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Pl PERI DI NE AM DES REFERENCE TO RELATED APPLI CATI ONS Thi s application cl ains
the benefit of U S. Provisional Application Serial S Nunber 60/383, 509
filed May 28, 2002. FIELD OF THE I NVENTION Thi s invention provides
conpounds having drug and bio-affecting properties, thei har.ma i cal
conpositions and nethod of use. In particular, the 10 in\;reIHBY%’ﬁbﬁr?SHé
concerned with new piperidine 4-al kenyl defivatives that possess unique
antiviral activity. More particularly, the present invention relates to
conpounds wuseful for the treatnment of H 'V and Al DS. BACKGROUND ART 15

H V-1 (human i i.clLenc Lrus -1) infection remains a mjor nedical
problem with m t%gA@)%&&q TEDHEEEROE Kok IGdidd BN YLhe end
of 2002. The nunber of cases of HipypRRIODWIPENMIEAGUI red | nmunodefi ci ency
syndrone) has risen rapidly. In 2002, -5.0 mllion new infections were
reported, and 3.1 mllion 20 people died fromAIDS. Currently avail able
drugs for the treatnent of REFZRENIRITO RPLAFEMAPPORIARIGNRYEr Se
transcriptase (RT) inhibitors or approved single pill

conbi nati ons(zi dovudi ne or AZT (or Retrovir(r)), didanosine (or Videx(r)),
stavudi ne (or Zeri tThiy ypplicativimveinginnde penefiBFICI St Plgpisional(ApplicativalSetislabi ne (or
DDC or Hivid{r) i i e r Ziagen(r)), Tenofovir disoproxil
fumarat e salé (%Ir bl reg%\(éfsgo?,%&gg\h%gjﬁb%é/@r(r) (contains -3TC plus AZT),
Trizivir(r) (contains abacavir, |am vudine, and zidovudine); three

non- nucl eosi de reverse transcri pgg§$ bﬁﬂ)‘;&i% 1,ﬁ%g}vrapi ne (or

Viramune(r)), delavirdine (or Re irenz (or Sustiva(r)),
and seven peptidom nmetic protease inhibitors or approved formul ations:

saqui navi r, indi navi:. 3; 6 Lt.onavi.r. nelfinavir, .
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propertics, their pharmacentical compositions and method of use. In particnlar, the

10 invention is concerned with new piperidine 4-alkenyl derivatives that possess unique
antiviral activity. More particularly, the present invention relates to compounds
useiul for the treatment of HIV and AIDS.

BACKGROUND ART

15
HIV-1 (human immunodeficiency virus -1) infection remains a major medical
problem, with an estimated 42 million people infected worldwide at the end of 2002.
The number of cases of HIV and AIDS (acquired immunodeficiency syndrome) has
risen rapidly. In 2002, ~5.0 million new infections were reported, and 3.1 million
20  people died from AIDS. Currently available drugs for the treatment of HIV include

nine nucleoside reverse transcriptase (RT) inhibitors or approved single pill
combinations(zidovudine or AZT (or Retrovir®), didanosine (or Vidcx®), stavudine
(or Zerit™), lamivudine (or 3TC or Epivir®), zalcitabine (or DDC or Hivid®),
abacavir succinate (or Ziagen®), Tenofovir disoproxil fumarate salt (or Viread@)),
25  Combivir® (contains -3TC plus AZT), Trizivir® (contains abacavir, lamivudine, and
zidovudine); three non-nuclecside reverse transcriptase inhibitors: nevirapine (or

. ® < g . . .
Viramune ™), delavirdine (or Rcscmptor®) and efavirenz (or Sustwa®), and seven

peptidomimetic protease inhibitors or approved formulations: saquinavir, indinavir,



Each of these drugs can only transiently restrain viral replication if used
al one. However, when used in conbination, these drugs have a profound
effect on viremia and disease progression. In fact, significant reductions
in death rates anong AIDS 5 patients have been recently docunented as a
consequence of the wi despread application of conbinatioglﬁ f%ﬂgy 0&$mever,
despite these inpressive results, 30 to 50% of patients ultina er ai
combi nation drug therapies. Insufficient drug potency, non-conpliance,
restricted tissue penetration and drug-specific qu;tations wWithin certain
cell types (e.gonavixs ncliingtie osnprenagivalopgmvic.annioKalbea phasphorapdaR gwhavm).
resting 10 cells) nmay account for_ the jnconplete_suggression of sensitive
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NNRTI have bee escribed in the,literature erc Ref..1 n
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appl i cation of KNMRTGSlidkS Kubiézkes;,Opensiloyes £047; Salphak dARlgence af Chndgy;
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devel opment of resistance (Pedersen & Pedersen, Ref 15). A recent overview

of non- nucl eosiaidy PreBiss peaicpdesd i pravisie acEe repimBRtOBHDS: per spect i ves on novel
t herapeutic conmpounds and strategies for the treatnment of H V infection.

has appeared (Buckheit , reference 99). i .
Currently marketed HIV-1 drugs are dominated by either nucleoside reverse

20  transcriptase inhibitors or peptidomimetic protease inhibitors. Non-nucleoside
reverse transcriptase inhibitors (NNRTIs) have recently gained an increasingly
important role in the therapy of HIV infections (Pedersen &‘ Pedersen, Ref 15). At
least 30 different classes of NNRTT have been described in the literature (De Clercq,
Ref. 16) and several NNRTIs have been evaluated in clinical trials.

Dipyridodiazepinone (nevirapine), benzoxazinone (efavirenz) and bis(heteroaryl)

b
o

piperazine derivatives (delavirdine) have been approved for clinical use. However,
the major drawback to the development and application of NNRTIs is the propensity
for rapid emergence of drug resistant strains, both in tissue cell culture and in treated
individuals, particularly those subject to monotherapy. As a consequence, there is
30  considerable interest in the identification of NNRTIs less prone to the development of
resistance (Pedersen & Pedersen, Ref 15). A recent overview of non-nucleoside
reverse transcriptase inhibitors: perspectives on novel therapeutic compounds and

straiegies for the treatment of HIV infection. has appeared (Buckheit , reference 99).




3 Novenber 2006 3 A review covering both NRTI and NNRTlIs has appeared (De
clercq, reference 100). An overview of the current state of the H'V drugs
has been published (De clercq, reference 101) 5 Several indole derivatives
i ncl udi ng i ndol e-3-sul fones, piperazino indoles, pyrazino i ndol es, and
5H i ndol of 3, 2-b] [ 1, 5] benzot hi azepi ne derivatives have be HRW%WE

H V-1 reverse transciptase inhibitors (Geenlee et al, ans et
al, Ref. 2; Romero et al, Ref. 3; Font et al, Ref. 17; Ronero et al, Ref.
18; Young et al, Ref. 19; Genin et al, Ref. 20; Silvestri et al, Ref . 21).
| ndol e 2-carboxam des have 10 al so been described as inhibitors of cell

adhesi on and H X rbnégebiping GBOSCRE! dnb MNYRBY has ea?e(ffaﬂe gigr%q, ra%iencéliOO)

3-substituted indol e natural products (Sem cochli odi nol

di deret hyl ast er P §UFTiBHeChig PEet st piobr AHV) drgs kasdiese lpe@eheda@q elbricii t or s
of HIV-1 protepsgcEigdenhagen et al, Ref. 22). 15 Structurally related
aza-indol e am de derivatives have been di scl osed previously (Kato et al,
Ref. 23; Levacher et al, Ref. 24; Donpe Spa, WO 09504742, Ref. 5(a);

Smi t hKl'i ne Beecham a 6 es Refin oles N “le
05023265, RE? 5(c);ﬁegﬁl-rlolv\/\\/{e%\/dgrg &%ﬁggve ?ﬁlu‘i&?%?aedsl?%fdg p i %‘sgﬁd ai med

herein in thatP¥¥ep indaleazandi -ﬁéimde?l%hbl[é#iMBmﬂa&Wmetdmmatmsyxmnabeﬁemcal
aza-i ndol e pi perhiS: Aver AlEAYLalSh AL SRS GEDES &8 NOTRALI an Of

t he use of these conpounds treating Vi ra rons, pdrti curf‘arl
HI V. Indol e andilaidi dbtrecrpipas Befi fréfonoeitadi Relniy; Rdmerwatalm It&:a\‘feuxl@an

di sclosed in thﬂef? P LS ued Lfgg lic
(Ref erence 93-9 °fi j(% iﬁgs%&ealégrf g@% HLEH 2015 s‘%&’}&yy °§6‘B§ﬂ§‘:f %Yf’ed
pi per azi ne Hhi dd®. bedlodescabed etseslebmppbf @dtadbetonding VSR fecbrP@obdhelicet 25
al kenyl corrpou(rjﬁi 2 ca%e cribed.in this i nv 9 e ion of the
group attache f(‘)j%{i ﬁ 2%?%6 c ‘y?“sﬁ%"f@ﬁ? 1}1(,;6718 PR EFOCQ‘B?‘ ( %@E‘Pé}f‘?]y‘*of t he
conpounds and omHB, dﬁi%mbﬂiyhstgﬂmumSnmﬂ\dédﬂ:GdQ@ﬂiﬁ@MW@Se aed16dad @x intvitbrsugef ul
| evel s of antivy WL ten d dru ? properties. 30 A PCT application
WD 97/ 24350 des ROLeRsE tidrhe g%‘?ttﬁgBﬁ '$ts sone of which are simlar in
structure to a very mnor portion of the structures in this application:
15 Structurally related aza-indole amide derivatives have been disclosed
previously (Kato et al, Ref. 23; Levacher et al, Ref. 24; Dompe Spa, W0-09504742,
Ref. 5(a); SmithKline Beecham PLC, WO-09611929, Ref. 5(b); Schering Corp., US-
05023265, Ref. 5(c)). However, these structures differ from those claimed herein in
that they are aza-indole mono-amide rather than unsymmetrical aza-indole piperidine
20 4-alenyl derivatives, and there is no mention of the use of these compounds for
treating viral infections, particularly HIV. Indole and azaindole piperazine containing
derivatives have been disclosed in three different PCT and issued U.S. patent
applications (Reference 93-95, 106) Those compounds describe oxo acetyl
substituted piperazine amides. None of these applications discloses piperidine
25 alkenyl compounds such as described in this invention. The selection of the group
attached to the oxoacetyl moiety is critical for the activity of the compounds and only
certain groups provide compounds which exhibit useful levels of antiviral potency

and druag like properties.

30 A PCT application WO 97/24350 describes Tachychin antagonists some of
which are similar in structure to a very minor portion of the structures in this

application:



3 Novenber 2006 4 Part of Clains in W97124350 HIliN~--A A and B are either
O (NN-/ e both Cor oneis N N\~Ris H halogen, hydroxy R or Cl-6

al kyloxy N H optionally substituted with I or 2 substituents sel ected
from Halo, Cl.4 alkyl, or nono,di, or tri halo nethyl. 2 substituents
selected fromHalo, Cl1-4 alkyl, or nono,di, or tri halo t hyl . e
conpounds are outside the scope of clains for this inven?’mﬁx@eﬁ%@?ng in
t hese references can be construed to digcl ose or suggest the novel
conpounds of this invention and their use to inhibit H V i nfection.
REFERENCES Cl TED p0: Bat.entwodpsemqgents 1. Greenlee, WJ.; Srinivasan, P.C

i ndol e reverse transcriptase . U. 3. Patient, 5, 124 327. 15 2 WI i ans,

T.M; G ccarone, T.M; Saari, W S a/iaﬁ}% ﬁqE arene' Bal ani |,
S.K.; Goldman, ME.; Theohrides, A O Iindd ﬁ in rtors of H V reverse
transcriptase. European Patent. 530907-"3. Ronero, gk hatedth@pRsy R C.;
Preparation of substituted i as anti-Al DS 2&cphakmaceuticals. PCT WO
93 / 01181. 4. Boschelli, D. B nnor, D.T.; Unangst, P.C.

| ndol e- 2- car boxani des as i nHibit'rs of cell adhesion U.S. Patent

5,424,329. 25 5. (a) Mant OVaibhnd sundiuied ARk bck bBsiitlems seilbd@hi fr@nchi o, L. Tropyl
- i -3- Halo, C1-4 alkyl, (i, or ri halo methyl,
/-azaindol -3- 2 substituonts selected frotn Halo, G1.4 Ay
or manodi, of iri halo methyl.

These compounds are outside the scope of claims for this inventioi.

5 Nothing in these references can be construed to disclose or suggest the novel

compounds of this invention and their use to inhibit HIV infection.
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25 SUMMARY OF THE INVENTION

‘The present invention comprises compounds of Formula 1, their
pharmaceutical formulations, and their use In patients suffering from or susceptible to
a virus such as HIV. The compounds of Formula I, which include nontoxic
30  pharmaceutically acceptable salts and/or hydrates thereof, have the formula and
meaning as described below. Each embodiment of a particular aspect of the

invention depends from the preceding embodiment unless otherwise stated.



R10 is selected fromthe group consisting of H (d-6)alkyl,
-C(O-(d-6)allyl, 10 (O -phenyl and CONRL1R12; R1' and Rl12 are each

i ndependently H, (Cl.6)al kyl or phenyl; represents a carbon-carbon bond or
does not exist; 15 Dis selected fromthe group consisting of hydrogen,
(C1-6)al kyl, (Cl.6)al kynyl, (C3-6) cycloal kyl, hal ogen, ﬁéanob ;@%IRBZRBS,
-S02 R32, COR32, COORS, tetrahydrofuryl, pyrrolidinyl, !

het eroaryl ; wherein said (d-6)alkyl, il 1-6) al kynyl , phenyl and

het eroaryl are each independently optionally substituted 20 with one to
three sane or different_ ne ed from.t , _heteroaryl is
sel ected fromthe gr oupﬂﬁg %{ﬁﬁgéﬁm . % : i@ﬁ&%ﬁwazol yl,

i sot hiazolyl, oxazolyl, isoxazol yI i m dazol y oxadi azoI yl, thiadiazolyl,

pyrazolyl, tetrazolyl, _triazolyl. pyridin ridazinyl, and
pyrazol vl teliaohyl . bk oot PULLALN  BMCRELIV, YT SEZi L

het er oaryl ; \Mp@ﬁleiaaelmaﬂ@ phepyble sdd thedesf, ORhivh @t eef&wh: lafiiheRE ngteis )| y
optionally substJt %h on?ﬁi? three sane or different menbers

sel ected fromPAHE 1o G ‘eroaryl is selected fromthe group

consi sti ngsof pyridi nyI pyrazinyl, pyridazinyl, pyrimdinyl, furanyl,

thi enyl, benzothien ¢ t hi.azol %% i sot hi azol yl oxa ol yl, gen ooxazol yl,

i soxazol yl, inidaz6 Feuﬁiﬁ?d’é%ﬁ?i th?%i%“?lﬂecﬂmﬂoﬁ?qf Spanua n-2-yl,
IH i m dazo[ 4, &yt aéesprable QKagRsQl Y, thiadi azalyl, pyrazolyl,
tetrazolyl, tetra2| nyl, ‘triazinyl and tri azol yl; wth the provi so that
when mis I and Ais ben20| m dazolyl, iHim dazo[4 5- b]pyridin-2-yl or

1H i mi dazo[ 4, 5-c]pyridin-2-yl, Dis notz-H, 3 Novenber 2006 1S R15, RI16,
R17, Ri b, R19, R20, R21, R22 are each |naé\pendently sel ected fromthe group
consi stinggof Hand (C1.6)al kyl; Werein (Cl4)al kyl is optionally
substituted with one to three sane or different hal ogen, am no, OH, CN or
NO2; 5 Bis selected fromthe group consiisti ng of (G -6)alkYl,

(C3s)cYcl oal kYl, C(O NR23R24, phenyl and heteroaryl; wherein said Cal c 1
phenyl and het E?&?’yl are independently optionally substituted with one to

three sane or different ogens or fromone to three sane or different
substituents s‘,_eilsect ed fr ~; heteroaryl is selected
Q ;

m

15 Qs selected from the group consisting of:

l
m . fl’\f
/ H !
)\?\I/» EfN f NR? and R e

-W-is
20

R R* R RY and R are independently selected from the group consisting of
hydrogen, halogen, cyano, nitro, COORB, XRQ, and B;



fromthe group consisting of pyridinyl, pyrazinyl, pyridazinyl,
pyrimdinyl, furanyl, 10

t hi enyl , benzot hi enyl , t hi azol yl, i sot hi azol yl , oxazol yl , benzooxazol yl , i soxazol
yl, imdazolyl, benzoim dazolyl, 1H i m dazo[4,5-b]pyridin-2-yl,

1H i m dazo[ 4, 5- c]pyridin-2-yl, oxadiazolyl, thiadiazoly raz ,
tetrazolyl, tetrazinyl, triazinyl and triazolyl; 15 F i%D§§¥%@?§%%kron1the
group consisting of (Cl-6)alkyl, (C3.6)cycloal kyl cyano, phenyl,

heteroaryl, heteroalicyclic, hydroxy, (G i$6)allcoxy, hal ogen, benzyl
-NR25C( O - (C14)al kyl, -NR26R27, norpholino, nitro, -S(Cr_6)alkyl, -SPm
NR25S( O 2- R26,mi2Bomn®9, 30 said (CL.6)al kyl, heteroaryl, or phenyl i's
optionally substituted with one to three sane 20 or di f f er ent hal ogens or
one to three nmethyl groups; heteroaryl is selected fromthe group

consi sting of frifia0Wr dodshioeewid; thi azol yl, isothiazolyl, oxazolyl,

i soxazolyl, imdazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl,
trazolyl, pyridinyl, pyrazinyl, pyridazinyl, and pyrimdinyl;
heteroalicyd i cris(chget.ed fromthe group consisting of aziridine,
azetidine, pyrrolidine, piperazine, N nethyl piperazine, 25 piperidine,
tetrahydrofyran, tetrahydropyran, azepine and norpholine; Gis selected
fromthe group £gpsd:sting of (G -6)alkyl, (C3-6)cycloal kyl cyano,
trimethylsilyl, phenyl, heteroaryl, heteroallcycllc hydr oxy, (CL.6)al koxy,
hal ogen, benzyl -NRQSCXC» (CL_ 6)a|ky| -NR26R27, -C(O) NR26R27,

ror ol 0,10 SR L Ao MESB 0 G oo 221

het er oaryl , Hbr‘%ﬁ%m@@nﬂeuhb®mﬁn3fty substituted with one to three same or
di fferent halogens or one to three nmethyl groups; heteroaryl is selected
fromthe group conS|st|ng of furanyl, thienyl, thiazolyl, 3 Novermber 2006
1 9 isothiazol >R ami@’f@teydaqh mé&pxmboﬂyH (Glmaﬂakmmhnyl oxadi azol yl,

t hi adi azolyl, pyrazolyl, tetrazolyl, triazolyl, pyridinyl, pyrazinyl,

pyri dazi nyl, and pyrinidinyl; | ; heteroalicyclic IS selected fromthe
group consi sti nrg rqfresa@s & cabdecartamdibhd bindnes pytrekdt; i di ne, pi per azi ne,

N- net hyl pH erazi ne, piperidine, tetrahydrofuran, tetrahydropyran, azepine
and 5 norpholine; Kis selected fromthe group consisting of (Cl-3)alkyl,
hydroxy, (Cl _3)aislkseissted fraddigeiRoup consisting of hydrogen, (Cy.g)alkyl, (Cy¢)alkynyl,

(Cs.6) cycloalkyl, halogen, cyano, -CONR¥R®, -502 R¥, COR™, COOR?,
tetrahydrofuryl, pyrrolidinyl, phenyl and hetercaryl ; wherein said (Cj.g)alkyl,
(Cig)alkynyl, phenyl and heteroaryl are each independently optionally substituted

20 with one to three same or different members selected from the group G; heteroaryl is
selected from the group consisting of furanyl, thienyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazoiyl, imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl,
triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl;

25 Ais selected from the group consisting of phenyl and beteroaryl; wherein said phenyl
and heteroaryl are each independently optionally substituted with one to three same or
different members selected from the group K; and heteroaryl is selected from the
group consisting of pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, furanyl, thienyl,
benzothienyl, thiazolyl, isothiazolyl, oxazolyl, benzooxazolyl, isoxazolyl, imidazolyl,

30  benzoimidazolyl, 1H-imidazof4,5-b]pyridin-2-yl, 1H-imidazo[4,5-c]pyridin-2-yl,
oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl, tetrazinyl, triazinyl and triazolyl;
with the proviso that when mis 1 and A is benzoimidazol;il,l 1 H—_imidazo{4,5-

b]pyridin-2-yl or 1H-imidazo[4,5-c]pyridin-2-y1, D is not -H;



and - NR26R27; wherein said (Cl-6)alkyl is optionally substituted with one
to three sane or different halogens; 10 R8, R9 and R28 are selected from
the group consisting of hydrogen and (Cl-6)allyl; Nis selected fromthe
group consisting of NR31, 0 and S; 15 R23, R24, R25, R26, R27 R29, R30, R31l
are independently selected fromthe group consisting of l&ydrog 06
(C1.6)al kyl, (Cl-6)al koxy, phenyl and heteroaryl; V\/nerelgh APy er -6) al kyl
, phenyl, and het eroaryl are |ndependenti optionally substitut ed wi th one
to three sanme or different group J; heteroaryl Is selected fromthe group
consi sting of 15 yreapyl g 1t i p21t

i soxazolyl, im digzb\Q biga az ]]tm%%laﬁmd%p%gg%@%%%édr fé%%ﬁé[&p
tetrazol yl, tcmra:zsoﬂlg/cbf leyd GCHJs)alklyl vhprearz (Gry)alkybjerdpdamdliyyshbstital wigy eiari di nyl ;

J is selected fromt he ] sistin |.kyl, phenyl, heteroaryl,
hydroxy, (Cl Oég“‘aFE ‘941”3 ‘%&@%ﬁv 0 el '?’ Eﬁ%@z‘@%@z( Cl-6)allyl, -NR32R33,
nor phol i no, nitro, 25 -S(Cl-6)al kyl, -SPh, NR32S(0O) 2- R33 , piperazinyl,

N e bl perzel Yl R SR PSR R S R bl

di fferent hal pmgmn%&mmmm&éﬁy&dgﬂmﬁl@l pH&ﬂjflelndhétyﬂozmySaIBel ect ed from

the group consisti of f.ur th|e t hi.azo oth z

oxazol yl, i so}PQ‘ZIi'ﬂ”agn yl%%@é%‘% v&‘?‘{th%l g hreg f#“&cﬂrgﬁ hﬁB g%l yl, 30
t e;[jr gg (2)| yl g %rgﬁzcﬂlﬂ’d ﬂlédé)éﬁﬂng bﬂd&lffereﬁb/slfuaﬁitﬁ%&ks% se&)tfedcrﬂ]@m ]ﬂ)ﬂeter@fgd it di Pyl
an an are independent]|y sel ecte romt e group CO isting o
hydr ogen and FONGHHBER CTBIRNS PPYTEnYs PHARYYL PW‘?@?@YW% ?:?“%3 ba'l Lyl is
optionallygs uaﬁérﬂyr BEES M 19815 QS&llﬁﬁﬁﬂyIS@ﬁ@olyp befobiL68NisoR@lodgen,

met hyl , or groups. A preferred enbodi nent of the invention_ are
conpounds of 8, QenzoimidgpelyleiH: lmﬂiazz[‘jfﬁsblpmdlp@ Rydt-ggdszols.d-

c]pyridin-2-y1, oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl, tetrazinyl, triazinyl and -

triazolyl;

15  Fis selected from the group consisting of (Cyg)alkyl, (Css)cycloalkyl cyano, phenyl,
heteroaryl, heteroalicyclic, hydroxy, (Cy.¢)alkoxy, halogen, benzyl, NR® C(0)-
(CH;)aJkyl -NR*R?, morpholino, nitro, -S(Cy.g)alkyl, -SPh, NRZS(0)- R,

T OWT WAL bt A1 UANTT s TA ey 28 ﬁnnng‘n?’o S, T

r;ru.uu.-.u.u',‘, v avanw ]."‘_l,""'*"‘“"“‘J“’ e R gy s p ] et rrmAe  meme = rem e B 7Y Amma —aa

said (Cy.¢)alkyl, heteroaryl, or phenyl is optionally substituted with one to three same

20  or different halogens or one to three methyl groups; heteroaryl.is selected from the !
group consisting of furanyl, thienyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, tctrazblyl, triazolyl, pyﬁdinyl,
pyrazinyl, pyridazinyl, and pyrimidinyl; heteroalicyclic is selected from the group
consisting of aziridine, azetidine, pyrrolidine, piperazine, N-methyl piperazine,

25  piperidine, tetrahydrofuran, tetrahydropyran, azepine and morpholine;
G is selected from the group consisting of (Ci.g)alkyl, (Ca¢)cycloalkyl cyano,
trimethylsilyl, phenyl, heteroaryl, heteroalicyclic, hydroxy, (Ci)alkoxy, halogen,
benzyl, -NR¥C(0)-(Cy.)alkyl, -NR**R*, -C(O)NR*°R*’, morpholino, nitro,

30 -S(CLealkyl, -SPh, NR¥S(0),- R%, piperazinyl, N-Me piperazinyl, (CH2);,COOR™
and -CONRZR®; wherein said (Cy_¢)alkyl, heteroaryl, or phenyl is optionally
substituted with one to three same or different halogens or one to three methyl

groups; heteroaryl is selected from the group consisting of furanyl, thienyl, thiazolyl,



10 represents a carbon-carbon bond; and R6 does not exist. 15 A nore
preferred enbodi nent of the invention are conpounds of Fornmula | R7 is
hydrogen; and 20 R 5 R16 R17 R18R19 R20, R21, Rn are each independently H
or nmethyl with the proviso that a maxi mum of one of R15-R22 is nmethyl. A

nore preferred enbodi nent are conpounds of formula I whe S a
menber sel ected fromgroups (A) and (B) consisting of: iﬁoﬁn@r@%
RBRBRR6ERLI \ RLRN\. ~ 7 Ra/NR6N/NRaNN31 NRRsR?Ra

R7 Rs R7 and a R7 R 3 Novenber 2006 21 pPovided R2 and R3 are each
i ndependent |y hydrogen, nethoxy or halogen; and (B) R R2 RSN RR-R R4
5 provided R2 ilsothiyz:m:dgmamlﬁeishxaxgﬂybimildatiod)gemxadmylhtﬁfadmcejdepyrmmnbodi nment
are conpounds I ei.n: cted fro groups
(A), (B) and (%H%gﬁg}%%fﬂﬁ g p&; m%l AByrﬁn?(l %ngazmy[r%gé) ﬁmel Eleteroalu:y

is selected from the group consisting of aziridine, azetidine, pylrohdme, piperazine,

N-methyl piperazine, piperidine, tetrahydrofuran, tetrahydropyran, azepine and

5  morpholine;

K is selected from the group consisting of (Cya)alkyl, hydroxy, (Ci.3)alkoxy, halogen
and -NR*R*"; wherein said (Cy.g)alkyl is optionally substituted with one to three
same or different halogens;

10
R®, R? and R* are selected from the group consisting of hydrogen and (Cy_g)alkyl,

X is selected from the group consisting of NR*', 0 and S;

15 RP R¥R¥ R¥ R, R® R*, R* are independently selected from the group
consisting of hydrogen, (Cy.¢)alkyl, (C;.¢)alkoxy, phenyl and heteroaryl; wherein said
(Cre)alkyl , phenyl, and heteroaryl are independently optionally substituted with one
to three same or different group J; heteroaryl is selected from the group consisting of
furanyl, thienyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl,

20  thiadiazolyl, pyrazolyl, tetrazolyl, triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and
pyrimidinyl;

I is selected from the group consisting of (Cy_g)alkyl, phenyl, heteroaryl, hydroxy,
(Ci-6)alkoxy, halogen, benzyl, —NR32C(0)-(C1-6)alkyl, NR¥R®, morpholino, nitro,
25  -S(Cig)alkyl, -SPh, NRS(O),- R* , piperazinyl, N-Me piperazinyl, (CH2),COOR%
and -CONR™R*; wherein said (Ci.¢jalkyl, heteroaryl, or phenyl is optionally
substituted with one to three same or different halogens,amino, or methyl groups;
heteroaryl is selected from the group consisting of furanyl, thienyl, thiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl,

30  tetrazolyl, triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl; and

R* and R* are independently selected from the group consisting of hydrogen and



R31 \'\ pRGFNR6,NN3 NR Ry R7 and R a R7 15 provided R2 is hydrogen,
nmet hoxy or halogen; R3 is hydrogen; (B) R R2Z M~~y(((\ R Rg Y 20 R R7
provi ded R2 and R3 are hydrogen; and 25 3 Novenber 2006 22 (C) z RR1 3
RBR RARNaNR RS Rf, and RR7 6 R provided R2 is hydrogen, nethoxy
or halogen; and 5 R3 and R4 are hydrogen. Another prefer enbodjaent of
the present invention are conpounds of fornula I V\herei%ﬁ%’fﬁnﬁ%ﬁ?jsoﬁgel ected
fromthe group consisting of hydrogen, (&].6)alkyl, (CLl.6)alkynyl,
(C3_6)cycl oal kyl, hal ogen, cyano, -CONR3 3, -S2 R32, COR32, COORS,

(C1-g)alkyl; wherein said (Cy.¢)alkyl is optionally substituted with one to three same
or different halogen, methyl, or CF; groups.

A preferred embodiment of the invention are compounds of Formula I,

5 wherein:
Zis

R' is hydrogen;

10
- - represents a carbon-carbon bond; and
R%does not exist.
15 A more preferred embodiment of the invention are compounds of Formula I

R’ is hydrogen; and

20 RY,RY,RY,RY% RY, R® R, R? are each independently H or methyl with the

proviso that a maximum of one of R¥-R* is methyl.
A more preferred embodiment are compounds of formula I wherein:

25  Qis a member selected from groups (A) and (B) consisting of:

(A)



tetrahydrofuryl, pyrrolidinyl, phenyl and heteroaryl ; wherein said

(A _6)al kyl, (C16)al kynyl, phenyl and heteroaryl are each independently
optionally substituted 15 with one to three sanme or different nenbers
selected fromthe group G heteroaryl is ~1~ u as r ~. iuu,uvua.u uaab
ovaww uvau uav b+~ur vvuuauuus'vi +w uu~y uu..aa~y thi I

i sot hiazolyl, oxazolyl, isoxazolyl, imdazolyl, oxadiazg?&k¥ﬂphﬂé%pgzolyl,
pyrazolyl, tetrazolyl, and triazolyl or (2) a six nenbered ring sel ected
fromthe group consisting of pyridinyl, pyrazinyl, pyridazinyl and
pyrimdinyl; and 20 Ais selected fron1the group consi sting of phenyl and
heteroaryl; wheretideds@ adpi enyhctaingepeh@ny PRt Ydenah&h&3D hiiBgRPSRdent | y
optionally substituted with one flourine, hydroxy, nmeth, or am no; and
heteroaryl is selected fromthe group consisting of pyrldinyl furanyl and
thienyl. 25 AngBher enbodi nment of the present invention is a met hod for
treating mammals infected with a virus, espeC|aIIy wherein said virus is

H 'V, conprising admnistering to salg an antiviral effective anount
of a conpound of Fornula |, and one® Rharnaceutlcally accept abl e
carriers, excipients or 30 dlluents, t he conmpound of Fornul a

can be adninistered in conbination 3 "No enbﬁw 2006 23 with an antiviral
effective amount of an AIDS treatnent agent selected fromthe group

consi sting of . (a) an AIDS antiviral agent; (b) an anti-infective agent;
(c) an inmmuno eﬁ@@ m&ﬂﬂ;ﬁ LY. Nhibitors. 5 Another enbodi nent
of the present |nvent|o% I's A qﬁ n&ggﬁ%B Al conposition conprising an
antiviral effective anount of a conpound of Formula | and one or nore

phar maceutical | y acggpk XCli |ent is and optionally
in combination w tﬁ& rﬁgfle[\q;‘?dr%#%d?r?m? Ve ?r%lun?pfc? @% KPDEDt r eat ment
agent selected fromthe group consisting of (a) an AIDS antiviral agent;

i b tor s DEFA (B BRSSO B R ex e Riofhe. compounds of

t he present inventlon may possess asynmmetric

(A)
R? 2
/ R /
HS N \\\\ , RG\N % \\\\
o o
R®” N d Hs Z N
R4 H7 an Fl4 h-'-r

15  provided R*is hydrogen, methoxy or halogen;

R? is hydrogen;
®)
HS
rron X
i TN gt
RE N
20 RS R

provided R? and R? are hydrogen; and

25



centers, the present invention includes the individual diastereoisoneric
and 15 enantioneric forns of the conpounds of Fornula | in addition to the
m xtures thereof. DEFINITIONS 20 The term"Cl al kyl" as used herein and
in the clains (unless specified otherw se) nmean straight or branched chain
al kyl groups such as nethyl, ethyl, propyl, isopropyl, |, 1 tyl,
t-butyl, anyl, hexyl and the |ike. "Hal ogen" refers to cﬁE%&FW@mﬁﬁﬁgnine,

i odine or fluorine. 25 An "aryl' groupﬁ%ﬁfers to an all carbon nonocyclic
or fused-ring polycyclic (i.e., rings vihich share adjacent pairs of carbon
at ons) groups(g_V|ng a conpletely conjugated pi-electron system Exanples,
W t hout Iinitg ion, of aryl groups are phenyl, napthal enyl and

ant hracenyl . The aryl group mayrbe ﬁubstltuteqzor 30 unsubstituted. Wen

substituted the substitutedRgroup(s |s pr fe\ngy one or nore selected
fromal kyl, cycloal kyl, aryl, ﬂgﬂ ‘ hejt erjogi+eeyclic, hydroxy, al koxy,
3 Novenber 2006 24 aryloxyF‘he @r@@r gxWw “het elgal i cycl oxy, thiohydroxy,

t hi oaryl oxy, thioheteroaryl oxy," thloKeteroaIH%y€1oxy, cyano, hal ogen
nitro, carbonyl, O carbanyl, N carbanyl, GC-am do, N am do, C-carboxy,

O car boxy, sulflnyl sulfonyf sulfonanldo trihal onethyl, ureido, am no
and - NRVR3' , phoeideil R Rﬂn@nﬁmRﬂkéﬁéypnd@gﬁmd@ﬁtIy 5 sel ected from the gr oup
consi sting of hydr ogen, al kyl, cycloallryl, aryl, carbonyl, GC- carboxy,

sul fonyl , ?rlhalonethyl and, conbined, a five- or six-nenber
heteroal|cycIRémKthnchghusad herein, a "heteroaryl"” group refers to a
nonocyclic or fused ring (i.e., 10 rings which share an adjacent pair of
atons) group having in the ring(s) one or nore atons selected fromthe
group consi sting oAncthérpogfersd ambpgemenaoiths plefant iraamtjoniare caag@tdsadi, havi ng a
conpl etely cog g eqﬁgl-electron system Unl ess otherw se indicated, the
het er oar yl (%5‘ﬁﬂ9ﬁ Uttached at either a carbon or nitrogen atom

Wi t hin theoheteroaryl group It should be noted that the term heteroaryl is

intended to 1 N oxi d f ar het ar, i f such an
N-oxide is ch rff 6 :Fq 0n1 e}le group conselstl%c os’ Eydlgoeu {BI 5) 81_5)&1137],
(Cs.g)cycloalkyl, halogen, cyano, -CONR¥R*, -S02 R*, COR”, COOR?,
tetrahydrofuryl, pyrrolidinyl, phenyl and heteroaryl ; wherein said (Cy.¢)alkyl,

(C16)alkynyl, phenyl and heteroaryl are each independently optionally substituted
15  with one to three same or different members selected from the group G; heteroaryl is

1N - a mmmmnlharad —dno oalantad faarn tha e otin 3{31—.-\,,1;] fl\;arnr]
i11)d ,u. YO IGEILoSiSo Iiiig ovaciicis SR DAUHLJ Uuuulauué Wi iuEaiay LG0Ty,

thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl, thiadiazolyl,
pyrazolyl, tetrazolyl, and triazolyl or (2) a six membered ring selected from the group
consisting of pyridinyl, pyrazinyl, pyridazinyl and pyrimidinyl; and

20
A is selected from the group consisting of phenyl and heteroéryl; wherein said phenyl and
heteroaryl are each independently optionally substituted with one flourine, hydroxy, meths
or amino; and heteroaryl is selected from the group consisting of pyridinyl, furanyl and
thienyl.

