mixture was stirred at 85 C for 12 h. When
R-44b was consumed, the reaction mixture was cooled to Rl and the cured mixture extracted with
Et0AC and th¥ MBI xtracts washed with water and brine. 25 The EtBAE WAYSFYE MWNa2s04),
filtered and concentrated in vacua to afford R-44c ag.a yellow oil which was used in the next step
without additional purification. step 7 - A dry 100 mL round bottom was purged with nitrogen and

charged Wit R-445 {16 8oft >3 BMAY-306 SBRYIBS A (2&Mb) i be misivie: efl-to -20 C
and a sol\:\f}[{léobﬁ“of iso- Prl\bl1 %ILlCl %40 mqlg{5 40ymol Zrli/l me'IiHEﬂgaeeEste U ) was \gﬁge%)?ropwse The

reaction SbWééllért’iWé"éF?éldéeﬁ Redd (& 5h@)a Shiusaiior @H@Neﬂéﬂh&?tfééorﬁiﬂ% R MEYRR in THE)
WO 2(109Q8Ra84RGHERZD03PRI2 B4 cbmswanaddesbantisiitedcontidethdbe2@eCinlo this mixture

was added allyl bromid and the mixture stlrr for dd itional tw h The
reaction wi& HL@H&H@H%&%&&‘%%%}%W&&? W@é’imf‘lﬁ%‘?%&%u ecﬁtroa '}E’; é’ﬁ)& “4hd washed
with Watersqmawmadﬂmmmmw&mmdt (NaRBEE)e ﬁhérﬁdrgnﬁethawem wastriayoved in
oo s Sl SRS hap RIS PSR anigaRy Sing I

hexane/Et8 a. ste 0 a solution of R %ﬁﬂo 315
mmol), Et@b@d@@i@t)ammr(l%uﬁémﬁwamr{@dm Eﬁwaglédd@drma@awémsﬁl@mzm@ 8-and

RuC13 (0 e : f h
uC13 (0PI g QeQ%qjm% M}%ﬁ%ﬁ%@ﬁé%ﬁe% %h%@@ﬂ%mg{@gwsﬁy lisred thrgugh a

pad of CELITE(r), washed with EfO Ac washes were washed with brine,

dried (NaZsoayittrde GAGOvaTsrateden vastdwridordoBoo§liasdandrrasheop WERRGENRRY solid,

extragied with:gthybasetateisnd-washed witlhibiines T hessthybageigie was dried over sodium sulfate
and filtered. Solvent was removed in vacuo to yield R-42b as a yellow solid (0.090 g, 85%).

[3-(3,5-Dicyano-phenoxy)-2-fluoro-4-methoxy-phenyl]-acetic acid (R-45) and [3-(3-cyano-5- 15
d|f|uorome‘ﬂ@%ﬁ@ﬁ%&%oﬁcﬂ%m%@%ﬁgp‘&%F}ﬁﬁ%ﬂé"&ﬁlﬁd g7 d B@ﬁ?&ﬁ%\%@&t%ﬁ%ly
except R-10rahRY26 respertivelyar gausaiddnoptaoesofcnahitoyars iydradybe dagritsiac Reference
Example B 3-Chloro- 5159118“0 Zél}wr -Hi-nenox - enzgnltr

reaction vesse stirre ours at zero o produce !nfﬁloroporaceﬁc acid (TFPA).
To a solution of R-44a (2.0, 5.64 mmol) in DCM (20 mL.) stirred at 0° C was added KH,PO,

15 (15.35 g, 112.82 mmol). To this suspension was added dropwise at 0° C the TFPA. The reaction
was stirred for 48 h. Upon consumption of starting material reaction mixture was cooled to 0° C,
and diluted with brine, and quenched with aqueous 10% sodium bisulfite. The resulting mixture
was extracted with DCM and washed with brine, dried (Na,SOs), filtered and the solvent
removed in vacuo to yield a yellow solid which was purified by SiO; chromatography eluting

20  with hexane/BtOAc (92:8) to afford 1.8 g (94%) of R-44b.

step 6 - To a solution of R-44b (1.8 g, 5.26 mmel) in DMF (15 mL) was added Cs;COs3
(3.43,10.52 mmol) and iodomethane ( 0.74 g, 5.26 mmol). The reaction mixture was stirred at
85° C for 12 h. When R-44b was consumed, the reaction mixture was cooled to RT and the
cured mixture extracted with EtOAc and the combined extracts washed with water and brine.
25  The EtOAc was dried (Na;S0y), filtered and concentrated in vacuo to afford R-44c as a yellow

oil which was used in the next step without additional purification.

step 7 - A dry 100 mL round bottom was purged with nitrogen and charged with R-ddc (1.6 g,

4.50 mmol) and anhydrous THF (20 mL). The mixture was cooled to -20° C and a solution of

iso-PrMgCLLiCl (5.40 ml, 5.40 mol, 2M in THF, sce step 3) was added dropwise. The reaction
30  was stirred for 2 h at -20° C and a sokution of CuCN LiCl (0.100 mL, 0.100 mol 1 M in THF)



R-50R-52 20Ar = 3-chloro-5-cyano-phenyl
3-Chloro-546-chloro-2-fluoro-3-(2-oxo-ethyl)-phenoxyl-benzonitrile (R-50) can be prepared by
reduction of R-5b with diborane and the resulting alcohol can be re-oxidized to R-50 with Cr03-
pyridine. WCOVSOH8I08H%E44PCT/EP2008/067274 -58- C for 1.25 h, then cBSIRETE ¥ & 4nd a
solution of the R-50 (0.99 g, 3 mmol) in THF (2 mL)swas added dropwise. The reaction mixture was
warmed slowly to 00 C, and added to a cold aqueous solution of NH4C1. The solution was extracted

with ether,and thes cambined Qraanics avere wvasheds driedrfilkarediant.0onsrptrated ik yaowa. The

crude residue was purified by Si02 5 chromatography eluti

( ( ng with an EtOAc/hexane gradient (Q% to
259 EtOABIBLh#RsH A0 BFGTUATss Sfaha GHRIraa) RERH aE‘%Fﬁﬁ%“ﬁo‘?%ﬁW@da%ﬁ% it938'g, 0.62

mmol) wagdigse)vad, 1. TeMst ik hxaack ddessriactin ped odistadeith 32:@r 1rid @guiv) Twas added in
one portion. After 4 h, the reaction was added, to a saturated aqueoys solution of NaiS204. The -
mixture waEERHEEEY ‘%ﬂﬁﬂ %ﬁ%@ﬁ%& I A ng’fn‘gg%{ﬁg%g‘@f%g%%%503?8%%%/%@3‘5"’ purified by
Si02 18 chiibmitography-elutingawithrdie ERYAilhetacnegoadipng ¢0&npRildbE&ERG D af8fdD.23 g
(87%) of R-51..step 2 = razing, (0.24 mL, 10 equiv) was added to a solution of R-51 (0.32 g, 0.77
mmol) in I;%Omal}; &%Pc% gibod% H@%‘%ému and EtOH (0.4 mL). After 2 h, the volatile materials were

removed and purification of the residue by HPLC afforded 0.04 g (13%) of R-52. 15
346-Brometd-BudFo-Bs(liidndd o Sayiendib gp ohidnoryi L Bifder Ghmelthy Mseny 6hinlie R 53iclvas

prepared RoRiPIQHSNOMEG? B2 Pl uamPERkAG ARGl Naning G RiBeRAANIANRANRNMY drazine

cyclization sequence. 346-bromo-2-tlucro-3-(1H-pyrazolo[3,4-b1

-3-yimethy#lapleroxytd SR ersibBrssritRs (Rsag throgetop pad oF CELITE®, washed with EXOAC
10 and the combined EtOAc washes were washed with brine, dried (Na;SOy) filtered and

evaporated in vacuo to afford 0.090g (85%) of R-42b as a yellow solid. extracted with cthyl
acetate, and washed with brine. The ethyl acetate was dried over sodium sulfate and filtered.

Solvent was removed in vacuo to yicld R-42b as a yellow solid (0.090 g, 85%).

[3-(3,5-Dicyano-phenoxy)-2-fluoro-4-methoxy-phenyl]-acetic acid (R-45) and [3-(3-cyano-5-
15 difluoromethyl-phenoxy)-2-flucro-4-methoxy-phenyl}-acetic acid (R-46) can be prepared
similarly except R-10 and R-26 respectively are used in place of 3-chloro-5-hydroxy-

benzonitrile.

Reference Example B
3-Chloro-5-[6-chloro-2-fluoro-3-(1H-indazol-3-yvimethyl)-phenoxvi-benzonitrile (R-52)

20 Ar = 3-chloro-5-cyano-phenyl

3-Chloro-5-[6-chloro-2-fluoro-3-(2-oxo-cthyl)-phenoxy]-benzonitrile (R~50) can be prepared by
reduction of R-5b with diborane and the resulting alcohol can be re-oxidized to R-50 with CrOs-

pyridine.

step 1 - i-PrMgCl (1.7 mL of a 2 M solution, 1.1 equiv) was added to a solution of 2-fluoro-
25 bromobenzene (0.33 mL, | equiv) in THF (2 mL) cooled to 0° C. The solution was stirred at (°



R-54 CIl step 1 CO2Me CN R 56a: R = CO2Me step 2 R-56b: R=H WO
2009/080534PCT/EP2008/067274 -59- was cooled to -10 C, and to this was added sequentially a
solution of R-55 (4.51 g, 11.3 mmol) in DMF (46 mL) and solid NaH (1.45 g, 36.2 mmol). (The methyl
ester R-55 WAL BRAYEFEF by the procedure described for R-23a except mé%?m?ﬁWP?ﬁ fonate was
used in place of ethyl t-butyl malonate.) The reactiogymixture was stirred at -10 C for 15 mm, then
warmed to RT and 5 stirred for 14 h. The reaction mixture was partitioned between NH4CI and EtOAc.

The aquegug layer wag exitagled, with EIQACANLING %@m@ﬂa@d}gggﬁge exfERaiSERE Vashgd with IN

HC1, brine, dried (MgS0O4), filtered and concentrated in vacuo. The crude product was purified by

column ch¥é SERyES- S0P BRATKG Withuan EroRemELalrdrdant (28kaddedss red) to afford
3.25 g (539 LhRsSkd04 @ stap, 2t ABoNMian 8hRs268 {3208 HsAdmmbihdeehbs (S aihsand 1-120

(170w USRI G PIvals o0 ol B for 20 o T sacn s pponed.
50 nth} anchibecogaipne dionganittiextracisivbes diefaitgS0%) 1diksvedt@nd canddntidtéd in "acuo to
afford 2'4?49"/(3%%&18 1{:9%135061%—&%6% %I e ”A portion of the adduct (0.26 g, 0.62 mmol) was dissolved

in DCM (3 mL), and Dess-Martin periodinane (0.32 g, 1.2 equiv) was added in one portion.

After 4 h, the reaction was added to a saturated aqueous solution of NazS>04. The mixture was

extracted with DCM, washed, dried, and concentrated. The crude product was purified by Si0;

10 chromatography eluting with an EtOAc/hexane gradient (0% to 20% EtOAc) to afford 0.23 g
{87%) of R-51.

step 2 - Hydrazine (0.24 mL, 10 equiv) was added to a solution of R-51 (0.32 g, 0.77 mmol) in a
mixture of dioxane (3.6 mL) and EtOH (0.4 mL). After 2 h, the volatile materials were removed
and purification of the residue by HPLC afforded 0.04 g (13%) of R-52,

15 3-[6-Bromo-2-fluoro-3-(1 H-indazol-3-ylmethyl}-phenoxy]-5-difluoromethyl-benzonitrile (R-53)
was prepared analogously from R-25 and 2-fluorobenzoic acid utilizing the Claisen

condensation/hydrazine cyclization sequence.

3—[6—br6mo—2—ﬂuoro—3-( 1H-pvrazolol3.4-blovridin-3-vlmethvD-phenoxv]-3-chloro-benzonitrile

R-54

R-56a: R = CO,Me
R-36b: R=H

20

step 1-To a solution of 2-chloronicotinic acid (1.96g, 12.5 mmol) in DMF (63mL) was added
CDI (2.02 g, 12.5 mmol) and the solution was heated to 50° C. After 2 h, the reaction mixture



15 step 3 - To a solution of R-56b (2.3g, 4.8 mmol) in dioxane (41 mL) and EtOH (6 mL) was added
hydrazine (1.50 mL, 10 equiv.) and the reaction mixture was heated to 100 C. After 2 h., the reaction
mixture was cooled to RT and the solvent was removed. The residue was partitioned between 10 %
MeOH/DCM 3y 4eeEs agueous NaHCO3. The aqueous layer was baé%—%ré%%f%% 10 %
MeOH/DCM and the combined organic extracts wergydried (MgSO4) 20 filtered and concentrated in
vacuo to afford a yellow solid that was triturated with 30 % EtOAc/hexanes to afford 1.91 g (87%) of

R-54 as ayhiteselidh rehtorapAbnallRie RrdliiQashbkiPWaARton of R-55 (4.51 g, 11.3 mmof)
lo[3,4-b]pyridin-3-ylmethyl)-phenoxykbenzonitrile ( -57iwas prepared similarly from
[4-chioro, B RHIB16.51 0y HOUHENER). Aot HEMIky [ BE TR L P BT EStEls BBy
546-Br0(;narezpﬂmml frr%‘(l%kérﬂi&ﬂ?&;ﬂgﬁa%}@éﬂdiﬁeﬁ?ﬂlmmm|hﬁhﬁ6@§ﬁmhm@m3%&(ﬁ§?& was
prepared similarly from [4-promo-3-(3,5-dicyano-phenoxy)-2-fluorg-phenyljacetic acid ethyl ester
ALy Iy R SR e G S R R
(R-59)3wastiprepfare! $initertydrton [8iX8sehlar0sbrtyanat pberexyyi2fduond BdretiVhpharpli30 acetic
acid ethyl ester (R-31). W, 0534PCT/ER2008/067274 -6Q- 546-C ropylsa+flor
Ly T B e R S O e iy
from [4-cybtowscipigd INE S dic fidtaed hiehoxygeRifitest i phierylidbe ticudeipred iyl wesarigRie hy
3-Ch'Oro-%éﬁrﬁwm@ailagf%ﬁy—%ﬁbw;%m% M—QM&?A%@&HH@EM&@wéabs@%e@,iwl@ 5(R-61)

was prepared similarly from [3=(3-chloro-5-cyano-phenoxy)-4-ethyI-2-fluoro-phenyl]acetic acid ethyl
ester (R-Bﬁpﬁé%ﬂ)@@éﬁfcﬁoﬁawl-z-ﬂuoro-3-(1H-pyrazolo[3,4-61pyridin-3-ylmethyl)-phenoxy]-
benzonitrile (R-62) was prepared similarly from 3-(3-chloro-5-cyano-phenoxy)-4-cyclopropyl-2-

fluororphegy, @C@Iigoﬁﬁigr%lf'ﬂ-%??(%‘é;bO"‘pmmol) in DMSO (35 mL) and H,O (1.7 mL) was
346-Chloro- -qupro-3-’1H_-p razolo 3f4-bglpfyridin-3_-y|methyp-ghenqx%/]-S-difIuoromethylbenzonitrile
(R-63) Wa§tﬁ"é13]§r§@r§ ;ﬁr%rﬁ o1l bath for 30 min. The reaction mixfure was partitioned between

[4-chloro-3@qy anDsbdifl v camaiRyipeIOXY FRe fidocoustasdvaceaticragid ethymetat (R«1§).

346-Bromo-2-flugro-3-(1H-pyrazolo[3,4-b]pyridin-3-yimethyl)-phenoxy]-5-difluoromethylbenzonitrile
(-6 wal IS 0E ST HEA TS S5 BT RADH Scemmaee s
phenoxy)-@-fifford-bhegyRatetd Reibletivyd psiew(d2-25).
3-Difluoromethy1-5[2-fluoro-6-methyl-3-(1H-pyrazolo[3,4-b]pyridin-3-yImethyl)-phenoxy]- benzonitrile

(R-65) was prepared similarly -(3scyano-5-difluoromethyl-phenoxy)2- ,
fuoro B LG e e e Bl el e e OO (6 s o
,A-b]pyridisd8eylhysitayib: phé A oxlyk g sphithhkedithter (R2016BI IS pesdareud! SmPaATI: frédier 2 .,

[3-(3,5 'di%'}gépﬁﬁpﬁﬁs@ﬁr% W&gﬂf&i %%ﬁ%ﬂ%@%@ﬂ%ﬁ%ﬂ@ﬁﬁb@@&? riR38kue was partitioned
346-Bromo-2-fluoro-3-(§4H-pi¥razolo[3,4-clpyr|d|n-3-ylmethEvilzl-Bhenoxyl-5-ch|oro-benzonltr e (14-67)
between 10 % MeOH/DCM and saturated aqueous Na 3. The aqueous layer was back-

extracted with 10 % MeOH/DCM and the combined organic extracts were dried (MgSQO4)
20 filtered and concentrated in vacuo to afford a yellow solid that was triturated with 30 %
EtOAc/hexanes to afford 1.91 g (87%) of R-54 as a white solid.

3-Chloro-5-[6-chloro-2-fluoro-3-(1H-pyrazolo[3,4-bpyridin-3-yimethyl)-phenoxy]-benzonitrile
(R-57) was prepared similarly from [4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenoxy]-
acctic acid cthyl ester (R-5b).

25 5-[6-Bromo-2-fluore-3-(1H-pyrazolof3,4-bIpyridin-3-ylmethy!}-phenoxy]-isophthalonitrile (R~
58) was prepared similarly from [4-bromo-3-(3,5-dicyano-phenoxy)-2-fluoro-phenyl]-acetic acid
cthyl ester (R-24),

3-Chloro-5-[2-fluore-6-methyl-3-(1 H-pyrazolo[3,4-b]pyridin-3-ylmethyl)-phenoxy]-benzonitrile
{R~59) was prepared similarly from [3-(3-chloro-5-cyanc-phenoxy)-2-fluoro-4-methyl-phenyl]-
30 acetic acid ethyl ester (R-31).