25

Another embodiment of the present invention is a method for treating
mammals infected with a virus, especially wherein said virus is HIV, comprising
administering to said mammal an antiviral effective amount of a compound of
Formula I, and one or more pharmaceutically acceptable camriers, excipients or

30 diluents; optionally the compound of Formula I can be administered in combination



feasible as is known in the art. Exanples, without limtation, of

het eroaryl groups are furyl, thienyl, benzothienyl, thiazolyl, imdazolyl,
oxazol yl, oxadi azolyl, thiadiazolyl, tetrahydropyranyl, pyrazolyl,
pyridyl, pyrimdinyl, quinolinyl, isoquinolinyl, purinyl, 20 carbazolyl,
benzoxazol yl , benzi m dazol yl, indolyl, isoindolyl, pyraz yl
pyrazine, triazinyltriazine, tetrazinyl, and tetrazolyl. é&%@ﬁ“@ﬁ%@??tuted
the substituted group(s) is preferably one or nore selected from al kyl,
cycloal kyl, aryl, heteroaryl, heteroalic3Xxlic, hydroxy, alkoxy, aryl oxy,
het er oaryl oxy, heteroalicycl oxy,

t hi oal koxy, t hi ohyhdmexiyirdl iefieatiyt exyyrt hf ah&H oeatyboxyent filahdifemodki cycl oxy,

cyano, 25 halo |t rbo O-=carbanyl .. N-car. |, C-am do,

N- ani do, C car %’?&? gtmgr ﬁg( Ffaf”ﬁ‘i/’fa,ﬁ a%e[ﬂ/’f(%’n%ﬂ aflg%%?%ﬁ 5?3”&3{3? an
trlhalonethyl,lmnmndnmhﬂﬂMﬂami@mﬂrvaﬁhﬁhmbﬁmmherein Rx and RS are as

defi ned above. As used herein, a "heteroalicyclic" group refers to a
nonocyclic or fused ring 30 group having in the ring(s) one or nore atons
sel ected frem the gravecantsidibdnnef tod presunt rneaﬁmm iDXp@enactEtaBétnipsitioR Ngs
are selected fromthose Mhlch§¥gOVIde sta arranggnen s. of bonds and are

not intended tSOPRESRHT WFVEYSHiErye ARPEH GP‘HP‘PHS‘EM Tapd @n¢ i g5 ey

al so have one GfiordPhLme@ubeAly lawagtablehlﬁﬁeﬁéeémptelﬁes BilREE aﬂ&)op%%ha]%r iovenber
2006 25 have a conpletely conju§ated pi - el ectron sgstenl | es, without

limtation, of RBPaiBayit eHegsye apeunpian ik rreatﬁprﬁésmwlected

pi perazi ny| | oRpde iy konsistiR 82 o) bﬂlAWS antdvifdy 5deQd; (1 laR adii- }ﬂfecu%)é%éﬂpl inyl,
thlonDrphollnyI and fetrahydropyr anyl When substituted the substituted
group(s) i $0pr éPenammunempedabrionadddsETbentainkibisers5 al kyl , cycl oal kyl, aryl,
het eroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, heteroaryloxy,

heteroalicycloxy, thiohydrOﬁX t hi_oal kox t hi oaryl ox t hi ohet er oar yl oxy,
t hi ohet er oal i cycl oxy, cyQEgé-iéﬂhgﬁﬁggiﬁﬁﬂﬂiiuiiigéﬂ§¥ﬁ£@ﬂﬂﬁkarbonyI,

O-car bamyl, N-carbanyl, O-thiocarbanyl, N-thiocarbanyl, C-am do,

C-thi oam do, N-am do, C-carboxy, O- carboxy, sul fnyl, sulfonyl

sul f onani do, 10 tr.ﬁ@%%@ﬂl&ﬁ@@m?fdheaweﬁf@tmf@mwalmﬁmﬁaw@ém%ﬁw silyl,

guanyl, guani dicBQers %@f)t@&l‘[ mptlﬂ'fﬁ%@ BRMALs th@mdmd@af' BiasiDBRimerthgiei n R and Ry
are as defined above. An " refers to a saturated aliphatic

gro
hydr ocar bord3i népantipmgrie formk gﬂ%@ crippu &omﬁﬁéne@d@ﬁaﬁmmgmmp@
Preferably, the,alkyl group has 1 to 20 carbon

DEFINITIONS

20 The term "C, . alkyl" as used herein and in the claims (unless specified

otherwise) mean straight or branched chain alkyl groups such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, t-butyl, amyl, hexyl and the like.

“Halogen™ refers to chlorine, bromine, iodine or fluorine.
25
An “ary})” group refers to an all carbon monocyclic or fused-ring polycyclic
(i.e., rings which share adjacent pairs of carbon atoms) groups having a completely
conjugated pi-electron system. Examples, without limitation, of aryl groups are
phenyl, napthalenyl and anthracenyl. The aryl group may be substituted or
30  unsubstituted. When substituted the substituted group(s) is preferably one or more
selected from alkyl, cycloalkyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy,



15 atonms (whenever a nunerical range; e.g., "1-20", is stated herein, it
nmeans that the group, in this case the alkyl group may contain 1 carbon
atom 2 carbon atons, 3 carbon atons, etc. up to and including 20 carbon
atons). More preferably, it is a nediumsize al kyl having 1 to 10 carbon
atoms. Most preferably, it is alower all 'yl having 1t % ot ons.
The al kyl group may be substituted or unsubstituted. 20 n su |tuted
the substinment group(s) is preferably ong or nore individually selected
fromtrihal oal kyl, cycloal kyl, aryl, heteroaryl, heteroalicyclic, hydroxy,

al koxy, aryl o) 1ox2%€e&@ﬂ§1xi3pﬁ&emaﬁéyar Idusafdfmumtabﬁ@,twqﬁ&%ﬁoérﬁb%ﬂ' oxy,

t hi oaryl oxy, et eroaryloxy, thi'ohetero cl ox cyano, halo, nitro,
carbonyl, 't hthwmeb@hyli’dox@r @an%élgapgen Nitkoapasbenl, O-gar amdchcBRApy,

\- t hi ocar banyp, A8N-A%do28.c 3‘5?}@ B8k, Sl Aol g GRIBRRYdo, O- car boxy,

sul finyl, sul ony sul'f oham triha t Hanesu onan1 do,
tri hal onet hantdaloimtiyl, urcidad aminetind URRY, vherein Rrand R are isependently

het er oal i cycl I r r N |z &8580N

nonocycl i célorgefc%céééjg%rr?&eg?é{"%cggél&égdg%&w V\}nimé @ﬁfgre mgl’aét%acent pair of
car bon atons)Cgmﬂmmymmﬁb@mnnmd@nahﬂnuﬂeunMngﬁadmesxnmﬁmhahﬁ a conpletely
conj ugat ed pi stem Exanples, without |[|imtation, of cycloal kyl

groups are cy@%@ﬁ?&%ﬁ %yclobutane cycl opent ane, cycl opent ene,
cycl ohexane, cyclohexadlene cycl ohept ane, cycloheptatriene and 3 Novenber

2006 26 adamantane. A cycloal.kyl grQup may. be substit

unsubsti t ut ed. VMe§S“¥ﬂ§%FF%6t%%?ngﬁb85&@5%??&8%P“§?%ﬁ§?Symg?fbﬁé%erab|y
one or noDE@ i Afkswiitiadtaye Seldpedt gair bfammagl deylp hagtnglin tliaehlg(siﬂamwdr more

het eroal i cyclic, h dro | kox 0X het er oar éX

het er oal i cycl BR{PS SHAftehirern %hﬁ ¥ n“FﬁP%éﬁyﬁ% i 852 0ar yi oxy,

5 thioheter Oahdcﬁry&i QMEG @y@ﬁmetelb@blquadﬂédm%c&aﬁ bty Uﬂllﬂsls@ﬂﬁfdmaé‘rw
O carbanyl, N car ba , 0-thiocarbany N-t hi ocar banyl ,

C-t bi oani do, Ndéﬂ%’feédhe E@tere%zwbﬁwp mgy E%@%w at giiher @,538Pon eUPF%Wtom

sul f onam do, Mmﬂ&t@w&%&?ﬁ@&ﬁwﬁ Qﬁamﬂé%tedkﬁdtﬂ@t@ﬁe&é@aﬁ?m fresnabd tsi |yl ,
guanyl, guanidino, ureido, phosphonyl, amno and - NRxRY with R and Ry as

defined abdveencogipas amaj-REAgPfthepae heerasrd ifsachsn Nioride iyehsmicallis def i ned
herein, consi ﬁatahgﬂ aQis lantown in the art. Examples, without limitation, of heteroaryl groups are

furyl, thlenyl benzothienyl, thiazolyl, imidazolyl, oxazolyl, oxadiazolyl, thiadiazolyl,

SRS Y, TNPUIEDN Tt TR DUPREPNIEE J% SN SUEDS N PR, U UGN (I, RS |

TR e e o P R EVE e
tetrahydropyranyl, pyrazolyl, pyridyl, pyrimidinyl, quinotinyl, isoquinolinyl, purinyl,
20  carbazolyl, benzoxazolyl, benzimidazolyl, indolyl, isoindolyl, pyrazinyl. diazinyl,
pyrazine, triazinyltriazine, tetrazinyl, and tetrazolyl. When substituted the substituted
group(s) is preferably one or more selected from alkyl, cycloalkyl, aryl, heteroaryl,
heteroalicyclic, hydroxy, alkoxy, aryloxy, heteroaryloxy, heteroalicycloxy,
thicalkoxy, thiohydroxy, thicaryloxy, thioheteroaryloxy, thioheteroalicycloxy, cyano,
25  halogen, nitro, carbonyl, O-carbamyl, N-carbamyl, C-amido, N-amido, C-carboxy, O-
carboxy, sulfinyl, sulfonyl, sulfonamido, trihalomethyl, ureido, amino, and -NR™'R?,

wherein R* and RY are as defined abdve.

As used herein, a “heteroalicyclic” group refers to a monocyclic or fused ring
30  group having in the ring(s) one or more atoms selected frm;n the group consisting of
pitrogen, oxygen and sulfur. Rings are selected from those which provide stable
arrangements of bonds and are not intended to encomplish systems which would not

exist. The rings may also have one or more double bonds. However, the rings do not



| east two carbon atons and at | east one carbon-carbon doubl e bond. An

"al kynyl" group refers to an al kyl group, as defined herein, consisting of
at 15 least two carbon atons and at | east one carbon-carbon triple bond. A
"hydroxy" group refers to an -OH group. An "al koxy" group refers to both an
-0-al kyl and an -0-cycl oal kyl group as 20 defi ned herer An b dﬁ}gxy
group refers to both an -0-aryl and an -0-heteroaryl gro 0 VRO, Plned
herein. 25 A "heteroaryl oxy" group refers to a heteroaryl - o group with
het eroaryl as defined herein. A "heterodald cycloxy” group refers to a
heteroalicyclic-O group with heteroalicyclic as defined herein. 30 A

"t hi ohydr oxy" @ammgiﬂgcd@@&dpsuegttmsteﬁ Bioweids ewitRQOBmit2FonAcf

"t hi oal koxy" group rs to both.an .S-al k and_an C I | kyl group, as
defined herein® (mﬁ §%$9W§i§“m@W§ﬂg-PB?E%gpﬂﬁn%EWh“%ﬁ'y%@%ry| and an
-S%heteroaryL @ﬁ@mﬂdmﬁ$§p§mﬂﬁﬁmmgﬂI?ﬁﬁﬂﬂ@glﬂﬁrﬂﬁp@ﬂﬁ%ﬁ?d&ﬂ&&pﬂ@@ﬂ@mbup
refers to a hetero - gr et er oar as efl ne 10 A
"t hi ohet er oal i BWH %PW&#&E Sbitlet Bl hdreteur OBS & Pere & %&r%‘ﬁ?rnwth

het er oal i cyghc aag1, dpfiéangd a%@rt@tdﬂoarﬁ heta@bdMidlie, hydf Xy palk&Xyesslokp a - (=0 - R’

group, where R' Is select from the group consrstrng ggahydrogen al kyl,
al kenyl , al hynyrterogiiqxgdieapealicyslqyy, thighydrogy thipatkopy,

carbon) and hetﬂ%ﬁ%@elrbfﬁ')\ﬂ@h} an&rﬁrmsiaﬁeyér $@ho, Ralob @O niRl J,sa%t)nyr @focaftRal, i S

defined herein. An "aldehyde" group ?ﬁrs to a carbonyl group where R' is

hydrogen. 20 A- cqﬂrﬁnyéd\? pasharnyl, @ﬁl@a@rbmyérli—tm@.?aﬁ)m@k Cimide, Grhiogsnideyi t h R
as defined herl‘@érﬂldo, C-carboxy, O-carboxy, sulfinyl, sulfonyl, sulfonamido,

10 trihalomethanesulfonamido, trihalomethanesulfonyl, silyl, gnanyl, gnanidino, ureido,

through a ring

phosphonyl, amino and -NR'R?, wherein R*and R are as defined above.
An “alkyl” group refers to a saturated aliphatic hydrocarbon including straight

chain and branched chain groups. Preferably, the alkyl group has 1 to 20 carbon

15 aioms {whenever a numerical range; e.g., “1-207, is stated her;in, it means that the
group, in this case the alkyl group may contain 1 carbon atom, 2 carbon atoms, 3
carbon atoms, etc. up to and including 20 carbon atoms). More preferably, it is a
medium size alkyl having 1 to 10 carbon atoms. Most preferably, it is a lower alkyl
having 1 to 4 carbon atoms. The alkyl group may be substituted or unsubstituted.

20  When substituted, the substituent group(s) is preferably one or more individually
selected from trihaloalkyl, cycloalkyl, aryl, heteroaryl, heteroa]%cyclic, hydroxy,
alkoxy, aryloxy, heteroaryloxy, heteroalicycloxy, thiohydroxy, thioalkoxy,
thioaryloxy, thicheteroaryloxy, thioheteroalicycloxy, cyano, lr%flo,_ nitro, carbonyl,
thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido,

25  C-thioamido, N-amido, C-carboxy, O-carboxy, sulfinyl, sulfonyl, sulfonamido,
trihalomethanesulfonamido, trihalomethanesulfonyl, and combined, a five- or six-

member heteroalicyclic ring.

A “cycloalkyl” group refers to an all-carbon monocytlic or fused ring (i.e.,
30  rings which share and adjacent pair of carbon atorns) group wherein one or more
rings does not have a completely conjugated pi-electron system. Examples, without
limitation, of cycloalkyl groups are cyclopropane, cyclobutane, cyclopentane,

cyclopentene, cyclohexane, cyclohexadiene, cycloheptane, cycloheptatriene and



A "Keto" group refers to a -CC(=0 C group wherein the carbon on either or
both sides of the C=O nmay be al kyl, cycloal kyl, aryl or a carbon of a

het eroaryl or 25 heteroaliacyclic group. A "trihal omet hanecarbonyl' group
refers to a Z3CC(=0)- group with said Z being a halogen. 30 A "C carboxy"
group refers to a -C(=O OR' groups, with R' as defined 3?\% B 2}ngoverrber
2006 28 An "O- carboxy” group refers to a R'C(-0O O group; ' 59
defined herein. A "carboxylic acid" refers to a Ccar boxy group in
which R" is 5 hydrogen A "tri hal omsth group refers to a -CZ3, group

wherein Z is qu{n?
"tri hal onet ha%%%% IAQUY %k%lag%ug) éQn'?%uan %%%r(‘in%)lﬁtglrtegu&he%m th Z as
defi ned abovesuli&tlﬂlterdr ﬁlalsubmmhamglﬂ(s’)mniedxbl‘y apeon porendivilually slected
Z3CS(=0) 2NRx- y gr oup
refers to a g% & S&%Ir%eﬁgoaagﬁl%rﬁgfgs dgﬂﬁg@h %#ﬂfﬂ&&ﬁ cF t&?#igg% tio
as a bond onl hgteroakcycloxB(tphydréxy, émiaﬂkmy,l thiogrybuxp, thishetematylxy, - S(=0) 2R'
group vvlth R' ef ined herein 0 _an %grtlona abon nly; i.e.,
P50y 2" &3S CEPERARER SRR iy o cepsdhnl A and R s
defined her ei RarbahylAO-thioGtbinoy) At ocartginoUC-afdey S- ﬂu@a.[ﬂlda Saed)RNRX- group
wth R as defined herer n. " fer =0 NR' Ry
as defined heF%r?j?ﬁy’ S0-apboxy 5 8@“8&&@? Sn%&ﬂ%e&@af ﬁ’ﬁ?i‘?ﬁﬁ“@% group,
with R and RfilR®mdiehtaefdnNasigi, Buanyl, guanidino, ureido, phospbonyl, amino and —

NR'R” with R* and RY as defined above.

10
An *alkenyl” group refers to an alkyl group, as defined herein, consisting of at

least two carbon atoms and at least one carbon-carbon double bond.

An “alkynyl” group refers to an alkyl group, as defined herein, consisting of at

15 least two carbon atoms and at least one carbon-carbon triple bond.
A “hydroxy” group refers to an ~OH group.

An “alkoxy” group refers to both an —O-alkyl and an —-O-cycloalkyl group as
20  defined herein.

An “aryloxy” group refers to both an —O-aryl and an —O-heteroaryl group, as

defined herein.

25 A “heteroaryloxy” group refers to a heteroaryl-O- groug with heteroaryl as
defined herein.

A “heteroalicycloxy” group refers to a heteroalicyclic-O- group with
heteroalicyclic as defined herein.
30
A “thiochydroxy™ group refers to an —SH group.



3 Novenber 2006 29 A "O-thiocarbanyl™ group refers to a -OC(=S)NR'RY group
wth R and Rl  as defined herein. A "N-thocarbanyl" group refers to a
R'OC(=S)NR3- group with R" and Rl as 5 defined herein. An "am no" group
refers to an -NH2 group. A "C-ami do" group refers to a -C(=O NR'Ry group
with R" and RI as defined 10 herein. A "C-thi oam do" grg&{p re[)errf0 go a
-C(=S)NRxR) group, with R* and R5' as defined herein. 1 RVF %mg " group
refers to a R'C(=O NRY- group, with R* and RI as defined herein. An
"ureido" group refers to a -NR C(=ONR Ry#Z group with R" and R as defined
herein and Rye defined the sane as R and R. 20 A "guanidino" group refers

to a - RXNC(=N) NRYRy A ‘ghioalRexyWetoltp Rfers Rybcingn SRYE1 a8 adefichedalig rgiup, asA
"guanyl " group rtefers to a R'RYNC(=N)- group, with R" and RY as defined 25
herein. A "cyaf8ilsi5ti refers to a -CN group. A "silyl" group refers to a
-Si(R')3, with R" as defined herein. 30 A "phosphonyl" group refers to a
P(=O (ORx)2 with R' as defined herein. 3 Novenber 2006 30 A "hydrazi no"
group refers to a - RRNRYHEYE @rafngelfs:ta PRk anpY-aaf dndgie—Sketergay} #Hawp-Rer ei n.
Any two adj gcerkrRdlep4ps may conmbine to forman additional aryl, 5

cycl oal kyl, heteroaryl or heterocyclic ring fused to the ring initially
beari ng those R groups.

A “thioheteroaryloxy” group refers to a heteroaryl-S- group with heteroaryl as

defined herein.

10 A “thioheteroalicycloxy” group refers to a heteroalicyclic-S- group with

heteroalicyclic as defined herein.

A “catbonyl” group refers to a ~C(=0)-R” group, where R” is selected from
the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl
15  (bonded through a ring carbon) and heteroalicyclic (bonded throngh a ring carbon), as

each is defined herein.
An “aldehyde” group refers to a carbonyl group where R” is hydrogen.

20 A “thiocarbonyl” group refers to a —C(=S)-R” group, with R” as defined

herein.

A “Keto” group refers to a ~CC(=0)C- group wherein the carbon on either or
both sides of the C=0 may be alkyl, cycloalkyl, aryl or a carbon of a heteroaryl or
25  Theteroaliacyclic group.

A “trihalomethanecarbonyl” group refers to a Z3CC(=0)- group with said Z
being a halogen. '

30 A “C-carboxy” group refers to a —C(=0)0O-R” groups, with R” as defined

herein.



It is known in the art that nitogen atons in heteroaryl systens can be
"participating in a heteroaryl ring double bond", and this refers to the
form of double 10 bonds in the two tautoneric structures which conprise
five-menber ring heteroaryl groups. This dictates whether nitrogens can be
substituted as well understood by chemsts in the art. ggﬁwdﬁl?)grl%lére and
clainms of the present invention are based on the known ar principl es
of chem cal bonding. It is understood thgt the clains do not enconpass
structures known to be unstable or not dble to exist based on the 15
literature. Physiologhcally .ac | ] S, 0 ounds

di scl osed herein a‘!F”é %‘iaﬁblonytﬁégpg%gegset%&ﬁ? tcﬁ'l%s)@ll%\c/’géi%ﬁ gﬂt\w ast‘{?feiﬁ%gfm

phar maceut i cah¢rginaccept abl e salt as used herein and in the clainms is

i ntended to include nontoxic base addition salts. 20 Suitable salts include
those derived fromorganic and i norganic acids such as, w thout
limtation, hydrochl“earbexylickéld” frpap isrom aC-aabdxy poasphelicicRaes d, sul furic
acid, methanesulfonic acid, acetic acid, tartaric acid, lactic acid,

sul finic ati dYEP8Fic acid, maleic acid, fumaric acid, sorbic acid,
aconitic acid, salicylic acid, phthalic acid, and the like. The term
“pharmaceutically acceptabl e salt" as use erein js also intended 25 to
include salts of ati HHRIGEGIDSSORIERTHE 24 Lar BEYR/ VY ‘?%‘f‘i\?lall? GTh8roup
counteri ons ags d-aigEPRérbiy al kali nmetal salts, particularly sodi um or
potassium al kaline earth metal salts, particularly cal ciumor magnesium
and salts with suitable organic bases such as |ower al kylam nes

(methyl amyge, et hyhaminememaataitert athh legors &N 2,08 (dokSrods Wit Das
substituted | ower al kylam nes (e.d. hydroxyl-substitut’ed alkyl am nes such
as 30 di et han8¢fzsil peovet ri et hanol ami ne or tris(hydroxynethyl)-

am nonet hane), or with bases such as piperidine or norpholine. 3 Novenber
2006 31 In the nethod of the present invention, the term"antiviral

ef fective amount” Afginbmetanessifonanddeigrouokfanoih 265 N8 mEomventittof t he
met hod that i ki Gl . show a neani ngful patient benefit, i.e.,

heal i ng of ac%taé&%oﬁg?%ﬂ%eﬁi&g Yaract eri zed by inhibition of the HV

i nfectioni5Wien applied to an individual active ingredient, 5 adnm nistered
alone, the termrefers.tq,that i.ngredien l,one. » i - a

conbi nation, the t rﬁﬁi%ﬁegg@é&%tg{ i ab%{ Ght s y&\ﬁgghgpgé %@g&l‘q’lr’ilgr edients
that result and,in addition, as a bond only; i.e., -S(0)-. C

A “sulfonyl” group refers to a —S(=0)2R”” group with R” as defined herein
20  and, in addition as a bond only; i.e., -S(O),-.

A “S-sulfonamido™ group refers to a —S (=O)2NRXRY, with R¥and RY as
defined herein.

25 A “N-Sulfonamido” group refers to a R"S(=0),NRx- group with R as
defined herein.

A “O-carbamyl” group refers to a ~OC(=0)NR*R” as defined herein.

30 A “N-carbamyl” group refers to a R"OC(=0)NR” group, with R* and RY as

defined herein.



in the therapeutic effect, whether adm nistered in conbination, serially or
simul taneously. The terns "treat, treating, treatnment” as used herein and
in the clainse means preventing or aneliorating di seases associated with

H 'V infection. 10 The present invention is also directed to conbi nations of
t he conpounds with one or nore agents useful in the tregi\{mnt of , Al.DS. For
exanpl e, the conpounds of this invention may be effecti v HAR %t er ed,
whet her at periods of pre-exposure and/or post-exposure, in conbination
with effective amounts of the AIDS antivizals, 15 i munonodul at ors,
antiinfectives, or vaccines, such as those in the follow ng table.

ANTI VI RALS  Drug Nayeo-Masuiftasiliregesuplrofdiscak -Om(2ONRIRY Hogohil RBayker’ H V

i nfection, AIDS, ﬁ‘?‘{%ﬁ i on-nucl eoside reverse trans 25 criptase (RT)

i nhi bi tor) Arrﬁ‘tsél ®G"axo Wellcone HIV infection, 141 W4 AIDS, ARC 30
GW 141 (protease inhibitor) Abacavir (1592U89) d axo Wellcone HV
infection, GN1592 ALDS, ARC (RT inhibitor) 35 Acepmnnan Carrington Labs
ARC (Irving, TX) 3%@%@@0@@%%%\%%@%%3 3 Vv
infection, Al DQefindereis.N CONbi nati on

An “amino” group refers to an —-NH; group.

A “C-amido” group refers to a -C(=0)NR'R? group with R* and R” as defined

10  herein.

A “C-thioamido” group refers to a —C(=S)NR*RY group, with R* and R as

defined herein.

15 A “N-amido” group refers to a R*C(=0)NR’- group, with R* and R” as

defined herein.

An “areido” group refers to a -NR*C(=O)NR*R*? group with R* and RY as
defined herein and R*? defined the same as R* and RY.

20

A “‘guanidino” group refers to a —R"NC(=I\I)I*J113'113"2 group, with R*, RY and

R”? as defined herein.

A “guanyl” group refers to a R\RYNC(=N)- group, with R* and RY as defined
25 herein.

A “cyano” group refers to a —-CN group.

A “silyl” group refers to a —Si(R™)s, with R” as defined herein.
30

A “phosphonyl” group refers to a P(=0)(OR*), with R* as defined herein.



with AZT 5 AD-439 Tanox Bi osystens H V infection, AlDS,

ARC AD-519 Tanox

Bi osystens H V infection, AIDS, ARC 10 Adefovir dipivoxil Glead Sciences

H V infection AL-721 Ethigen ARC, PG (Los Angel es, CA)

H V positive, AlDS

15 Al pha Interferon G axo Wl |l cone Kaposi's sarcoma, H 'V in conbination

w Retrovir Ansanycin Adria Laboratories ARC 20 LM 427 (
Erbamont (Stanford, CT) Anti body whi ch Advanced Bi nt her

Neutralizes pH Concepts Labile al pha abegéant (Rockvi |l | e,
0 ARC Beta-fluoro-ddA Nail

AR177 Aronex Pharm H V infection, AlDS

Soughmetiloe . o

MD) Interferon

Cancer Institute AID | Seases,x g2 2 Iy l- Wers

Squi bb/ HIV infecti o?l %%%%%ﬁ?ggf%mﬁovg\?%@%\l ﬁoup%ﬁ% %p% eéage % nhi bi tor)
BMS- 234475 Br idsfimdd-mim.s Squi bb/ HI V infection, 40 (CGP-61755) Novartis
AIDS, ARC (protease inhibitor) Cl-1012 Warner-Lanbert H V-1 infection

Any two adjacent R groups may combine to form an additional aryl,

5 cycloalkyl, heteroaryl or heterocyclic ring fused to the ring initially bearing those R

groups.

It is known in the art that nitogen atoms in heteroaryl systems can be

“participating in a heteroaryl ring double bond”, and this refers to the form of double

10 bonds in the two tautomeric structures which comprise five-member ring heteroaryl

groups. This dictates whether nitrogens can be substituted 45 well understood by

chemists in the art. The disclosure and claims of the present invention are based on

the known general principles of chemical bonding. It is understood that the claims do

not encompass structures known to be unstable or not able to exist based on the

15  literature.

Physiologically acceptable salts and prodrugs of compounds disclosed herein

ALT YWAULMILD LIST .DLJUHU LML LEHS LIV, L LG LCalnl Pua.lmabcfuubauy abtAqnauie oail as

used herein and in the claims is intended to include nontoxic base addition salts.

20  Sujtable salts include those derived from organic and inorganic acids such as, without

limitation, hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid,

methanesulfonic acid, acetic acid, tartaric acid, lactic acid, sulfinic acid, citric acid,

maleic acid, fumaric acid, sorbic acid, aconitic acid, salicylic acid, phthalic acid, and

the like. The terim "pharmaceutically acceptable salt” as used herein is also intended

25 toinclude salts of acidic groups, such as a carboxylate, with such counterions as

ammonium, alkali metal salts, particularly sodium or potassium, alkaline earth metal

salts, particularly calcium or magnesium, and salts with suitable organic bases such as

lower alkylamines (methylamine, ethylamine, cyclohexylamipc, and the like) or with

substituted lower alkylamines (e.g. hydroxyl-substituted alkylamines such as

30 diethanolamine, triethanolamine or tristhydroxymethyl)- aminomethane), or with

bases such as piperidine or morpholine.



3 Novenber 2006 33 Cidofovir Glead Science CW retinitis, herpes,

papi |l l omavirus Curdlan sulfate AJI Pharnma USA H V infection 5

Cyt onmegal ovirus Medl rnmune CW retinitis | mrune gl obin Cytovene Syntex
Sight threatening 10 Ganciclovir CW peripheral CW retinitis 15

Del avi ri di ne Pharmaci a- Upj ohn H V infection, AIDS, ARC ( bDi )
Dextran Sul fate Ueno Fine Chem AIDS, ARC, HV 20 Ind. Lt gﬁolvgg\g%ai,d%
positive Japan) asynptomatic ddC Hof fman-La Roche HI V infection, AlDS,

D deoxycytidine ARC 25 ddl Bristol-Mers3iSqui bb HN infection, AlDS,

Di deoxyi nosi ne ARC; conbination wth AZT/d4T 30 DMP-450 AVID H V

I nfection, (Candenn 4&)meflcddSf (AR et ﬁm@h@ﬁs theiterhil "ahtidra) effdcavd arsnmt"DuPont

l(\/ﬁ(r)ﬁ k n llj L |Ve|02 T Sgatl e the totgl agnount 0% agh aA!we c’omponent Sf 31 m%mog it i4s-51(11%.)ci-ent to

show a meaningful patient benefit, i.e., healing of acute conditions characterized by
inhibition of the HIV infection. When applied to an individual active ingredient,

5  administered alone, the term refers to that ingredient alone. - When applied to a
combination, the term refers to combined amounts of the active ingredients that result
in the therapeutic effect, whether administered in combination, serially or
simultaneously. The terms "ireat, treating, treatment” as uséd herein and in the claims
means preventing or ameliorating diseases associated with HIV infection.

10
The present invention is also directed to combinations of the compounds with
one or more agents useful in the treatment of AIDS. For examinle, the compounds of
this invention may be effectively administered, whether at periods of pre-exposure
and/or post-exposure, in combination with effective amounts of the AIDS antivirals,

15 immunomodulators, antiinfectives, or vaceines, such as those in the following table.