3-Chloro-546-bromo-2-fluoro-3-(2-oxo-ethyp-phenoxy]-benzonitrile (R-68) is prepared by reduction of
R-23a with diborane and resulting alcohol is re-oxidized to R-68 with Cr03- pyridine. 5 step 1 - A THF
solution of i-PrMgC1 (1 equiv of a 2M solution) is added dropwise to a solution of

4-chloro-3-fitd ?JW ﬂ*?é“(l equivalent) in THF cooled to AO C and maintinéd aHEEF 4% The solution
is stirred for 30 min, and a solution of the R-68 (1 egyiv) in THF is added dropwise. The reaction
mixture is warmed to O' C, is aged for 1 h, and is added dropwise to a pH 7 buffered aqueous solution.

The aqueaug MAYEdsyRSIRGRA MIRAIAL 119,49 g@%&ﬁﬁ%@ﬁﬁ%&%@@pﬂ%ﬁmﬂmﬁma dried

(MgS04) and concentrated in vacuo. The crude product is purified by Si02 chromatograph eIutrng

with an EtdREMexaE graeiemtibdrdienl %fsgleﬁ%yb%#égacg%ﬁ PR oS BRPEIR- 605 in
DCM coolgg e a4GHsyagdad fhgipess-Martin periodinane (1.2 equiv). The mixture is stirred for 4 h,
guenched with NaHCO3 and the organic phase is 15 separated and evaporated. The residue is

purified by Sio2 chromato%% Iutln with an hexane gr dient to ford -69b steﬁ)

Hydrazine (5288 ML 0% gad a%dé tlo DF oL Y8Ry f 19 e8R%ARe (9 mL)
and Et9H (R-3mivhs Phersetlition wastheaicd 3oc80G-focBin- iflm@q}m{«ierrthya%—ﬂaomdqﬂnedyﬁetween
EtOAc and w te @‘g BW atrgn gﬂ organic layer and evaporation of the 20 residue afforded an oil that
was purrfrea S chromatogra 1y eluting with a MeOH/DCM gradient (0% to 5% MeOH) to afford
0.24 g (29%) of R-67. 5-16-Bromo-2- fluor -3-(1 H-pyrazo

|[2[96,4-c] pyFidineBeyfriathydloptemby Tisoplii aldmitrize KRY.0)Alsidre parse diphitaHsnstarking from
romo tl
gg&%)é }g@og%gé);}%g%%w%ﬁq 'IQH %l'ng ghﬂ)"}@ @g%lﬂg%ﬁén@q%@m%{%mpyl 2-

2009/080 Bromo 2 uor -3-(1H-pyrazo lo
[3,4- c]pyrlﬁm?hﬁ@IHWP@He%@(?]hﬂl@ﬁIMrﬁé}hylbenzonltrrle (R-71) was prepared similarly starting
from [4-bromo-3-(3-cyano-5-difluoromethylphenoxy)-2-fluoro-phenyl]-acetic acid ethyl ester (R-25).

346-Clylorg: Esf@rﬁs%%iﬁrr&wra@@}q{%a&lewﬂ'Bygymmﬁhyl)nehaﬂwén%mlyqr@ﬁamﬂé%hpﬁnzonItrlle

(R-72) was prepared similarly from

[4-chloro-dmresibie - BRoffusrsmepsshembRib siamdbshenyiacertucd EnyPastayR-16).

3-[6-Bromgnenfluero-3h(dd-pivagg-edid dslvmigazindalmethy1)-phenoxyl-5-chlorobenzonitrile (R-73)
0,1c I

3-[6-Bromo-2-fluoro-3-( 1 H-pyrazolo[3,4-b)pyridin-3-yImethyl}-phenoxyl-S-difluoromethyl-
benzonitrile (R-64) was prepared similarly from [4-bromo-3-(3-cyano-5-difluoromethyl-

15 phenoxy)-2-flucro-phenyl]-acetic acid ethyl ester (R-25).

3-Difluoromethyl-5-[2-fluoro-6-methyl-3-(1 H-pyrazolo{3,4-b]pyridin-3-ylmethyl)-phenoxy]-
benzonitrile (R-65) was prepared similarly from [3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-4-methyl-phenyl}-acetic acid ethyl ester (R-33).

5-[6-Ethyl-2-fluoro-3-( 1 H-pyrazole[3,4-b]pyridin-3-ylmethyl)-phenoxy]-isophthalonitrile (R~
20 66) was prepared similarly from [3-(3,5-dicyano-phenoxy)-4-ethyl-2-fluoro-phenyl]-acetic acid
ethyl ester (R-36).

3-[6-Bromo-2-fluoro-3-(1H-pyrazolo[3.4-¢cIpyridin-3-vimethyl)-phenoxy}-5-chloro-benzonitrile

{(R-67)



Clstep 3 steptstep 2 N R-74a: R = CI, R' H- 76a: R" = CO2Me - e step6 EL R R-74b: R = ClI, Rl = Me
step-4",,, R-751: R. -m R-75b: R'14 -- - R-76b: R" =l R-74t: R=0A?, R'-=Me 10stepl-Toa
solution of 3,6-dichloro-4-carboxy-pyridazine (R-74a, 7.5g, 38.9 mmol, Aldrlchzéln DCM 30 mL) and
MeOH (10 mﬂ%&%ﬁ%ﬁg% t C was added a solution of (trlmethylsnypdlazor’ﬁgﬁé }l?é' "8'’4%n hexane),
slowly via pipette, until a persistent yellow color is glaserved. After addition was complete the solvents
were removed in vacuo. The crude product was purified by Si02 chromatography eluting with an
EtOAc/hexane gradlent (10 to 15 25% EtOAc) to affor .89 g (86%) of RF74b as a brown oil that
solidifies on stanlng step 2.- Sodium hyd de (1 53g C:] 27 mgnol%pwassusended in dry THF (70
mL) under*4 g woSphece, Tobled o Bue 2% i ¥ mnol) was added
dropwise, via siipge. After the addition, las d?nplé‘teythe mixture was st =5 mm, then the
cooling batt%vas removed for 30 min&nd flnally the solution was agaln cooleo QC. A solution of R-
20 74b (6.89 g, 33.28 mmol) in ¢y, 3 Oni-yiwals adielBdthfbugh a cannula. THe resulting mixture

was stirred at R1Rc?\§ern|ght and then d B 8Bt 3 R. The reaction Was cooled to
Ar = 3-chloro-5-cyano-phenyl

3-Chloro-5-[6-bromo-2-fluoro-3-(2-oxo-ethyl)-phenoxy]-benzonitrile (R-68) is prepared by
reduction of R-23a with diborane and resulting alcohol is re-oxidized to R~68 with CrOs-

pyridine.

5 step 1 - A THF solution of i-PrMgCl (1 equiv of a 2M solution) is added dropwise to a solution

of 4-chloro-3-fluoro-pyridine (1 equivalent) in THF cooled to -40° C and maintained under Na.
The solution is stirred for 30 min, and a solution of the R-68 (1 equiv) in THF is added dropwise.
The reaction mixture is warmed to 0° C, is aged for 1 h, and is added dropwise to a pH 7
buffered aqueous solution. The aqueous mixture is extracted with EtOAc, the combined extracts

10  are washed with brine, dried (MgSQO4) and concentrated in vacuo. The crude product is purified
by Si0, chromatography eluting with an EtOAc/hexane gradient to afford 0.21 g (45%) of R~
69a.

step 2 - To a solution of the R-69a in DCM cooled to 0° C is added the Dess-Martin periodinane
(1.2 equiv). The mixture is stirred for 4 h, quenched with NaHCO; and the organic phase is

15 separated and evaporated. The residue is purified by Si0, chromatography eluting with an
EtOAc/hexane gradient to afford R-69b.

step 3 - Hydrazine (0.288 mlL., 5 equiv) was added to a solution of R-69b (0.85 g, 1.8 mmol) in
dioxane (9 mL) and EtOH (0.5 mL). The solution was heated to 80° C for 3 h. The solution was
partitioned between EtOAc and water. Separation of the organic layer and evaporation of the

20 residue afforded an oil that was purified by Si0; chromatography eluting with a MeOH/DCM
gradient (0% to 5% MeOH) to afford 0.24 g (29%) of R-67.

5-{6-Bromo-2-fluoro-3-(1H-pyrazolo[3,4-c]pyridin-3-ylmethyl)-phenoxy]-isophthalomnitrile (R~
70) was prepared similarly starting from [4-bromo-3-(3,5-dicyano-phenoxy)-2-fluoro-phenyl]-
acetic acid ethyl ester (R-24).