ANTIVIRALS
Drug Name Manufacturer Indication
20
097 Hoechst/Bayer HIV infection,
AIDS, ARC
(mon-nucleoside
reverse trans-
25 criptase (RT)
inhibitor)
Amprentvir Glaxo Wellcome HIV infection,.
141 W94 AIDS, ARC
30 GW 141 (protease inhibitor)
Abacavir (1592U89) Glaxo Wellcome HIV infection,
GW 1592 ATDS, ARC
{RT inhibitor)
35
Acemannan Carrington Labs ARC

(frving, TX)



eycl opropyl et hynyl -

i nhi bi tor)

4(S)-trifluoro nethyl-1,4-di hydro- 40

2H 3, 1- benzoxazi n- 2-one, STOCRI NE 3 Novenber

H 'V infection
her pes si npl ex
transcri ptase
(feverse transcri ptase

10

15

20

25

30

35

40

(Gai nesville,

2006 34 EL10 Elan Corp, PLC
GA) Fanticlovir Smth Kline herpes zoster, 5
FTC Enmory University H 'V infection, AIDS, ARC (reverse

10 inhibitor) GS 840 G lead H V infection, DS, . AR
%ﬁhrghpﬂgg@Pion,

AD-439

AD-519

Adefovir dipivoxil
AL-721

Alpha Interferon

Ansamycin
1M 427

Neutralizes pH
Labile alpha aberrant
Interferon

Antibody which

ARI177

Beta-fluoro-ddA

BMS-232623
(CGP-73547)

BMS-234475
{(CGP-61755)

CI-1012

A
B HeEed anc,

Tanox Biosysterns

Tanox Biosystems

(ilead Sciences
Ethigen
(Los Angeles, CA)

Glaxo Welléome

Adria Laboratories
(Dublin, OH)
Erbamont
(Stamford, CT)

Concepts
(Rockville, MD)

Advanced Bintherany
L

Aronex Pharm

Nat'l Cancer Institute

Bristol-Myers Squibb/
Novartis

Bristol-Myers Squibb/
Novartis

Warner-Lambert

15 inhibitor) HBY097 Hoechst Mario
Roussel AIDS, ARC (non-nucleoside 20 reyerse transcriptase
Hypericin VIMRx Pharm HV infection,
Triton Bioscig&p&g.AlDS, Kaposi
ARC Interfefon alfa-n3 Interf

i nhi bitor)

ARC 7?5 Reconbi nant Human

éE?hu %%h'gﬁgssarcoma

CS: in combination
with AZT

HIV infection, ATDS,
ARC

HIV infection, AIDS,
ARC

HIV infection
ARC, PGL
HIV positive, AIDS

Kaposi's sarcoma,
HIV in combination
w/Retrovir

ARC

HIV infection, AIDS,
ARC

ATDS-associated
diseases

HIV infection,
AIDS, ARC
(protease inhibitor)

HIV infection,
AIDS, ARC
{protease inhibitor)

HIV-1 infection



I ndi navir Merck H 'V infection,
in conbination with 35 AZT/ddl /ddC
KNI - 272 Nat ' |
Novenber 2006 35 Lam vudi ne,
transcriptase 5 inhibitor);
Bristol -Mers Squi bb GW infection 10 Nel finavir Agouron

retinitis

(reverse

Al DS,

Cancer

Institute H V-assoc.
3TC d axo Wellconme H V infection,

also with AZT Lobu @fﬁ:vrﬁ?lg%rm%

ARC, asynptomatic
| SIS 2922 | SIS Pharnmaceuticals CW

H'V positive, also

di seases 40 3
Al DS, ARC

t'ron,

Pharmaceuticals AIDS, ARC (protease inhibitor) Nevirapine Boeheringer H V.

i nfection,

Inc. HV inhibitor

( Akr on,

15 Ingleheim AIDS, ARC (RT inhibitor) Novapren Novaferon Labs,
OH) 20 Peptide T Peninsula Labs Al DS

Cct apepti de (BeCidofotir CA) Sequend@ileadSciddidesodi um AstanmvRhaniiy, CW
retinitis, H'V Phosphonoformate Products, Inc. infagipkspapiRbhaimEW

10

15

20

25

30

35

40

Curdlan sulfate

Cyiomegalovirus
Enmune globin

Cytovene

Ganciclovir

Delaviridine

Dextran Sulfate

ddC
Dideoxycytidine

ddl
Dideoxyinosine

DMP-450

Efavirenz

(DMP 266)
(-)6-Chloro-4-(S)-
cyclopropylethynyl-
4(S)-trifluoro-
methyl-1,4-dihydro-
2H-3,1-benzoxazin-
2-one, STOCRINE

AJI Pharma USA

MedImmune

Syntex

Pharmacia-Upjohn

Ueno Fine Chem.
Ind. Ltd. {Osaka,
Japan)

Hoffman-La Roche

Bristol-Myers Squibb

AVID
(Camden, NI)

DuPont Merck

HIV infection

CMYV retinitis

Siéht threatening

CMV
peripheral CMV
retinitis

HIV infection,
AIDS, ARC
(RT inhibitor)

AIDS, ARC, HIV
Ppositive ‘
asymptomatic

HIV infection, AIDS,
ARC

~HIEV infection, AIDS,

ARC; combination
with AZT/d4T

HIV infection,
AIDS, ARC
{ptotease inhibitor)

HIV infection,
AIDS, ARC
{non-nucleoside RT
inhibitor)



i nfecti ons PNU- 140690 Pharnmacia Upjohn H 'V infection, 30 AIDS ARC
(protease inhibitor) Probucol Wrex HV infection, AIDS 35 RBC CH
Sheffield Med. HIV infection, Tech (Houston, TX) AIDS, ARC Ritonavir
Abbott H 'V infection, AIDS, ARC 40 (protease inhibitor) Saquinavir
Hof f mann- HI V infection, LaRoche AIDS, ARC (protease i nh|?Nt Bébg} Jdgyember
2006 36 Stavudine; d4T Bristol-Mers Squibb HV infection,

Di dehydr odeoxy- ARC thym dine 5 Val acicj,ovir G axo Wellcone Genl tal HSV &
CW infections \/ razole Vi ratek/ICN asynpt omati c HIV Ri bavirin (Costa

Mesa, CA) pols:E? e, LAS, ARC 10 i g Vertex &shion, AIDS, ARC
Zal ci t abi ne mann LaRoche H Al DS, ARC W t h AZT
Zi dovudi ne; AZT d axo Wl | cone ectl on, AIDS, ARC, Kaposi's sarcong,
in conbination 20 with
Famciclovir Smith Kline herpes zoster,
5 herpes simplex
FTC Emory University HIV infection,
AIDS, ARC
{reverse transcriptase
10 inhibitor)
GS 840 (ilead HIV infection,
AIDS, ARC
{feverse transcriptase
15 inhjbitor)
HBY(097 Hoechst Marion HIV infection,
Roussel AIDS, ARC
(non-nucleoside
20 Teverse transcriptase
inhibitor)
Hypericin VIMRx Pharm. HIV infection, AIDS,
ARC
25
Recombinant Human Triton Biosciences AIDS, Kaposi's
Interferon Beta (Almeda, CA) sarcoma, ARC
Interferon alfa-n3 Interferon Sciences ARC, AIDS
30 '
Indinavir Merck HIV infection, AIDS,
ARC, asymptomatic
HIV positive, also in
combination with
35 AZT/ddl/ddC
IS1S 2922 ISIS Pharmaceuticals CMV retinitis
KNI-272 Nat'l Cancer Instifute HIV-assoc. diseases

40




ot her therapies

i nfection, AlDS,
GSK H V infection,

Tenof ovir di soproxil,
(Viread') AIDS, 25 (reverse transcriptase
30 (reverse transcriptase
(or Ziagen(r)) AIDS,
i nhi bitor) | MMUNOMODULATORS Drug Nanme Manuf acturer
Wet h- Ayerst AI DS 3 Novenber
Al DS Acemannan Carrington Labs,
Anerican Cyanam d Al DS, Kaposi's

H'V infection (Gainesville,

GA) 10 FP-21

Glead HV infection,

i nhi bitor)
i nhi bitor) abacavir succinate

(reverse transcriptase 35

tumarate salt
Combivir(r) GSK HV

I ndi cation 40 - 101
2006 37 Bropirimnne Pharnaci%kﬁﬁf%ﬂﬂﬁﬁﬁganced

Inc. AIDS, ARC (Irving, TX) 5 CL246, 738
Lederleggabs sarcoma EL10 El an Corp, PLC

9 Fuki

| mmunoPhar m Bl ocks H1V

fusion wth Chgicelihs 3TEAMR | ntREd fAnEENent ech (ARG, LA, conbi nation 15

w TNF (tunor

10

15

20

25

30
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Lobucavir

Nelfinavir

Nevirapine

Novapren

Peptide T
Octapeptide
Sequence

Trisodinm

Phosphonoformate

PNU-140690

Probucol

RBC-CD4

Ritonavir

Saquinavir

Bristol-Myers Squibb

Agouron
Pharmaceuticals

Boeberinger
Ingleheim

Novaferon Labs, Inc.

(Akron, OH)

Peninsula Labs
(Belmont, CA)

Astra Pharm.
Products, Inc.

Pharmacia Upjohn

Vyrex

Sheffield Med.
Tech (Hounston, TX)

Abbott

Hoffmann-
LaRoche

AIDS, ARC
(reverse
transcriptase
inhibitor); also
with AZT

CMV infection

H1YV infection,
AIDS, ARC
(protease inhibitor)

HIV infection,
AIDS, ARC
(RT inhtbitor)

HIV inhibitor

AIDS

CMV retinitis, HIV
infection, other CMV
infections

HIV infection,
AIDS, ARC
(protease inhibitor)

HIV infection, AIDS

HIV infection,
AIDS, ARC

HIV infection,
AIDS, ARC
(protease inhibitor)

HIV infection,
AIDS, ARC .
(protease inhibitor)



necrosi s fact
Sandoz 20 Sti

Col ony I munex Stinul ating Factor

or)
mul ati ng Factor

G anul ocyt e Hoechst - Roussel

G anul ocyte Genetics Institute AIDS WMacrophage Col ony

Al DS WMacrophage

25 Granul ocyte Schering- Pl ough Al DS,

Macr ophage Col ony conbi nati on

Particle Rorer
conbi nati on
in
40 I nterl euki
dobulin Cutt
conbi nati on

LA) sarconm,

sarcoma, ARC,!

5

10

15

20

25

30

35

40

Seropositive HV

| mmunost i nul ant

I L-2 Oet

Stinmulating Factor w AZT 30 HI 'V Core

Interl eukin-2 w AZT 35 |L-2 Hof f nan- LaRoche
| L-2 Chiron Al DS,
(al des¥ouki n) 3 November 2006 38 Inmune

n-2 Ch4 ceII

I nterl euki n-2 | nmunex conbi nati on w AZT

S DS”/E&ZBO% v,

i ncrease in

counts

r Bi.olqgical Pediatri c AIDS, in Intravenous (Berkeley, CA)
IRyHeine H n) 5 | NRERtolMysH Sgribh ps, gitecgion ABS. Or | eans,
,Yﬁﬂeﬂ_eoxir-lvREG 2 Inreg AIDS, Kaposi &R€New Ol eans, LA)
diney
Valactclovir Glaxo Wellcome Genital HSV & CMV
’ infections
Virazole Viratek/ICN asymptomatic HIV
Ribavirin (Costa Mesa, CA) positive, LAS, ARC
VX478 Vertex HIV infection, AIDS,
ARC
Zalcitabine Hoffmann-LaRoche HIV inifection, AIDS,
ARC, with AZT
Zidovudine; AZT Glaxo Wellcome HIV infection, AIDS,
ARC, Kaposi's
sarcomna, in combination
with .
other therapies
Tenofovir disoproxil, Gilead HIV infection,
tumarate sait (Viread™ ) AIDS,
(reverse transcriptase
inhibitor)
Combivir® GSK HIV infection,
AIDS,
(reverse transcriptase
inhibitor)
abacavir succinate GSK HIV infectioﬁ,
(or Ziagen®) AIDS,
(reverse transcriptase
inhibitor)
IMMUNOMODULATORS
Drug Name Manufacturer Indication
AS-101 . Wyeth-Ayerst AIDS



Merieux Institute AIDS, ARC Dithio Carbamate Al pha-2

's sarcona 15 Interferon w AZT, AIDS Met hi oni ne-
IL) 20 MIP-PE Ci ba- Gei gy
;yic runmgen MTT, m

| mut hi ol Di et hyl
Schering Pl ough Kaposi
TNl Pharnmaceutical A DS, ARC Enkephalin (Chicago,
Corp. Kaposi's sarconma Miranyl-Tripeptide vranui ui

conomanon Col ony Stinul ating w AZT 25 Factor Renune Irmunﬁgﬁ ﬁger
| mmunot herapeutic Corp. 30 rCD4 Genentech AIDS, ARC Reco 0 ubI e

Human CD4 rCD4-19gG AIDS, ARC 35 hybrids Reconbi nant Bi ogen Al DS, ARC
Sol ubl e Human CD4 40 Interferon Hof f man- L?TRoche Kaposi's sarcoma Alfa 2a
AI DS, ARC, in conbination w AZT 3 Novenber 2006 39 SK&F106528 Sm'th Kline

H V infection T4 Thynop nobi ol ogy, H V i i on
Research Insti t%andal e, i?f@iLﬁghﬂ rosi s ACH %‘IQ '

conbi nati on

(Irving, TX)

5 CL246,738 American Cyanamid AIDS, Kaposi's
Lederle Labs sarcoma
EL.10 Elan Corp, PLC HIV infection
(Gainesville, GA)
10 .
FP-21399 Fuki ImmunoPharm Blocks HIV fusion
with CD4+ cells
Gamma Interferon Genentech ARC, in combination
15 w/TNF (tumor
necrosis factor)
Granulocyte Genetics Institute AIDS
Macrophage Colony Sandoz
20 Stimulating Factor
Granulocyte Hoechst-Roussel AIDS
Macrophage Colony Immunex
Stimulating Factor .
25
Granulocyte Schering-Plough AIDS,
Macrophage Colony combination
Stimulating Factor w/AZT
30 HIV Core Particle Rorer Seropositive HIV
TImmunostimulant .
IL-2 Cetus AIDS, in combination
Interlenkin-2 wlAZT -
35 b
-2 Hoffiman-LaRoche AIDS, ARC, HIV, in
Interleukin-2 Immunex combination w/AZT
-2 Chiron AIDS, mcrease in
40 Interleulan-2 CD4 cell counts

(aldeshikin)



10 Factor; TNF w/ gamma Interferon ANTI |1*TCTrVES Drug Nanme Manufact urer
I ndication 15 dindanycin with Pharmacia Upj ohn PCP Primqui ne

Fl uconazol e Pfizer Cryptococcal neningitis, 20 candidiasis Pastille

Squi bb Corp. Prevention of Nystatin Pastille oral candidiasis 25 O nidyl
Merrell Dow PCP Eflornithine Pentanudi ne LyphoMed PCP trg;a%rrent 2006
Isethionate (IM& IV) (Rosenont, IL) 30 Trinethoprim Anti bactEFiai
Trimethoprimsulfa Antibacterial 35 Piritrexi mBurroughs Wl |l come PCP
treat ment Pent ami di ne Fi sons Corporati on3®CP prophyl axis |sethionate for
I nhal ation 40 3 Novenber 2006 40 Spiramnycin Rhone-Poul enc Cryptospori dial
di arrhea | nt r SeBHEGloBulm ans sen CPHerAtPloricalt opl asmoEpdiatric AIRS BT 1
cryptococcal IH¥EHSIREFtis Tri net fRstaley. Ga9ner - LanbefemBigmionAZIunor ubi ci n

NeXstar, SequifsmRahosis sarcoma

5 IMREG-1 Imreg AIDS, Kaposi's
(New Orleans, LA) sarcoma, ARC, PGL
IMREG-2 Imreg AIDS, Kaposi's
(New Orleans, LA) sarcoma, ARC, PGL
10 '
Imuthiol Diethyl Merieux Institute AIDS, ARC

Dithio Carbamate

Alpha-2 Schering Plough Kaposi's sarcoma
15  Interferon w/AZT, AIDS
Methionine- TNI Pharmaceutical AIDS, ARC
Enkephalin {Chicago, IL)
20 MTP-PE Ciba-Geigy Corp. Kaposi's sarcoma

Muramyl-Tripeptide

UTanuIoCyle AINZEDR AL, 1T combinanon
Colony Stimulating wiAZT
25  Factor
Remune Immune Response Immunotherapeutic
Corp.
30 rCD4 Genentech AIDS, ARC
Recombinant .

Soluble Human CD4

rCD4-1gG AIDS, ARC '

35  hybrids N
Recombinant Biogen AIDS, ARC
Soluble Human CD4

40 Interferon Hoffman-La Roche Kaposi's sarcoma
Alfa2a AIDS, ARC, -

in combination w/AZT



Reconbi nant Human Ortho Pharm Corp. Severe anem a Erythropoietin assoc.
wth AZT therapy 15 Reconbi nant Human Serono Al DS-rel ated G owth Hornone
wasti ng, cachexia Megestrol Acetate Bristol-Mers Squi bbb Treatnent of 20
anorexia assoc. WAIDS Testosterone Alza, Smith Kline AIDS-rel ated
wasting 25 Total Enteral Norwi ch Eaton D arrhea and Nutri N%v ber2006
Phar maceutical s mal absorption related to Al DS Additional I%/ tHe e npounds
of the invention herein may be used in 30 conbination with another class of
agents for treating AIDS which are called,HlV entry inhibitors. Exanples
of such HIV entry inhibitors are discussed in DRUGS OF THE FUTURE 1999,
24(12), pp. 135 LL, VoI 243- 246, .2 1999; and DRUG
DI SCOVERY TCDAY§K&§ Sng . I\%H% ., pp. 183- %EWIP{E*‘?‘%“ will be

under st ood that t e scope of corrbl nations of the conpounds of this
invention with AIDS antivirals, imunonodul ators, anti-infectives, HV
entry inhibitoFlsynmpentacci nes is Imotunbbicibted to t he HIVdhfebtiont he above

Tabl e, but imcludes in 3 NovenberRe286dh Inditutpr i nci pl e any conbi nation with
any pharmaceuti cal conposition ugdahndndilamNiyhe treatnment of AIDS. Preferred
conbi nati ons are sinultaneous or alternating treatnents of with a 5
conpound of th lpr nt _inventi or¢and n i nhibitor of IV rqotease and/or a
non- nucl eosi deFl cf‘ﬁ% oF of H VIBFECe transcri pt “E.’J'ﬂ'f‘att'ﬁﬂal fourth
conmponent i ination is a nucl eoside inhi bl“fgﬂmB"l‘ YPever se
transcri pt ase, such as AZT, 3TC, ddC or ddl. A preferred inhibitor of HV
protease is indinavir, which is theangumfiatersals of

N- (2(R)-hydroxy-1-(S)-indanyl)-2(R)-phenyl nethyl-4-(S)-hydroxy-5

Drug Name Manufacturer Indication

15 Clindamycin with Pharmacia Upjohn PCP |
Primaquine
Fluconazole Pfizer Cryptococcal

meningitis,

20 candidiasis
Pastille Squibb Corp. Prevention of
Nystatin Pastille oral candidiasis

25  Ornidyl Merrell Dow PCP
Eflommithine
Pentamidine LyphoMed PCP treatment
Isethionate (IM & IV) (Rosemont, 1)

30
Trimethoprim Antibacterial
Trimethoprim/sulfa Antibacterial

35  Piritrexim Burroughs Wellcome PCP treatment
Pentamidine Fisons Corporation PCP prophylaxis
Isethionate for
Inhalation

40



10
(1-(4-(3-pyridyl-nmethyl)-2(S)-N -(t-butyl carboxam do) - pi per azi pyl )) - pent ane
am de ethanolate, and is synthesized according to U. S. 5,413, 999.
Indinaviris generally admnistered at a dosage of 800 ng three tines a
day. O her preferred protease inhibitors are nelfinavir Il hE .

Anot her preferred inhibitor of HV protease is saquinavi?ﬁﬂY%ﬁﬁﬁ?bbé

adm nistered in a dosage of 600 or 1200 na tid. Preferred non 15 nucl eosi de
i nhibitors of HV reverse transcriptase #cl ude efavirenz. The preparation
of ddC, ddl and AZT are al so described in EPO O, 484, 071. These conbi nations
may have unexPEEmEginef f ect s on FhossPPHgng he spreadﬁaﬂ@ﬂ@@éﬁée of infection
of HN. Preferred conbinations id&fgde those with the follow ng (1)
indinavir with efavirenz, and, optionally, AZT and/or 3TC and/or ddl

and/ or ddC; ( i-pdi-Aavi r, and i AZT and/ oryy: d.or ddC and/ or
3TC, in pagtiéﬁiﬁ?ﬁhﬁﬁﬁinavir aggMﬁégPan ' 3TC; (3ﬁ?g% §$£&%g and 3TC
and/ or zidovudi ne; (4) zidovudine and | am vudi ne a . 4 and 1592U89;
(5) zidovudine and | am vudi ne. In such conbi nations T conmpound of the
present invention and other active 25 agents may be adm ni stered
separ at el y or Trmatienjteincti on. | Wamleli-Lantert t he adMGH stration of one

el enent may be prior to, concurrent to, or subsequent to the

adm ni stration of other agent(s). Abbreviations 30 The follow ng

abbr evi at i10ns ,Davostibiofn whi ch ar eCBav,setjuwnal abbr agipatiis emsomael | known to
those skilled in the art, are used throughout the description of the
invention and the exanples. Sone of the abbreviations used are as follows:
3 Novenber 2. ®6omHidah Hantmaur ( S)Ortto Phaf@@Brb.enper atgaige adhia= nol e(s) mmol
= mllinol e(SEfh@psie@i an(s) ng = mlligram's) massechivigh Azt er(s) |

therapy
15 T
Recombinant Human Serono ATDS-related
Growth Hormone wasting, cachexia
Megestrol Acetate Bristol-Myers Squibb Treatment of
20 : anorexia assoc.
W/AIDS
Testosterone Alza, Smith Kline AJDS-related wasting
25  Total Enteral Norwich Eaton Diarrhea and
Nutrition . Pharmaceuticals malabsorption
related to AIDS

Additionally, the compounds of the invention herein may be used in
30  combination with another class of agents for treating AIDS which are called HIV
entry inhibitors. Examples of such HIV entry inhibitors are discussed in DRUGS OF
THE FUTURE 1999, 24(12), pp. 1355-1362; CELL, Vol. 9, pp. 243-246, Oct. 29,
1999; and DRUG DISCOVERY TODAY, Vol. 5, No. 5, May 2000, pp. 183-194.

35 Tt will be understood that the scope of combinations of the compounds of this
invention with AIDS antivirals, immunomodulators, anti-infectives, HIV entry

inhibitors or vaccines is not limited to the list in the above Table, but includes in



TFA = Trifluoroacetic Acid DCE = 1, 2-Di chl oroethane 10 CH,Cl2 =

Di chl or omet hane TPAP = tetrapropyl anmoni um perrut henate THE =

Tetrahydof uran DEPBT = 3- (D et hoxyphosphoryl oxy)-1, 2, 3-benzotri azi n- 4(3H) -
one 15 DVAP = 4-di net hyl am nopyri di ne P-EDC = Pol yner supported

1- (3-di net hyl am nopropyl)-3- ethyl carbodiimde uL~. -

- uuuci uyi auuuuyi uyyi ~- 5- cui yi eai uuui ui uuc DMF = N N-d| me:f WV?IBPMOQG 20
Huni g's Base = NN-Diisopropylethylanrine nCPBA = neta- Chl oroperbenzoic
Acid azaindole = 1H Pyrrol o-pyridine 4-azaindole =
| H pyrrol o 3, 2-b] pyri di ne 5-azai ndol e _Z[fl- Pyrrol o[ 3, 2-c] pyridine 25

e 00 I SR A ST R B BeTonsen 0 o -,

6- di cyano-1, 4-ibanzegui A OIf = Trifl uoronet hanesul fonoxy 30 NWM =

4- Met hyl nor pholine PIP-COPh = 1- Benzoyl pi perazine NaH VM5 = Sodi um

hexanet hyl di si |l azi de EDAC = 1-(3-D net hyl am nopropyl ) - 3- et hyl car bodi i m de 3

Novermber 2006 43 TiWferel dofBidalibis drd/dimultavbis ddakdthaing ireithane of Wk a=

D chi or oet ha5ne compound of the present invention and an inhibitor of HIV protease and/or a non-

mucleoside inhibitor of HIV reverse transcriptase. An optional fourth component in

the combination is a nucleoside inhibitor of HIV reverse transcriptase, such as AZT,

3TC, ddC or ddi. A preferred inhibitor of HIV protease is indinavir, which is the

sulfate salt of N-(2(R)-hydroxy-1-(S)-indanyl)-2(R)-phenylmethyl-4-(S)-hydroxy-5-

10 (1-(4—(3—pyridyl—me[hyl)—?,(S)—N‘—(t-butylcarboxamido)—pipcra}zinyl))—pentaneamide
ethanolate, and is synthesized according to U.S. 5,413,999. Indilja;\?ir is generally
administered at a ddsage of 500 mg three times a day. Other preferred protease
inhibitors are nelfinavir and ritonavir. Another preferred inhibitor of IV protease is
saguinavir which is administered in a dosage of 600 or 1200 mg tid. Preferred non-

15  nucleoside inhibitors of HIV reverse transcriptase include efavirenz. The preparation
of ddC, ddl and AZT are also described in EPO 0,484,071. These combinations may
have unexpected effects on limiting the spread and degree of infection of HIV.
Preferred combinations include those with the following (1) indinavir with éfavirenz,
and, optionally, AZT and/or 3TC and/or ddI and/or ddC; (2) indinavir, and any of

20  AZT and/or ddI and/or ddC and/or 3TC, in particular, indina\?i; and AZT and 3TC;
(3) stavudine and 3TC and/or zidovudine; (4) zidovudine and lamivudine and

141W94 and 1592U89; (5) zidovudine and lamivudine.

In such combinations the compound of the present invention and other active
25  agents may be administered separately or in conjunction. In addition, the
administration of one element may be prior to, concurrent to, or subsequent to the

administration of other agent(s).

Abbreviations
30
The following abbreviations, most of which are conventional abbreviations
well known to those skilled in the art, are used throughout the description of the

invention and the examples. Some of the abbreviations used are as follows:



McOH = Methanol 5 THE = Tetrahydrofuran EtOAc = Ethyl Acetate LDA =
Lithium diisopropylamde TMP-Li = 2,2,6,6-tetranet hyl pi peridinyl 1ithium
DVE = Di et hoxyet hane 10 DI BALH = Dii sobutyl al umi num hydride HOBT =

1- hydroxybenzotri azole CBZ = Benzyl oxycarbonyl PCC = Pyridinium

chl orocbromate 15 The synthesis procedures and anti-HN1 LIt

4- al kenyl piperidine am de containing anal ogs are bel ow. %g&%%eélﬁl%e??gﬁé of

t he Conpounds of the Invention: 20 Sche A D SID + ~A Coupling reagent
~A Q(C=OmOH HN I nert solvent D(c=0)m WStep D Step D description: As
shown in Schenme A ;internediate h| (V\/nere W 25 corresponds to claim1 and
H is hydrogen) can be coupled w tbh e acid QO C(OOH (which can al so be
depicted as Z-OH) wsing standard raomdaneeavadeor pepti de bond form ng
coupling reagents. _The conbi nation o% EDAC and triethylamne in

t et rahydr of ur an or "BOPCI and di i s%cf}? )pyl ethyl amne in chloroform have
been utilized nost mimh@quent | ¥ butmiDiafd(s) or ot her coupling reagents such as
30 PyBop cquld be utilized. Another useful coupling condition enploys HATU
(L.A Car §i no et. fal. J.Chem SOCg?m’éﬁ%m Conm 1994, 201-203; A Virgilio
et.al. J.Am ChemmgSoc. 1994, 1kbinikaB@y 11581). A general procedure for
using this reagent i.s 3 Novenber 2006 44 Acid (leq) and HWA or HCO salt

(2eq) in DWF are stiltred at Ft f #f@en 1 h and
TFA = Trifluoroacetic Acid
DCE = 1,2-Dichloroethane
10 CHCl; = Dichloromethane
TPAP = tetrapropylammonium perruthenate
THF = Tetrahydofuran
DEPBT = 3-(Diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-
| one
15 DMAP = 4-dimethylaminopyridine
P-EDC = Polymer supported 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide
CiC - 2~ o mULLGULY LA LU P UP Y =D CUiyICH DUGLLLIUG
DMF = N, N-dimethylformamide -
20 Hunig’s Base = N,N-Diisopropylethylamine
mCPBA = meta-Chloroperbenzoic Acid
azaindole = 1H-Pymrolo-pyridine
4-azaindole = 1H-pymrolo[3,2-b]pyridine
5-azaindole = 1H-Pymrolof3,2-c]pyridine
25 6-azaindole = 1H-pyrrolo[2,3-cipyridine
7-azaindole = 1H-Pyrrolo{2,3-b]pyridine
PMB = 4-Methoxybenzyl
DDQ = 2, 3-Dichloro-5, 6-dicyano-1, 4-benzoquinone
, OTf = Trifluoromethanesulfonoxy
30 NMM = 4-Methylmorpholine
PIP-COPh = 1-Benzoylpiperazine
NalIMDS = Sodium hexamethyldisilazide
EDAC = 1-(3-Dimethylaminopropyl)-3-cthylcarbodiimide




2 days. HATU (2eq) was added in one portion and then DVAP(3eq). The
reaction was stirred at it for 2 to 15h (reaction progress nonitored by
standard nmethods ie' TLC, LC/MS) The mixture is filtered through filter
paper to collect the solid. The 5 filtrate is concentrated and water is
added. The mxture is filtered again and the solid is wastg?\? W;Tltgh %@%er.
The solid is conbined and washed with water. Many reagents” YOF 3 € bond
couplings are known by an organic chemist skilled in the art and nearly
all of these are applicable for realizing,coupled anide products. As

menti oned above, DEPBT (3-(diethoxyphosphotryl oxy)-1, 2, 3-benzotriazin-4(3H)-

10 one) and NN-dii soprzepyl et hyl am nly known as Huni g's base,
represents anot herO@fﬂsi cient net hog ?@Rgfﬂﬁmthe am de bond (step D) and
provi de conpounds ofDCH ai m | = DEFRBghibmmeitaher purchased from Adrich or
ﬂrepgred :éccoeri n?ft he@pégcedtik}?mgfagggﬁd Zﬁ,tl_i, Téif)gjiingélxég Ye, Y:
.; Fan, C.; Ronoff, T.; odnman, ganic Lett., , 1, -93.
Typically an inert S4¢QEnt sueh asM&8Mmobr THE is 15 used but other aprotic
solvents cou d be u The am de construction reaction could be
carried out ‘using the preferred c’%ﬁggjfdf‘%ﬂ@ndescri bed in this application,
or Sl tgrngti veI%/ by fﬁ@ﬁb)éi ng ;:Bedcml m_ﬂt iz%tcbfgt&stﬁ_r 20 f:pup![! ng ][eagents for
am de bond construct.i escribed later in i.s application for
construction of sub;[llﬂ]uents Ro- R3-AL Sgﬁ@@?lf‘intd%nonl imting exanples are

given in this appliTaaeipn. Akter rm,ﬁ,g@émCmy%gﬁidﬂlgpmm@hbe conFrted to a
er. e methyl ester in

nmet hyl ester using cess 25 di azqnethane in E/ et
dry THE cE& | d be rgﬁﬂsed wi th t hdmetberyethiatani de of internediate HW The
lithiumamme of H WIBALHW i s=f or mB@obiylalb@@Gid Rgirgpt ermediate 1 with
l'ithiumbistrinethylsilylamde in THE for 30 mnutes in an ice water

cool i ng bath. Sodi udT pot asEi umdnidEasbeageiriazde formed sinilarly and
utilized if additiogglz reactivity fea, fAgstaschy O her esters such as ethyl,
phenyl, or 30 pentafl| uorophenyl coul'd be uti’lized and woul d be formed

usi ng standard nmet h§86l ogy. Sehendyadingepshiarsclpisatgener al coupl i ng reaction
using the BOP-Cl coupling nmethod while Schene A2 depicts a specific
reactions which typifies the coupling reactions used to nake the conpounds
of formula I or predbe smthssis prochdmes 28d NoirHOE rac2006 of 4-alkenyl piperidine

amide containing analogs are below.
i

Preparation of the Compounds of the Invention:

20 Scheme A
b b
Coupling reagent
= 7oA
Q(C=0),-OH * C\/LA - N
HN Inert solvent g{c=0),”"
H-W Step D

Step D description: As shown in Scheme A, intermed;ate H-W {(where W

25  corresponds to claim 1 and H is hydrogen) can be coupled with the acid
QCOYC(OHOH (v\’fhich can also be depicted as Z-OH) using standard amide bond or
peptide bond forming coupling reagents. The combination of EDAC and
triethylamine in tetrahydrofuran or BOPCI and diisopropyl ethyl amine in chloroform
have been utilized most frequently but DEPBT, or other coupling reagents such as

30 PyBop could be utilized. Another useful coupling condition emblbys HATU (L.A.
Carpino et. al. J.Chem.Soc. Chem Comun. 1994, 201-203; A, Virgilio et.al. J.Am.
Chem. Soc. 1994, 116,11580-11581). A general procedure for using this reagent is



45 Scheme Al R16 R17 R18 R15 D Al17 A16 D HCI HN - A Rte A R22 Al5 Rzz PH
Rlg ROR2 0 O OBOP-CI, DDEA, CHCI3 OO Rte Step D Schene A2 n N~
MO O OHHC.HN MMOON OBOP-Cl, DEA) CHCO3 NONN Step DNH
Scheme A3 RL7 0 OORla RIBO R15 DN CHBOP-CI, DDEA NN N + HC

R22 CHCI3 H1 NC d
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Acid (leq) and H-W-A or HCI salt (2eq) in DMF are stirred at 1t for between 1 b and
2 days. HATU (2eq) was added in one portion and then DMAP(3eq). The reaction
was stirred at rt for 2 to 15h (reaction progress monitored by standard methods 1e°
TLC, LC/MS) The mixture is filtered through filter paper to collect the solid. The
filtrate is concentrated and water is added. The mixture is filtered again and the solid
is washed with water. The solid is conbined and washed with water. Many reagents
for amide bond couplings are known by an organic chemist skilled in the art and
nearly all of these are applicable for realizing coupled amide products.

As mentioned above, DEPBT (3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-
one) and N, N-diisopropylethylamine, commonly known as Hunig’s base, represents
another efficient method to form the amide bond (step D) and provide compounds of

Claim I. DEPBT is either purchased from Adrich or prepared according to the

procedure of Ref. 28, Li, H.; Jiang, X.; Ye, Y.-H.; Fan, C.; Romoff, T.; Goodman, M.

Organic Lett., 1999, 1, 91-93. Typically an inert solvent such as DMF or THF is

used but other aprotic solvents could be used.

The amide bond construction reaction could be carried out using the preferred
LUV GLAVLIUUL AUV Y, LIS DG LUIGIGULLS GSSUIVEH UEIUW, LG COUpLLLY
conditions described in this application, or alternatively by applying the conditions or
coupling reagents for amide bond construction described later in this application for
construction of substituents Rz-Rs. Some specific nonlimiting examples are given in

this application.

Alternatively, the acid could be converted to a methyl ester using excess
diazomethane in THF/ether. The methyl ester in dry THF cbuld be reacted with the
lithiam amide of intermediate H-W. The lithinm amide of H-W, Li-W is formed by
reacting intermediate 1 with lithinm bistrimethylsilylamide in THF for 30 minutes in
an ice water cooling bath. Sodium or potassium amides could be formed similarly
and utilized if additional reactivity is desired. Other esters such as ethyl, phenyl, or
pentafluorophenyl could be utilized and would be formed using standard
methodology. Scheme Al depicts the general coupling reaction using the BOP-Cl
coupling method while Scheme A2 depicts a specific reactiorl,whjch typifies the

coupling reactions used to make the compounds of formula I or precursors to them.

N N
NNS5
HN A H

R19 Rep R23 Step D CI H Scheme A4 O 3 November 2006

N



OO0 0O NCNBOP-CIl, DEANHCO H1 NC HHN/ CHCI3 NCI Step D 10 Schene
BDD QCOmdC + JKAEt3SNA HNTHE "N 4(C=00m H WStep D 3 Novenber
2006 46 As shown in Schenes B and C, Conpounds of forrmula | can al so be
obtained fromreacting the amne, HWwth an acid halide QC(O C(O-C (
al so depicted as Z-d) typically in the presence of a terjj 1 base
to provide the desired conpounds of the invention. Such é@??‘?{%ﬁ@%& d
usually be started at a 5 tenperature of approximately 2 C and allowed to
warmto anbi ent tenperature but |ower tepperatures or even heating could
be utilized if needed. The reaction of 0OC(O-d (Z-d) by reaction
with the appropriate HWA in the presencg e tertiary amne (3-10 eq.)
such as triethylam ne ordiisopropylethylarnine in an anhydrous aprotic

sol vent such as di chl or onet hane, @LG&HHQ&roet hane, diethyl ether, 10

di oxane, THF, acetonitrile, DV s~ Y he' l'ike at tenperat:®e8 ranging fromO0C

to reflux. Most preferred are dichlo t hane, dimhl ne, or THE The
reaction can be nonitored by L &, aci ds QG rR{Z- OH) can be
converted to the acid clj orddes 1 C(O-Ad (B CLN-ySY oxal yl
chloride in a solvent s as_benz@d& or_t hi onyl ori @i ther neat or

contai ning a catal ysti c*andtintearf.ciDMEA, dietyper at ur8s Gé&taween 0C and refl ux
may be utilized dependi ng on theStsengt rate.