WO 2009/080534PCT/EP2008/067274 -63- Rl and saturated NH4C1(40 mL) was added followed by
water (60 mL). The mixture was thrice extracted with EtOAc, dried (MgSO4), filtered and evaporated.
The crude product was purified by Si02 chromatography eluting with an EtQAc/hexane gradient (10 to
20% EtOAC) EAHPE xS g (82%) of R-74c as a light yellow oil. 5 step 3 PO AN B R-74c
(8.15g, 127.11mmol) in MeOH (40mL) was added ggamonium formate (8.55 g, 1.1eq) followed by 10%
Pd-C (500 mg). The mixture was heated to 50C for 20 min and then to 60C for 35 min The mixture
was coolegl to i apdfiltgsrAIiongh.2-216m AlgehitEL ik whirkwag-snsatowslnin MeOH. The

volatile solvents were evaporated and the resjdual material partitioned between DﬁM (80 L? and
H20. The BEHATAE RAL 1D ScyaP AU SE-IRG b A TRy S YA BUICE st AT EMawater (0
mL). The gpenbingd exsacihwelp augd (iS4 stdtersdmnd evaporated. The crude product was
purified by Si02 chromatography eluting with an EtOAc/hexane gradient (10 to 50% EtOAc) to afford

5.5 g (76%) of R-75a as a semj-viscous yellow oil. sl.tep 41 - Tq a solution of R-75a (5.9, 18.78 mmol)
i THIF (a0 TSRS s WA e oy B0 S CRBO U OSBRI solution)
The mixtutenams: sl @ 1oy 15 mirpurbé pitiizngdotian 4addocoyi e teas dedinineetty TLC analysis.
The mixture was cancentrated and the resi as dilgted.with H20 (25 mL) and THF (20 mL) and
then adjuéjt%e%n%ygi-gl' BT ﬁ?ﬁ%"%ﬁf hc%ﬁ (!\;%‘slft:gm S?O%Pd was collected by filtration, washed with
water (50 mL) and EtOAc (30 mL) to obtain 4.08 g (86%) of R-75b as a white powder. 20 step 5-To a
267810 (605 fing / Aoy droDAEHApmidprvad et Fphénaxy igeB@amum') The mixture
was heatq%ﬁgoigglg@%‘?n Ar atmosphere for 1.5 h. The solution was cooled to -10C and a solution
of R-55 (1'g, Z.5 mmo 1) in DMF (5 mL) was added via syringe. While stirring vigorously, NaH (336 mg,
8.4 mmol) was added in 3 portions over 20 min. The orange solution was stirred for another 10 min
and then the cooling baffas removed. 25 fmixture was stirrdfl fokl h at RT. The reaction mixture
was diluted with satur F14C1 solution 47 water (38 mytRer™#AC (50 mL) and agitated.
The EtOAc phase xhedm (50 mi3.gd the hgipe s Ir QA asS BYiLa
rnL). The combined extracts were dried (MgSO4), filtered an evapord.’;\IThe crude product was
purified by Si02 chromatography eluting with an Et0OAc/hexane gradient {0 to 100% EtOAc) to afford
30 685 mgstgéﬁ d.%ﬁﬁmaﬂfaioragggjﬁnn-ml@ :2909/60 4PGTIER2008/067274 -64- step 6- To
a solution of R- aﬁ%&iﬂ{i@?ﬁ[f@?&mbl) in @M%OR(B%E) Wasmadedsiater (0.4 mL) and brine (10
drops). The mixtlre was heated to 145C (oil bath temperature) under Ar atmosphere for 10 min. The
solution was cooled to RT and water (§0 mL), EtOAc (30 mL) and Et20 (30 mL) were added. The
mixture was agitated and NaC1(Z'gryr s lgd. The-mixtiure Howas ggain agitated and the organic
phase was collected, wsatgp d Wit%r : NB&0 9% Faifadifhzoro-phenyl

10 step 1 - To a solution of 3,6-dichloro-4-carboxy-pyridazine (R-74a, 7.5g, 38.9 mmol, Aldrich)
DCM (30 mL) and MeOH (10 mL) cooled to 0° C was added a solution of
(trimethylsityl)diazomethane (2.0 M in hexane), slowly via pipette, until a persistent yellow
color is observed. After addition was complete, the solvents were removed in vacuo. The crude
product was purified by SiO, chromatography eluting with an EtOAc/hexane gradient (10 to

15 25% EtOAc) to afford 3.89 g (86%) of R-74b as a brown oil that solidifies on standing.

step 2 - Sodium hydride (1.53 g, 38.27 mmol) was suspended in dry THF (70 ml.) under a N;

atmosphere, cooled to 0° C and 2,4-difluorophenol (3.31 mL, 34.94 mmol) was added dropwise,

via syringe. After the addition was complete the mixture was stirred for 15 min, then the cooling

bath was removed for 30 min and finally the solution was again cooled o 0°C. A solution of R-
20 74b (6.89 g, 33.28 mmol) in dry THF (20mL) was added through a cannula. The resulting

mixture was stirred at RT overnight and then heated to 50° C for 3 h. The reaction was cooled to



the brine solution back-extracted with EtOAc/Et20 (1:1, 2 x 50 mL). The combined organic phases
were dried (MgSO4), filtered and evaporated. The crude product was purified by preparative TLC
developing with 40% EtOAc/hexanes to afford 380 mg (62%) of R-76b as a light yellow foam. 10 step 7
-Toa squtioW%f"?Q%WinO mg, 0.17 mmol) in MeOH (2 mL) was added F&ﬂ@ﬂ@?’g‘éﬁrﬁg‘ime (45 mg,
2 eq) followed by glacial HOAc (0.03 mL). The mixtyge was heated at 60C for 5 h and then stirred at
RT overnight. The mixture was partitioned between DCM (20 mL) and 5% NaHCO3 (20 mL). The

aqueous phpgeasRack-axicacied it RGNIL % EOalbanddheombingd Organic exlyagisdried

(MgSO04), filtered and evaporated. This residue was 15 dissolved in THF (4 mL) in a microwave vial,

DBU (0.04 et EratuRiQIe prdyirbid i thE Tedandriy aithieth whS Fradeeyadir 0vaBifat 150C
in microwgyesibherRakdiite @S PRIGHOREH aiiltAERAEAE talht wries (B0.EL) aodsalwiated
agueous C L)..The organic phase was separated and the agueous phase was
back-extrgﬂgcg\]xﬁ%ﬁﬁ% ?gcf %@?ﬁﬁspy &'cOmbined extracts were dried (MgS04), filtered and
evaporated. The crude product was 20 purified by preparative TLC developing with 6% MeOH/DCM to
provide 451m03(5380 efiRicttR-ptodidtasian. ofinnbileipovedst.(BdtiBromadd:luarme8ithH-pyrazo lo
[3,4-c]pyridazin-3-ylmethyp- Xy}-i$S0 itrile- triflyorgacetate salt (R-7.7 prepared
analogousgfy’/r%l%%eegt'% E’[ey p? %ﬁpl‘gc%%"é\/@gs% ¥g :)6 Itg)sé%r%tj%%? g§5 _[ﬂle RS Was( h'eatczi%a% Eh?
546-Ethy120 fironod3HaHeiaE dho| 354xcipyictamit:8ry wisthyd) adhe ok yhisbivtiblaue iR 28y was

prepared ﬂ?%%@?iﬁ%%@%ﬂw‘ff&‘éﬁjéseﬁa?éi"&ﬁﬁlﬁ@i%@ﬁ?dr% Ri3bre3o G Qep4 6000V e und
fluoro-3-(1H-pyrazo Io[3,4-c|p yridazin-3-yImethyl)-phenoxykbenzonitrile R-79? was prepared

analogousheassdpmlimaisisarisonghberasriced Wy(pLgd.) and H,O. The DCM layer was

3-Chlogo-2{6:£YRIPRFARNI 24 fld05 s el HrrRar AlecByAre IDvdazinedndnoeshvil)- Phene v3ed
benzonitrile (R-80) was pr%&?red analogously except in stg%R_—SS was replaced by R-38. WO

2009/08053HBEEIAB156/08929)- B4 616 oI -3 USRISRra dgyras gigiticd by S10;
[3,4-clpyridaaimlogimethyphenakys Baphiialoniyiedi81) sasspre pared: pradegausly gxcept in step

5, R-55 was repl R-41. . . .

3-[6-Ch|or?i§%ﬁ1°§ﬁ§1%§ ﬁ-%@?g%agf?}f—gfw%%%n-3-y|methyl)-phenoxy]-s-chIorobenzonitriIe (R-73a)
is prepared analogously except in step 5, R-55 is replaced by R-5b. 5 5-
[6-Chloro-2iuoro-3 « 3dtpynarlar §a, 45 ¢, p§ir? 8 aziw 3 -yl MISEAQxemd jbasdpHimalomtisle;

B Chibro- A s L B B R b e
(R-82) N when the reaction was complete as determined by TLC analysis. The mixture was concentrated

and the residue was diluted with H,O (25 mL) and THF (20 mL) and then adjusted to pH 2 - 3

with 10 % HCL The resuiting solid was collected by filtration, washed with water (50 mL) and

EtOAc (30 mL) to obtain 4.08 g (86%) of R-75b as a white powder.

20 step 5 - To a solution of R-75b (605 mg, 2.4 mmol) in DMF (10mL) was added CII (410 mg,
2.5 mmol). The mixture was heated to 50° C under an Ar atmosphere for 1.5 h. The solution
was cooled to -10° C and a solution of R-55 (1 g, 2.5 mmol) in DMF (5 mL) was added via
syringe, While stirring vigorously, NaH (336 mg, 8.4 mmol) was added in 3 portions over 20
min. The orange solution was stirred for another 10 min and then the cooling bath was removed.

25 The mixture was stirred for 1 h at RT. The reaction mixture was diluted with saturated NH4Cl
solution (20 mL), water (30 mL) and EtOAc (50 mL) and agitated. The EtOAc phase was
washed brine (50 mlL.) and the brine solution was extracted with EtOAc (2 x 30 mL). The
combined extracts were dried (MgSQy), filtered and evaporated. The crude product was purified
by 810, chromatography cluting with an EtOAc/hexane gradient (40 to 100% EtOAc) to afford

30 685 mg (45%) of R~76a as a orange foam.



i ArOBr R-75b MON R-44a --a-----0.,-.416. R82 step | FICHF,CH step 30 OAr' step 5 R-83a: R
=BrR-84a: R' = CO3-'13u step 2step 4 R-83b: R =CH,C0 -113u R-84b: LU=H Ar =
3-chloro-5-cyano-phenyl; Ar' = 2,4-fluoro-phenyl 10 sten 1 - To a solution of R-44a (3.2 a, 9.04 mmol)
in DCM (12 rWS S8 d sequentially DAST (3.2 g, 2.2 eq) and EtOH (3.%5“8:26. 655134and the
reaction mixture was stirred for 16 h. The reaction rgixture was partitioned between aqueous NaHCO3
and DCM. The organic layer was washed sequentially with water and brine, dried (Na2S04), filtered

and evapf%@é%ﬁ-t‘i’oaif%ﬂtlo% SHESR0 @ AR, 6 1S PSR el ol & 8L 0045 mmo)
and Pd(0)[P(ter/-Bu)3h (0.39 g, 0.15 eq) in dioxane (30 mL} at RT was added

2-tert-butd¥%§f)21‘63<8@ﬁ§3ﬁlﬂzqﬁg‘&ﬁpor% DB HIE TS RFABHIRH In eRE N AR R TELERINGSE 1iion was
stirred at Rinfapfeh foheredstiandvesHantitianeash katween agueaws(FIGAIaNHBIAGOTHE) arganic layer

was washed seguentially with. water and brine, dried (Na2S04), fillered and eya ted. The crude
product Wﬁggéﬁﬁl 3‘/” éﬁﬁ%ﬁ% gtgld?%%ﬁ)‘}v %ﬁ@ﬁﬁtﬁ%tﬁngr%ga)&c%m x‘g%sedggeé?ra Nt (2-12% EtOAC)
to affofd Ol gfR086)otRaBBhestepdc fiasa selutiditat®-7ahd 0BBYritelsely)iomSDMFa@ mL) was
added CD1 (0.06q, 1.15 nd.th luti S | 10-50CfoR T i [¥ture was
cooled o BH Ab S A A BT S s B T R e o 32
eq) were alided Wiire deatidgStfitendsatowpporaisded o Rutantrduetadiarue ficdiie reaction
mixture was,patiiloned DEMEER-SaL frAfe aUe AV 20RI080RIABEH TAERBINR/PRI7{#.:66- NaHCO3

and EtOAc/hexanes (1:1). The organic layer was washed sequentially with H20 and brine, dried
(Na2S04)igiereéP @@ ¥Faporated to afford 0.200 g (98%) of R-84a. step 4 - A solution of R-84a (0.2
g, 0.31 mmol) and p-TsOH (0.015 g, 0.25 eq) in toluene (2.5 inL) was heated at 130 C for 2 h. The

reactiqn was,cooless andRAWeRINKD $eciuny hicerbansteirntextacad with 2 detDAs-tilig organic
layer was washed sequentiall){ with water and_ brine, dried éNaZSO4), filtered and evaporated. The

crude prodatARAE Warmed P dtde e Biasir b iy With A EroRuReanRegisitA? ($5-50%

EtOAC) to affard @ulisig{89%0) af R18*Mernight. The mixture was partitioned between DCM (20 mlL)
and 5% NaHCO; (20 mL). The agueous phase was back-extracted with DCM (2 x 20 mL) and
the combined organic extracts dried (MgSO,), filtered and evaporated. This residue was

15 dissolved in THF (4 mL) in a microwave vial, DBU (0.04 ml., 1.5 equivalents) was added the
resulting sofution was heated for 10 - 12 min at 150°C in microwave. The mixture was
partitioned among EtOAc (40 mL), water (30 mL} and saturated agueous NH4Cl (5 mL). The
organic phase was separated and the aqueous phase was back-extracted with EtOAc (2 x 30 mL).
The combined extracts were dried (MgSQ,), filtered and evaporated. The crude product was

20 purified by preparative TLC developing with 6% McOH/DCM to provide 45 mg (58%) of R-73

the product as an off-white powder.

5-{6-Bromo-2-fluoro-3-(1 H-pyrazolo[3.4-c]pyridazin-3-~ylmethyl)-phenoxy]-isophthalonitrile;
trifluoroacetate salt (R-77) was prepared analogously except in step 3, R-55 was replaced by R-
24,

25  5-[6-Ethyl-2-fluoro-3-(1 H-pyrazolo[3,4-c]pyridazin-3-ylmethyl)-phenoxy]-isophthalonitrile (R~
78) was prepared analogously except in step 5, R-55 was replaced by R-36.

3-Chloro-5-{6-¢ethyl-2-fluoro-3-(1H-pyrazolo[3,4-c]pyridazin-3-yimethyl)-phenoxy]-benzonitrile
(R-79) was prepared analogously except in step 5, R-55 was replaced by R-32.

3-Chloro-5-[6-cyclopropyl-2-fiuoro-3-( 1 H-pyrazolo[3,4-cIpyridazin-3-yhmethyl)-phenoxy]-
30 benzonitrile (R-80) was prepared analogously except in step 5, R-55 was replaced by R-38.



step 5 - A solution of R-84b (0.15 g, 0.274 minol), p-TsOH (0.10g, 2 eq) and hydrazine (0.03 mL, 2 eq)
in IPA (2 mL) was heated to 80C for 16 h. The reaction was cooled to 0OC and H20 (2.6 mL) was 10
added. The pH of the resulting solution was adjusted to ca. 9 with 20% Na2CQgJ3. then further diluted
with H20 (5 WIS A Rhhed up to RT for 1 h. The cloudy mixture was poﬂ?ercFlnztogfgtg,&c and the
organic layer washed sequentially with water and bgigie, dried (Na2S04), filtered and evaporated. The
crude product was purified by Si02 chromatography eluting with a MeOH/DCM gradient (2.5-10%

2"5‘3[2'?? 39 SSCQUBIRS TGRS YA O EPAGAIANFSaIRIDNARAY.0 (34%) of R-82
uoro-

methanesulffinimeili - henoxv - benzonitrile (R-85) = 3-ehlgro-5-e
2 4-difluoféphidalandtels {R-§h ¥ e&aﬁa@%"(ﬂyﬁﬁep@ T@tﬁ?rﬁoﬁ # %ﬁ%cfé%} h\%“\}vas added
K2CO3 (846 mg, 6.12 mmol), Pd2(dba)3 (840 mg, 0.92 mmol), Xantphos (600 mg, 1.04 mmaol,
CASRN 26, P%ﬁéﬁfé:’éooﬁtﬁ)o%ldN@Mﬂtﬁmmgo}ﬁg&ﬁ@ztﬁmql}ﬂdﬂ@M%GWSdega@sed and then

heated to 135C, u on balloon for The react|on oole to RT rine (80 mL)
was addeBe“IZﬁ&‘m?%g}% ﬂf’isgé%fﬁ%ag?g %‘fg@t X& Gk %)gte?hel\lﬁngge%ﬁ%ppﬁggeb was Eack extracted
with EtOAc (2 x 70 mL) and dried (MgS0O4), filtered and concentrated in vacuo. The crude product was
purifieg bw%&@tmmmaﬁ@gi@hyﬁbgﬁmM{Bhﬁar];&t%ﬂhex;ane@mﬂmm&ygﬁ%pﬁﬁtﬁtﬁﬁm)d;o afford

2.3 of R-86h,as a 009/080 34PCT/E 200 1067 145 of
iy e e TS S R R T 8%%3‘ lr:)aFtIHI)C BEl
dropwise a solution of OXONE(r) (7.35¢g, 11 96 mmoI) dlssolved in Water (22 mL) After the addltlon
was compietaithe -thixtiiEwasistilxed ) [dipaitize Goplimiy e resulting
mixture was sgg{e% og &ght and then heated to 50C 5 for 4h. The reactlon was cooled to RT and an
agueous $Oofi aHCO3 was added dropwise until no further frothing observed. Water (20

mL) was added and the mixture was extracted with EtOAc (40 mL). The extracts were washed with
brine (40 mL) and the brine was pack-extracted with EtOA(F (2 R‘SO At$:The combined the EtOAC

extracts were dried ArQ K %
R-443  —mencim ¥ ¥V s R-82
’ step 1 -~ O Ay Stepd
F,CH
R-83a: R=DBr R-84a: R'= C0O,-Bu
sep2 [ R g3 R = CH,CO,-Bu S1P 4 e R r-n

Arx = 3-chloro-3-cyano-phenyl; Ar' =2, 4-fluoro-phenyl

10 step 1-To asolution of R-44a (3.2 g, 9.04 mmol) in DCM (12 mL) was added sequentially
DAST (3.2 g, 2.2 eq) and EtOH (0.02 g, 0.05 ¢q) and the reaction mixture was stirred for 16 h.
The reaction mixture was partitioned between aqueous NaHCO; and DCM. The organic layer
was washed sequentially with water and brine, dried (N2;S0O,), filtered and evaporated to afford

1.9 g (56%) of R-83a.