Scheme A2
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N N N

N H D H
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5 Scheme A3
R17 O
0 o F115 Fl13 \ o]
Ris D N
N oH —{, BOPCI, DIEA N, _{
| N +  HCIHN A | S
N Rz GHCly i
H
al H Rig Rgqfes Step D Ci 1 NG
Scheme A4
0
o o0 0
c
N BOP-CI, DIEAy N
N\ OH Pz = A
! S * | = X
N uN CHCl N
H H
C! i 1 NG
Step D
10
Scheme B

D D

Q(C:O)m-cl + O‘//‘\A Et3N O}A
HN THF Q(C=0)” N

B-W Step D




Scheme C 20 DD QCOmX+/ AEt3NHN THE QCOn~ N HWStep D X =
Cl, Br, | Procedures for coupling piperazine am des to oxoacetyl
derivatives are described in the Blair, Wang, Wallace, or Wang references
93-95 and 106 25 respectively. The entire disclosures in U S Patent

6, 469, 006 granted Cctober 22, 2002; U. S. Patent 6,476,034 ﬁ%gntgd enber
5, 2002; U. S. Patent Application Serial Nunber 10/027,6123 Ve8P Dec er
19, 2001, which.is a continuation-in-par of U S. Serial Nunber 09/888, 686
filed June 25, 2001 (corresponding to PCI WO 02/04440, published January
17, 2002); and U.S., R i I I filed
August 7, 2002, V\hiAéﬁﬁ%"gI?gl %%%S%Q%’n%%g?%wg%é% é%%b%glr%%er

10/ 038, 306 fi |fenn Gastugrthe Enin@ W Hith an esp baldleCEOCETCMEBIDAFREA3s 3
Novenber 2006 ,s$h Al 15...2002) are . incorpor d by reference
herein. The p#%@ééﬁ%%@&%ﬁgggﬁ#%%g%ﬂ%%gu?ﬁ 0 ggﬁﬁt% %FﬁggF%£§£%gcetic aci ds
t o pi perazi ne campdasisiofitht: iresetion: éuell eactass ecanldosuallydd sanad agously to form

t he conpounds of this invention except _the. piperidine alkenes are used in
place of tRe JPPRHYIAL BRERBHoNCS C Sallopd o SemRawbieaL RERE-BTGREC | bes a
useful met hod hRér trhERRhieR Br dvBR hERINP ebNE Be ARISEH iREHeADYhdFeldiohete Wis as
defined in the_description and clains of the invention. 10 Typically, this

net hodol ogy wi @¢OCUEIR-Be&h Clithe Reaptipiswith dheappraphipeAl-Nohdn shermesepprof aof t he

hydr ogens on thga.gAhacasanleq TREdMHs &enyIRhEE ¥rdiiE o AR Ene ¥ao, sul fonyl,
am do and the liké as specified in the claim A_preferabl% coul d be aryl or
heteroaryl nonbtdrets ageotig 6algrt Bich a5 dichlosgmgthane dighdepethaiesdethal abdter gr oups
descri bed jon & laR Fnr, LLAAKIEDNRIE T A tehBertrR AR Re utilzed
but ot her bases sudﬁ as Ii?ﬁ?dnl e at tefBorattr 3 vl fFork 8%

reflux. Most preferred are dichloromethane, dichloroethane, or THF. The reaction

can be monitored by LC/MS.

The acids QC(OYC(O)YOH (Z-OH) can be converted to the acid chlorides
15 QC(OYC({O)-Cl (Z-Cl) using oxalyl chloride in a solvent such as benzene or thionyl
chloride either neat or containing a catalystic amount of DMF. Temperatures

between 0°C and reflux may be utilized depending on the substrate.

Scheme C
20
D D
ACOMK O% BN O/%
N
WA e Q(C=O)i”
H-W StepD

X=Cl, Br,|

Procedures for coupling piperazine amides to oxoacetyl derivatives are

described in the Blair , Wang, Wallace, or Wang references §3-95 and 106

25  respectively. The entire disclosures in U.S Patent 6,469,006 %ranted October 22,
2002; U.S. Patent 6,476,034 granted November 5, 2002; U.S. Patent Application
Serial Number 10/027,612 filed December 19, 2001, which.%s a continuation-in-part
of U.S. Serial Number 09/888,686 filed June 25, 2001 (correspondiﬁg to PCT WO
02/04440, published January 17, 2002); and U.S. Patent Application Sérial Nurphber

30 10/214,982 filed August 7, 2002, which is a continuation-in-part of U.S. Serial
Number 10/038,306 filed January 2, 2002 {corresponding to PCT WO (02/62423



15 sodium or potassiumdi al kyl am des or the correspondi ng
bistrimethylsilyl am des could also be utilized. Preparation of

i ntermedi ates: 20 Schene D 0 O 1) Base, THE OY N+ ~-g 1 0 2) TFA HN
HW Scheme E25 0 O O-' 1) D Organonetallic A, / A HN 2) TFA HN D =

heteroaryl, aryl, alkyl Internediate 1 Oganonetallic = Li 12,
ZnBr 3 h%venbe¥ 2006 y48 As shown in Scheng E, addition Op@gﬁvmnbaﬂﬁﬁg
organonetal lic reagent to a ketone can provide an internediate tertiary
al koxi de whi ch undergoes protonation and gcid catalyzed elimnation to
formthe desired double bond. A nunmber of organo netallic reagents could

suffice as shovmbhutkd A0@X 15,2068 Ukiaé ratéaiﬁy TefASke hiPint %@P)oc&% ;d be 5

needed to conensate for de rotecti on of the am ne nitrogen In many cases.
Schenme F 0 D @st¢ IP)COIB&%@@CM gERInipls oFogqRliczacids PRBIpeIRYIE) m@es n{tigse OR) 2 SiR3,

AsR3 references can be nsed analogously to fonm the compounds of this invention except

the piperidine alkenes are used in place of the piperazine benzamides.
General Schemes:

Scheme D describes a useful method for preparing the compounds described
by H-W where W is as defined in the description and claims of the invention.

10 Typically, this methodology will work best when D is a group which lowers the PKA
of the hydrogens on the adjacecent methylene moiety. For example cyano, sulfonyl,
amido and the like as specified in the claim. A preferably could be aryl or heteroaryl
moieties as described in claim 1. A could also be other groups described in claim 1.
Alkoxide bases of C1 to C4 alcohols can be utilzed but other bases such as lithium,

15 sodium, or potassium dialkyl amides or the corresponding bistrimethylsilyl amides

could also be utilized.

Preparation of infermediates:

Scheme D
D
T\ 1) Base, THF
A - Z A
2) TFA HN
H-W
Scheme E
D
1) D-Organometallic
A, - A
2)TFA HN
D = heteroaryl, aryl, alkyl Intermediate 1

Organometallic = MgBr, Li, CeCl2, ZnBr




10 Standard ol efination conditions such as Wttig, Honer Emons, Petersen
or Arsenic based can be used to convert the ketone to the desired
products. Sone general reviews of this nethodol ogy and directions for use
are contained in the followng references: Wadsworth, WS, Jr., in
"Organi ¢ Reactions", Dauben, WG, 13 M, WIley, New York, /3.
McMirry, J.E. Acct. Chem Res. 1983, 16,405. Cushman, ,Sk%Vé‘Pg’“Bﬁ}bﬁ .
Med. Chem 2002, 10, 2807. Wen Z= triphgpyl phosphine, butyl lithium or
LDA coul d be used to generate the phosphorus ylide in THF and then the
ylide reacted w thug @Eovlﬁﬁ%%ﬁerﬁéli&rdgfﬂog%f 5&1&' %%e&agﬁicb&%ggtg&ta kegrﬂg can .

phosphi nate or phosphine oxi de base reagent coul simlar
bases or 20 wirrdvidseginipmadiagoisttanysilicomideeriidximierges mmxthmeand acitthe

bna P Boe0 BN iRl g o estt Py ouRB PR "R oS o Sy BERRIEA D
O-A N HN) Basegyts @uidiudhicred iskaven but an BxtSoduyaiveleht (At least. two total) could be

5  needed to comensate for deprotection of the amine nitrogen in many cases.

Scheme F

0
q z 1B i
fs) N ase _
+ . =
T Aa e @*
HN

Z = PRy, P(O)Ph,, P(O)(ORY),, SiR,, AsR;

10
Standard olefination conditions such as Wittig, Horner Emmons, Petersen or

Arsenic based can be used to convert the ketone to the desired éroducts. Some
general reviews of this methodology and directions for use are contained in the
following references:Wadsworth, W.S, Ir., in "Organic Reactions", Dauben, W.G.,

1> B4, wley, New YOrk, 1Y/7, 23, /3. McMurry, JLE. Acct. Chem. Res. 1983, 16, 405.
Cushman, M., et al. Bioorg. Med. Chem. 2002, 10, 2807. When Z= triphenyl
phosphine, butyl lithium or LDA could be used to generate the phosphorus ylide in
THF and then the ylide reacted with the ketone ot provide the desired product. The
phosphinate or phosphine oxide based reagents could be used with similar bases or

20  with sodium or postassium methoxide or ethoxide in the corresponding alcohol

solvents.

25

30




t)X-Y, base ON2) TFAHN ~O X-Y =Br-Br, 1-C, NBS, NCS, IS X =1, Br,
C O DMtal / g PAWNi HN O OTIt catalyst Tf20 ~ /I-A A HN HN Metal =
SnR3, B(OH)2, AIR2, MgBr, and ali ke As shown above in Schene H, substituted
azai ndol es containing a chloride, 10 brom de, iodide, triflate, or
phosphonat e undergo coupling reactions with a boronate ( Ki

reactions) or a stannane to provide substituted azaindolesgﬁg?gﬂﬁéﬁggﬁand
boronates are prepared via standard literature procedures, or as described
in the experinental section of this appljgation. The vinyl brom des,

chl ori des,

t

riflates , or phosphonates nmay undergo netal medi ated coupling

to provide conpounds of 15 formula WHgshifhe or Suzuki couplings are
particularly useful. A detailed discussion of the references and best
conditions for these kinds of netal nediated coupling is described |ater

how these types of [reaction8®&Ry asl o bel uged tof?mntion%liNe

ndol es and

in this application whgre the discussion(:;/gonbined W t h aiiifkﬁgiption of
g9

azai ndol es.

3 Nové# r 2006 220 When benzene, sStart Perials are

commerial ly avail abl B¢t Schene J 1) oMo catalyst O o ~+ OR2 Ar 2)
TFA HN 5 Alternatively, the conpounds WH could be prepared via olefin

nmet at hesi s

10

15

D
)
o)\A O/L A TFA P
S | —_—_— Y
Base \i/j)/ . I\O/‘\

intermediate 1

Scheme H
X
= A 1)X-Y,base
—_——i—
O N 2) TFA 7oA -
Y ) Hi
\‘,O
X-¥ = Br-Br, I-Cl, NBS, NCS, NIS X=1,Br, Cl D-Metal b

e O_,//‘\ A
Pd or Ni
oTf catalyst HN

Metal = SnRg, B{OH),, AIR,, MgBr, and alike

As shown above in Scheme H, substituted ézaindoles con_taining a chléride,
‘bromide, iodide, triflate, or phosphonate undergo coupling reactions with a boronate
{Suzuki type reactions) or a stannane to provide substituted azaindoles. Stannanes and
boronates are prepared via standard literature procedures. or as described in the
experimental section of this application. The vinyl bromides, chlorides, triflates , or
phosphonates may undergo metal mediated coupling to provide compounds of
formula W-H. Stille or Suzuki couplings are parﬁcula:rlj! usefl. A detailed
discussion of the references and best conditions for these kinds of metal mediated
coupling is described later in this application where the discussion is combined with a
description of how these types of reactions may aslo be used to funtionalize indoles

and azaindoles.



usi ng highly active Rhodium catal ysts. The nethylene starting material can
be prepared via sinple Wttig nethylenation of the precursor ketone which
is prepared 10 via literature nmethods. The olefin nmetathesis is preferably
carried out using 1% of the inadazoylidene ruthenium benzylidene catal yst
described in the follow ng reference. The reaction is cargN%q, 1918{: ﬁ}togl’tl ng
at low tenperatures (-40) or simlar. Starting nethylene nmaterial T1s m xed
with excess olefin (5 to 100equi val ents)__.and the reaction iswarnmed to
-40C. Synthesis of Symmetrical Tri substiYuted O efins by Cross 15

Met at hesis. Chatter Sander Robert H..
(lruanir Tettere Aﬁﬂ%ﬁwﬁﬂf?ﬁeﬂpnfgﬁﬁg cﬁ'?‘g'ef‘f’lg‘gﬁl #¥¢ ow whi ch show
addi tional conditions and substrates which may be used with this

catal ysts. 20 Functional group di versgtheo®] r ut heni um cat al yzed ol efin
cross-netathesis. Toste, F. Dean; Chatterjee, Arnab K ; G ubbs, Robert H..
The Arnold and Mabel n Laboratory of Chem cal Synt hesiET_, Di vi si on of
Chem stry and Chem cal! Emgi neeMing,P Cal 1YfRu; Mo@atalyst i t ut e of (Technol ogy,
Pasadena, CA, USA © 'Ejnd J5 ed Chemistry (2002), ar7-10. A
Versatil e Precurso or the Syntfaesi ofyfyew Rut heni umy efin Metathesis
Catal ysts. Sanfordy Melanie S.; Love, Jennifer A ; Gubbs, Robert H..
Arnol d and® Mabel Beckman Laboratories for Chem cal Synthesis Division of
Chem stry and Chem cal Engineering, California Institute of Technol ogy,

Pasadena, CA, USA. A@rﬁ@d]r@ﬁjel}l@E&Ihﬁ&lnﬁszﬁﬁﬂ{)coula(%%%ared 38 pdibinahsis 3

Novenber 2006 51 Oefin netathesis with -di'f ['uor oet hyI ene. Tr nka, Tina
M : Day, M chawtg hghly a@\@%@dmm&lxstsmhe metlege atﬁ@nww&qn lbfan Lab. of
Cheni cal Synt hesisq léW Aasnelogy gRRg CA  USA.
Angewandt e Chlgfg e, VIirjlnt rnatll;a nal |on 2%01)%9 0t 18) 1- 3444 5

Scheme K Yhowsiaditesaivngemateods. nThm®1eiﬁn meqathpm isqerferably carmiod put@gmgd Yeof the
monof unti onal j zad, OF &1 e futldunfbbdyladh Gl @ de Qe PRl RALLRR rdBince.
The reaction is carried out starting at low temperatures (-40°) or similar. Starting
methylene material is mixed with excess olefin (5 to IOOequ§valents) and the reaction
iswarmed to ~40°C. Synthesis of Symmetrical Trisubstituted Olefins by Cross
15  Metathesis. Chatferjee, Amab K.; Sanders, Daniel P.; G_rubbs,_ Robert H..

Oiroanie Teftera ACR ASAP.

Additional references are listed below which show additional conditions and

substrates which may be used with this catalysts.

Functional group diversity by ruthenium-catalyzed olefin cross-metathesis.
Toste, F. Dean; Chatterjee, Arnab K_; Grubbs, Robert H.. The Arnold and Mabel
Beckman Laboratory of Chemical Synthesis, Division of Chemistry and Chemical
Engineering, California Institute of Technology, Pasadena, CA, USA. Pure and
25  Applied Chemistry (2002), 74(1), 7-10. A Versatile Precursor for the Synthesis
of New Ruthenium Olefin Mefathesis Catalysts. Sanford, i\?Iglanie S.: Love,
Jennifer A.; Grubbs, Robert H.. Amold and Mabel Beckman Laboratories for '
Chemical Synthesis Division of Chemistry and Chemical Engineering, California
Institute of Technology, Pasadena, CA, USA. Organometallics (2001), 20(25),
30 5314-5318.



dehydr obrom nation provides a versatile vinyl bromde internediate. This
internmediate is coupled to the QC(OC(O OH acid with BOPCL to provide a 10
conpound of forrmula I. This internmediate is then funtionalized using

pal | adi um medi ated couplings to either boronates or stannanes. Conditions

for these couplings are described in this application. SCHEME ig 0
/1 nn ACH2PPh3 R Rig- A 1. Br2, K2003 RTC R+s/R R+6 1'| /%"‘Fﬁé’e’?%g@g N

Rzs nBuU, THE Rlg R23 2. ag. NaOH, MOH R's NR Rod R+s'. BOC Ri g20 BOCN
Rig" ar DDSnBu3 D A Ron R+s/Ry (Ph3P)2PdCl2 . +v R+6/RA 6 1. HCl-di oxane
R+s N R23 THF, 90 C R15 2. BOPCl / iPr2NEPl/ CHCI3 0 R\g MOR O NRig O

OHOD B(OH?2 +s Pd(dppf)2CG 2, Na2COa . Q Q DME, 90 C, . Schene L shows
speci fic exanpl SLh mﬁ@'ﬁi‘éggﬁ%éﬂé%“f{rmymear dmka oM. ays Michael Wy hed i n
the experi nment aGn®egRobét H20 AkSld 3nd\OMBIRELRAO0b. S heah@Bydihddls, PhCH2PPh3
i. Br2, K2CO. 3 nBUL.i, THE N 2. ag. NaOH, McOH S N .

California Institute of Technology, Pasadena, CA, USA. Angewandte Chemie,

International Edition (2001), 40(18), 3441-3444.

Scheme K shows a sequence in which a piperidone is coverted to a
monofuntionalized olefin via Wittig olefination. Bromination and
dehydrobromination provides a versatile vinyl bromide intermediate. This
mtermediate is coupled to the QC(O)C(O)OH acid with BORCI to provide a

10 compound of formula I. This intermediate is then funtiona]ized using palladium
mediated couplings to either boronates or stannanes. Conditions for these couplings

are described in this application.

SCHEME K
15
Br
Ra O Ryg LA
R:’ Rz ACHPPRy gy, Fie,~® 1. Br, KOO R:‘ﬂ Y o
— Raz - ]
. R
R N R;:z:* nBuli, THF R:: y Rz 2. 9. NaOH, MeOH Ris N RR23
BOC Ry BOC HWHZD BOC Ryg
Br D-SnBu
Ry i 7 A ’ Ry g A
Ris Rza (Ph3P)2PdCI2 . Ryy B/ A
1. HCl-dioxane Ry5 " By THF 90°C ;he :;
A m—— i 15
2, BOPCI / iPrzNEt / CHCl3 0 Rig 2 on, o Nk
¢ D. Rg
o, O g © B(OH)» 5
o Pd{dppfloClz, NazC0a Q
@ DME, 80°G. |
Scheme L shows specific examples of general Scheme K which are some of those
described in the experimental section.
20
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BOC N BO BOd / Br S SnBu3 Me? ON (Ph3P)2PdCl2 O 1. HC -di oxane THF,
90C N. N2. BOPCl / iPr2NEt / CHCI3 Me? O NMOH OCHOR MO OV N N~ N
Ni NH MOHMO\ NB(OHH2 N M e0 Pd(dPPf)2CI2, Na2CO8 O DVE, 90 C N
N MeOH Schenme M shows how a protected vinyl brom de can be converted to
a carboxylic 5 acid via lithium brom de exchange and reacgirg!n WI% @gﬁr bon
di oxi de. As described in this application and the incorpot alEd"d
carboxylic acids are excellent precursorg, to many heterocyl es or am des.
The rest of Scheme M shows conversion to>2funtionalized oxadi azol es. O her

chem stry described in this applicatio ep cts other nethods for
converting acids to groups of other co of the i nventi on. .15 20
3 Novenber 2006 5% SCHEME M 0
PhCHzPPha 1. Brs, KoCO5
N nBuli, THF 2. ag. NaOH, MeOH
BOC
N : N
Br. [S‘}"'SDBUQ MeO 0
/ (PhgP)oPdCl, A °
1. HCl-dioxane THF, 96°C N | N
2 BOPCL/ IPENEL/ CHOly pegy Ot MeO F_
weo O, O '\\o OR, \N;
O .
° ) . o
N B(OH), MeO
PdidppzClo. N2zCO3 - A~ A 7
DME, 90°C Ne
. ¥ 7N
H

Scheme M shows how a protected vinyl bromide can be converted to a carboxylic

5  acid via lithivm bromide exchange and reaction with carbon dioxide. As described in -
this annlication and tha incovnoratad nnee carbnyvlie acide are excellant nrecnreors
to many heterocyles or amides. The rest of Scheme M shows -con-vcrsion to
funtionalized oxadiazoles. Other chemistry described in this application depicts other
methods for converting acids to groups of other compounds of the invention.

10

15
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H®2C AA Br A1l. n-BuLi, THE RRe | Ru EDCI, HOBt, DFW RHNHN R R R Re | Rz
R23 a CO R17 R23 NHZNHR R17 tal R23 7 R16 Rzo RRis N RRss RRa N Rzo Rl
BOC Rlg BOC R =H CHOBOO Rig Ac20 or TFAA, NEt3 (R=H) R=CORI, CON R1
NANOR\VLI N /-ORR Ra4 NAR Rzz PPh3, CI3000I3N 1. TFA, DCM 0O N R23 R
R z3 i Pr2NEt, MeCN R17 23 2. oxoacetic acid O O R Rza RéGJ}IRea BG; Dl EA
N RR15 BOO R19 RL = H, Me, CF3 Scheme N depicts a nore spechfl@R %q’e
Scheme M 5 Schene N Br | 1. n-BuLi, THE HO2C | EDCI, HOBt, DMF RHNHN |

2. CO2 NH2ZNHR N N N BOC BCC R = H, CHOB% Ac20 or TFAA, NO3 (R= H) - R:
COw, COCF3 Rl N'-O R1L N / PPh3, C1300013 NI 1. TFA, DCM MeO O N

SCHEME M
o]
HOLC._A A
B _ A 1. n-Buli, THF Rl Ry EDCI, HOBL DMF RHNHN
Rig J| Rea eL . Ruaf B
18 .. 2CO, Ri7 23 NHNHR Ry Rz
RTT 23 R15 RZD R R
A7 N RR2° HEBO(%;N R1g Ry N 31:0
15 ' 19 BOC
BOC Ac0 or TFAA, NEt, (T Hh CHO
(A= H) R=COR', coa’
H1
)0
N L 4
PPhs, ClzCCClg N 1. TFA, DCM
Ria) R:»:an
iProhEt, MeCN Rz 2. oxoacelic acid
Ry N“ SRz  BOPGI, DIEA
R15 1 H19
BOC
R' = H, Me, CF;
Scheme N depicts a more specific example of Scheme M.
5
Scheme N
B
f | 1.nBull, THE HOZC EDC!, HOBt, DMF  AHNHN
2. 002 NH,NHR
i;I |
BOC ‘ R=H, CHO BOC
ACZO or TFAA, NEtsc H,C
(R=H) ~ R =COMe, COCF,
B1
"o
)\0
PPhg, ClaCCCl "7 | 1.TFA, DCM MeQ O
iProNEt, MeCN 2. oxoacelicacid N,/ \
N BOPCI, DIEA S

R'=H, Me, CF5 BOC MeO  h,



i Pr2NEt, MeCN 2. oxoaceticacid N\ 1 O N BOPCl, DIEA N Al = H M, CF3 hoc
MeO y 3 Novenber 2006 54 Schene P depicts nethods for functionalizing the

vi nyl brom de

to install groups D (or A). Either a nodified Stille

coupling or a zinc nediated coupling are depicted. Details of these
tranformati ons are di scussed later in the section on netal,.coupl,n
SCHEME P D A D-SnBu3 Br A ABI 223 R181 R223 1. n-Buli; éllg 'ﬁp“}i’erg%ﬁ H2 3

Rye R R s Rzo

(Ph 3P)4Pd, Cui R-6 R2 2. 1, Pd(Ph3P)4 R77 ~R23 DMF, goo C

N THF, 900 CRR2 N Ris di 5BOC Rig " Boé"'gl 5 OC Res Schenme Q depi cts

sonme specific
n- BuLi ; ZnCl2

%ﬁg‘%k%ﬁ%ﬁ %?%edg%"j%ﬁﬁo XE ﬁﬂﬁ%}g\D Nopn ‘g‘bBr 8 N THF

90 C N BOC BQGr SDCEithes asmdﬁmet Slﬂlel eqiptihg omilh@ﬁsdlﬁt@ﬂ caﬁugmg hﬁmlaﬂnbté& ng the

vinyl brom de

coupling, zi ncﬁ?%r%%fl ?@ g%?rfo ns %gaﬁé%fﬁﬁé(t%rhﬁbﬁ%g@%%%“%ﬁ“%ﬁg are

depicted. A nethod for converti ng the vinyl bromde to vinyl idodide is
shown. |f tshe vinyl brom de fails to sogEngopefficient reaction, the nore
reactive iodide can be prepared as a better partner. Details of these 20

tranformations ar® _di scussegsdsat ersinAt he section on netal, cquplings.
RTB f RQ 1.81 HZ 1. n-Buli; ZnCI2
P < Pl o,
17 (PhaP)4Pd CUIHT7 2. D I, Pd(PhaP)4 H17 23
N

10
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R
R,e.  DMF,90°C o HZD THF,90°C  Ryesy
0C e Fag

e
BOC

Scheme Q depicts some specific examples of Scheme P.

SCHEME Q
3 &
“ | 3—%nBu Br
N B 3 1. n-BuLi; ZnCly
ﬂ:’hsp)q_Pd Cul 2. NJ/’ Pd(Ph3P)4
N DMF, 90° C [N THF, 920°C
BOC BOC BOC

Scherme R depicts methods for functionalizing the vinyl bromide to install groups D
(or A). Either a modified Stille coupling, zinc mediated coupling, or a Suzuki
boronic acid coupling are depicted. A method for converting the vinyl bromide to
vinyl idodide is shown. If the vinyl bromide fails to undergo efficient reactioﬁ, the
more reactive iodide can be prepared as a better partner. Details of these

tranformations are discussed later in the section on metal céﬁplings.



25 30 3 Novenber 2006 55 SCHEME RD A Br ADA Re) Rz.,.. Re ! R2~

D zZnBr Hla 1 H2 R17 -R23 D.B(OH)2 R17 23 R17 23 Hs R20 Hs R0 Hs N H2o
N 1BOC R19 Pd2(dba)3, Na2CO3 Al BOC R19 Pd(Ph3P)4, THE 1BOC R1920 | n-BulLl;
12 DAl A(HO2B DDA RI8)R2q D Rls)fl2 - R18 1R 817 23 Bu3$n H77 " 23
81723 R s N HR2o Pd2(dba)3, R R Pd2(dba)3, Na2C03 RAs N R2g 6%3006
tri-2-furyl phosphine 1BO6 R19 1BOC R19 5 Schene S provi des speC|

exanpl es of Schene R Scheme S F F MO MO R\ F) B(OH)2 Br I\ I NOw
nBr NI L1 MO Pd2(dba)3, Na2CO3 Pd(Ph3§>34 THE N N N BOC BOO BOO |
n-BuLi; 12 OH EtQRC HHN, , | N COREt | (HO 2B OH N Bu3Sn Pd2(dba) 3,
Pd2(dba) 3, Na2CO3 N tri-2-furyl phosphig@HEwR

D_A Bra_ A 5 HD “Q
Riglf Roo Rigll B ZnBr 18
Ry < Poion), By By . Rm 2223
Rye R <———————— Py Rzo B 20
N L S
i n-Buli; 1
D._A lLA  (HOMB. DA
Ryl Rz D R.TR b Ry R
57 N 20 Pdy(dba) Rys Roo  Pdy(dba)s, NasCO Rys Rao
1 R da N . N o 3, Nagl-Us N
Bog Mo tri-2-furylphosphine™ 15 5~ R Boc Rig
5  Scheme S provides specific examples of Scheme R. .
Scheme S
F
O B]‘ 7 ZnBI’ N N
| FC “B(OH), { OMe f
- = Me(Q
Pda(dbals, NayCGOg Pd(PhaP}s, THF
N N W
BOC BOC BOC
l n-Buli; Is OH
EiQ.C H
B ‘N
HN, - Njcom (”0’251@”% O @
| BusSn i i
sz(dba)s, Pdg(dba)3, N32003
N tri-2-furylphosphine N M
8OC BOG BOG

10 Scheme T shows methods for converting the vinyl bromide into more funtionalized
groups D (or A). A key aldehyde intermediate is generated from the vinyl bromide

and can be used to generate heteroaryls such as the oxazole via reaction with Tosmic.

15



BOC BOO BOO 10 Schene T shows nethods for converting the vinyl brom de
into nore funtionalized groups D (or A). A key al dehyde internediate is
generated fromthe vinyl brom de and can be used to generate heteroaryls
such as the oxazole via reaction with Tosmc. 15 3 Novenber 2006 56
SCHEME T Br AHOCANOA Ra R 1 RR1. n-BuLi, THE R7 %0@%&2
R2~ R17 2. DWF R17 23 McOH R17 23 s N 20 R 6106 R20 R s doC
R 9 dtaoc R19 1. n-BulLi, THE 2. zZnd 2 3__ AcCl, (Ph3P)4Pd CH2Br CH, OA S
R22 Me4, A O A 1. LDA THF TMSCI RI B MECSNH2 N R77R7 R R23 2. NBS, THF R B
N RR zo Et OH RL7R16 RR23 Rl 6 OCAlggg%ang R16 N RRo R1IQOCC R19 5
Schene U shows how a hydrazi de (gner the acid) can be used to
prepare oxadi azoles with diffferent substituents. SCHEME U o i H NHN
HNHN A H z ARL OO RgR2 NODPIBI R22 /0

Br A HOC. A N1 A
Ry IRzﬁ 1. n-Buli, THF R4 lﬂzﬁ TosMIC, K;CO;, R R
Rz P Rﬁ’ 237 MeOH Ry o
Rye N Rzo Fi R

1

Ryg Rag
1% LT Fg‘%oC:N R
1. n-Buli, THF
lz. ZnCl,
3. AcCl, (PhgP),Pd
s
o COHy A Me—‘<\ | A
R R 1. LDA, THF; TMSCI MeCSNH, NFl 7 Re
Fiw R23 2. NBS,THF EtOR Rey 18 Ras
20 A
Fi“1%00 RBOC Ryg Rig N 0
RBOC Ry

5  Scheme U shows how a hydrazide (gnerated from the acid) can be used to prepare

oxadiazoles with diffferent substituents.

SCHEME U
o o1
HONHE HNHN H
2 8}
flez P ] sz CLGCGL W A
FI PhaP, Cl.
Ry fog R'COCI, NayCOy, H20 17 Phaf, GCCCls N o] fluz
g Rag OF, Ryg Hzo DIEA MeCN Ry Ras
O.H, EDCI, HOBT R
Ris’ ot Rue RICOeH, B o 18 soc Rig Ris— gy a0

TES-C), imidazcie” B = CHzOH
DWIF R'= CH,OTBS

10

Scheme V provides more specific examples of Scheme U.

Scheme V
H‘S
o) o} N}‘o
HaNHN ™ R'COCL NasCOs, H,O  HNHN l PhaP, CliCCCI; N i
- —_———
or, R0 DIEA, MeCN
R'CO.H, EDGI, HOBT
N N N
BOG BOC BoC
) .
TBS-C1, imidazole(” R = CH,0H
DMF R'= CH,OTES



H17 R23 R COCl. Na2C33, H20 Rn R23 Ph3P, ci3ccC3 AR Rte R20 or, Rig N Rea
DIEA, MeCN F117 Ra R NRCOH EDC, HOBT R22 Rs BOCRe z 's BOC Rig
ReNR3 R 3 BOORGgTBS-Cl, ir;,Molder R= CHR2OH DW R = CHZOTBS 10
Scheme V provides nore specific exanples of Scheme U. . Schene V R

/ + NO/ HZNHN' R COCl, Na2C33. H20 HNHN Ph3P, C, CCCI% r%O(Il_gQ
DIEA, MecN R C02H, EDCI, HOST N N BOC 60C BOC TBS- a, (nggg’le

CH2OH DMF Rl= CH2OTBS 3 November 2006 57-Scheme Wshows some ot her met hods
for installing D (or A). Schenme WNO/ sBr OHC\ i \ 1. n-BuLi, THF I
TosMC, | 2. DW MeCH N N BOG BOG BOG 1. n-BuLl, THF

Scheme W shows some other methods for installing D (or A).

Scheme W
“ 0
Br OHC N _-
i 1. n-Buli, THF { TosMIC, KoCO4 |
e ame o
2. DMF MeQH
) y -y
BOC BOC BOG
1. n-Buli, THF
2. ZnCI2

3. AcCl, (PhyP),Pd
Me S
Me—‘<\ 1
o | 1. LDA, THF; TMSC! MeCSNH, N
2. NBS, THF EtOH
A\
BOC BOC

Scheme X shows a particular example where a functionalized heteroaryl or in this

case aryl are coupled and then further functionalization can bccurr-(in this case
redcution of an ester to an alcohol). '
10
Scheme X

CO,Et

Br. A CO,Et
Ris l Rzo f\I[ o
Rz Bog 7 SnMes
—_—
Fag NN T2 (PhgP),PdCH, P17
Bis pot R THF, 90°C
1. TFA, DCM
2. BOP-CI, DIEA, CHCly
Q OH
P

G o



2. ZnCl2 3. AcCl, (Ph3P)4Pd Br Me Me 4S/ O\ 1. LDA, THF, TMSCI O I \
MECSNH2 NI \ 2. NBS, THF EEOH N N f BOG BOG BOG Schene X shows a
particul ar exanple where a functionalized heteroaryl or in this case aryl
are coupled and then further functionalization can occurr (in this case
redcution of an ester to an alcohol). 10 Schene X CO2Et g Br 8_2_?

THF R 15 Rts THF, 90 C Rzo R16 N Rz R15 BOC Rig F315 E30

TFA, DCM R17 1l1a 2. BOP-Cl, DIEA, CHC13 R15/ A OOH R15 R22 O OO0 /N Rea
R20 0 0 Rig 3 Novenmber 2006 58 Schene provi des nore specific exanpl es

of Scherme X h 2-E Et
e C?’l%l‘llg r:rx."apro*.']ccln morte spemﬁc%?amples of Scheme X.

Scheme Y
CO,Et
CO,E P
Br. > Nx | N
| N~ snMe, t LAH, THF
(PhP).PdCl,
N THF, 90°C N
BOC BOG OH
N 4
1. TFA, DCM 4
2. BOP-CI, DIEA,GHCl; MeO O N
MeO Q OH - .
= N 4 N
g o L
N ’ N
Ny H iy
N4 N-¢
5 Me Me
Tham o drreman Lme i lelon o YO o h QUVSRERN o V.f o NI o 29 W fmm AACl v.:\::; f;:;:—;:'l; :
B e = T T St Tt it A Sl T bl S

of the description of the invention and in schemes A-C above) are described herein
and in the same references just cited for the coupling reaction (Blair , Wang, Wallace,
10 or Wang references 93-95 and 106 respectively). Additional general procedures to
constrict substituted azaindole Q and Z of Formula I and intermediates useful for
their synthesis are described in the following Schemes. The following Schemes
provide specific examples of methodology which can be used to prepare Q or
Q(CO)Ym-OH or derivatives in which the acid has been conveﬁed to an acid halide or

15  ester.