15 step 2 - To a solution of R-83a (1.9g, 5.045 mmol) and Pd(O)[P{zert-Bu):], (0.39 g, 0.15 eq) in
dioxane (30 mL) at RT was added 2-fert-butoxy-2-oxoethylzinc chloride (25 mL.; 0.5M solution in ether)
and the resulting solution was stirred at RT for 6 h. The reaction was partitioned between aqueous HCI
and EtOAc. The organic layer was washed sequentially with water and brine, dried (Na;SO,), filtered
and evaporated. The crude product was purified by Si0: chromatography eluting with an EtOAc/hexane

20 gradient (2-12% EtOAc) to afford 0.65 g (30%) of R-83b.

step. 3 - To a solution of R-75b (0.088 g, 1.1 eq) and DMF (1 mL) was added CDI (0.06g, 1.15 eq) and
the solution was heated to 50° C for I h. The reaction mixture was cooled to -25° C and a solution of R-
83b (0.13 g, 0.316 mmol) and DMF (1 mL) and NaH (0.04 g, 3.2 eq) were added. The reaction mixture

was slowly warmed to RT and stirred for 6 h. The reaction mixture was partitioned between sat'd agueous



(MgSO04), filtered and concentrated in vacuo to afford 2.5 g of R-86c¢ as a light white-yellow 10solid.
step 3 - To a solution of R-75b (274 mg, 1.1 mmol) in dry DMF (8 mL) was added CDI (188 mg, 1.2
mmol). The mixture was heated to 50C for 2 h then cooled to -10 C. A solution of R- 86¢ (500 mg; 1.14
mmol) in DME' &P added via syringe. To the cooled mixture was abfdE&RYE B2 mg, 3.81
mmol, 60% in mineral oil) over 20 min in three equg} portions. After 15 the addition was complete the
mixture was stirred for 15 mm and then the cooling bath was removed and stirring continued for 1 h.

E?Ot:e &%‘%ﬁg@@%%&ﬁ{@ﬂ@ﬂ%@ﬁ%ﬁ_?%t'ghég%%%iéﬁaw(17%' YRshak S)eth:lllla[ ThM ﬁ%@t%c@gﬂ% L) and

c ..The mixture was agitated and.th C phase_separated. The aqueous phase was
back-extra%ce%(gvaliﬁ%}gﬁgrav ?(néﬁ‘%’tl’l‘_)ﬁfa%i@ %%t?h%iﬁéegﬁ %ggg@tgfv?\}égeadried (MgS04), filtered and
evaporated. The crude product was 20 purified by Si02 chromatography eluting with an EtOAc/hexane
gradient (581td 1669 ECOACR #faffold.(0 256 qof RAFESIaNEIfawXdamyisadideite. 4 miTiovassolution
of R-872 (50,191 038 i) 1AARISEIR (Aub) AR AYIRLANIRNEH heribANIAIIUa-LLA3 the). The
mixture was heated to 140C for and then cooled to RT. The mixture, conceptrated in vacuo.
The reSicds e Lo R B EAORF A LTS B I AT AR L D eALRE 28 moy. The
mixture wakaptired afiRTide drdiubicreapitdiedb THE Riopvasismdvigingasiioeh Withishega25 mL) and

the aqueous salutigrsbackeatiasteshwith £10As(2x284BIL). The combined organic extracts were
dried (MgSO4), filtered; and concentrated to afford 0.215 g of R-87b as a light orange-yellow solid.

steps- To a soJution of R-8 , 0.38 mma)) in_|P ) was added. p-TsOH (144 30 mg) and
hydprazine %%?o#été w%&nﬁgggé)@ﬁ% ?ﬁ%)%urf}émi 28 T#%%%e%“[%} %(\Jl%ﬁ?na grﬁ %d'ﬁ 15:,[&%.8%6%3?&%28 h.
The reactirifisiueewas osiet £ FTiand vatks @B Mes200k GHUESLANE@ (2.6 mL) was
2009/&8953&~&T%{Cfﬁ5512@9§1&%3&?14g BniliAAe Qﬁz_g%&mla)l I@hamd@@ﬂim;@ébfyva@g&ﬁ%?ﬂ&mi@added
sequentia e mixtyre was, stirr r a then. allowed to stan . . e resultin
et T B B B e e W Bl b IR 09 e
These serffivpuresked paivarelporibiredr andbansoted BdOoidi e padativeomicd glhaeragid developed
with EtOAGRd-adfarfub Q59950 RiBenas adightenhiie areage:0olid c B LenGdalqros A i arecBr(1H-pyrazo

lopvrid a z{R: 3 IMENV NP R MRS 18 BN CREAMEIRE L A9 or r-s2.

15 3-Chloro-5-[2-fluoro-6-methanesulfonvl-3-(1H-pyvrazolo[3.4-clpyridazin-3-vlmethyvD-phenoxyl-

benzonitrile (R-85)

e | R-86a: R = Br R-87a: R' = CO-Bu
Pl ek - s sep 4l o reE

step 2 Loge Rog6e: R = S0,Me
Ar = 3-chlore-5-cyano-phenyl; Ar' - 2,4-difluoro-phenyl
step 1 - To a solution of R-86a (4.03 g, 9.15 mmol) in m-xylene (60 mL) was added K,CO; (846
mg, 6.12 mmol), Pdz(dba); (840 mg, 0.92 mmol), Xantphos (600 mg, 1.04 mmol, CASRN
20 161265-03-8) and NaSMe (810 mg, 11.36 mmol). The mixture was degassed and then heated to
135°C, under an argon balloon for 20 h. The reaction was cooled to RT and brine (80 mL) was
added. The mixture was extracted with EtOAc (80 mL). The agueous phase was back-extracted
with EfOAc (2 x 70 mL) and dried (MgSQy,), filtered and concentrated in vacuo. The crude
product was purified by SiO; chromatography eluting with an EtOAc/hexane gradient (5-20%
25 EtOAc) to afford 2.3 of R-86b as a yellow oil.



R-75b MO CO2it'step2 R-16:R =Etstep 1R 88: R =tert-Bu r-- R-89a:

R'= CO2-tBu

step 3 Le R-89b: R' = H Ar = 3-difluoromethyl-5-eyano-phenyl; Ar' = 2,4-fluoro-phenyl step 1 - R-16
was hydrolyzed to the corresponding carboxylic acid with LiOH in aqueous THF 10 té%stirring at RT for

3 h. Routine WQr%Q?B"égﬁt‘%ed the acid which was converted to the tertbuty? E&Eﬁ%’/ﬁ

Y a

tert-BuOH solution of the acid, Boc-anhydride and RQMAP for 2 h. The crude product was purified by

Si02 chromatography eluting with 5% EtOAc/hexane to afford R-88. step 2- To a soluti
(0.4859, L4 ;_mn?elh%&qﬁBMEf@mb)ngEﬂ@.@@ﬁ%ﬁ@ﬁ fiasled b yasadded 98F (@349

and the solution was warmed to 50C for

mmol) in & smafcdiHBuRrEs FEIERE R del IR BPREH

on of R-75b
SALHimmol)

mm then cooled to 0 C. A solution of R-88 (0.720 g, 1.75

(0% 149 MAbLEISEE hieral oil

dispersionyaidaereactomwas:siiaemior 1R theniaddad tg:cold sasdtiaguaaus Midial. dibeseolid

precipiate uigs cplleted weshep wih waler and cried I vacup to.ato/d 0978 0,01 ;823 ¢ brown

coolmg bat ¢ resultmg mixture was stur

solid.
5 for4h. The reaction was cooled to RT and an aqueous solution of sat'd. NaHCO; was

added

dropwise until no further frothing observed. Water (20 mL) was added and the mixture was

extracted with EtOAc (40 mL). The extracts were washed with brine (40 mL) and the brine was

back-extracted with EtOAc (2 x 30 mL). The combined the EtOAc extracts were dried

(Mg80.,), filtered and concentrated in vacuo to afford 2.5 g of R-86¢ as a light white-yellow

10 sohd.

step 3 - To a solution of R-75b (274 mg, 1.1 mmol) in dry DMF (8 mL) was added CDI (188
mg, 1.2 mmol). The mixture was heated to 50°C for 2 h then cooled to -10°C. A solution of R-

86¢ (500 mg, 1.14 mmol) in DMF (5 mL) was added via syringe. To the cooled mixture was

added NaH (152 mg, 3.81 mmol, 60% in mineral 0il) over 20 min in three equal portions. After

15 the addition was complete the mixture was stirred for 15 min and then the cooling bath

was

removed and stirring continued for 1 h. To the solution was carefully added sat'd aqueous
NH4C1 (5 mL), followed by water (30 mL) and EtOAc (40 mL). The mixture was agitated and
the EtOAc phase separated. The aqueous phase was back-extracted with EtOAc (2 x 30 mL).

The combined extracts were dried (MgSOy), filtered and evaporated. The crude product was

20 purified by SiO, chromatography eluting with an EtOAc/hexane gradient (50 to 100% EtOAc) to

afford 0.256 g of R-87a as a yellow foamy solid.

step 4 - To a solution of R-87a (256 mg, 0.38 mmol) in anisole (5 mL) was added powdered

boric anhydride (133 mg). The mixture was heated to 140° C for 1 h and then cooled to

RT. The

mixture was concentrated in vacuo. The residue was cooled (ice bath) and partitioned between

25 water (25 mL) and EtOAc (25 mL). The mixturc was stirred at RT for 1 h then agitated. The

EtOAc phase was washed with brine (25 ml) and the aqueous solution back-extracted with

EtOAc (2 x 20 mL). The combined organic extracts were dried (MgSO.), filtered, and
concentrated to afford 0.215 g of R-87b as a light orange-yellow solid.

step 5 - To a solution of R-87b (215 mg, 0.38 mmol) in IPA (2 mL) was added p-TsOH (144
30 mg) and hydrazine hydrate (0.04 mL, 85%). The mixture was heated to 80° C under a N,

atmosphere for 18 h. The reaction mixture was cooled o RT and water (3.5 mL), 20%

aqueous



20 step 3 - To a solution of R-89a (0.978 g, 1.51 mmol)in anisole (7.5 mL) was added boric anhydride
(0.527 g, 7.57 mmol) and the resulting solution was heated to 140 C for 2 h. The reaction mixture was
cooled in an ice bath and the solution partitioned between EtOAc and H20. The organic phase was
separated, WSS W"B”rme dried, filtered and concentrated in vacuo. IR 20kioa 2
2009/080534PCTTEP2008/067274 -69- The crudegroduct was purified by Si02 chromatography
eluting with 1% MeOH/DCM to afford 0.580 g of R-89b. step 4 - A suspension of R-89b (0.580 g, 1.06

mmol) anetgsis.aid M%ga@d%mmmmt%@ ML astisgeALRYT. fameehmineFhg solution was
stirred at 80 C untll the reaction was 5 comf%_ete The reaction mixture was co éged than ice-bath then

H20 (10.65HITS! S0n HELEBLENZPewS 19 S Al db (B8 T e i St 83 AR and the
resulting r&@mutedswrﬂﬁr@&dﬁTAQfedohd The (es0 htmggmemp&aé&wasmﬂeﬁnadmaemﬂmﬁhﬁd&o and

dried in vacuo to afford he f res disclos for ser ti [ the
following S eé%?é%é%‘a%}%“t% ?rﬁ 10 speC| {:51 &R ﬁ%\i%?ﬂﬁg ?aacr%%ans Fgo per o%n?r%‘%te

disclosed funfftioh( .66 S gnéiReéts er plogdessfor raﬂag@in@iime disclosed result, as appropriate, may,
separately, or in any comblnatlon of such features, be ut|I|zed for realizing the invention in diverse

forms thereog tgﬁlogglvgay ﬁ# !p#gt@é!pn and
' 0 on skill'in rt that 15

example, .

changes detizomiiticHid¥s may be practrced within the scope of the appended claims. Therefore, it is
to be understood that the above description is intended to be illustrative and not restrictive. The scope
of the invention should, therefore be determined not with referencg, to the above description, but
should instead be deteiry [ app ndad claims, along with the full
scope of equivaléfitsermigieMsus b 2Q FTTe " publlshed ap lications, and
scientific literature reffirre jwiegige ';" th@ﬁﬁ-@kl” the $ and are hereby
incorporated by reférent e in their entlreqtyito the sBime gktent as if each Was speC|f|caIIy and
individually indicated to be |ncorporated by reference. Any conflict between any reference cited herein
and the spegifi{Tea eaﬁ‘% % “this specifications shalkpe ﬁoh‘/é‘aﬂrrﬁfa\%?zoqtthe latter. Likewise, any

conflict between an a linderstood definition of a word orlp?ﬁ’ét% “atld a definition of the word or

phrase as specifically tayght.inriis-spacificatian shalt.be-resalvrdrinpiavear of the latter. - 70 -

step 1 — R-16 was hydrolyzed to the corresponding carboxylic acid with LiOH in aqueous THF

10 by stirring at RT for 3 h. Routine workup afforded the acid which was converted to the terz-
butyl ester by stirring a fer--BuOH solution of the acid, Boc-anhydride and DMAP for 2h. The
crude product was purified by SiO- chromatography eluting with 5% EtOAc/hexane to afford R-
88.

step 2 — To a solution of R-75b (0.485 g, 1.92 mmol) and DMF (9 mL) in a flame-dried flask

15 was added CDI (0.326 g, 2.01 mmol) and the solution was warmed to 50° C for 65 min then
cooled to 0° C. A solution of R-88 (0.720 g, 1.75 mmol) in a small amount of DMF was added
followed by NaH (0.189 g 4.72 mmol, 50% mineral oil dispersion). The reaction was stirred for
1 h then added to cold sat'd. aqueous NH4Cl. The solid precipitate was collected, washed with

water and dried in vacuo to afford 0.978 g of R-8%a as a brown solid.

20 step 3 - To a solution of R-8%9a (0.978 g, 1.51 mmol)in anisole (7.5 mL) was added boric
anhydride (0.527 g, 7.57 mmol) and the resulting solution was heated to 140° C for 2h. The
reaction mixture was cooled in an ice bath and the solution partitioned between EtOAc and H2O.

The organic phase was separated, washed with brine, dried, filtered and concentrated m vacuo.



Claims 1. A compound according to foimula 5Swherein: Xl andX2 are N; Rl is fluorine or hydrogen; R2
Is hydrogen, halogen, C1,6 alkyl, C3-7 cycloalkyl, C1.6 haloalkyl, C1-6 alkoxy, or C1_6 alkylsulfonyl;
10Ar is phen%lg?substituted with one to three groups independently selected in each occurrence from
the group co s?ﬂ‘iﬂ%?ﬁ‘}drogen, halogen, cyano, C1.6 alkyl, C1 6 alkox§?€lglf%g?8/3ﬁ2§|7‘énd C3-7
cycloalkyl; R3 is independently selected in each ocgyrrence from the group consisting of: (i) CH20H
15(ii) CH20-C(=0)(CH2)0CO2R4 wherein n is 2 to 5; (iii) CH20-C(=0)CH20CH2CO2RA4 (iv)

CH20COR (1 EHRAGEOICHRAN 40, ChrhiRSaRty 200, CHE OR GIONOINIZAG fsducrogen
orCl 10 a%; R51s hydrogen or C1_10 alkyl, C1_10 haloalkyl, Ci_10 aminoalkyl, Ci_3

alkylamin(9= _gl@f bc13 dialkylamino-C1_10 alkyl, C2.10 alkenyl, C3_7 cycloalkyl, C1.6 alkoxY,
25C1_10 aminoalkoxy, C1_3 alkylamino-C140 alkoxyl, C1_3 dialkylamino-C[10

step 4 ~ A suspension of R-89b (0.580 g, 1.06 mmol) and tosic acid (0.404 g, 2.13 mmol) in IPA
(5 mlL) was stirred at RT for 20 min. The solution was stirred at 80° C until the reaction was

5 complete. The reaction mixture was cooled in an ice-bath then H,O (10.6 mL), 20% aqueous
Na,COs (2 ml.) and H,O (5.3 mL) were added sequentially and the resulting mixture stirred at
RT for 1 h. The resulting precipitate was collected, washed with H,O and dried in vacuo to
afford 89 mg of R-94.

The features disclosed in the foregoing description, or the following claims, expressed in their
10 specific forms or in terms of a means for performing the disclosed function, or a method or
process for attaining the disclosed result, as appropriate, may, separately, or in any combination

of such features, be utilized for realizing the invention in diverse forms thereof.

The foregoing invention has been described m some detail by way of illustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that

15  changes and modifications may be practiced within the scope of the appended claims. Therefore,
it 15 to be understood that the above description is intended to be illustrative and not restrictive.
The scope of the invention should, therefore, be determined not with reference to the above
description, but should instead be determined with reference to the following appended claims,

along with the full scope of equivalents to which such claims are entitled.

20  The patents, published applications, and scientific literature referred to herein establish the
knowledge of those skilled in the art and are hereby incorporated by reference in their entirety to
the same extent as if each was specifically and individually indicated to be incorporated by
reference. Any conflict between any reference cited herein and the specific teachings of this
specifications shall be resolved in favor of the latter. Likewise, any conflict between an art-

25 understood definition of a word or phrase and a definition of the word or phrase as specifically

taught in this specification shall be resolved in favor of the latter.



alkoxy, - 71 - NR7127b, phenyl or pyridinyl said phenyl or pyridinyl ring optionally independently
substituted with Ito 3 substituents selected from ghﬁ)group consisting of halogen, to alkyl, C1-3 alkoxy,
nitro and cyano; R6 is C1.6 alkyl or the side chain of a naturally occurring amino acid; 5R7a and R7b"
are independently hydrogen, C,.6 alkyl or C1_10 aminoalkyl C1-3 alkylamino-C1.40 alkyl, C1-3
dialkylamino-Ci.ii, alkyl; or, a pharmaceutically ackemable salt thereof. 2. A compound according to
claim 1 wherein: Ar is phenyl substituted with two groups independently selected in each 10occurrence
from the grdup/consistivied sichaidgeriodyamsladd C1_6 haloalkyl; Rl is fluoro; R3 is independently
selected in each occurrence from the group consisting of: (i) CH20-C(=0)(CH2).002R4 wherein n is 2
to 5; (i) CH20CORS5; and, 15(iii) C(=-0)R5. 3. A compound according to claim 2 wherein R3 is
CH20-C(-0)(CH2)2CO2R4. 4. A compound according ;th’tIaim 2 wherein Ar is 3,5-dicyano-phenyl,
3-chloro-5- cyano-phenyl or 3-cyano-5-difluorometfiyiyphenyl; R2 is bromo, chloro or C1.6 alkyl; and
R3 is CH20-C(=0)(CH2)"CO2R4. {