Br N NN ShMe3 LAH, THE (Ph3P)2PdCl2 N THF, 90 C N N BOC BOC OH BOC N 1.
TFA, DCM 2. BOP-CI, DIEA, CHCI3 MeMOO N MO OOCH N/ \ ON / \ O NN N
HN~NHD5 M Me of the description of the invention and in schenmes A-C
above) are described herein and in the same references just cited for the
coupling reaction (Blair, Wang, Wallace, 10 or Wang refe ces 93(%% and
106 respectively). Additional general procedures to const P Eﬁﬁ%% ut ed
azaindole Q and Z of Forrmula | and internedi ates useful for thelr
synthesis are described in the foll ow ng henes. The foll ow ng Schenes
provi de specific exanples of nethodol ogy ich can be used to prepare Q or
QCO MOH or derivatives in which tgemachg has been converted to an acid
halide or 15 ester. 3 hbvenber 2006 59 Schenme in 0 R R2 Step A RZ StepB

RZOB~I\/gBrR3AICI3R30Vb I\CICOCOOVENNOZTHENNNNORqH
CH2C12 H to Rq 2@ StepB
0 MgBr R, AlCi; R;
RN CIcocoome
NO, TTHE P N N
c;Hac:2

ia

0
R, 9 Step D
Ry OH  H-w-aA
KOH N ~~N DEBPT, (i-Pr);NEt
H
DMF
Ra da
Scheme 1b
0
Ra Step A Ry StepB o]
N7 Z MgBr AICIy OMe
P - . hf A CICOCOOMe
R4 Ri H CH,Cl, Ri h
R
1b 4 2b Ra 3b

Siep D
H-W-A

DEBPT, (i-Pr),NEt
DMF




OO RO Step DR 0O RB OHHWA W Step CR3 "A KOH N N DEBPT,

(i-Pr)2NEt NNHR4 4a DMF Rg H5a Schene |b R2 Step A R2 StepB R2 0 O N
~MgBr AICI3 OV N CICOCOOVE NR NOTHEIl 3 R2 RBHCHC2 H3 H 4 1b Rq
2b Rgq 3b OO RR O Step DR 0O OHHWA W Step CNNA KOH R3 N DEBPT,

(i-Pr)2NEt R3 N R4 4b DVF Rq H 5b 3 Novenber 2006 60 SCE%‘?% tep A
\ / N/

0O Step6 RZ N\ ~MgBr RN A1ICI3 R2Z N Ow -/ THE 2 Cl
N RR3 HCHCO2 R3 H 60

Scheme 1c

Step A SiepB
AiCl;

R
2 N\ = MgBr R, N
| P — Ty CICOCOOMe
Rg ! NO, Ry N CH,CL
) Ra o6

1c

Step D
H-W-A
Step C -
KOH g;§ DEBPT, (i-Pr}oNEt
DMF
Scheme 1d
R Ra Step A R, StepB ,
NP Z MgBr Ry AlCl; Rs
| R CICOCOOMe -
Ry N” “No, THF P e
4 2 Ry N E CH,Cl, R4
14 2d
0 0
o
R, 0 StepD R, "
Rs OH H-wW-A R
stepC YT 3 TN A
H DMF




R4 1c Ra 2c 3c OO OStep DO Step CRR NOHHWAR2ZNWA | \ I \ KO
R3 N DEBPT, (i-Pr)2NEt R3 NHDW Ra H Ra 4c 5¢ Schene 1d R2 Step A O R
R2 StepB _R2 3 ~Mygr RAICI3 R3 OMe 3 CICOCOOMe THE, Ra N N2 Ra N N
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Step A in Schemes 1a-1e depict the synthesis of a aza indole or indole
intermediates, 2a-2e via the well known Bartoli reaction in which vinyl magnesium
5  bromide reacis with an aryl or heteroaryl nitro group, such as in la-1e, to form a five-
membered nitrogen containing ring as shown. Some references for deails on how to
carry out the transformation include: Bartoli et al. a) Tetrahedron Lett. 1989, 30,
2129. b} J. Chem. Soc. Perkin Trans. 11991, 2757. ¢) J. Chem. Soc. Perkin Trans. I
1991, 657. &) Synthesis (1999), 1594. e) Zhang, Zhongxing; Yang, Zhong;

10  Meanwell, Nicholas A.; Kadow, John F.; Wang, Tao. “A General Method for the
Preparation of 4- and 6-Azaindoles”. Jowrnal of Organic Chemistry 2002, 67 (7),
2345-2347 WO 0262423 August 15, 2002 “Preparation and antiviral activity for
HIV-1 of substituted azaindoleoxoacetylpiperazines” Wang, Tao; Zhang,
Zhongxing; Meanwell, Nicholas A.; Kadow, John F.; Yin, Zhiwei.

15

In the preferred procedure, a solution of vinyl Magnesiﬁﬁi bromide in THF
(typically 1.0M but from 0.25 to 3.0M) is added dropwise to a solution of the nitro '
pyridine in THF at -78° under an inert atmosphere of either nitrogen or Argon. After
addition is completed, the reaction temperature is allowed to warm to -20° and then is

20  stirred for approximately 12h before quenching with 20% aq ammonium chloride
solution. The reaction is extracted with ethyl acetate and then worked up in a typical

manner using a drying agent such as anhydrous magnesium sulfate or sodium sulfate.
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to the vinyl Grignard solution). Occasionally solvents such as dimethoxy ethane or

dioxane may prove useful, A procedure in which the nitro compound in THF is

added to a 1M solution of vinyl magnesium bromide in THF at -40°C may prove

beneficial. Following completion of the reaction by TLC the reaction is quenched

10  with sat ammonium chloride aqueous solution and purified by standard methods. A

reference for this alternative procedure is contained in M.C. Pirrung, M. Wedel, and
Y. Zhao et. al. Syn Lett 2002, 143-145.

Substituted azaindoles may be prepared by methods described in the literature
15  or may be available from commercial sources. Thus there are many methods for
synthesizing intermediates 2a-2d and the specific examples are too numerous to even

list. Methodology for the preparation of many compounds of interest is described in

- ~— ey ey m= T _ . . A o LR W U T R S, PN
LOICLOAAD WL u.La.u, VY QUEE, TV GLLLCHAA, LU TY Ll 5 P N I T E e it I Y

A review on the synthesis of 7-azaindoles has been published (Merour et. al.

20  reference 102). Alternative syntheses of aza indoles and general methods for
synthesizing intermediates 2 include, but are not limited to, those described in the
following references (a-k below): a) Prokopov, A. A.; Yakhontov, L. N. Khim.-
Farm. Zh. 1994, 28(7), 30-51; b) Lablache-Combier, A. Hetero'aromatics.
Photoinduced Electron Transfer 1988, Pt. C, 134-312; ¢) Saify, Zafar Said. Pak. J.

25 Pharmacol. 1986, 2(2), 43-6; d) Bisagni, E. Jerusalem Symp. Quantum Chem.
Biochem. 1972, 4, 439-45; &) Yakhontov, L. N. Usp. Khim. 1968, 37(7), 1258-87; )
Willette, R. E. Advan. Heterocycl. Chem. 1968, 9,27-105; g) Mahadevf'm, L;
Rasmussen, M. Tetrahedron 1993, 49(33), 7337-52; h) Miﬁ;devan, L; Rasmussen,
M. J. Heterocyel. Chem. 1992, 29(2), 359-67; i) Spivey, A. C.; Fekner, T.; Spey, S

30 E.; Adams, H. J. Org. Chem. 1999, 64(26), 9430-9443; j) Spivey, A.C.; Fekner, T.;
Adams, H. Tetrahedron Lett. 1998, 39(48), 8919-8922; k) Advances in Heterocyclic
Chemistry (Academic press) 1991, Vol. 52, pg 235-236 and references therein. Other

references later in this application. Starting indole intermediates of formula 2e
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internmedi ates 32 EhlbRessREt1RHEOON: ih ¥ r@ende®f AlDIQ tdwti@sardhlpeide) n t he
15  (Sychevaet al, Ref. 26, Sycheva, T.V.; Rubtsov, N.M.; Sheinker, Yu.N.; Yakhontov,
L.N. Some further descriptions of the exact procedures to carry out this reaction are
contained in a) Zhang, Zhongxing; Yang, Zhong; Wong, Henry; Zhu, Juliang;
Meanwell, Nicholas A.; Kadow, John F.; Wang, Tao. “An Effective Procedure
for the Acylation of Azaindoles at C-3.” J. Org. Chem. 2002, 67(17), 6226-
20  6227;b) Tao Wang et. al. US Patent 6,476,034 B2 “Antiviral Azaindole
derivatives” published Nov 5, 2002; ¢} W. Blair etal. PCT patent application
WO 00/76521 Al published Dec 21,2000; d) O. Wallace et. al. PCT
application WO )2/04440A1 published January 17, 2002 Some reactions of 5-
cyano-6-chloro-7-azaindoles and lactam-lactim tautomerism in 5-cyano-6-hydroxy-7-
azaindolines. Khim. Geterotsikl. Soedin., 1987, 100-106). Typlca]ly an inert solvent
such as CH,Cl; is used but others such as THF, Et;0, DCE, daoxane, benzene, or

1~
n

toluene may find applicability either alone or in mixtures. Other oxalate esters such
as ethyl or benzyl mono esters of oxalic acid could also suffice for either method
shown above. More lipophilic esters ease isolation during agueous extractions.

30  Phenolic or substituted phenolic (such as pentafluorophenol) esters enable direct
coupling of the H-W-A in Step D without activation. Lewis acid catalysts, such as tin

tetrachloride, titanium IV chloride, and aluminum chloride are employed in Step B
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preferred conditions. Lithium hydroxide or potassium hydroxide could also be .
20  employed and varying amounts of water could be added to the alcohols. Propanols or
butanols could also be used as solvents. Elevated temperatures up to the boiling
points of the solvents may be utilized if ambient temperatures do not suffice.
Alternatively, the hydrolysis may be carried out in a non polar solvent such as CHyCl,
or THF in the presence of Triton B. Temperatures of 78 °C to the boiling point of
25  the solvent may be employed but -10 °C is preferred. Other conditions for ester
hydrolysis are listed in reference 41 and both this reference and maﬁy of the

conditions for ester hydrolysis are well known to chemists of average skill in the art.

Alternative procedures for step B and C:

30 Imidazolinm Chloroaluminate;

We found that jonic liquid 1-alkyl-3-alkylimidazolium chloroaluminate is
generally useful in promoting the Friedel-Crafts type acylation of indoles and
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used alone or in conbination for this sequence. In addition to the oxalyl
chloride nono esters, oxalyl chloride Bé¢malef2 may 10 be reacted with the
azai ndol e and then further reacted with an appropriate am ne, such as
HWA Step C Hydrolysis of the nethyl ester, (internedi ates 3a- 3e,
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A representative experimental procedure is as follows: 1-ethyl-3-
m;sthylimidazolium chloride (2 equiv.; purchased from TCI; weighted under a stream
of nitrogen) was stirred in an oven—dn"'ed round bottom flask at r.t. under a nifrogen
atmosphere, and added alunﬁm’um chloride (6 equiv.; anhydrous powder packaged

20  under argon in ampules purchased from Aldrich preferred; weighted under a stream
of nitrogen). The mixture was vigorously stirred to form a liquid, which was then
added azaindole (‘1 equiv.) and stirred until a homogenous mixture resulted. The
reaction mixture was added dropwise ethyl or methyl chlorooxoacetate (2 equiv.) and
then stirred at r.t. for 16 h. After which time, the mixture was cooled in an ice-water

25 bath and the reaction quenched by carefully adding excess water. The precipitates
were filtered, washed with water and dried under high vacunm to give the
azaindoleglyoxylic acid. For some examples, 3 equivalents of 1-ethyl-3-
methylimidazolinm chloride and chlorooxoacetate may be required. A more

comprehensive reference with additional examples is contained in: Yeung, Kap-Sun;
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understood that such reactions could be used at other positions, such as R-R", of the

various intermediates. Reaction conditions and methods given in the specific

15 examples are broadly applicable to compounds with other substitution and other
tranformations in this application. Schemes 1 and 2 desciibe general reaction

schemes for taking appropriately substituted Q (indoles and azaindoles) and

COMVETUIE LISHI WU COLIPULLIUS UL FUstauia 1 9 i oy svaanls &l 7y g,
other permutations such as carrying a precursor Or precursors to substituents R*

20  through R’ through the reaction scheme and then convesting it to a compound of
Formula T in the last step are also contemplated methods of this invention.

Nonlimiting examples of such strategies follow in subsequent schemes.

The amide bond construction reactions depicted in step D of schemes la-le
25  could be carried out using the specialized conditions described herein or alternatively
by applying the conditions or coupling reagents for amide ﬁond _construction
describeld in Wallace, reference 95. Some specific nonlimiti_ng examples are given in

this application.

30 Additional procedures for synthesizing, modifying and attaching groups are

contained in references 93-95 and 103 or are described below.
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Connnun. 1996, ; (3L, Sateh, R Y. WO 0015594. Stiep . Was descri bed
above. 10 It shoul d bethesed that in¥ny cases reafti qgs are depicted for
only one

Schemes 3- provide more specific examples of the transformation previously
described in Scheme A. Intermediates 9-13 are prepared by the methodologies as
5  described for intermediates 1c-5¢ in Scheme 1c. Scheme 4 is another embodiment of

the transformations described in Schemes 1a-1e and 3. Conversion of the phenol to
the chloride (Step S, Scheme 4) may be accomplished according to the procedures
described in Reimann, E.; Wichmann, P.; Hoefner, G.; Sci. Pharm. 1996, 64(3), 637-
646; and Katritzky, A.R.; Rachwal, S.; Smith, T.P.; Steel, P.J.; J. Heterocycl. Cheni.

10 1995, 32(3), 979-984. Step T of Scheme 4 can be carried out as described for Step A
of Scheme 1. The bromo intermediate can then be converted into alkoxy, chloro, or
fluoro intermediates as shown in Step U of Scheme 4. When step U is the conversion
of the bromide into alkoxy derivatives, the conversion may be carried out by redcting
the bromide with an excess of, for example, sodium methoxide or potassium

15  methoxide in methanol with cuprous salts, such as copper I bromide, copper I iodide,
and copper I cyanide. The reaction may be carried out at temperatures of between
ambient and 175° C but most likely will be around 115°C or 100°C. The reaction
may be run in a pressure vessel or sealed tube to prevent escape of volatiles such as
methanol. Alternatively, the reaction can be runin a solvent.such as toluene or xylene

20  and the methanol allowed to partially escape the reaction vessel by heating and then
achieving reflux by adding a condenser. The preferred conditions on a typically
laboratory scale utilize 3eq of sodium methoxide in methanol, CuBr as the reaction
catalyst (0.2 to 3 equivalents with the preferred being 1 eq or less) , and a reaction

temperature of 115° C. The reaction is carried out in a sealed tube or sealed reaction



position of an internedi ate, such as the R5 position, for exanple. It is to
be understood that such reactions could be used at other positions, such
as R2-R4, of the various internediates. Reaction conditions and net hods
given in the specific 15 exanples are broadly applicable to conmpounds with
ot her substitution and other tranformations in this applifﬁgionb %gnes 1
and 2 describe general reaction schenes for taking approp gngym
substituted Q (indol es and azai ndol es) and other permnutations such as
carrying a precursor or precursors to substituents R2 20 t hrough R5 t hrough
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carried out u8iesgromdionpdesribed herpitewerg rlsp Bitlized s this apaticatiar &ith or
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bond construction described in Wallace, reference 95. Sone_specific
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the fluoro derivative (Step U, Scheme 4) may be accomplished according to Antipin, -

10 LS,; Vigalok, A.L; Konovalov, AL; Zh. Org. Khim. 1991, 27(7), 1577-1577; and
Uchibord, Y.; Umeno, M_; Seto, H.; Qian, Z.; Yoshioka, H.; Synlett. 1992, 4, 345-
346. Conversion of the bromide to the chloro derivative (Step U, Scheme 5) may be
accomplished according to procedures described in Gilbert, EJ .; Van Vr::mken, DL,
J. Am. Chem. Soc. 1996, 118(23), 5500-5501; Mongin, F.; Mongin, O, Trecourt, F.;

15  Godard, A.; Queguiner, G.; Tetrahedron Lett. 1996, 37(37), 6695-6698; and
O'Connor, K.J.; Burrows, C.J.; J. Org. Chem. 1991, 56(3), 1344-1346. Steps V, W,
and X of Scheme 4 are carried out according to the procedures previously described
TOT Steps B, L, and U Of SCNEme 1a-1€, IESPeCUVeLy. 1NE Steps OI DCHEME 4 Ay De

carried out in a different order as shown in Schemes 5 and Scheme 6.
20



Cl 12HDW Cl H 13 Schenes 3- provide nore specific exanples of the
transformation previously described in Schene A Internediates 9-13 are
prepared by the nethodol ogies as 5 described for intermediates Ic-5c in
Schene [ c. Schenme 4 is another enbodi nent of the transfornations descri bed
in Schenes | a-1e and 3. Conversion of the phenol to the %q&grl 2 @k@p S,
Schene 4) may be acconplished according to the procedures esibaa 1 n

Rei mann, E.; Wchmann, P.; Hoefner, G ; Sci. Pharm 1996, 64(3), 637,- 646;
and Katritzky, AR; Rachmal, S.; Snith, P.; Steel, P.J.; J. Heterocycl.
Chem 10 1995, 32(3), 979-984. Step T of Schene 4 can be carried out as
described for Step A of Schene 1s EF gbrono internediate can then be
converted into allcoxy, chloro, uoro internmediates as shown in Step U
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bet ween anbi ent an@®HL75 C but nostglikely will be grouldd 115C or 100C. The
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sol vent such as tol uene ar | lowed to partially
l:} h He en
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tube or sealed reaction 3 Novenber 2006 68 vessel. The copper catalyzed

di spl acenent reaction of aryl halideg.hy nethoxide is described in detai
in HL Aalten et al. 198% T&rahedron 45(17) pp55654t0 8578 and these
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Buchwald, S.L.; J. Ain. Chem Soc. 1997, 119(14), 3395-3396; Yamato, T.;
Kom ne, M ; Nagano, Y.; Og. Prep. Proc. Int. 1997, 29(3), 300-303;
Rychnovsky, S.D.; Hwang, K ; J. Og. Cheni. 1994, 59(18), 5414-5418.
Conversion of the bromde to the fluoro derivative (Step U, Schene 4)
maybe acconplished according to Antipin, 10 I.S.; Vigal ok,ﬂ@OL Koggdbal ov,
Al.; Zh. Og. Khiin. 1991, 27(7),1577-1577; and Uchi bori

Seto, H; Qan, Z; Yoshioka, H; Synlett. 1992, 4, 345- 346. Conversi on of
the bromide to the chloro derivative (St7@p U, Scherre 5) may be

acconpl i shed according to procedures described in Glbert, E J.; Van
Vranken, D.L.; J. Am Chem So&¢hemp§ 118(23), 5500-5501; I\/bngi n, F.:
Mongin, O.; Trecourt, F.; 15 Godard, A ; Qjegui ner, G ; Tetrahedron Lett.
1996, 37(37), 6695-6698; and O gonnor, K J.; Burrews, CJ.; J. Og. Chem
1991, 56(3), 1344-1346. Steps V,|W and)gof Scheme 4 are carried out
according to t e r oceduP@8kpr gvousl y déscWpBled [ ro eps ts, u, ana v or
bcnene to-ie, g‘ﬁvetg [ Nenst r 3cnefe’ + carried out in a
di fferent order as "F‘E'ISSche s and$§Eﬂems 6] 20H3 Novenber 2006 69
Schenme 4 Br Br B POC13 * MyBrCIN N2 Step S N DO FEJF,\;EITN/ OHd C H X
Al Cl3, CICOCOOMe x OO0 Step Ul \ \qCH2CI2 0 o] MgBr, ZnCl2 N/ N
Cl C X = ORAIf, QOE@Re Ve H

CH.Cly O 1)SteplU
or i N
MeMgEBr, ZnCt, N~y 2)2;&: w
CICOCOOMe & H
Step V
Step X
X
OH
Y
L l
y DEBPT, (u Pr),NEt
X =OR,F,Cl
Sehama 7
O
Step B Q
/S:ip A AlCl, ole
m—@\ “ “MgBr Hx@ CICOCO0OMe R, N
NOQ, THF E CH.Cl» El
1a-1 .
ale o P 2a-2e o 2 o
OK H. .A W
Step C Ry, A w . 4 .
- or ”
o ,'f: DEBPT, (i-Pr),NEt E
4-a-4e DME oo

R, = R-R, for azaindoles or R»-R; for indoles

RX® = Q (most generic definition unless specified except for caveats

N
H

Rjg is nothing

R; is not depicted (in the interest of convenience) but is considered hydrogen. Other
22 groups would work similarly in these tranformations within reactivity limits ofa
chemist skilled in the art.

Ry is Hydrogen
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Scheme 7 depicts a shorthand method for representing the reactions in
Scheme 1a-le and generic Q. It is understood, for the purposes of Scheme 7 and
further Schemes, that 1b is used to synthesize 2b-5b, 1c provides 2¢-5¢ and 1d
provides 2d-5d etc. The substituents Ry represent for azaindoles R»-Ry and for
indoles Rj-Rs. In formulas in following schemes, one of the substituents may be
depicted but it is understood that each formual can represent the appropriate generic

azaindoles or indole in order to keep the application succinct.

Scheme 8
COOMe
R, N\\
| _ Ry
Ry ﬂ
R4
Rz coome
R, N
| N Ry
N~ N
H
Ry

An alternative method for carrying out the sequence outlined iﬁ steps B-D
(shown in Scheme 9) involves treating an azaindole, such as 16, obtained by
procedures described in the literature or from commercial sources, with MeMgl and
ZnCl,, followed by the addition of CICOCOCI (oxalyl chloride) in either THF or
Et;0 to afford a mixture of a glyoxyl chloride azaindole, 17a, and an acyl chloride
azaindole, 17b. The resulting mixture of glyoxyl chloride azaindole and acy! chloride
azaindole is then coupled with H-W-A under basic conditions to afford the products
of step D as a mixture of compounds, 18a and 18b, where either one or two carbonyl
groups link the azaindole and gronp W. Separation via chromatographjc methods
which are well known in the art provides the pure 18a and 18b. This sequence is

summarized in Scheme 9, below.
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5a-5¢e R = R2-R4 for azaindoles or R2-Rs for indoles R\ \ R j N = Q (nost
generic definition unless specified except for caveats / NH R6 is
nothing R2 is not depicted (in the interest of convenience) but is

consi dered hydrogen. Qther R2 groups would work simlarly in these
tranformations within reactivity limts of a chem st skil ? rt

R7 is Hydrogen 3 Novenber 2006 71 Schene 7 depicts a shor g‘ﬁ%nnl?% ﬁ8§ for
representing the reactions in Schene la-le and generic Q It is

under stood, for the purposes of Scheme 7 aad further Schenes, that Ib is
used to synthesize 2b-5b, Ic provides 2c-5c and Id provides 2d-5d etc. The

substituents R represgrk 16Qhowaad ﬁ@?ﬂx%u%@ﬁ%d@l@%t@ﬂedﬁtéﬁdﬁﬂyﬁﬁloﬁgfﬂ% In
formulas in follow ng schenes, one o he substituents_my be depicted but

it is underst ooél’ﬂﬂlt‘?ﬁtﬂ@ﬁ*bﬂcméﬁ‘ﬂmtaw@éﬁ? iplgxspediimia, foklewsth by Wflha@@lyg"@r‘i‘érl c
azal ndoles or 1 PR\ iBRLAR ol AR AREARL b IBUARINE,  Schero B

COve R2 COOwe CobMve R2 R
R3 R NN
5 Alternatively, the acylation of an indole intermediate, such as 7a’, could be
carried out directly with oxalyl chloride followed by base mediated coupling with
H-W-A to provide an intermediate of Formula 10a’ as shown in Scheme 5.
Scheme 5
R2 [ Hz _ (@] i .
R® 3 i '
\, cicococt [R l Ci| _-ProNEL, DMF
4 N R! THF O Rig Fay
i g5 H i 5 m i e Risp
R HN ==
1?H1a R1e Rao "Rag
l:315
R®
F{19':120
gt
10

Other methods for introduction of an aldchyde group to form intermediates of
formula 11 include transition metal catalyzed carbonylation reactions of suitable
‘bromo, trifluoromethane sulfonates(yl), or stannanes(yl) indoles. Alternative the
aldehydes can be introduced by reacting indolyl anions or indolyl Grignard reagents

15  with formaldehyde and then oxidizing with MnOs or TPAP/NMO or other suitable

oxidants to provide intermediate 11.

Some specific examples of general methods for preparing functionalized
azaindoles or indoles or for interconverting functionality on aza indoles or indoles
20  which will be useful for preparing the compounds of this invention are shown in the
following sections for illustrative purposes. It should be undérstood that this
jnvention covers substituted 4, 5, 6, and 7 azaindoles and also indoles that the

methodology showﬁ below may be applicable to all of the above series while other



HRg NH Rg 10 An alternative nethod for carrying out the sequence
outlined in steps B-D (shown in Schene 9) involves treating an azai ndol e,
such as 16, obtained by procedures described in the literature or from
comrerci al sources, with MemMgl and 2ZnCl2, followed by the addition of

Cl COCOCl (oxalyl chloride) in either THE or 15 Et20 to aff.p(d a niﬁb e of
a glyoxyl chloride azaindole, 17a, and an acyl chloride éggpﬁﬂg?%} ?éb.
The resulting m xture of glyoxyl chloride azaindole and acyl chloride
azaindole is then coupled with H WA unde? basic conditions to afford the
products of step D as a_m xture of conpounds, 18a and 18h, where either
one or two car B belayy wilbae SPpeilc toRae £5 BioFd g BPEALPTRTHE VOSSP 23 Bn vi a

chromat ogr aphi g BLHRHASH #RenWHt ShbcAT8IY @ne 400 Wiaky néthedsakd inRE8d 98s t he
pure 18a and | 8b. This sequence is sunmarized in Schenme 9, below 3

Novenber 2006 ampdicaihonal the wries.articnlaty funghiongl groupiigigllatiReser +Rx \ N N 2)
ZnCl 2 N. N H 3)nt&$o%§. o e;{ le,]a7,<§n3rzps,u'a.[ég}’ ﬁ:»r“p{%ﬂ\ﬂi FR¥thdr fﬁn@éme’ﬂitﬁz' R4
for azai ndol es or - for 1ndoles pyridine NH 18a and 18b
5  of this invention is to position or install a halide such as bromo, chloro, or iodo,
aldehyde, cyano, or a carboxy group on the azaindole and then to convert that
functionality to the desired compounds. In particular, conversion to substituted

heteroaryl, aryl, and amide groups on the ring are of particular interest.

10 General routes for functionalizing azaindole rings are. shown in Schemes 7A,
8 and 9. As depicted-in Scheme 7A, the azaindole, 17, can be oxidized {o the
corresponding N-oxide derivative, 18, by using mCPBA (meta-Chloroperbenzoic
Acid) in acetone or DMF (eq. 1, Harada et al, Ref. 29 and Antonini et al, Ref. 34).
The N-oxide, 18, can be converted to a variety of substituted azaindole derivatives by

15  using well documented reagents such as phosphorus oxychloride (POCls) (eq. 2,
Schneller et al, Ref. 30), tetramethylammonium fluoride (Me4NF) (eq. 3), Grignard
reagents RMgX (R = alkyl or aryl, X = Cl, Br or I (eq. 4, Shiotani et al, Ref. 31),
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Klemm et al, Ref. 33). Under such conditions, a chlorine (in 19), fluorine (in 20),

20  nitrile (in 22), alkyl {(in 21), aromatic (in 21) or hydroxyl group (in 24) can be
introduced to the pyridine ring. Nitration of azaindole N-oxides results in
introduction of a nitro group to azaindole ring, as shown in Scheme 8 (eq. 7, Antonini
et al, Ref. 34). The nitro group can subsei;uently be displaced by a variety of
nucleophilic agents, such as OR, NR!R? or SR, in a well established chemical fashion

25  (eq.8, Regnouf De Vains et al, Ref. 35(a), Miura et al, Ref. 35(b), Profit et al, Ref.
35(c)). The resulting N-oxides, 26, are readily reduced to the corresponding
azaindole, 27, using phosphorus trichloride (PCls) (eq. 9, Antonini et al, Ref .34 and
Nesi et al, Ref. 36). Similarly, nitro-substituted N-oxide, 25, can be reduced to the
azaindole, 28, using phosphorus trichloride (eq. 10). The nitro group of compound

30 28 can be reduced to either a hydroxylamine (NHOH), as in 29, (eq. 11, Walseret al,
Ref. 37(a) and Barker et al, Ref. 37(b)) or an amino (NH;) group, as in 30, (eq: 12,
Nesi et al , Ref. 36 and Ayyangar et al, Ref. 38) by carefully selecting different

reducing conditions.
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The alkylation of the nitrogen atom at position 1 of the azaindole derivatives
5  can be achieved vsing NaH as the base, DMF as the solvent and an alkyl halide or
sulfonate as alkylating agent, according to a procedure descnbed in the literature

(Mahadevan et al, Ref. 39) (Scheme 9).

10



8 and 9. As depicted in Scheme 7A, the azaindole, 17, can be oxidized to
the corresponding N-oxide derivative, 18, by using nCPBA

(et a- Chl oroperbenzoic Acid) in acetone or DWF (eq. 1, Harada et al, Ref.
29 and Antonini et al, Ref. 34). The N-oxide, 18, can be converted to a
vari ety of substituted azaindol e derivatives by 15 using gﬁﬂ q;ug@
reagents such as phosphorus oxychloride (POC13) (eq. 2, erst

Ref. 30), tetranethyl anmonium fluoride (Me4ANF) (eq. 3), Gignard reagents
RwX (R = alkyl or aryl, X =04, Br or |)7¢eq. 4, Shiotani et al, Ref. 31),
Klemm et al, Ref. 33). Under such conditions, a chlorine (in 19), fluorine
(in 20), 20 nitrile (in 22), alkyl (in 8¥%emed omatic (in 21) or hydroxyl
group (in 24) can be introduced to the pyridine ring. Nitration of

azai ndole N-oxides results in int oduction of a nitro groupoto azai ndol e

ring, as shown in Schene 8 ni ni t al, 34 The nitro
group can subsequent |y RS | a ed“by aEQAEMEI Vix agents,
such as OR, NR R2 or SR, in~a el [Riest abl Rshed chem on 25 (eq. 8,

Regnouf De Vains et al, Ref. 3§kaw, Mura et al, Ref. 35(@) brofft et a
Ref. 35(c)). The resulting N oxides, 26, are readlly reduc@d to the
correspondi ng azaindole, 27, using phosphorus trichloride (PC3) (eq. 9,
Antonini et al, Ref 1H3hlf= mctal mueies fossubslitntingsthe a8)doleSingidesoribyd above, each
nitro-substitut i.ndol e usi ng
phosphorus tric or| aﬂﬁ%ﬁﬁ%%%ﬁgg qMﬁE&%%Rﬁ&&%egﬁéaﬁmﬂs§8ﬁ§§§%an be
reduced to eft he1r0r®rhqmom;/h:almdnbs (ridbipbialing xasltlph sﬁ@sua(eeq Thd apphiddtarof et
al, Ref. 37(a) 37(b m no (NH2) group, as
in 30, (eq: suft ro%gsrs%% ﬂr?w&es'id?hno c (Jg\%g%gpuq%? Ref. 38) by
careful ly selectlng different reducing conditions. 3 hbvenber 2006 75
Schene 7A 0 -0 nCPBA W RxO n A Rx- $c[§eme10£q 1 NR-R 17 HOMH 18 00

NMEQ

NH,
H2 Pd/C i N N\
THF ~N

0z H2 /Raney Nl 34 H
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The synthesis of 4-aminoazaindoles. which are useful precursors for 4, 5,
and/or 7-substituted azaindoles is shown in Scheme 10A above.
The synthesis of 3, 5-dinitro-4-methylpyridine, 32, is described in the following two
15  references by Achremowicz et.al.: Achremowicz, Lucjan. Pr. Nauk. Inst. Chem. Org.
Fiz. Politech. Wroclaw. 1982, 23, 3-128; Achremowicz, Lucjan. Synthesis 1975, 10,
653-4. In the first step of Scheme 10A, the reaction with dimethylformamide
dimethyl acetal in an inert solvent or neat under conditions for forming Batcho-
Leimgruber precursors provides the cyclization precursor, 33, as shown. Although
20 the step is anticipated to work as shown, the pyridine may be oxidized to the N-oxide
prior to the reaction using a peracid such as MCPBA or a more potent oxidant like
meta-trifluoromethyl or meta nitro peroxy benzoic acids. In the second step of ‘
Scheme 10A, reduction of the nitro group using for example hydrogenation over Pd/C
catalyst in a solvent such as MeOH, EtOH, or EtQAc provide§ the cyclized product,
25  34. Alterpatively the reduction may be carried out using tin diclﬁori'de and HCI,

hydrogenation over Raney nickel or other catalysts, or by using other methods for



(~"~\V R\1~-W Rx- N n APCI3 C-(. NnAeg.2 OH18 HNA 19 0 W
Rk ORKx N n A Me4dNF Ff NWA eqg.3 NRLnOHI1I8 HR 20 0x 0 RRx- N
n -ARWXr Wgeg.4 NRLRR N~n OHI1I8 NR H21 ORx\ O W TMSCN Wq
Rk N\t n ANG "Nneg.5 NRL PhCOCI N 8122 0- H18 HORx O Rx_ Nt -A
Ac20 AcO (NI n -A FI F NRL 0- v
ey ( 0- H18 Ac 23 eq.6 Rx O Wﬁ\kl)-l‘%‘mger%& N R1
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nitro reduction such as described elsewhere in this application. A general method for
preparing indeles and azaindoles of the invention utilize the Leim-Gruber Batcho-
reation sequence as shown in the scheme below:
H_ /NME;J_
N CHy €N H2, parc SN
Rx-Ry— fi, THE RZ‘R‘I_I_N/ or Rz’“f@jr}
NO, ) NOz  H2 /Raney Ni H
DMF d[methoxy or or
acetal H2 / platinum
or Fe /HCI
NMe
H 2
CH, czu/
7 - ‘i\:( as above - m
Rs-Rs— R 205 275
“~No, THF o, Z N
5 as above H

The amino indole, 34, can now be converted to compounds of Formula I via,
for example, diazotization of the amino group, and then conversion of the diazonium
salt to the fluoride, chloride or alkoxy group. See the discussion of such conversions

10 in the dserrintinne for Qehemes 17 and 1R, The conversion of the amino mojety into
desired functionality could then be followed by installation of the oxoacetopiperazine
moiety by the standard methodology described above. 5 or 7-substitution of the
azaindole can arise from N-oxide formation at position 6 and subsequent conversion
to the chloro via conditions such as POCI; in chloroform, acetic anhydride followed

15 by POCl; in DMF, or alternatively TsCl in DMF. Literature references for these and
other conditions are provided in some of the later Schemes in this application. The
synthesis of 4-bromo-7-hydroxy or protected hydroxy-4-azaindole is described below

as this is a useful precursor for 4 and/or 7 substituted 6-aza indoles.

20 The synthesis of 5-bromo-2-hydroxy-4-methyl-3-nitro .py;fidine, 35, may be
carried out as described in the following reference:Betageri, R.; Beaulieu, P.L.;
Llinas-Brunet, M; Ferland, J.M.; Cardozo, M.; Moss, N.; Patel, U.; Proudfoot, J.R.
PCT Int. Appl. WO 9931066, 1999. Intermediate 36 is prepared from 35 according
to the method as described for Step 1 of Scheme 10A. PG is an optional hydroxy

25  protecting group such as triallyisilyl, methyl, benzyl or the like. Intermediate 37 is




5 3 Novenber 2006 76 Scheme 8 0 0 WA HNGB R WA eq.7 ZN17 n p2Nx n N R3
TFANR O H18 0- H25 x ORK OW RXH ( WA e 8 11 02N jr'. n A or RX
NngNR RXNaNR H25XQ NSH26 R«0O0 RXn'APCI3 Rx W RX NH
| A. eq. 9 NR EtOAc NR H26 X=0,NSHt 27 x ORO WAPCI3 ( W-A
OZNNn QZNx NHn eq. 10 NR EtOAc NR H 25 H 28 nx .11. Q2N |
NW'4 H2/Pd-C HOHN NH | nn-A NRL eq. 11 HNRt 28 H 29 FNovenfter 2608
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then prepared from 36 by the selective reduction of the nitro group in the presence of
bromide and subsequent cyclization as described in the second step of Scheme 10A.
Fe(OH); in DMF with catalytic tetrabutylammonium bromide can also be utilized for
the reduction of the nitro group. The bromide may then be converted to alkoy using

5  the conditions employed in step U of scheme 4. The compounds are then converted
to compounds of Formula I as above. The protecting group "on the C-7 position may
be removed with TMSI, hydrogenation orin the case of allyl standard palladium
deprotection conditions in order to generate the free C-7 hydroxy compound which
can also be depicted as its pyridone tautomer. As described earlier POBr3 or POCI3

10 can be used to convert the hydroxy intermediate to the C-7 bromo or chloro

mtermediate respectively.

Scheme 11
NMe Br
Br Br H 2
AN CHs N CTN oy pac NN
N__~
N THE or N
NO, 7 “NO,  H2/Raney Ni .
OH OPG a7
15 35 36

Step E Scheme 14 depicts the nitration of an azaindole, 41, (R2 = H).

Numerous conditions for nitration of the azaindole may be effective and have been
described in the literature. N2Os in nitromethane followed by aqueous sodium

20 bisulfite according to the method of Bakke, J. M.; Ranes, E.; Synthesis 1997, 3, 281-
283 could be utilized. Nitric acid in acetic may also be employed as described in
Kimura, H.; Yotsuya, S.; Yuki, §.; Sugi, H.; Shigehara, L; H.';lga,_T.;‘ Chem. Pharm.
Bull. 1995, 43(10), 1696-1700. Sulfuric acid followed by nitric acid may be
employed as in Ruefenacht, K.; Kristinsson, H.; Mattern, G.; Helv Chim Acta 1976,

25 59,1593. Coombes, R. G.; Russell, L. W.; J. Chem. Soc., Perkin Trans. 11974, 1751
describes the use of a Titatanium based reagent system for nitration. Other conditions
for the nitration of the azaindole can be found in the following references: Lever,
O.W.1,; Werblood, H. M.; Russell, R. K.; Synth. Comim. 1993, 23(9), 1315-1320:
Wozniak, M.; Van Der Plas, H. C.; J. Heterocycl Chem. 1978, 15, 731.



X 0 RO DbNH~~ WA Na2S ( WA 02N I n H2ZN x NHn eq. 12 N R MO/ HO0 N N
Rt H28 H 30 The al kylation of the nitrogen atomat position 1 of the

azai ndol e derivatives 5 can be achi eved using NaH as the base, DVMF as the
sol veht and an al kyl halide or sulfonate as al kylating agent, according to
a procedure described in the literature (Mihadevan et al ef . 395%&§chene
9). 10 3 Novenber 2006 77 Scheme 9 0 0 Rx Ol n A NaH, ONe{RbAT in 11
HR RX NR 17 R 31 In the general route%)for substituting the azai ndol e
ring descri bed above, each process can be applied repeatedly and

conbi nati ons of these processes is pegq%ssi le 5 in order to provide

azai ndol es incorporating nultiple sub 1 lent s. The application of such
processes provi des additional conpounds of Formula |I. Schene 10A NO2 NO2 H
NVe2 N2 CH3 f | C=N H2, Pd/C N4 NO THE N or N N H2/ Raney Ni 34 H
10 32 2 The synthesis of 4-arm@nogzai ndol es. whi ch N.e ful precursors for
4, 5, and/or 7-substitute Sc enEWQOA above. The
synt hesis of 3, 5-di ni hyl p$ri di nENO32, ribed in the

foll owi ng two Step E N
42
R, 41 Ra
5 Scheme 15

Step F

pd (0)

R4SHR3

or

LG R5 R4B(0H}2

LG = C, Br, |, OTi, OPO(Oaikyl),

Step F

As shown above in Scheme 15, Step F, substituted azaindoles containing a
chloride, bromide, iodide, triflate, or phosphonate undergo coupling reactions witha
boronate (Suzuki type reactions) or a stannane (Stille type coupling) to provide
substituted indoles or azaindoles. This type of coupling as mentioned previously can

15  also be used to functionalize vinyl halides, triflates or phosphonates to add groups D
or A or precursors. Stannanes and boronates are prepared via standard literature
procedures or as described in the experimental section of this application. The
substitututed indoles, azaindoles, or alkenes may undergo metal mediated coupling to
provide compounds of Formula I wherein Ry is aryl, heteroaryl, or heteroalicyclic for

20  example. The indoles or azaindole intermediates, (halogens, triflates, phosphonates)
may undergo Stille-type coupling with heteroarylstannanes as shown in Scheme 15 or
with the corresponding vinyl reagents as described in earlier Schemes. Conditions for
this reaction are well known in the art and the following are three example references
a) Farina, V.; Roth, G.P. Recent advances in the Stille reaction; Adv. Met.-Org.

25 Chem. 1996, 5, 1-53. b) Farina, V.; Krishnamurthy, V.; Scott, W.J. The Stille




15 references by Achrenowicz et.al.: Achremow cz, Lucjan. Pr. Naulc Inst.
Chem Og. Fiz. Politech. Woclaw 1982, 23,3-128; Achrenow cz, Lucjan.

Synt hesis 1975, 10, 653-4. In the first step of Schene 10A, the reaction
wi th dinmethyl formam de dinethyl acetal in an inert solvent or neat under

conditions for form ng Batcho- Leingruber precursors provi
cyclization precursor, 33, as shown. Although 20 the step ﬁ\gz'v&ﬂ‘tb?’é%% ed to

work as shown, the pyridine may be oxidized to the N-oxide prior to the
reaction using a peracid such as MCPBA or ga nore potent oxidant |ike
meta-trifluoronmethyl or neta nitro peroxy benzoic acids. In the second step
of ~Scheme 10A, reuedtuGtdrgnRealr. (NEY.NIIFTO5® N BID. dhdlicRSLALDY. IXGFPY. Chem. Inv.

t Pd/ I in a solvent such as Me Et OH, or Et QAc
ot ovi desthe. oy R il 1956 AIc 5. e mierARicr swgH enplinseRditiooimy be
carried out usi ago i the SEGRIcObY HenaRd. Helock Cbﬁgfcﬁ%ﬂ'@br%@ﬁ%ﬁsﬁgg%ﬁé{ufm ckel

h I th t hods 8 nitro
Ceducti on such’ 24 tba00¢ bt Wildesaidions Naw ciars Alkgsithesarlamecsprguiter al ot hod
for preparifng hageb@oadtoRZR RIS of th&s@%hﬂl@&’ﬁrlh ;ﬂﬂm%hl'u' qu_tth

Lei m G uber Batcho- reation sequence as shown iIn e schene ow. H /Nwe2
CH3 \ C=N H2, PipeeiliReramplosgrowyiqdn Schemsr Spnkin the ppeciﬂ@@uﬂkﬂ@@xﬂeﬁts/ Ramele Ni H

DVF di et hoxy of 10F alini2n | dQlE%br%’H § 168 l NJXE@] N as
above i / © ec%ﬁ%& RE}S R2n R5 g%"g RIF gdgg lé{ove ifs
i ndol e, 34, canh%’éﬁpb@ﬂé@ﬁqusww@nwnmﬂﬂwmdﬂF&rmkulcmuphngl(wpno

Miyaura and Akiro Suzuki Chem Rev. 1995, 95, 2457.) between a triflate, bromo, or

10 chloro azaindole intermediate and a suitable boronate could also be employed and
some specific examples are contained in this application. Pz;Iladium catalyzed
couplings of stannanes and boronates between halo azaindole or indole intermediates
or vinyl halides or vinyl triflates or similar vinyl substrate are also feasible and have
been utilized extensively for this invention. Preferred procedures for coupling of a

15 chloro or bromo azaindole or vinyl halide and a stannane en.nploy dioxane,
stoichiometric or an excess of the tin reagent (up to 5 equivalents), 0.1 to 1 eq of
tetrakis triphenyl phosphine Palladium (0) in dioxane heated for 5 to 15 h at 110 to
120°. Other solvents such as DMF, THEF, ioluene, or benzene could be employéd.
Another useful procedure for coupling a halo indole or azaindole with a suitable

20 tributy! heteroaryl or other stannane employs usually a slight excess:(l.l eqgs) but up
to several equivalents of the stannane, 0.1 eqs Cul, 0.1 equivalents of tetrakis
triphenyl phosphine palladium (O) all of which is usually dissolved in dry DMF
(approximately 5 mmol of halide per 25mL of DMF but this concentration can be
reduced for sluggish reactions or increased if solubility is an issue). The reaction is

25 usually heated at an elevated temperature of about 90°C and the reaction is usually
run in a sealed reaction vessel or sealed tube. When the reaction is completed it is
usually allowed to cool, filtered through methanesulfonic acid SCX cartridges with
MeOH to remove triphenyl phosphine oxide, and then purified by standard
crystallization or chromatographic methods. Examples of the utility of these

30  conditions are shown in Scheme Z below.




for exanple, diazotization of the am no group, and then conversion of the
di azonium salt to the fluoride, chloride or al koxy group. See the

di scussi on of such conversions 1 n :., rho :1l.ecr++ntinnc f~r C~hen,es 17
and 1 R The conversion of the amno noiety into desired functionality
could then be followed by installation of the oxoacetoplp%ﬁ%%kn Se g&ygty by
the standard met hodol ogy described above. 5 or 7-substitution o1

azai ndol e can arise from N-oxide formatiogy at position 6 and subsequent
conversion to the chloro via conditions such as POC13 in chloroform
acetic anhydride followed 15 by PCC13 ¢rPMrzor alternatively TsCl in DWW
Literature references for these and ot her conditions are provided in sone

of the later Schenmes in this a |cat|on The synthesis of

4- br ono- 7- hydr oxy or Rpr ot eckgel droxyBA ag nda %Cpesd%a d B8l ow as
this is a useful presursor for 4 and ag;% Esg ré{es. 20 The
synt hesi s of 5- brqu mhyV & ETﬁEE?TTXEEg' W E y be
carried out as descFi 39he oII Fefeiante  Bet geml, R.

Beaul i eu, Lrlna§ Brunet M Fgfldﬁd J.M; Cardoz® M : Mss, N.
Patel, U.; Proudfoot J. R,M_aggmggp Appl. WO 9931066 1999. Internediate
36 is prepared frome%S accoN deqr, toythe nethod as descrmggddoroﬁt ep 1 of

Schenme 10A. PG is an optldbéf hydr oxy 25 priofe:CrCAglL €loup (suc
triallylsilyl, mt@—g nAN| _or thelTi |%§%ﬂ3§8;a1e,\,3 {3 Bovenber

2006 79 then prep rm%dwitﬁl & 1M E00sMeCHI O he nitro
group in the preseafice of PHFoni de sufysequent cycl i |on{as descri bed
in the second step of Schenme 10A OH)2 in DWF mnth(é; alytic
tetrabutylannnnlun1bron1de can also W utilized for Neduction of the
nitro groupd The bronide may then be converted to al koy using 5 the

condi tions enpl oyed slifdrtiedy, lehepémﬁ:q rt%uﬁhmg“ﬂa&rééﬁmﬁuﬂﬁs (4l Bedsh@si £onver t ed
to compounds of Fornula | as above. protectlngiﬁioup on the CG7
posi tion nay W@yﬂéxﬁwwlv@rtawlhmemw@@ brtter BRIV 0S tp Ad €Ghse of al Iyl

standard pal| agi b qaBPLOLRA} A HONMLRASHOC ) & tedRdgr ks e 1 e

C- 7 hydroxy conpoun Ich Tcan also be depicted as’its pyridone tautoner.
As described eaedciien isREBA hoatedPBAERF Gi0licme bica temperatuge kegvirea 7P aph0 Hydr oxy

Iljn_t er medi atl% t %’rgi’h rredc proce%ureg?or%ruz% cou ?ing OP d ghlgr%%golé SRPAGEME Y- Schene

employ 1:1 DMF water as solvent, 2 equivalents of potassmm carbonate as base

P - . P ~
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Palladium (0) tetrakis triphenyl phosphine heated for 5 to 15 h'at'110 to 120°. Less
water is occasionally employed. Another useful condition fi;r coupling a heteroaryl

15  or aryl boronic acid to a stoichiometric amount of vinyl halide or iriflate utilizes
DME as solvent (~.33mmol halide per 3mL DME), ~4eq of 2M sodium carbonate,
and 0.05 eq Pd2dba3 heated in a sealed tube or sealed vessel at 90°C for ~16h.
Reaction times vary with substrate. Another useful method for _coupling involves use
of coupling an aryl, heteroaryl, or vinyl zinc bromide or chloride coupled with a

20 vinyl, aryl, or heteroaryl balide using tetrakis tripheny! phosphine palladium (®))
heated in THF. Detailed example procedures for preparing the zinc reagents from
halides via lithium bromide exhange and thén transmetalation and reaction conditions
are contained in the experimental section. If standard conditions fail new specialized
catalysts and conditions can be employed. Discussions on details, conditions, and

25  alternatives for carrying out the metal mediated couplings described above can also
be found in the book “Organometallics in Organic Synthesis; A Marual; 2002, o



Br Br NMe2 Br \ CCH3 C=N H2, Pd/C N/ THE N/ or N NOZ NOZ H2/ RaneyNi H
OH OPG OPG 15 35 36 37 Step E Schene 14 depicts the nitration of an

azai ndole, 41, (R2 = H). Nunerous conditions for nitration of the azaindole
may be effective and have been described in the literature. N2Cb in

ni tromet hane foll owed by aqueous sodium 20 bisulfite according to
nmet hod of Bakke, J. M; Ranes, E.; Synthesis 1997, 3, 281-3%%‘%“3’8&?@%%
utilized. Nitric acid in acetic may al so be enpl oyed as described in
Kimura, H.; Yotsuya, S.; Yuki, S.; Sugi, 4 Shigehara, |.; Haga, T.;Chent.
Pharnt. Bull. 1995, 43(10), 1696-1700. Sulfuric acid followed by nitric
acid may be enmdowedcaRsicRediiéeBRRG: Sonls) Wal! ; t G
el y Chilan Acta dors, 25 59,1993 %ﬂglo?r%ﬁeﬁss,‘ﬂé.“%‘;Sﬂgggs%e"lgﬁ?d’ﬂgﬁwmi
Chean. Soc., PerkFH Frans. 1 1974, 1751 describes the use of a Titatani um
based reagent systemfor nitration. Qther conditions for the nitration of
the azai ndole can be found in the follow ng references: Lever, O WJ.;
Werbl ood, H. M ; RusSengrefqencks (angihgirefere@emtheraid)aRS;ribRR(caiplyst 3hich:a20;

L Gy SRR, 015 %
H R4 H41 R4 42 5 Schene 15 0 0 Step F OO0 RzZ pd (0) R
Littke, A. F.; Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122(17), 4020-4028:
Varma, R. S.; Naicker, K P. Tetrahedron Lett. 1999, 40(3), 439-442; Wallow, T. L:
Novak, B. M. J. Org. Chem. 1994, 59(17), 5034-7; Buchwald, S.; Old, D. W.
10 Wolfe, J. P; Palucki, M.; Kamikawa, K. Chieffi, A.; Sadighi, J. P.; Singer, R. A ;
Ahman, J PCT Int. Appl. WO 0002887 2000; Wolfe, J. P.: Buchwald, S. L. Angew.
Chem., Int. Ed. 1999, 38(23), 3415; Wolfe,J. P.; Singer, R. A.; Yang, B. H.;
Buchwald, S. L. J. Am. Chem. Soc. 1999, 121(41), 9550-9561; Wolfe, I. P.;
Buchwald, S. L. Angew. Chem., Int. Ed. 1999, 38(16), 2413-2416; Bracher, F.;
15  Hildebrand, D.; Liebigs Ann. Chem. 1992, 1 2, 1315-1319; and Bracher, F.;
Hildebrand, D.; Liebigs Ann. Chem. 1993, 8, 837-839. -

Alternatively, the boronate or stannane may be fonﬁed on the azaindole via
methods known in the art and the coupling performed in the reverse manner with aryl

20 or heteroaryl based halogens or triflates.

Known boronate or stannane agents could be either purchased from
cominercial resources or prepared following disclosed documents. Additional
examples for the preparation of tin reagents or boronate reagents. are contained in the

25  experimental section, and references 93-95 and 106.

Novel stannane agents could be prepared from one of the following routes.




R32 31l NR ARISNR3 RR~- N %or NN LGR5 RA6(OH2 RA RS LG = O,
Br, I, OIf, OPQ(QCaikyl)2 Step F As shown above in Schene 15, Step F,
substituted azai ndoles containing a chloride, bromde, iodide, triflate,

or phosphonate undergo coupling reactions with a boronate (Suzuki type
reactions) or a stannane (Stille type coupling) to provi de bStb 0@8

i ndol es or azaindoles. This type of coupling as nentioned ‘Fr;lzt n 15
al so be used to functionalize vinyl halidgs, triflates or phosphonat es to
add groups D or A or precursors. Stannanes and boronates are prepared via
standard literature procedures or asdleserilgd i n the experinmental section
of this application. The substitututed indoles, azaindoles, or al kenes may
undergo netal nediated coupling to provi de corrpounds of Formula | wherein

R4 is aryl, heteroaryl, or het erogijgyclic 20 exanpl e. The indoles or
azai ndol e i nt er nedi gﬂ% Qgens, trl,fl tRé hosg;ggﬂ,@png@_%g;gy under go
Stille-type coupling et er oagMlek annanes as shown in Schene 15 or

with the correspondi ng vinyl reagents as described in earlier Schenes.
Conditions for this reaction are well known in the art and the follow ng
are three exanpl e referenc®@sse a)lDAEAMPHAL, n-BOLJ, SFRILL,1-BEGLP. Recent advances in
the Stille reaction; Adv. Met.-Org. 25 Chem 1996, 5, 1-53. b) Farina, V.;
Kri shnanurthy, V.; Scott, WRplyentrrdFapthen BMB Novenber 2006 81 reaction :
Og. React. (N. Y.) 1997,50,1-652. and c) Stille, J. K Angew. Chem Int.
Ed. Engl. 1986, 25, 508-528=M%.B8r references for general coupling
conditions are also in the reference by Richard C. Larock Conprehensive
Organic Transformations 2nd Ed. 1999, John WIley and Sons New York. All of
t hese referg&nces provide 5 nunerous GehdinkTing2at the di sposal of those
skilled in the art in addition to the specific exanples provided in Schene
15 and in the specific' nbodinents. It can be

Base R;SnClI

Ring Aromatic—Br, | Ring Arqrnatic—SnBu;,

Solvent

Base = n-Buli, S-Buli, t-BuLi

Solvent = THF, ether, DME

n=me, ou

Scheme Tin-03

10
R;SnLi

Ring Aromatic—F, Cl, Br, { Ring Aromatic—SnBug

Solvent

Solvent = THF, ether, DME

A = Me, Bu




wel | recogni zed that an indole stannane could also couple to a heterocyclic
or aryl halide or triflate to construct conpounds of Forrmula I. Suzuk
coupling (Norio Myaura and Akiro Suzuki Chem Rev. 1995, 95, 2457.)
between a triflate, bronob, or 10 chloro azaindole internediate and a

sui tabl e boronate coul d al so be enployed and sone specific amp| e e
contained in this application. Palladiumcatalyzed coupli S%Eggé?§Wﬂénes
and boronates between hal o azaindol e or indole internediates or vinyl
halides or vinyl triflates or simlar vinyds substrate are also feasible and
have been utilized extensively for this invention. Preferred procedures
for coupling of a 15 chloro or bronmd azpildgigo2r Vvinyl halide and a

st annane enpl oy di oxane, stoichionetric or an excess of the tin reagent
(up to 5 equivalents), 0.1 to 1 eq of tetrakis triphenyl phosphine

Pal I adi um (0) in di oxane heated for 5 ton%§1gﬂgt 110 to 120. O her

sol vents such as DM, Eﬁfmnkgkuﬁﬂgrlgffbeﬁzene could be enpl oyed. Anot her
useful procedure for coupling a hal'd | ndokg, 9k azaﬁﬁﬂﬁ?@mﬁnﬁ Y suitable 20
tributyl heteroaryl or other stannane enp g§§ usual ly a slight excess (1.1
eqs) but up to several eqU|vaIents of th& annane 0.1 egs CuL, 0.1
equi val ents of tetrakis triphenyl ﬁg D ga qlun1(0) all of whichis
usual ly dissolved in dry DVF (approx %‘Té TSP hal i de per 25nL of
DMF but this concentration can be reatlameoBd or sluggi sh reactions or
increased if solubility is an issue). The reaction is 25 usually heated at
an el evated tenperature of about 90C and the reaction is usually runin a
seal ed reaction vessel or seal ed tube reaction is conpleted it is
usually allowed to cool, filtered thrgﬂﬁﬁﬁgThﬂg%esulfonlc acid SCX
cartridges wwth MOH to renove triphenyl phosphi ne oxi de, and then

purified by standard crystallization or chronatographic s. Exanpl es
of the utility oqfrpaese 30 @ﬂdwt ons_B#® sho Wﬂ?ﬁk@qpe“?mﬁﬁ ow. 3
Novenber 2006 &2° NE Z XRnBudwRe 1 600C, 3.0 OH NN

DCM MeNO2 * N O RS7 \ (Ph3P)'Z'bF’d Cul grellrdphirde 1 208, McGHN T/ Br H DVF
R4 HR4 H

E = Electrophile = R“-halide, R'COCI, R'OCOCI,
R'R"NCGC, RSO,Cl, R'NCO, R'NSO, R'NCNR*

Solvent = CH,Cl,, THF, Ether, DMF
R = Me, Bu

Base = NaH, BuLi, LDA, K,CO,, Et,N, DBU,
DMAP, NaHMDS

Boronate reagents are prepared as described in reference 71. Reaction of
10 lithium or Grignard reagents with trialkyl borates generates boronates. Alternatively,
Palladium catalyzed couplings of alkoxy diboron or alkyl diboron reagents with aryl
or heteroaryl halides can provide boron reagents for use in Suzuki type couplings.
Some example conditions for coupling a halide with (MeQO)BB(OMe)2 utilize PACI2
(dppf), KOAc, DMSO, at 80°C until reaction is complete when followed by TLC or
15  HPLC analysis. _

Related examples are provided in the following experimental section.
Methods for direct addition of aryl or heteroaryl organometallic reagents to

20  alpha chloro nitrogen containing heterocyles or the N-oxides of nitrogen containing

heterocycles are known and applicable to the azaindoles. Some examples are



R4 = heteroaryl MeO N SnBus MeO 1. Me02000C, AICI3 , MeO O CH N DCM MeNO2
O N (Ph3P)4Pd, Cul N 1\ 2. 1IMK2C0O3, MOH N Br HDW N, HN H N5
Alternatively, the Stille type coupling between a stannane (- 1.1 eqgs) and
a vinyl, heteroaryl, or aryl halide may proceed better using (0.05 to 0.1
eq) bvPd2(dba)3 as catalyst and tri-2-furyl phosphine (-0 t

added ligand. The reaction is usually heated in THE or di égﬁﬂ%elgﬁer£%86
tenperature between 70 and 90 C. 10 Preferred procedures for Suzuki
coupling of a chloro azaindole and a bor d¥at e enploy 1:1 DVF water as

sol vent, 2 equjval ents of potassium carbonate as base _Palladi um (0)

tetrakis tri pheMgRuigholhhiFaerextie §hear 1987 (369! %1@711@“5’81%96‘311_@@5? wat er

i s occasi onal | yngfmboy el ispagshageaisef ul condition for coupling a
heteroaryl 15 or aryl boronic acid to a stoichionmetric anount of vinyl

halide or triflate utilizes DME as solvent (-.33mol halide per 3nL DVE),
-4eq of 2M sodi um carbonate, and 0.0§Cgﬂl\,ﬁ§ig21ba3 heated in a seal ed tube
or seal ed vessel at 90C for -16h. Reaction tinmes vary with substrate.
Anot her useful ocgir%for coupl i ng invol ves us&:%Pe8ipling an aryl,

het er oaryl , 7 H§ bronide or chlori dee cyp! ed 20 vi nyI
aryl, or heteroaryl hal %ﬂggg HufRaRg k i s_t_u_pﬁe_np pRosphine pal | adi um (0)

heated in THE Detail ed res for preparin iﬂe zi nc reagents
from halides via li t brom de exhangecz@:tadaetqhm"ct rangnet al ati on and
reaction conditions are contai ned in the expgrinent %e&tl on. |If standard
conditions fail new specigljzed catalysts, gm,gzgndlilsq,@@m%grap,%oerrpl oyed.
Di scussions on details, condl ti oni and 2 %o Her nat i adesinday the avehtithng out
the netal nedi ated COUp|I gs descri bed above can also be found in the book
"Organonetal lics in Organic Synthesis; A Manual; 2002, 2& 3 Novenber 2006
83 Ed. M Schl osser editor, John Wley and Sons, Wst Sussex, England, | SBN

0 471
0]
N HNRzRy Cu™(2eq) N ]
RZ'RS_{ N l + —_—— 273N
ZN {3.3-30 eq.) g
ClorBt H KoCOj3 (2 eq.) 145°C R

or Ra = NRzRy where Ry is
copper bronzBeteroaryl or amino as defined by

1 2 and Kol  theinvention
x COGOWA
COCOWA 0
N HNRzRy Y ed) g TN ]
Rz'R3'—i‘ ﬁ- I + e e " i
N {3.3-30eq.) k, H
ClorBr H KaGO; (2 eq.) 145°G
oF R4 = NRzRy where R, is
copper bronze heteroaryl or amino as defined by
3 1 5 and KOH the invention
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984167. Sone references (and the references therein) describing catalysts
which are 5 useful for coupling with aryl and heteroaryl chlorides are:
Littke, A. F.; Dai, C; Fu, G C J. Ana. Chem Soc. 2000, 122(17),
4020-4028; Varma, R S.; Naicker, K P. Tetrahedron Lett.

1999, 40(3), 439442; Wallow, T. L; Novak, B. M J. Og. Che 99 7,
5034-7; Buchwald, S.; Od, D. W; 10 Wlfe, J. P.; Pal ucklngﬁf“’ ‘ﬁ%%%@gg
K; Chieffi, A ; Sadighi, J. P.; Singer, R A ; Ahman, J PCT Int. Appl. WO
0002887 2000; Wlfe, J. P.; Buchwald, S. Lg7 Angew. Chen?., Int. Ed. 1999,
38(23), 3415; Wlfe, J. P.; Singer, R A ; Yang, B. H; Buchwald, S L. J.
Am Chein. Soc. 1999, 12](41), 9550-9561;sc¥inNme13J. P.; Buchwald, S L.
Angew. Chem, Int. Ed. 1999, 38(16), 2413-2416; Bracher, F.; 15 Hildebrand,

D.; Liebigs Ann. Chem 1992,12, 1315-1319; and Bracher, F.; Fil&brand,
D.; Liebigs Ann. Cheni*~ 8. 837“’13’ Al t BMEREGRFRNG "FHE et okat e or
stannane may be forned the ezadmndol g wa 2 rEbhwdst knownyimythe art and

the coupling perfSrh®@®Ti n he reverse fanher with aryl 20%orHhet eroaryl
based hal ogens or triflates. Known boronate or stannane agents could be

ei ther purchased from c@umBREGE@bayiesmiteces or prepared foll ow ng discl osed
docunents. Additional ewttinfple@sf or the preparation of tin reagents or

boronate reagents. are contalnedR|ﬁHL@qmgéngﬁgg&#pﬁq%ghmﬁgct|on and
references 93-95 and 106. Npvel st annane agents could be prepared from one

of the follow ngueout e ré3 Novwgséber 2006 84 Schene Tmﬂxplo Base R3SnCl
roTﬁiy

Ring Aromatic-H g A SnBu Solvent Bg m_l5DA - BuLi,
S-BuLl, t-BuLi OV t er/ AlCls O
CU KOH 2. K2003, MeOH

N
N
N7 N -.:’/
5 As shown in Schemes 12 and 13, a mixture of halo-indole-or halo-azaindole

intermediate, 1-2 equivalents of copper powder, with 1 equivalent preferred for the 4-
F,6-azaindole series and 2 equivalents for the 4-methoxy,6-azaindole series; 1-2
equivalents of potassium carbonate, with 1 equivalent preferred for the 4-F,6-
azaindole series and 2 equivalents for the 4-methoxy,6-azaindole series; and a 2-30
10 equivalents of the corresponding heterocyclic reagent, with 10 equivalents preferred;
was heated at 135-160°C for 4 to 9 hours, with 5 hours at 160°C preferred for the 4-
F,6-azaindole series and 7 hours at 135°C preferred for the 4-methoxy,6-azaindole
series. The reaction mixture was cooled to room temperature and filtered through
filter paper. The filtrate was diluted with methanol and purified either By preparative
15  HPLC orsilica gel. In many cases no chromatography is necessary, the product can

be obtained by crystallization with methanol.

Alternatively, the installation of amines or N linked heteroaryls may be
carried out by heating 1 to 40 equivalents of the appropriate amine and an equivalent
20 of the appropriate aza indole chloride, bromide or iodide with copper bronze (from
0.1 to 10equivalents (preferably about 2 equivalents) and from 1 to 10 equivalents of
finely pulverized potassium hydroxide (preferably about 2 eql.li\;alents).
Temepratures of 120° to 200° may be employed with 140-160° generally preferred.

For volatile starting materials a sealed reactor may be employed. The reaction is



5 Schene Tin-02 Base R3SnC Ring Aromatic-Br, | R ng Aromatic- SnBu3
Sol vent Base = n-BuLi, S-BuLi, t-BuLi Solvent = THF, ether, DME n = IVIC
QU Schene Tin-03 10 R3SnLi Ring Aromatic-F, C, Br, | R ng Aronmatic-SnBu3
Sol vent Sol vent = THF, ether, DME R=Me, Bu 15 3 Novenber 2006 85 Schene
Tin-04 R3Sn-SnR3 Ring Aromatic-Cl, Br, |, OIf Ring Aromaté Lz%%l vent
Pd (0) Solvent = Dioxane, Tol uene. R=Me, Bu 5 Schene Tin- 05 EPBW&?
Aromati c Base omatic Arorratic Ri ng ANN o Rlng J XHRing NEor RRn X RS
RS Solvent RBS R3S/ "E 3 Electrophile 8E =g ectrophile = R -halide,
R COCl, ROCOCI, RRK N | '

most commonly used W§ ehalogen'\l) eing gspl}l?cgﬁ isRalt %%osition of a 6-aza

or 4-azaindole but the method can work in the 5-azaseries or when the halogen is at a

different position (4-7 position possible) As shown above the reaction can be

employed on azaindoles unsubstituted at position 3 or intermediates which contain

5  the dicarbonyl or the intact dicarbonyl piperidine alkene.

Scheme 16

) 1) sec Buli R,
2) DMF

or

=~ — . ~ - - - A .. am Lt _ + a P

FRS L LI Plvt,lmuuuu. A OBy (.uuuu_yuv LLLI,UJ.J.MWAI-I.LV, Ty u"""‘b AT s ‘.Uuur‘.u‘.-

from the method of Gilmore et. Al. Synlert 1992, 79-80. Is shown in Scheme 16
above. The aldehyde substituent is shown only at the Ry positibn for the sake of
clarity, and should not be considered as a limitation of the methodology. The
bromide or iodide intermediate is converted into an aldehyde intermediate, 43, by

15  metal-halogen exchange and subsequent reaction with dimethylformamide in an
appropriate aprotic solvent. Typical bases used include, but are not limited to, alkyl
lithium bases such as n-butyl lithium, sec butyl lithium or tert butyl lithiurn or a metal
such as lithium metal. A preferred aprotic solvent is THE. Typically the
transmetallation is initiated at —78 °C. The reaction may be allowed to warm to allow

20  the transmetalation to go to completion depending on the reactivity of the bromide
intermediate. The reaction is then recooled to =78 °C and allowed to react with
dimethylfo@a@dc. (allowing the reaction to warm may be required to enable
complete reaction) to provide an aldehyde which is elaborated to compounds of
Formula I. Other methods for introduction of an aldehyde gi'oup to form

25  intermediates of formula 43 include transition metal catalyzed carbonylation reactions



Sol vent = CH2C12, THE, Ether, DM R = Me, Bu Base = NaH, BuLi, LDA, K2CGCS,
Et 3N, DBU, DWVAP, NaHVDS Boronate reagents are prepared as described in
reference 71. Reaction of 10 lithiumor Gignard reagents with trial kyl
borates generates boronates. Alternatively, Palladium cat aI yzed coupl i ngs
of al koxy di boron or al kyl diboron reagents with aryl or roa I

hal i des can provi de boron reagents for use in Suzuki type c I"'?Iﬁbézoogome
exanpl e conditions for coupling a halide with (MO BB(OWw)2 utilize PdCl2
(dppf), KOAc, DMSO, at 80C until reaction gs conplete when followed by TLC
or 15 HPLC analysis. Related exanples are provided in the foll ow ng

experinental seefngfble bh&ﬁ&;mofr@ﬁeﬂsﬂneeﬂfougndf §thify] @hindblyd. AlierRRivertearyl
organonetal lic agj% ents to. 20, al pha chlorq njtrogen cont i.ni ng heterocyl es

or the N oxides 26FiEs FodednEshess .I?Pgﬂ%{né?latw@sor ndalyladgpirdisagents

appl i cabl e to tRetha@mdldihl®Snd SRADxRIGTINES MBS o8 TNAPANIS br 38686midfe
Shiotani et. Al. J. Heterocyclic Chern. 1997, 34(3) 901-907; Fourm gue

et.al. J.Og. eﬁ@ﬁﬂmﬁ’%i‘”d@&%@mﬂé%s 4864. SCHEME12 Br, Cl, OWe, or F
Br, d, OVE50rFHNRzRyQJo(2eq)\NIJ+N(3330eq)HCIorBrH
K2CCB (2 eq.) 145C Ra or R4 = NRzRy where R4 = er bronze R4
is heteroaryl or am ﬁ@@c@omywﬂégd@éﬁfﬁwawak ﬁ@mhﬁ%"éﬁﬂg%nﬁé?lﬂ

and M. Iwao et. Al. Heterocycles 1992, 34(5), 1031 provide methods for preparing
indoles with substituents at the 7-position. The Fukuda references provide methods
for functionalizing the C-7 position of indoles by either protecting the indole nitrogen
10 with 2,2-diethy] propanoyl group and then deprotonating the 7-position with sec/Buli
in TMEDA to give an anion. This anion may be guenched wi-th DMEF, formaldehyde,
or carbon dioxide to give the aldehyde, benzyl alcohol, or carhoxylic acid respectively
and the protecting group rcfﬁoved with aqueous t butoxide. Similar tranformations
can be achieved by converting indoles to indoline, lithiation at C-7 and then
15  reoxidation to the indole such as described in the Iwao reference above. The
oxidation leve] of any of these produacts may be adjusted by methods well known in
the art as the interconversion of alcohol, aldehyde, and acid groups has been well
studied. It is also well understood that a cyano group can be readily converted to an
aldehyde. A reducing agent such as DIBALH in hexane such as used in Weyerstahl,
20  P.; Schlicht, V.; Liebigs Ann/Recl. 1997, 1, 175-177 or alternatively catecholalane in
THEF such as used in Cha, J. 5.; Chang, 5. W.; Kwon, O. O.; Kim, J. M.; Synletr.
1996, 2, 165-166 will readily achieve this conversion to provide intermediates such as
44 (Scheme 16). Methods for synthesizing the nitriles are shqw.'n later in this
application. It is also well understood that a protected alcohol, aldehyde, or acid
25  group could be present in the starting azaindole and carried through the synthetic
steps to a compound of Formula I in a protected form until they can be converted into
the desired substituent at Ry through R4. For example, a benzyl alcohol can be
protected as a benzyl ether or silyl ether or other alcohol protecting group; an
aldehyde may be carried as an acetal, and an acid may be protected as an ester or

30  ortho ester until deprotection is desired and carried out by literature methods.