5 wherein:
X! and X* are N;
R’ is fluorine or hydrogen;

R%is hydrogen, halogen, C; alkyl, Cs.; cycloalkyl, C;¢ haloalkyl, Ci6
alkoky, or Cy alkylsulfonyl;

10 Ar is phenyl substituted with one to three groups independently selected in
each occurrence from the group consisting of hydrogen, haio.gen, cyano, Ci.g

- alkyl, Cy6 alkoxy, Cy.¢ haloalkyl and Cs.7 cycloalkyl;
R’ is independently selected in each occurrence from the group consisting of:
(i) CH,OH
15 (ii) CH,0-C(=0)(CH,),CO,R* wherein n is 2 to 5;
(iii) CH,0-C(=0)CH,OCH,CO,R?
(iv) CH,OCOR?;
(v) CH,OC(=0)CHR®NH,;
(vi) C(=0)R"; and,
20 (vii) CH,OP(=0)(OH),;
R? is hydrogen or Cy_ alkyl;

R is hydrogen or Cy.i¢ alkyl, Cj.10 haloalkyl, Ci.y aminoalkyl, Ci3
alkylamino-C,_jg alkyl, C.3 dialkylamino-Cj_jo alkyl, Cs.10 alkenyl, Cs.7
cycloalkyl, Ci.s alkoxy,

25 Cy.1p aminoalkoxy, C 3 alkylamino-C,_yp alkoxyl, C;_5 dialkylamino-Cy_ ¢
alkoxy,



- 72 - 5. A compound according to claim 1 which compound is selected from the group consisting of:
Succinic acid ST -
mono-1344-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluorobenzylkpyrazolo[3,4-c]pyridazin-1-yhnethyll
ester; 5Succinic acid mono-1344-bromo-3-(3,5-dicyano- phenoxy) -2-fluoro-benzy1]- | '

pyrazolo[3, mﬂam?amwwmhﬁm@smﬁ%wmuowm oing optionally independently

(344- chloro n e 2-fluor azolo in-1 ethyl ester;
3 44-Bromo:3 %&%oro%‘%%’n%s%ﬁeﬁoxyﬁ él%%’?o enzy %y %1 f lpl% fﬁ;ﬁl Z|)€m -carboxylic
acid methyl,estéy] Feniatiedigici#eicind cyano;
mono-{344-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluorobenzylkpyrazolo[3,4-c]pyridazin- 1 -ylmethyll
ester; Acetic acid ﬁ%ﬁ‘om@@K@rdhmwl@mnofphmmmmmg@mm]wd

pyrazolo[3,4- c]pyndazm 1- yImethyI ester; 1 5(S)-2-Amino-3-methyl-butyric acid
344-brémo-3-(3-cHiorasi R Arise p?@ﬁé&??lllﬂ@dﬁb%éﬁdﬂi@%@ﬂdb%m@}m@m&m@-vyimethyl ester;

{344-Bromo-3-(3-chlarpsp:6Yan o PRENo); 4 51'1%/%:9%2@ BW'B[:” 4-

c]pyridazin-1-ylmethoxycarbonylmethoxyl -acetic acid;

344-Bromo-3-(3athlet zeatyan- %@@ XY s%ﬁllﬁgg&(genzyll pyrazolo[3,4- c]pyridazine-I-carboxylic acid
ethyl ester; 344-Bromo-3-(3- chloro- -cyano-phenoxy)-2-fluoro-benzyll-pyrazolo[3,4-

clpyridazinez|-catmpdisracid isAignyl estar S3uesinic acid mono-
{344-chloro-3-(3,5-dicyano-phenoxy)-2-fluoro-benzyll- pyrazolo[3,4-c]pyridazin- 1 -ylmethyl} ester;

Ar is phenyl substituted with two groups independently selected in each

10 occurrence from the group consmt}ng of halogen, cyano and C ¢ haloalkyl;
R is fluoro;
R? is independently selected in each occurrence from the group consisting of:
(i) CH,0-C(=0){CH2)aCOsR* wherein n is 2 to 5;
(ii) CH,OCOR?; and,
15 (iil) C(=0)R>.
3. A compound according to claim 2 wherein R? is CH,0-C(=0)(CH,),CO,R".

4. A compound according to claim 2 wherein Ar is 3,5-dicyano-phenyl, 3-chloro-5-
cyano-phenyl or 3-cyano-5-difluoromethyl-phenyl; R? is bromo, chloro or C. alkyl;
and R? is CH,0-C(=0)(CH,),CO.R".



3[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyll-pyrazolo[3,4- c]pyridazine-1-carboxylic acid
2-dimethylamino-1-methyl-ethyl ester; Pentanedioic acid mono-
{3-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2- 10fluoro-benzyll-pyrazolo[3,4-c]pyridazin-1-ylmethyll
ester; Hexanedioic acid mono-{344-bromo-3-(3-chloro-5-cyano-phenoxy)-2-

fIuoro-benZ\’leTf&yrmplm[ﬁddac{)}p;didgzipeﬂamatﬂyﬂiesjmound is selected from the group o
3-[3-(1-Ace%lﬂéggﬁgg%zolo[3,4-0]pyrlda2|n-3-y|methyl)-6-bromo-2-fluorophenoxyl-5-chIoro-benzonltrlle

; 153- {6-Bromo}- 0ro-341-(pyridine-3-carbony1)-1H-pyrazolo[3,4-

c]pyridazin-3-ylmethylj-phenoxyl-5-chloro-benzonitrile 3
-[6-Bromo-2-fluoroS3qdinsobudmyand H3ptdroiof33 4 eidazinygno-phenoxy)-2-fluoro-
ylmethyl)-phenoxyi)-él-g 0 9,—Q§(% iiile ';aﬂﬁié' _1-v1ER g%@feradd =
mono-{3-[4-bromo-3-( -é]ot#oro-S-cg%no% enoiyr/l)-z}{‘lalo?o? benzyl]-pyrazolo[3,4-c]pyridazin-1-ylmethyl
| ester. -74-6. A ghatmaceutical composition comprising a therapeutically effective quantity of a
compoénd accordi

ECRNARIIHY AP A B Catfier SSXAPeRR Sioegnt uoro-benzyl]-
pyrazolo{3,4-c]pyridazin-1-ylmethyl} ester;

Succinic acid mono-{3-{4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-

benzyl]-pyrazolo[3,4-c]pyridazin-1-ylmethyl } ester;

3-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-
10 c]pynidazine-1-carboxylic acid methyl ester;

Pentanedioic acid mono-{3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-

benzyl]-pyrazolo[3,4-clpyridazin-1-ylmethyl} ester;

Acetic acid 3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl}-
pyrazolo[3,4-c]pyridazin-1-ylmethyl ester;

15 (S)-2-Amino-3-methyl-butyric acid 3-[4-bromo-3-(3-chloro-3-cyano-

phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-c]pyridazin-1-ylmethyl ester;

{3-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl|-pyrazolo[3,4-
clpyridazin-1-ylmethoxycarbonylmethoxy}-acetic acid;



10

15

20

- 73 -

3-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl |-pyrazolo[3,4-
c]pyridazine-1-carboxylic acid ethyl ester;

3-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl |-pyrazolo[ 3,4~

clpyridazine-1-carboxylic acid 1sopropyl ester;

Succinic acid mono-{3-{4-chloro-3-(3,5-dicyano-phenoxy)-2-fluoro-benzyl]-

pyrazolo[3,4-clpyridazin-1-ylmethyl} ester;

3-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-benzyl]-pyrazolo[3,4-
c]pyridazine-1-carboxylic acid 2-dimethylamimo-1-methyl-cthyl ester;

Pentanedioic acid mono-{3-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-

fluoro-benzyl]-pyrazolo[3,4-c]pyridazin-1-ylmethyl} ester;

Hexanedioic acid mono- {3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-

fluoro-benzyll-pyrazolo[3,4-clpyridazin-1-ylmethyl} ester;

3-I3-(1-Acetyl-1H-pyrazolo!3,4-c]pyridazin-3-ylmethyl)-6-bromo-2-fluoro-

phenoxy]-5-chloro-benzonitrile;

3-{6-Bromo-2-fluoro-3-[1-(pyridine-3-carbonyl)-1 H-pyrazolo[3,4-

clpyridazin-3-ylmethyl}-phenoxy}-5-chloro-benzoniirile

3-[6-Bromo-2-fluoro-3-(1-isobutyryl-1H-pyrazolo[3,4-c]pyridazin-3-
ylmethyl)-phenoxy]-5-chloro-benzonitrile; and

Phosphoric acid mono- {3-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-

benzyl]-pyrazolo{3,4-c]pyridazin-1-ylmethyl} ester.
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6. A pharmaceutical composition comprising a therapeutically effective quantity of a

compound according to claim 1 and at least one carrier, excipient or diluent,