HNRzRy Cuo (2 eq.) i \ RZR3i NI + R2-R3 N (3.3-30 eq.) N C or Br H
K2C03 (2 eq.) 145C R4 H or R4 = NRzRy where R4 is copper bronAeteroaryl or
am no as defined by 2 and KOH the invention 1 COCOM HNRzRy Cuo (2 eq.)
R2-R3 )] RR-R3 NN N (3.3-30eq.) H C or Br HK2C33 (2 eq.) 1450 R4. or

= NRzRy where R4 is copper bronze heteroaryl or am no as de
and KOH the invention 10 15 3 Novenber 2006 87 SCHEME 13 %Nn %2036

1. O CCOCl, AIC13 Rz~ r / N Cu, KOH \NgN 2. K2C03, MOHNNO da, Br,
1, or Off HR4 HRA H(R4AH is a heteroarylor anmine wth free NH Rx =

R2-R4 for azaindoles or R2-R5 for indo§@%mel7MO0O "N.N MO MO O OH N-" 1.
McQ2000CI, AICI3 O N/ A\ N | c\) N\

Step 1

Hy. Pd-C
or
Na,S, MeOH-H,0

Step 2

Step G Step 1 of Scheme 17 shows the reduction of a nitro group on 45
5  tothe amino group of 46. Although shown on position 4 of the azaindole, the
chemistry is applicable to other nitro isomers. The proceﬁme described in Ciurla, H.;
Puszko, A.; Khim Geterotsiki Scedin 1996, 10, 1366-1371 uses hydrazine Raney-
Nickel for the reduction of the nitro group to the amine. Robinson, R. P.; DonahueO,

L N . R 2T = T = 3 R r Tr . R mIE e Mmoot ey o —

Rra atie DRy s ey TTGBTr e Aoey Ve AACECS UL JLbe I B Ary Sl fy L DT LRSOLLLLIGS

10 theuse of hydrogenation and Raney Nickel for the reduction of the nitro group to the
amine. Similar conditions are described by Nicolai, E.; Claude, S.; Teulon, J. M.; J.
Heterocycl. Chem. 1994, 31(1), 73-75 for the same transformation. The following
two.references describe some trimethylsilyl sulfur or chloride based reagents which
may be used for the reduction of a nitro group to an amine. Hwa, J.R.; Wong, F.E.;

15  Shiac, M.IL.; J. Org. Chem. 1992, 57(19), 5254-5255; Shiao, M.J .-;"]'_.ai, LL;Xuy,
W.S.; Lin, P.Y.; Hwu, J.R.; J. Org. Chem. 1993, 58(17), 4742-4744.

Step 2 of Scheme 17 describes general methods for conversion of amino
groups on azamdoles or indoles into other functionality. Scheme 18 also depicts
20 transformations of an amino azaindole into various intermediates and compounds of

Formula 1.

The amino group at any position of the azaindole, such as 46 (Scheme 17),

may be converted to a hydroxy group using sodium nitrite, sulfuric acid, and water




N Cu, KOHN 2. K2COB, MeOHN C HHH NNNNNNJ5 As shown in Schenes
12 and 13, a mi xture of hal o-indole or hal o-azaindole internediate, 1-2
equi val ents of copper powder, with 1 equivalent preferred for the 4-

F, 6- azai ndol e series and 2 equivalents for the 4-nethoxy, 6-azai ndol e
series; 1-2 equivalents of potassium carbonate, with 1 eqq£¥Flenh 2006
preferred for the 4-F, 6- azaindole series and 2 equival ents” i'6r“T'RE

4- met hoxy, 6- azai ndol e series; and a 2-30 10 equival ents of the
correspondi ng heterocyclic reagent, wth 14 equivalents preferred; was
heated at 135-160C for 4 to 9 hours, with 5 hours at 160C preferred for the

4- F, 6- azai ndol §iS@E hRfo@BEKIERLY! 5. .31 1BSE PRELEIL €RehOlo6BNE 773,
4- et hoxy, 6-azai ndol e series. The reaction m xture was cool ed to room

t enper at ur e and Brpdshery €d<s BroougH- Ct Ppitesr Hapé i Triems $qc; 1%de78a@3d3 i | ut ed

wi th et hanol angd | HolwEle Bl ' ikohd gel. In
many cases no chr%%g%ggrapﬁgﬁﬁggﬁ%@ggﬁﬁry, tké?%ﬁ%ﬁﬁ%%aégﬂﬁhggb% tai ned by
crystal li zat i on capditionsde framsthersAlThe pmétol sredpymaytieecopyested diregtliyanio of  ami nes or
N I'i nked hetero - I . [ o [ ts of

t he approprigteq%%$%ggﬁ%ﬁ%gg99g%%#§g?gﬁ%mq%ﬂggﬁh%ﬂg)%ggggég?g?é“%?%ﬁﬁhdole
chloride, brom de or iodide with copper bronze (fromO0.1 to 10equi val ents

(preferably about 2 uivalents).and froml| to equi val e inely
b0l ver | sed pot assi um 15 2aab pt B alaBll st & 46 SR SBRR Fo floro U
Tenmepr at ures of tH20ethal FFEanchay uikiey HRB], OB, vind kvafed By he @S:tigeniescaibkd in

preferred. For yolatile starti maferials a.seal I y~he

enpl oyed. The ré@%??%ﬁlﬁsaggﬁﬁbgﬁﬂbvig%ﬁéxwﬁgcﬁﬁéﬁsg%ﬁﬁ%ﬁﬁﬁgﬁggdoaﬁ%n t he
hal ogen bei n@ dinsdihcde eskhil Sorahe édi@erdiof 65ihk hRithoQow t6fladd arddesditadai ndol e but
t he net hod can rk in the 5-azaseries_or when, the hal ogen i t a.

di ff erent positﬁ%ﬁ§¥h59iﬁﬁ§iﬁﬁéﬁa§6 iQW%?HﬁéQ%ﬁgﬁﬁﬂﬁ%ﬁgg?fHégfé§é§$on can
be enpl oyed on apay-ngeinl a8 SHKEDIIE.{ RERESRL 1 NOST HeRoc3clOURiMI08TIRY] AlSeS
which contain 5 the dicarbonyl or the intact dicarbonyl piperidine alkene.
Schenme 16 R2 '

The amino group of the azaindole, 46, can also be converted to a chloride via
15  diazotization and chloride displacement as described in Ciurla, H.; Puszko, A.; Khim
Geterotsikl Soedin 1996, 10, 1366-1371 or the methods in Raveglia, I.F.; Giardina,
G.A..; Grugni, M.; Rigolio, R.; Farina, C.; J. Heterocycl. Chem. 1997, 34(2), 557-559
or the methods in Matsumoto, J. I.; Miyamoto, T.; Minamida, A.; Mishimura, Y ;
Egawa, H.; Mishimura, H.; J. Med Chem. 1984, 27(3), 292; or as in Lee, T.C.;
20  Salemnick, G.; J. Org. Chem. 1975, 24, 3608.

The amino group of the azaindole, 46, can also be converted to a bromide via
diazotization and displacement by brornide as described in Raveglia, L.F.; Giardina,
G.A..; Gregni, M.; Rigolio, R.; Farina, C.; J. Heterocycl. Chem. 1997, 34(2), 557-

25  559; Talik, T.; Talik, Z.; Ban-Oganowska, H.; Synthesis 1974, 293; and
Abramovitch, R.A.; Saha, M.; Can. J. Chem, 1966, 44, 1765:



Ra R2 \ R 1) sec Buli RBN/ N2) DWk N\ R RaAN ~R4 _Br, | or CHOH
43 R R2 R31 R 1) DIBALH, hexane RB RN NN/ N CNRe 44 CHOR6 .v
a,a.. l,aa.r..au....aa .,... r...y ...,..... T e e e
~ ., ..o b T VSR - fromthe nethod of Gl nore
et. Al. Syalett 1992, 79-80. Is shown in Schene 16 above. Tﬁe al elt}i(}gg
substituent is shown only at the R4 position for the sake of “OYRPSAI0 ang
shoul d not be considered as a limtation t he net hodol ogy. The brom de

or iodide internediate is converted into an al dehyde internedi ate, 43, by
15 net al - hal ogen exchange and subsequeg%h{)ngeafé lon with dinethylformam de in
an appropriate aprotic solvent. Typica ases used include, but are not
limted to, alkyl [lithium bases such as n-butyl lithium sec butyl |ithium
or tert butyl lithiumor a nmetal such as lithium netal 'oA preferred
aprotic solvent is TFIF. Typically the transnetal |l atd.onyis gnitiated at -78
C. The reaction may be allCopessiemofigarsg grourl | ow 20 the hsmetal ation to
go to conpl eti onNdependi ?f‘fg%e’ #%":?‘Ve‘?ict ivity of om de'A i nt er medi at e.
The reaction i Ny et 607 & T cand allo dJtosreact with

di met hyl formamder {nl | GWNg the reaction to warnfmy be required to enable
conpl ete reactio ﬁ tth pepbetingto alisehydeoiisch iRy el aporated to conpounds
of Formula 1. er met\ioligidé or triflaterbombydraxy) of an al dehyde group to form
25 internedi ates of for QD[I]a 43 incal‘ ude itl‘glansi t_ciI on netal catalyzed

carbonyl ation reactions tﬁewggngggwgomﬁfﬁ‘ 'sui tabl e brono,
trifluoronethane sul fonyl, or stannyl azal ndoles. Alternative the

al dehydes can be introduced by reacting indolyl anions or indolyl Gignard
reagents with fornal deff}fetalgfign h‘@ﬁ‘fp'é‘i'iaa'ﬁF‘Ff‘é‘c\ﬁﬂdﬁsﬁﬁﬁ'bﬁ?- TPAP/ NVD or

ot her suitable

Steps 2 and 3 may be reversed as appropriate

The preparation of 4-amino 4-azaindole and 7-methyl-4-azaindole is
described by Mahadevan, 1; Rasmussen, M. J. Heterocycl. Chem. 1992, 29(2), 359-
67. The amino group of the 4-amino 4-azaindole can be converted to halogens,

hydroxy, protected hydroxy, triflate, as described above in Schemes 17-18 for the 4-

B T, iy, PR PPV S PR PR S o) R o S+ S PRS- P Ly RPN 75 PN

i Tl e T e e S

nitrogen of the 7-methyl-4-azaindole via acetylation or other strategy followed by
oxidation of the 7-methyl group with potassium permanganate or chromic acid
provides the 7-acid /4-N-oxide. Reduction of the N-oxide, as described below,
provides an intermediate from which to install various substituents at position Rs.
Alternatively the parent 4-azaindole which was prepared as described in Mahadevan,
L.; Rasmussen, M. J. Heterocycl. Chem. 1992, 29(2), 359-67 could be derivatized at
nitrogen to provide the 1-(2,2-diethylbutanoyl)azaindole which could then be lithiated _
using TMEDA /sec Bulli as described in T. Fukuda et. Al. Tefrahedron 1999, 55,
9151-9162; followed by conversion of the lithio species to the 7-carboxylic acid or 7-
halogen as described. Hydrolysis of the N-amide using aqueous tert-butoxide in THF
regenerates the free NH indole which can now be converted to compounds of
Formula I. The chemistry used to functionalize position 7 can also be applied to the 5

and 6 indole series.




oxi dants to provide internediate 43. 5 The net hodol ogy described in T.
Fukuda et-al. Tetrahedron 1999, 55, 9151 and M Iwao et. Al . Heterocycles
1992, 34(5), 1031 provide nethods for preparing indoles with substituents
at the 7-position. The Fukuda references provide nmethods for
functionalizing the C7 position of indoles by either protegiin he i ndol e
nitrogen 10 with 2, 2-di ethyl propanoyl group and then deprdfghﬁgphﬂephg
7-position with sec/Buli in TMEDA to give an anion. This anion nay be
guenched with DWF, formal dehyde, or carbop,di oxide to give the al dehyde,
benzyl al cohol, or carboxylic acid respectively and the protecting group

renoved W th aqueous ' im | ar. %Egggl_ $ a -achi eved by
converting indoles téﬁ?%ﬁ%ﬁ%%%s@Fﬁgﬁ%g%%8%5§¥§ - 5%%%PH£%=%%Q§%%Q%5§%ion
to the indol e suwhvatddesunpdoeds df fotonda | bypthe chdmsistgnprevialmbydesciied, oxi dat i on

| evel of any of S e e, adj ust ed t hods |l .known in
the art as the |éﬁp e:c?%l n@ggﬁéfa@ﬁm@\’agf&% 10 ,ds%cfrﬂléﬁ%}a‘g‘,’%ugﬁﬁg lg\é\ﬁaéoé?%’ups has
been wel | st udidescribed absvealbochieab hitronidésls 4001 colnaiercinllyywasibbropog ean be

readily converted to dehyde. reduci ent such DLBALH i n
hexane such gg &5&?@f§%&§%¢%?§ﬁﬁf°?ﬁﬂ&%m%éﬁhéﬁkﬁﬁw apierp; el ELaTRL Affec
1997, 1, 175-177H4v. 1873 c0matliggslly cat echol alane in THE such as used in
Cha, J. S.; Chang, S. W; Kwon, 0. 0.; Kim J. M; Synlett. 1996, 2,
165-166 will readily achieve this conversion to provide internedi ates such
as 44 (Schenme 16). Methods for synthesisgidnge fhe nitrites are shown |ater
inthis application. It is also well understood that a protected al cohol,
al dehyde, or acid 25 group could be present in the starting azai ndol e and
carried through the sypthetic steps tg-a cgnpound of Formula | in a
protected formuntil &Che vert ed °FhtoMs desired substituent at
Rl through R4. For exanple, a beh;y aréﬁﬁﬁr'lag/ e prﬁlﬁggﬁ Wads & benzyl
ether or silyl ether off otNr al cgho NQ&B@%ctin gnpup; an al dehyde may be
carried as am acetal4d @Hd an aci*¥cmay be prot¥8cCied as an ester or 30 ortho
ester until deprotection is desired and carried out by literature nethods.
3 Novenber 2006 90 Schene 17 0 0 0 O

Scheme 20, below, shows another synthetic route to substituted 4-aza indole‘s.
The 3-aminopyrrole, 51, was reacted to provide the pyrrolopyridinone, 52, which was
then reduced to give the hydroxy azaindole, 53. The pyrrolo[2,3-b]pyridines
15  described were prepared according to the method of Britten, A.Z.; Griffiths, G.W.G.
Chem. Ind. (London) 1973, 6, 278. The hydroxy azaindole, 53, can then be converted

to the triflate then further reacted to provide compounds of Formula L.

Scheme 20
H,N 0o 0 Y
R,
R R 1
N 1 3 N
51 | ——— R ]
s 520 Fs
Reduction Rz | N A R 1)triflation
R =N ! ~
3 R 2) Cyanide displacement
53 OH Ts or coupling

N
[ TN Ry Steps
R N Formula | compounds
3 :

20 Rq



N0O2 NHZ R Step 1 R3 3 NR AH2 Pd-CNRz A or N R4 R5 Na2S, MeOH H20
R4 Re 45 46 00O R R3 Step 2 R~ A R4 Rs 47 Step G Step 1 of Schene 17
shows the reduction of a nitro group on 45 5 to the am no group of 46.

Al t hough shown on position 4 of the azaindole, the chem stry is applicable
to other nitro isomers. The procedure described in Curla, eﬁﬁ Pgsglﬁg A
Khirn Geterotsi ki Soedin 1996, 10, 1366-1371 uses hydrazin gﬁ%-m | ?<el
for the reduction of the nitro group to the am ne. Robinson, R P.;
DonahueQ, 10 the use of hydrogenation afH Raney N ckel for the reduction
of the nitro group to the .amnpe. Simlar conditions are described bX

Ni colai, E.; O audelhsfolloying igierenges dggoribg the sypthesisfy/chalo ehpeaboxyboerid,z (1)

73-75 for the SAMBLEdANGHAETRGE §AzaidddBind ShicR\MAE: ukd dAbBILBGRSudESET | be
sonme trinmethylsilyl sulfur or chloride based reagents which may be used

for the reduct Femuss LaByhikhénagNolis Azimeih Vasi-neakhepiny, NRKRimwWGagrorgklE, ;15
o W, Lin SRR oS S8 Bl Redmon o Bp B g
Step 2 of SBheffizrcidtsidk Sosdind98Yeindiadl; nistimodsV fAr Bydikhanzs No .;0f akheritero
gLoupe o0 =221 B0 e e S gt gt gl s SEIRTE Byl 0.
and conpounds GfE.; &dams)Ha /| OrgTiéeati9ng 6g(2oupo430-%dy; Ppiset,ifoq.; btkrehd.;
azaindole, such as 49 £REHENS, 10 1998, 39(48), 8919-8922. The methods described in

Spivey et al. (preceding two references) for the preparation of 1-methyl-7-bromo-4-

10  azaindoline can be used to prepare the 1-benzyl-7-bromo-4-azaindoline, 54, shown

below in Scheme 21. This can be utilized in Stille or Suzuki couplings to provide 55,

which is deprotected and dehydrogenated to provide 56. Other useful azaindole

intermediates, such as the cyano derivatives, 57 and 58, and the aldehyde derivatives,

59 and 60, can then be further elaborated to compounds of Formula I

15
Scheme 21
1) Hydrogenation
n Tin or L .
r’/*r"’\} Suzuki coupling i(*\q/\} 2)pd : ,E/Y\\/
l\%\N H?LN dehydrogenation H/\N
Bz Bz H
BT 4 Ra 55 Ry 56
N . N 1) Hydrogenation N
= cyanation I I A N
| — Ay PPpd P
N N
Bz CN BZ  dehydrogenation on H
Br 54 57 58
1 eq Alkyl lithium
then either .
N another equivalent 1) Hydrogenation N ‘
RS - N
I or Li metal | AN 2pg I SN
== N - — N ) - L N
Be Bz gz dehydrogenation H
54 CHO 59 _ HO ¢

Alternatively the 7-functionalized 5-azaindole derivatives may be obtained by
20  functionalization using the methodologies of T. Fukuda et.al. Tefrahedron 1999, 55,
0151 and M. Iwao et. Al. Heterocycles 1992, 34(5}, 1031described above for the 4 or



may be converted to a hydroxy group using sodiumnitrite, sulfuric acid,
and water 3 Novenber 2006 91 via the nethod of Klemm L. H; Zell, R; J.
Het erocycl. Chem 1968, 5, 773. Bradsher, C. K ; Brown, F. C; Porter, H
K; J. Anz Cient. Soc. 1954, 76, 2357 describes how the hydroxy group may
be al kyl at ed under standard or Mtsonobu conditions to fOEfNEt§§&§Qoabe
am no group may be converted directly into a 5 nethoxy group BY

di azotization (sodiumnitrite and acid )and trapping with nethanol. The
am no group of an azaindole, such as 46, cgg be converted to fluoro via

t he nethod of Sanchez using HPF6, NaNO2, and water by the nethod descri bed
in Sanchez, J. i i i Dome oF r; I i 4),
bos. go0. Crher | {pra %ﬂi“e‘%ﬂfﬁ’ ooy éh{%%é@%ﬁa%g {“ﬁgioé]ﬁl]k%g%é? %8% to
fluoro are descrihpaspindgle \Rosida, P.; Marsais, F.; Godard, A ; Qeguiner, G
Tetrahedron Lett. 1993, 34(18), 2937-2940 and Sanchez, J. P.; Rogowski,
J.W; J. Heterocycl: Chen?. 1987, 24, 215. The anino group of the

azai ndol e, 46, can alBe cheresomoditdelds taindoliieh Brwellénova in ths adiand canibzat i on

Goter ot oi ki - SoedATSUE A ga BE k. HERpA bl o opthe MTLSEAE Y Spunaligh

G ardina, G A. .T.GhtaghiCheh PhdRingBlll.A98R.35(SFA11L6+84; M. Twad et. Hdt Brroogeles

Chen?. 1997, 34( - __ar.the n ds j,n Matsu ek Ao M yanot o,
T.; M nanida, A.l;z’l)ﬁnjg Hrr@i: .,agl’éﬂg%?ﬁrg;ﬁﬁ%’é’ﬁ%’%&ﬂg&ﬁ?&)’ﬁl‘%d Chem
1984, 27(3), 292; or as in Lee, T.C.; 20 Salemick, G; J. Og. Cient.
1975, 24, 3608. The ami no group of the ai ndgl e, 46, can al so be converted
to a brom de via diazotization and dis%é&@@ﬁ%%t by brom de as described in
Ravegli a, L.]IQ.; Gardina, GA..; Gmni, M; Rgolio, R; Farina, C; J.

Het erocycl . Chen?. 1997, 34(® 57- 25 559; Talik, 4., Jalik, Z.;

Ban- OQganowska, H.; Synthe .A293; and AbranByi t RaA.; Saha, M;
Can. J. Chenn. 1966, 48 8 00O

The preparation of azaindole oxoacetyl or oxo piperidines with carboxylic
acids can be carried out from nitrile, aldehyde, or anion precursors via hydrolysis,

15  oxidation, or trapping with CO; respectively. As shown in the Scheme 22, Step 1, or
the scheme below step al2 one method for forming the nitrile intermediate, 62, is by
cyanide displacement of a halide in the aza-indole ring. The cyanide reagent used can
be sodium cyanide, or more preferably copper or zinc cyanide. The reactions may be
carried out in numerous solvents which are well known in the art. For example DMF

20  is used in the case of copper cyanide. Additional procedures;uSeﬁﬂ for carrying out
step 1 of Scheme 24 are Yamaguchi, S.; Yoshida, M; Miyajiﬁia, L; Araki, T.; Hirai,
Y.; J. Heterocycl. Chem. 1995, 32(5)}, 1517-1519 which describes methods for copper
cyanide; Yutilov, Y.M.; Svertilova, LA.; Khim Geterotsikl Soedin 1994, 8, 1071-1075
which utilizes potassium cyanide; and Prager, R.H.; Tsopélas, C.; Heisler, T.; Aust. J.

25  Chem. 1991, 44 (2), 277-285 which utilizes copper cyanide in the presence of



1) Conversion of amno group Nto halide, hydroxy or NWA \ protected
hydroxy I / \' / NH NHH2) coupling to aryls or heteroaryls R4 I 2 via
halide or triflate (fromhydroxy) or conversion to cyano (nitrite), or

acid, then to conpounds of Forrmula I 3) installation of oxopiperazine
acetic acid as described. Steps 2 and 3 may be reversed aﬁ%ﬂgg 2@6& 5
The preparation of 4-am no 4-azai ndol e and 7- et hyl - 4- azai CIge

descri bed by Mahadevan, |.; Rasmussen, Het er ocycl . Chern. 1992,

29(2), 359- 67. The am no group of the 4- % no 4- azalndole can be converted

t o hal ogens, ct dr ox ol desc iLbed above in
Schenes 17-18 %ﬁﬁ%ﬂ? ﬁlloflg OISPI%%{%&] Eﬁe ajlzfi’zal 6‘?5‘ Y/g

ac e:]yl ation or dxpheed Bﬁfoatuﬁgqyafmib brndiethnb yia tﬂé(inéﬁhbﬂ dﬁcﬁﬁedﬁ(—:ﬂyzﬂeﬂﬂ@lﬂ& 13, gr oup
with potassiu nganat e pr t

/ 4- N- oxi de. 3@3122% ﬂ@?m th‘@PyP\INCHQ‘F'o‘gL Ei:cdg'é‘ﬁ’rzi“g Y’cﬁ%os?z]b?ed%c%ge an

i nternediate fru@éﬂ M’@b@ﬁté Dothtsd Ak hedé a0 HiS oS 34 Hipletdinfenblia PoGkdiAn R4.
Al ternatively the rent 4-azai ndol e whi ch was grepared as described in
me

Mahadevan, 25 [cyani Hﬁ@s@ﬁt efpuitpblegalvant by he fieseribge in By Bat. Apg. 67
coul d be deri vasigediedg. nitrogen to provi de t he

1- (2, 2- di et hyl but anoyl ) azai ndol e which could then be lithiated using TMEDA
/ sec BuLi as described in T. Fukuda et. Al. Tetrahedron 1999, 55,

9151-9162; followed by CRMERSLORe thanB li}ﬁerHeHIQieotS? @@ﬁfe%ﬁrbb?yﬂc@%lcﬁ carboxylic
acid or 7- halogen as descri bed. ¥S| s of N-am de usi ng aqueous

tert-but oxi de |11ﬂf6fm€€13m63>e§é¢mt%d@§tepﬁe fheme ZNHI iﬂ*ﬂﬂ@l @%\ﬁ@@l’m@énl\ﬁ?@ﬁ/ be
converted tg C%Q 5 o0 COHEQ'EBHL){"mFFJCS tQ%cﬁ@ﬁg‘w%hééﬂ?&ﬁ%?'th%gﬂfaHg&k%GQal ize

position 7 can e appl i'ed e series
2006 93 Schenmemb®yshofsizblssoptibpmifort stgpr offScherde 2hbthe cdnvamainndol e, 50,

whi ch can be intermediate 65 to intermediate 66 below employ potassium hydroxide, water , and an

aqueous alcohol such as ethanol. Typically the reaction must be heated at refluxing
temperatures for one to 100 h. Other procedures for hydrolysis include those

15 deseribed in:

Shiotani, S.; Taniguchi, K.; J. Heterocycl. Chem. 1997, 34(2), 493-499,

- v v [ _— e U

DUUEHQI.U., AL L., Caldly, W Doy DDVUVLUCLL, W70 ., L e u.ur;ur UTE 1.77‘1, SOy L AT LIS,

Rivalle, C.; Bisagni, E.; Heterocycles 1994, 38(2), 391-397; Macor, J.E.; Post, R.;
20  Ryan, K.; J. Heterocycl. Chem. 1992, 29(6), 1465-1467.

The acid intermediate, 66 (Scheme 23), may then be esterified using
conditions well known in the art. For example, reaction of the acid with
diazomethane in an inert solvent such as ether, dioxane, or THF would give the

25  methyl ester. - Intermediate 67 may then be converted to intermediate 68 according to
the procedure described in Scheme 2. Intermediate 68 may then be hydrolyzed to

provide intermediate 69.

30



converted to conpounds of Formula | by the chem stry previously descri bed,
especially the palladiumcatal yzed tin and boron based coupling nethodol ogy
descri bed above. The chloro nitro indole, 49, is commercially available or
can be 5 prepared from 48 according to the nethod of Delarge, J.; Lapiere,
C. L. Pharni. Acta Helv.1975, 50(6), 188-91. Schene 19 N %5 I%gﬁ%~g%ﬁ% N
Formula | NOZ NOZ THE N -= conpounds 10 48 OH 49 CI 50 O° SE 20,

bel ow, shows anot her synthetic route to substituted 4-aza indoles. The
3-am nopyrrole, 51, was reacted to provideyfhe pyrrolopyridinone, 52, which
was then reduced to give the hydroxy azaindole, 53. The

pyrrol o[ 2, 3-b] pyridines 15 described wegg, é§§ared according to the nethod
of Britten, A Z ; Giffiths, GWG Chem Ind. (London) 1973, 6, 278. The
hydroxy azai ndol e, 53, cangthen be converted to the triflate then further

reacted to provide congoun % of Formula |. Sghene 20 HZNO O RZ N R R2V
Cet 1 I \ R R3 RS 520 | ct srpaRZ i flahdpoizc R R N 3 2)
Cyani de di spl acenent 53 S fqtﬁﬁﬂﬂﬁ'ng 7 IN /] Rt —Steps N Formul a |
conpounds R3 Lo N™ TR
5]
64

Br CN R
7 16, 65
HZ RQ
R R
N Stepa33 = Step a4
N oy === L | _—
N Ry N" "Ri stepas
Ho o Fe o~ o Fo

17, 66 : 18, 67

As shown in Scheme 24, step al3 another preparation of the
5  indoleoxoacetylalkenylpiperidine 7-carboxylic acids, 69, is carried out by oxidation

of the corresponding 7-carboxaldehyde, 70. Numerous oxidants are suitable for the
conversion of aldehyde to acid and many of these are described in standard organic
chemistry texts such as: Larock, Richard C., Comprehensive organic transformations
: a guide to functional group preparations 2™ ed, New York : Wiley-VCH, 1999. One

10 preferred method is the use of silver nitrate or silver oxide.in a solvent such as
aqueous or anhydrous methanol at a temperature of ~25 °Cor as high as reflux. The .
reaction is typically camried out for one to 48 h and is typicaliy monitored by TLC or
LC/MS until complete conversion of product to starting material has occurred.
Alternatively, KmnO, or CrOs;/H;SO, could be utilized.



20 R4 Rs 3 Novenber 2006 94 The follow ng references describe the
synthesis of 7-halo or 7 carboxylic acid, or 7-am do derivatives of

5-azai ndol i ne which can be used to construct conpounds of Formula I.

Bychi khina, N. N.; Azinov, V. A ; Yakhontov, L.N Khin GEterotsik

Soedi n. 1983, 1, 58-62; Bychikhina, N N.; Azinov, A:Felj!\ﬁhont b
Rhinz, 5 Coterotsikl . Soodin. 1082 3 356.60. Al mov. ‘?%9 o

N. N.; Yakhontov, L. N Khinz. Geterotsikl. Soedin. 1981 12, 1648 53;
Spivey, A C : Fekner, T.: Spey, S.E.: Ad¥s, H J. Og. Chezn. 1999,
64(26), 9430-9443; Spivey, A C.; Fekner, T.; Adans, H Tetrahedron Lett.
1998, 39(48), 8919-8922. The nethods déehameddy in Spivey et al. (preceding
two references) for the preparation of |-nethyl-7-bronmo-4 10 azai ndol i ne
can be used to preparefehe 1-Henz | ~%#- br ono- 4- azai rigol i ned 54, sHown bel ow
in Scheme 21. ThisRe 'Nbs to provide
55, which is deprot hydr ogenated—to p ovide]56 O her usefu
azai ndole internedia as the cyano deri vl Yoand 58, and the
al dehyde derivati ves, cﬁ@f@pd 60, can then be further ﬁgaborated to
conpounds of Formula |. 15 Schene 21 Ti 1) Hydrog€na®ion Tin nr Suzuki
couulina (, ~Y\ 2)Pd I'\ "/ N N dehydrogenation / N B2 Bz HBr 54 R4 55 R4
56 N N 1) -Hydrogenation N\ cyanation ~\ ~/ N2)Pd - | / N gz Bz
dehydr ogenati on H

Scheme 25 gives a specific example of the oxidation of an aldehyde

5 intermediate, 70a, to provide the carboxylic acid intermediate, 69a.

Scheme 25

AgNO3

MeOH, H20
RT-100°C

10 Alternatively, intermediate 69 can be prepared by the nitrile method of
synthesis carried out in an alternative order as shown in Scheme 26. The nitrile
hydrolyis step can be delayed and the nitrile carried through the synthesis to provide a
nitrile which can be hydrolyzed to provide the free acid, 69, as above.



Br 54 CN 57 CN 58 1 eq Alkyl lithiumthen either N another equivalent N
1) Hydrogenation Nf or Li netal I 2)Pd 1l \' \ / N/ N/ N Bz Bz
dehydrogenation H Br 54 CHO 59 CHO 60 Alternatively the 7-functionalized
5-azai ndol e derivatives nmay be obtained by 20 functionalization using the
met hodol ogi es of T. Fukuda et.al. Tetrahedron 1999, 55, 9151 and NIZQ&@O
et. Al. Heterocycles 1992, 34(5), 1031 descri bed above for V%n%?
Novenber 2006 95 6 azaindoles. The 4 or 6 positions of the 5 aza indol es
can be functionalized by using the azaindgbe N-oxide. The conversion of
indoles to indolines is well known in the art and can be 5 carried out as
shown or by the nethods described in SorRghemdhs Saida, Y.; Funamobto, T.;
OChta, T. Cient Pharm Bull. 1987, 35(8), 3146-54; M Iwao et. Al.

Het erocycl es 1992, 34(5)R, 1031, andAkagiTﬁyﬂ; Ozaki, K. Heterocycles 1987,

26(1), 61-4. Scheme 22 O00 R ARz Ra R3 Step1i NNR N
NR 1d 61 RSCNRs JO | Stepas Ra_~ Cl stepad
N "
NERR N
b K
71

Step H The direct conversion of nitriles, such as 72, to-amides, such as 73,
_shown in Scheme 27, Step H, can be carried out using the conditions as described in
Shiotani, S.; Taniguchi, K.; J. Heterocycl. Chem. 1996, 33(4), 1051-1056 (describes
10 the use of aqueous sulfuric acid); Memoli, K. A.; Tetrahedron Lett. 1996, 37(21),
3617-3618; Adolfsson, H.; Waernmark, K.; Moberg, C.; J. Org. Chem. 1994, 59(§),
2004-2009; and El Hadri, A.; Leclerc, G.; J. Heterocycl. Chem. 1993, 30(3), 631-635.

Step I For NH2
15
Shiotani, S.; Taniguchi, K.; J. Heterocycl, Chem. 1997, 34(2), 493-499,
Boogaard, A. T.; Pandit, U. K.; Koomen, G.-J.; Tetrahedron 1994, 50(8), 2551-2560;
Rivalle, C.; Bisagni, E.; Heterocycles 1994, 38(2), 391-397,



A R3 Step 2 a0 OH Pr, H The preparation of azai ndol e oxoacetyl or oxo
pi peridines with carboxylic acids can be carried out fromnitrile,

al dehyde, or anion precursors via hydrolysis, 15 oxidation, or trapping
with CO2 respectively. As shown in the Schenme 22, Step 1, or the schene
bel ow step al2 one method for formng the n|tr|Ie |nternedﬁq§mmn§%r2m§5by
cyani de di splacenent of a halide in the aza-indole ring. The cyanid
reagent used can be sodi um cyani de, Eﬁﬁp pref erably copper or zinc
cyani de. The reactions may be carrled o] i n nunerous sol vents which are

wel | known in t ar. or _e 20 1 sed copper
cyani de. Additi Iaolgﬁ &r'@%xﬁé%%fésfycz&%ﬁ'yi ]r#&ao%é}g) g?@gl‘%%of Schene
24 are Yanmguchi , S.; Yoshida, M; Myajima, |.; Aral:i, T.; Hrai, Y.; J.
Het er ocycl . Chen. 1995, 32(5), 1517- 1519 whi ch describes met hods for copper
cyani de; Yutilot®P¥ M: Svertilova, I|.A ; KhimGeterotsild Soedin 1994, 8,
1071- 1075 which utilizes potassium cyanide; and Prager, R H; Tsopel as,
C.; Heisler, T.; Aust. J. 25 Chem 1991, 44 (2), 277-285 which utilizes
copper cyanidde in the presence of 3 Nowehiiee2®006 96 MCS(O) 2F. The
chloride or nore preferably a brom de on the azaindole nmay be displaced by
sodi um cyani de i n di oxane viagthe nethod described in Synlett. 1998, 3,
243- 244. AIternatlver¢3N K di brom de, Zing afd triphenyl phosphine in
can be wused to actmgate ajomyyit and het erfar hl grides to displacenent

via potassium 5 cyanifeSm\THg or ot her vent by the methods
described in But Pat.N T 'B316%P 4698 . ersion of the cyano

internediate, 62, to the cN boxylic acid elNmedi ate, 63, is depicted in
step 2, Scheme 22 or gfi~ghep al2, Schene 23g, wuny 10 net hods for the
conversion of nitriles to.acids are well known in the art and may be

enpl oyed. Suitable conditions for step 2 of ScHene 22 or the conversion of
internediate 65 to internmedi ate 66 bel ow enpl oy potassi um hydroxi de, water
and an

The following scheme (28A) shows an example for the preparation of 4-
10  fluoro-7substituted azaindoles from a known starting materials. References for the
Bartoli indole synthesis were mentioned earttier. The conditions for tranformation to
the nitriles, acids, aldeheydes, heterocycles and amides have also been described in

this application.

15

25



aqueous al cohol such as ethanol. Typically the reaction nust be heated at
refluxing tenperatures for one to 100 h. Other procedures for hydrolysis
i ncl ude those 15 described in: Shiotani, S.; Taniguchi, K ; J. Heterocycl.
Chem 1997, 34(2), 493-499; 1JWF'jllel LL, tI. 1., L6I1d1l1, V. 1 .,
Kuu.ud 1, V.-J., Tell wtedl ns 1J>-t, JV~V,, L/J 1 LJW Rl al | é‘p

Bi sagni, E.; Heterocycles 1994, 38(2), 391-397: Macor, @’&&1 er g06 5
Ryan, K.; J. Heterocycl. Chen. 1992, 29(6), 1465- 1467, The aci d
internediate, 66 (Schene 23), may then begsterified using conditions well
known in the art. For exanple, reaction of the acid wwth diazonmethane in
an inert solvent such as ether, dioxane, Suhehkbgyoul d give the 25 nethyl
ester. Internediate 67 nay then be converted to internedi ate 68 accordi ng
to the proceduresilescri bed in Schenme 2. Internediate 68 may then be
hydrol yzed to provide internedi ate 69 30 3 Novenber 2006 97 Schene 23

RRR2 SN TN Stepall B3Iyl ﬁé%..umom. R NNRBr Rs CNR6 7,64
16,65 RR R RB3 T | Step a33 R3 \ 01, ﬁr NRI’ step a5 HOOG6 ROO
Rs 17,66 18,67 R2 O W fA Oi A | A

NP o, > N #~N

ct a "

Prepared as in US 5,811,432

Or:

F

1) Nitro reduction, . . .
S (SnCI2, HC or alternatives) T¥inylmagnesium chioride
_— 't P
NO> 2} S0CI2, N, s 2) toluene , 110degC

cl cl ~o

Prepared as in US 5,811,432 Tetrahedron Letters 19886, 27,837,

[}

1) methyl oxalylchloride, AICI3 F '
e (up to 5 eqs) w-A
i L I N
Z“~N  2) KOH hydrolysis N Z N
H H
Cl qyPiperazine <l

or methyl piperazine coupling as above

. - . diplacement
Boron or tin mediated couplings cyano
(Suzuld, Stilte) / (CUCN or KCN or NaCN

o

F W-A 9,

N © i WA
N o~y I\ A 0

5 H N__z :

Hydrolysrs
D!BAL
_ / {reducﬂon

C-7 Amides <——  C-7 Acid C-7 Aldehyde

L

C-7 Heterocycles

C-7 Helerocycles




R3\ OStep a5 R3 WN RIO NNRO ROORs HO OR6 19,68 20,69 As shown in
Schene 24, step al 3 another preparation of the 5

i ndol eoxoacetyl al | enyl pi peridine 7-carboxylic acids, 69, is carried out by
oxi dation of the corresponding 7-carboxal dehyde, 70. Nunerous oxidants are
suitable for the conversion of aldehyde to acid and many ofy

described in standard organic, chem stry texts such as: L%r%é%%rggﬁd
C., Conprehensive organic transformationggza guide to functional group
preparations 2d ed. New York : WIley-VCH 1999. One 10 preferred nethod is
the use of silver nitrate or silver oxgdfplr9a Sol vent such as aqueous or
anhydrous nethanol at a tenperature of -25 C'or as high as reflux. The
reaction is typically carried out, for one to 48 h apd ibs typically
nmonitored by TLC or LG MSgyn®iljconplete convers,0 %Eloduct to starting
material has occurred. ® tlernati y, KmOX my coul d be
utilized. 3 Novenber 2006] e 2&,RENQ A RZ RiRs / WStep al3 Ra
W N-NI RON NI RO \ Scheme 25 gives a
specific exanpl e of the oxildat Ron of an al dehydg~ Niﬁfervmadi ate, 70a, to
provi de the carboxylic acPd Pt er medi at¥Pa89a. Sqq‘t‘yé?ﬁs 25 FOAFO M I N
| OAgNGB N O CHO H McOH, H2G°HO O H

Steps al6, al7, and al8 encompasses reactions and conditions for 1°, 2° and
5 3" amide bond formation as shown in Schemes 28 and 29 which provide compounds

such as those of Formula 73.

The reaction conditions for the formation of amide bonds encompass any
reagents that generate a reactive intermediate for activation of the carboxylic acid to
10 amide formation, for example (but not limited to), acyl halide, from carbodiimide,
acyl iminium salt, symmetrical anhydrides, mixed anhydrides (including
phosphonic/phosphinic mixed anhydrides), active esters (including silyl ester, methyl
- ester and thioester), acyl carbonate, acyl azide, acyl sulfonate and acyloxy N-
phosphonium salt. The reaction of the indole carboxylic acids with amines to form
15 amides may be mediated by standard amide bond forming conditions described in the
art. Some examples for amide bond formation are listed in references 41-53 but this
list is not limiting. Some carboxylic acid to amine coupling reagents which are
applicable are EDC, Diisopropylcarbodiimide or other carbodiirﬁides, PyBop
(benzotriazolyloxytris{(dimethylamino) phosphonium hexafluorophosphate), 2-(1H-
20  benzotriazole-1-yi)-1, 1, 3, 3-tetramethyl uronium hexaﬁuor(;phosphate (HBTU). A
particulary useful method for azaindole 7-carboxylic acid to amide reactions is the -

use of carbonyl imidazole as the coupling reagent as described in reference 53. The

temperature of this reaction may be lower than in the cited reference , from 80 °C (or




70a RT-100C 69a 10 Alternatively, internediate 69 can be prepared by the
nitrile method of synthesis carried out in an alternative order as shown in
Schenme 26. The nitrile hydrolyis step can be delayed and the nitrile
carried through the synthesis to provide a nitrile which can be hydrol yzed
to provide the free acid, 69, as above. 3 Novenber 2006 9§P§§pene %@KgB R2
R2O\ Il | Step a3 R3 Cl stepa4 NR N- NROGCN R6 CN R6 cper W
~ARR OiARa/ Step al2 RBW NNRON N RO CNR6 172 HOO R6 69
Scheme 27 0 O 0 0 Ra R2 Rz WA Ra WA §b$p HNR NNRaNR6 CNR6O
NRR 73 5 72 Step H The direct conversion of nitriles, such as 72, to
am des, such as : i 7 H . car,ri.ed. out using
the conditions agglhgtﬂdbéjsf g{&%}g@g 1?% %Bleﬁghe% Ar{%ﬂ? Qpecﬂic%ﬁf}hcl?igonls depicted 1n

cheme 30,

Scheme 30

R
5
The following four general methods provide a more detailed description for
the preparation of indolecarboamides and these methods were employed for the
synthesis of compounds of Formula 1.
10

Method 1:

To a mixture of an acid intermediate, such as 75, (1 equiv), an appropriate

amine (4 equiv.) and DMAP .1 tp 1 eq dissolved CH,Cl, {1 mL) was added EDC

15 (leq). The resulting mixture should be shaken at rt for ~12h, and then evaporated in
vacuo. The residue was dissolved in MeOH, and subjected to preparative reverse

phase HPLC purification.

Method 2:
20
To a mixture of an appropriate amine (4 equiv.) and HOBT (16 mg, 0.12
mmol) in THF (0.5 mL) should be added an acid intermediate, such as 74, and NMM
~leq followed by EDC. The reaction mixture was shaken at rt for 12 h. The volatiles
were evaporated in vacuo; and the residue dissolved in MeOH and subjected to

25  preparative reverse phase HPLC purification.



Shiotani, S.; Taniguchi, K ; J. Heterocycl. Chem 1996, 33(4), 1051-1056
(describes 10 the use of aqueous sulfuric acid); Menoli, K A ; Tetrahedron
Lett. 1996, 37(21), 3617-3618; Adolfsson, H; Waernmark, K.; Mberg, C ;
J. Og. Chem 1994, 59(8), 2004-2009; and El Hadri, A ; Leclerc, G; J.
Het erocycl. Chem 1993, 30(3), 631-635. Step | For NH2 15 | ot ani ;
Tani guchi, K. : J. Heterocycl. Chem 1997, 34(2), 493-499: 8‘@%’3*?‘3&?‘@5 T.:
Pandit, U K. ; Koonen, G J.; Tetrahedron 1994, 50(8), 2551-2560; Rivalle,
C.; Bisagni, E.; Heterocycles 1994, 38(2)104391-397; 3 November 2006 100
Macor, J.E ; Post, R ; Ryan, K ; J. Heterocycl. Cheat. 1992, 29(6),

1465- 1467. St &fethod3schene 28 R 0002 . A RBRBRRNR Step al6 | R %
NNt R6t OOHRs R 69 1 The follow ng schene (28A) shows an exanpl e
for the preparation of 4 10 fluoro-7substituted azai ndoles from a known
starting material s. TRef enisee of fpracic aterpgdias] sugbngfoi’d FiRe HA TR e R

menti oned earli it ; i o | Lt
arli Sgsggat%eepggca%faem «f £ 17306 O MBL NOrEAhOC. ; trB&d, M. 1GéddBsn,

aci ds, al deheyde s and am des have al so been described in
this applicati di. Ot&mniDertep619INdv Ebier DPIG0Gas added TEA. The resulting mixture

should be shaken at 1t for 12 h; and then diluted with MeOH and purified by

preparative reverse phase HPLC.

Method 4:
10
A mixture of an acid intermediate, such as 74, and of 1,1-carbonyldiimidazole
in anhydrous THF was heated to reflux under nitrogen. After 2.5h, amine was added
and heating continued. After an additional period of 3~20 h at refiux, the reaction
mixture was cooled and concentrated in vacuo. The residue was purified by

15  chromatography on silica gel to provide a compound of Formula 1.

Tn addition, the carboxvlic acid may be converted to an acid chloride using

reagents such as thionyi chioride (neat or in an inert soivent) or vxalyl clioiide in a
solvent such as benzene, toluene, THF, or CH,Cl;. The amides may alternatively, be

20 formed by reaction of the acid chloride with an excess of ammonia, primary, or
secondary amine in an inert solvent such as benzene, toluene, THE, or CH;Cl; or with
stoichiometric amounts of amines in the presence of a tertiary amine such as
triethylamine or a base such as pyridine or 2,6-lutidine. Alternatively, the acid
chloride may be reacted with an amine under basic conditions (Usually sodivm or

25  potassium hydroxide) in solvent mixtures containing water and possibly a miscible co
solvent such as dioxane or THF. Scheme 25B depicts a typical preparation of an acid
chioride and derivatization to an amide of Formula I. Additionally, the carboxylic

acid may be converted to an ester preferably a methyl or ethyl ester and then reacted

with an amine. The ester may be formed by reaction with diazomethane or

30  alternatively trimethylsilyl diazomethane using standard conditions which are well
known in the art. References and procedures for using these or other ester forming

reactions can be found in reference 52 or 54.



101 Scheme 28A Either: F 1) vinyl magnesiumbromde F (Bartoli) N/ NO2
Nd H d Prepared as in US 5,811,432 O: FF 1) Ntro reduction, \
(SnCl2, HCl or alternatives) \ 1)/inylmagnesiumchloride N2 2) SOC 2, N
2) toluene, 110degC d CI 0O Prepared as in US 5,811, 432 Tetrahedron

Letters 1986, 27,837. O F 1) nethyl oxalyichloride, AICI3 F (up t @ eqs)
WA \ | \ ON2) KOH hydrolysis NN HH O 3)Pi perazine%dqoéﬁn%Fé?R?
pi perazi ne coupling as above Boron or tin nediated couplings cyano

di pl acement (Suzuki, Stille) (CuCN or KCNgQr NaCN 0 F WA O

Additional references for the formation of amides from acids are: Norman,
M.H.; Navas, F. Ill; Thompson, J.B.; Rigdon, G.C.; J. Med. Chem. 1996, 39(24),
4692-4703; Hong, F.; Pang, Y.-P.; Cusack, B.; Richelson, E.; J. Chem. Soc., Perkin
Trans 1 1997, 14, 2083-2088; Langry, K.C.; Org. Prep. Proc. Int. 1994, 26(4), 429-
5  438; Romero, D.L.; Morge, R.A.; Biles, C.; Berrios-Pena, N.; May, P.D.; Palmer,
JR.; Johnson, P.D.; Smith, HW.; Busso, M.; Tan, C.-K.; Voorman, R.L.; Reusser,
F.; Althaus, LW.; Downey, KM.; et al.; J. Med. Chem. 1994, 37(7), 999-1014;
Bhattacharjee, A.; Mukhopadhyay, R.; Bhattacharjya, A.; Indian J. Chem., Sect B
1994, 33(7), 679-682.
10
It is well known in the art that heterocycles may be prepared from an
aldehyde, carboxylic acid, carboxylic acid ester, carboxylic acid amide, carboxylic
acid halide, or cyano motety or attached to another carbon substituted by a bromide or 7
other leaving group such as a triflate, mesylate, chloride, iodide, or phosponate. The
15  methods for preparing such intermediates from intermediates typified by the
carboxylic acid intermediate, 69, bromo intermediate, 76, or aldehyde intermediate,
70 described above are known by a typical chemist practitioner. The methods or
types of heterocycles which may be constructed are described in the'chemical
literature, Some representative references for finding such heterocycles and their
20 construction are included in reference 55 through 67 but should in no way be
construed as limiting. However, examination of these references shows that many
versatile methods are available for synthesizing diversely substituted heterocycles and
it is apparent to one skilled in the art that these can be applied to preéare compounds
of Formula I. Chemists well versed in the art can now easily, quickly, and routinely
25  find numerous reactions for preparing heterocycles, amides, oximes or other
substituents from the above mentioned starting materials by searching for reactions or
preparations using a conventional electronic database such as Scifinder (American
Chemical Society), Crossfire (Beilstein), Theilheimer, or Reaces (MDS). The
reaction conditions identified by such a search can then be employed using the
30 substrates described in this application to produce all of the compounds envisioned
and covered by this invention. In the case of amides, commmercially available amines
can be uged in the synthesis. Alternatively, the above mentioned search programs can

be used to locate literature preparations of known amines or procedures to synthesize
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new amines. These procedures are then carried out by one with typical skill in the art

to provide the compounds of Formula I for use as antiviral agents.

As shown below in Scheme 32, step al3, suitable substituted azaindoles, such
as the bromoazaindole intermediate, 76, may undergo metal mediated couplings with
aryl groups, heterocycles, or vinyl stannanes to provide compounds of Formula I
wherein Rs is aryl, heteroaryl, or heteroalicyclic for example. The bromoazaindole
intermediates, 76 (or azaindole triflates or iodides) may undergo Stille-type coupling
with heteroarylstannanes as shown in Scheme 32, step al13. Conditions for this
reaction are well known in the art and references 68-70 as well as reference 52
provide numerous conditions in addition to the specific examples provided in Scheme
14 and in the specific embodiments. It can be well recognized that an indole stannane
could also couple to a heterocyclic or aryl halide or triflate to construct compounds of
Formula I. Suzuki coupling (reference 71) between the bromo intermediate, 76, and a
suitable boronate could also be employed and some specific examples are contained

in this application.

Scheme 33

X O A H'et—SnBu3 x - 8] ,A

i e | W dioxane, 120 °C N W
|
N._= N [ B ) B:); } N .= N | O
H et-B{OH
Br 2 H
X=F, OMe Pd(PPhy,, K,CO5 et [

DMF/Water



Steps al6, al7, and al8 enconpasses reactions and conditions for 10, 20 and
5 30 am de bond formation as shown in Schenes 28 and 29 which provide
conmpounds such as those of Formula 73. The reaction conditions for the
formati on of am de bonds enconpass any reagents that generate a reactive
internediate for activation of the carboxylic acid to 10 3 1.de fborgﬁ(ﬁéon,
for exanple (but not limted to), acyl halide, from carbodii ) y
imniumsalt, synmetrical anhydrides, m xed anhydrides (including

phosphoni ¢/ phosphi nic m xed anhydrides), agiive esters (including silyl
ester, methyl ester and thioester), acyl carbonate, "acyl azide, acyl

sul fonate and acyl oxyg MowRigSERRR umtagilu; a%éh?dé ﬁ&%&d&ﬁ‘teéﬁ?o}:ﬂﬁr Bendel @

carboxylic acids with amnes to form 15 am des nay be nedi ated by standard

am de bond f or nigprfratopdhapesremgesnss phiearmiuls It Rbe aldehyde gropp may Berp PESUF ¢y

am de bond for ”%r'ag?oﬂ?lgsﬁﬂséﬁlgﬂs RP&&%@R‘?B&% faisotmallt £/ 3 debicilt 1S not
limting. Sone carboxylic acid to am fie Coupling reagents Ich are

appl i cabl e are EBGe (@isimplipyhedddhydi infermeitiato70,grdyde resgted delbdcpindes, PyBop
(benzotriazolkyl r tet hyl am no) phosphoni um hexaf | uor ophosphat e) ,
2-(1H 20 benéot %@8@@5%@%,391, 3, 3-tetranethyl uronium

hexaf | uor ophosphate (1BTU). A particularly useful nethod for azai ndol e
7-carboxylic acid to am de reactions i;éhe gse of ¢arbonyl im dazole as
the coupling reagent as described in rel®F8htd 53. The tenperature of this
reacti on may be Iow%r than.in the,cited reference, from80 C (or 3 Novenber
2006 103 possibly l[6wer) fo 1§p”lt or higher. A nore specific application
is depicted in . eme 30 R3 W RgRyv 0
1, 1' car bonyl di m dag¢gl 0 Ny R~ NsiBpatas Rs
Rs 75 N

> 0 A
4 RNH2, THF, refl ux

10  described in the claims or be converted into an acyclic group. The aldehyde, 70, may
be reacted with a Tosmic based reagent to generate oxazoles (references 42 and 43 for
example). The aldehyde, 70, may be reacted with a Tosmic reagent and than an
amine to give imidazoles as in reference 72 or the aldehyde intermediate, 70, may be
reacted with hydroxylamine to give an oxime which is a compound of Formula 1 as

15  described below. Oxidation of the oxime with NBS, t-butyl hypochlorite, or the other
known reagents would provide the N-oxide which react with alkynes or 3 alkoxy
vinyl esters to give isoxazoles of varying substitution. Reaction of the aldehyde
intermediate 70, with the known reagent, 77 (reference 70) shown below under basic

conditions would provide 4-aminotrityl oxazoles.

O

s

\—N=C=N—CPh;
77

Removal of the trityl group would provide 4-amino oxazoles which could be
substitutued by acylation, reductive alkylation or alkylation redctions or heterocycle
25 forming reactions. The trityl could be replaced with an alternate protecting group

such as a monomethoxy trityl, CBZ, benzyl, or appropriate silyl group if desired.



The follow ng four general nethods provide a nore detailed description for
the preparation of indol ecarboam des and these nethods were enpl oyed for
the synthesis of conmpounds of Formula I. 10 Method 1: To a m xture of an
acid internediate, such as 75, (1 equiv), an appropriate amne (4 equiv.)
and DMAP .1 tp 1 eq dissolved CH2C12 (1 nL) was added EDC Léoélqg% Og@e
resulting mxture should be shaken at it for -12h, and theé evapo a?e in
vacuo. The residue was di ssolved in MeCH, %nd subj ected to preparative
reverse phase HPLC purification. Method V820 To a mixture of an

appropriate am 4 iv.) and HOBT (16 0,12 1) 1n, THE (0.5 L)
ShouTd be. addedvilntire oo RlEs pidecbatsfin St CoonliRea 2 EodoR B ued by
EDC. The react imdslietyiaxd the eomisors ldadegibedtherein de@tondiZatds. theldyathesit ot dxdagsles wer e
evaporated in vaguo; and.th esi due dis$g%¥ed in MeOH and subjected to 25
preparative revé ‘ﬁﬂﬂ?@ﬁﬁ Bﬁﬁ%ﬁ?ﬁﬁ? *®3 November 2006 104 Method 3:
To a mxture of an acid internediate, such as 74, amne (4 equiv.) and
DEPBT (prepared accordingqto Li H'E Ji%gg,_x. Ye, Y., -Fan,'C ; Todd, R
Goodman, 5°M  Or gani'e2iEnEred ge be racted with g msigt opGienad GhER ofhe

resul ting m xt uegrR@bGelats balsaihrlicstols AMhede2whlild BGHILREs O Lotlege Wi th
MeCH and purlfled.bﬁﬂ%géeparatlve reverse phase HPLC. Method 4: 10 A

m xture of an &KiGEe ﬂf@@p%ﬁvg}} Te4E T agnOM),r Pgﬁafobfxamplclto provide ketones of

- carbonyl di i M da4ghi8 1 whith2BhM G6 Szl Wasndheat ﬁgctéd)wfﬂ-?fde%l(reﬂé‘gﬂ?s_rto Biver ogen.
After 2.5h, am ne was added and heating continued. After an additional

period of 3-20 witiagy alceholagr aliepativetyeriveried trioximasdyupes e wite Hydipiylamine
concentrat el@ ! r}lyﬁl%glﬂeﬂde-g@@etﬁﬁﬁ)'ﬁg VSRS ﬂwrﬁafﬁ'vglg tltPcy aldehyde could be converted

to benzyl amines via reductive amination. An example of oxazole formation via a

Tosmic reagent is shown below in Scheme 35. The same reaction would work with

aldehydes at other positions and also in the 5 and 6 aza indole series.

15 Scheme 35
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Scheme 36 shows in step al5, a cyano intermediate, such as 62, which could
be directly converted to compounds of Formula I via heterocycle formation or

20 reaction with organometallic reagents.

Scheme 36
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15 chromat ography on silica gel to provide a conpound of Formula I. In
addition. the carboxylic acid may be converted to an acid chloride using
reagents such as thionyi chloride (neat or in an inert soiveni) or uxaiyl
chloride in a solvent such as benzene, toluene, THF, or CH2Cl2. The am des
may alternatively, be 20 formed by reaction of the acid chlqride w n
excess of ammonia, primary, or secondary amne in an iner q@%ﬁ%&%ﬁagwgh as
benzene, toluene, THE, or CH2Cl2 or with stoichionetric anounts of am nes
in the presence of a tertiary am ne such triethylam ne or a base such
as pyridine or 2,6-lutidine. Alternatively, the acid chloride my be
reacted with an am ng.yndes &%&kﬁm%ﬁa%g'féﬂaggﬁtgc&%%gi&i RO Qiafor
pot assi um hydroxi de) 1h solvent mxtures containin Wat er an possibly a
m sci bl e co solfpamtla 6hwith axalyli cbloside which TdEldiveaaral BERiddSIS, ehish aotlg pi cal
preparation of i i.de and.derivatization to..an amde.of. Formula
" a4 1 onal 1y, PRESDupiELth uRSpBR HE LR v B8 pichihet 8 85 A el fagbo.
preferably a methyl or ethyl ester and then reacted wth an am ne. The
ester may be fornmed by reaction with diazonmethane or 30 alternatively
trimethylsilyl diazonethane using standar $chanedti ons which are well known
inthe art. References and procedures for using these r other ester
form ng reactions can be feynd in reference 4. . 3 Novenber 2006
105 Additional references,fgt _the f@igmti gn o s from.acids are:
Norman, MH.; Navas, F. | horpson,—d. B: doft, B 1. Med. Chem
1996, 39(24), 4692-4703g; r¥: ~~ Cudack, B.: Richelson, E.
J. Chern. Soc., Perkin Trams 1R4997, 14, ?Oa§fza§8; Langry, K. C.; Og.
Prep. Proc. Int. 1994, 26(4)85 429 5 438; Ronerm D.L.; Mrge, RA ; Biles,
C.; Berrios-Pena, N.; May, P.D.; Palner, J.R; Johnson, P.D.; Smth, H W;
Busso, M; Tan, C -K ; Voornman, R L.; Reusser, F.; Althaus, |I.W,; Downey,
CM; et al.; J. Med. Chern. 19 7(7) 5 999-1014; Bhattacharjec, A ;
Mikhopadhyay, R.: Bhatt acfaxiys “~y™hdian J. Chem, Sect B 1994, 33(7),
679-682. 10 It is well knowda ia _the grt that heterocycles may be prepared
froman al dehyde, carbox?#ic aégdf“carboxykic acid ester, carboxylic acid
]

am de, carboxylic CN Re

The nitrile intermediate, 80, could be converted to the tetrazole of formula 81,
which could then be alkylated with trimethylsilyldiazomethane to give the compound
10 of formula 82 (Scheme 38).

Scheme 38

|
Nz | NH,CL, NaNg, DMF

TMS-CHN3
MeOH/PhH Fa

then HOAC

Tetrazole alkylation with alkyl halides would be carried out prior to azaindole
acylation as shown in Scheme 39. Intermediate 65 could be converted to tetrazole,

83, which could be alkylated to provide 84. Intermediate 84 could then be acylated



acid halide, or cyano noiety or attached to another carbon substituted by a
brom de or other |leaving group such as a triflate, nesylate, chloride,

i odi de, or phosponate. The 15 nmethods for preparing such internediates from
intermedi ates typified by the carboxylic acid internediate, 69, brono
internedi ate, 76, or aldehyde internmediate, 70 described ﬁve are @pgwn
by a typical chemist practitioner. The methods or types of> NSYEPH I Rs
whi ch nmay be constructed are described in_the chemcal Iliterature. Sone
representative references for finding sudhlhet er ocycles and their 20
construction are_included in reference 55 thrqugh 67 but should in no way
be construed é%dlllﬂdﬁqlﬁeﬁé‘?l”r%\%ﬁg?”ﬁmgfa Pﬁt‘;‘iﬂﬁ‘?& toF‘ﬁ‘(‘ésté oA ences shows

that many ver salditidds iBSDAHS @I Ehedt iy BBbRIeH @ the Yotlhas ingl B qiteiBiasd ¥
substituted heterocycles and it is apparent to one skilled in the art that

these can be applsdiexhiitimpsssies R&FbBunds of Fornula |. Chenists well
versed in the art can now easily, quickly, and routinely 25 find numerous
reactions for preparing heterocycles, am des, oxines or other substituents
fromthe abbve mentioned starting nat ep¢hgme 3y searching for reactions or
preparations using a conventional electronic database such as Scifinder
(Anerican Chem cal Society), Crossfire (Beilstein), Theid,heinmer, or Reaccs
(MDS). The reactiom.co iditions identifi & by such a s h can then be
enpl oyed using the 36 Eulsh { egcidascriyes—n thksppl {jicalidn to produce
all of the conpounds 13l oned ov&nd cOR. g~y ¢hes i nvgntion™ I n the case
of ani des, conmerci al | yctay& | abl e ami nes L can be used iR n&e synt hesi s.

Al ternatively, the above mentioned searhhrggranms can Wel u®ed to | ocate
literature preparations of known ami nes of procedures to s¥nthesize 3
Novenmber 2006 106 new ami nes. fFhese@procedures are then cy/ried out by one

with typical skill ingkh&dRl ey oy Uk t.he, comounds of IFogrmula | for

use as antiviral agents—As s hp)w - al3, suitable
substituted azai ndol eglé:@.gﬁy 5 ag, t he HI'BhBYZ=dol rerpedi ate, 76, may
undergo netal mnedi ated couplinfgsfwth aryl groups, exocycl es, or vinyl

st annanes to provi de conpounds _d"fR F8tnula | whereiny, is amyl,
heteroaryl, or heteroalicyclic for exanple. The bronpazai ndol e

internedi ates, 76 (or azaindole triflates or iodides) may undergo
Stille-type coupl i n§cheitie4h shetsethaan pkadianlanesasa SSsinoyie prapasatignie 32, st ep
al3. Condi 5(5 Onesidgii%n gf%‘yﬁroxylamine to the nitrile, 80, followed by ring closure of intermediate
87 with phosgene. Alkylation of oxadiazole, 88, with trimethyls@lyldiazomethane

would give the compound of formula §9.

Scheme 40
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10 reaction are well known in the art and references 68-70 as wel| as
reference 52 provide nunerous conditions in addition to the specific
exanpl es provided in Schene 14 and in the specific enbodi nents. It can be
wel | recogni zed that an indole stannane could also couple to a

het erocyclic or aryl halide or triflate to construct conpou of . Farnul a
| . Suzuki coupling (reference 71) between the brono internégggfg?bgégogﬁd a

15 suitabl e boronate could al so be enployed and sone specific exanples are
contained in this application. R R2- O WQQI 3 Step al3 Ra RR OWA NO N
RLNO Br R NRL 76 R5 R6 20 Schene 33 0 A Het-SnBu3 X O A Wdi oxane,

120 CW N N Oor N, ’i l?%%}g h@%@%&%ﬁiﬂgeﬁ&e@gcé\reﬁ tg\ﬁ utgﬁf{h)él

K2003 DVFlI Water 3 hbve hene
al dehyde |ntermﬂ%ﬁﬂm%nmﬂ@mﬂmuyPbm@u&mmmmmu%mgk%dmemmumﬂbsdwmﬂoﬁb@unds of

ESLS?:?uLnchEI%Eﬁﬁ%%%ﬁ %éﬁ%g?ﬁgﬁ“gﬁran eg%%r%%%n dﬁﬁfﬁu %xégfpgpgﬁmeabove
for sinplicity. CﬂH@baﬂdehyddﬁ$mMemmEdbaMBmﬁGmxﬂﬂynhﬁmﬁaaeied to becone 5
i ncor por at edS' ntagab%n [ nc%zglgs § azglm%s 30é}cad1azoles thiazolines, triazoles, pyrimidines and
amidines etc. For example the imidate may be reacted with acetyl hydrazide with
heating in a nonparticipating solvent such as dioxane, THF, or benzene for example.
(aqueous base or aqueous base in an alcoholic solvent may need to be added to effect
final dehydrative cyclization in some cases) to form a methyl triazine. Other
10 hydrazines can be used. Triazines can also be installed via coupling of stannyl
triazines with 4,5,6,0r 7-bromo or chloro azaindoles. The examples give an example

of the formation of many of these heterocycles.

References:
15 (D Das, B. P.; Boykin, D. W. J. Med. Chem. 1977, 20, 531.
(2) Czamy, A.; Wilson, W. D.; Boykin, D. W. J. Heterocyclic Chem. 1996, 33,
1393.
3) Francesconi, 1.; Wilson, W. D.; Tanious, F. A.; Hall, J, E.; Bender, B. C;
Tidw!ell, R. R.; McCurdy, D.; Boykin, D. W. J. Med. Chem. ‘1999, 42, 2260.

20
Scheme 41 shows addition of either hydroxylamine or hydroxylamine acetic

acid to aldehyde intermediate 90 may give oximes of Formula 91.

Scheme 41
Rz O
H3| N wh
a8 HoNOHHC, EtOH
N° "Rq
CHO Fig or
80 HaNOCH,COLHSHG!,
EtOH

25



R2 0O AR/ WR2 O~A N ~ |
Rs 10 described in the clains or

NOStep al4 RB/ WR- OHR6 NRO i 70 RS
be converted into an acyclic group. The

al dehyde, 70, nmay be reacted with a Tosm c based reagent to generate
oxazol es (references 42 and 43 for

reacted with a Tosmi c reagent and than an
reference 72 or the al dehyde internedi ate,
hydr oxyl am ne to give an oxine which is a
descri bed bel ow. Oxidation of the oxine

the other known reagents
al kynes or 3 aIkoxyAnﬁﬁﬁyP

(R 36iréspBndih

substi tution.

reagent, 77 (reference

provi de 4-am notrityl

form ng reaZtions.
protecting group such as a nnnonethoxy trityl,

The trityl

70‘3
oxazol es.

silyl group if desired. 3 Y2006 108 F@fer ce Hennnstrates t he
e rffs | di ety and the
condi ti ons described th&Fein ﬂennnstrates t he syn he31s ‘of oxazoles wth

fluorinated nmet hyl groups appended to them 5 The>dfdehyde could al so be

preparation of oxazol eS*

reacted with a netal

10

or

g a triffouorbr

Gignard (al kyl,

20 0 O

exanpl e) .
amne to give |

shown beIOM/under

The al dehyde, 70, may be

70; may be- reagig320|682%66in

fonpound of Formula | as 15
Wh NBS, t- butyI hypochlorite, or

uld provide the N-o ch,.react wt
25 06 f S fgf iug oS pEuEh RS VRPY I Hg’cuples
¢ pdaRioalsdehvsde as kvl inedhabe42/0, with the known
basic conditions would

"-N=C=N-CPh3 77 Renoval of the
trityl group would provide 4-am no oxaggbfsayi ch coul d be substitutued by
acyl ation, reductive alkylation or alkylation reactions or heterocycle 25

aryl,

NH,-OH

could be replaced with -an alternate
CBZ, bengyl, por appropriate

or
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heteroaryl) to generate secondary al cohols. These would be efficacious or
could be oxidized to the ketone with TPAP or MnQ2 or PCC for exanple to
provi de ketones of Fonnula | which could be utilized for treatnment or
reacted with netal reagents to give tertiary alcohols or alternatively
converted to oxines by reaction wi th hydroxyl am ne 10 hydrggglorl ? bg
ethanol i c solvents. Alternatively the al dehyde coul d be corm/BPYEEPT 8
benzyl am nes via reductive am nation. An exanple of oxazole fornmation via
a Tosmc reagent is shown below in Schengi35. The sanme reaction would work
with al dehydes at other positions and also in the 5 and 6 aza indole
series. 15 Scheme 35 N\WA RZYMWA RZ¢iRSneq2 - 'CSI: 'J PIY-NR CHO R6
"R 70 0 R =C ~--N 78 Schenme 36 shows in step al5, a cyano

i nternmedi ate, such as 62, -which could be directly converted to conpounds
of Formula | via heterocycfz for i opfor 20 reaction with organonetallic
reagents. Schene 36 A |/ RW OHStep 15 NR N O
CNRE NRt 62 RS R6 3 e 2006 1Gpache net hod for

acyl ati on of a cyanoi ndol e[i nt'erfedi at e=of—Ffor mnia 2 td oxal yl chioride
whi ch woul d give acid cly iod@ 79, which could tHen ibe éoupled with the
appropriate amine in the presence of base to provide @P

[

5 An acid intermediate, such as 69, may be used as a versaiile precursor o
generate numerous substituted compounds. The acid could be converted to
hydrazony! bromide and then a pyrazole via reference 74. One method for general
heterocycle synthesis would be to convert the acid to an alpha bromo ketone (ref 75)
by conversion to the acid chloride using standard methods, reaction with

10 diazomethane, and finally reaction with HBr. The alpha brd;ﬁo ketone conld be used
to prepare many different compounds of Formula I 'as it can be converted to many
heterocycles or other compounds of Formula I Alpha amino ketones can be prepared
by displacement of the bromide with amines. Alternatively, the alpha bromo ketone
could be used to prepare heterocycles not available directly from the aldeheyde or

15  acid. For example, using the conditions of Hulton in reference 76 to react with the
alpha bromo ketone would provide oxazoles. Reaction of the alpha bromoketone
with urea via the methods of reference 77 would provide 2-amino oxazoles. The
alpha bromoketone could also be used to generate furans using beta keto esters(-ref
78-80) or other methods, pyrfoles (from beta dicarbonyls as in ref 81 or by Hantsch

20 methods (ref 82) thiazoles , isoxazoles and imidazoles (ref §3) example using
literature procedures. Coupling of the aforementioned acid chloride with N-methyi-
O-methyl hydroxy! amine would provide a “Weinreb Amide” which could be used to
react with alkyl Lithinms or Grignard reagents to generate ketones. Reaction of the
Weinreb anion with a dianion of a hydroxyl amine would generate isoxazoles (ref

25  84). Reaction with an acetylenic lithium or other carbanion would generate alkynyl
indole ketones. Reaction of this alkynyl intermediate with diazomethane or other
diazo compounds would give pyrazoles (ref 85). Reaction with azide or hydroxyl
amine would give heterocycles after elimination of water, Nitrile oxides would)react
with the alkynyl ketone to give isoxazoles (ref 86). Reaction of the initial acid to

30 provide ar acid chloride using for example oxalyl chloride or thionyl chloride or




5 Scheme 37 RR ROC R3/ CQCOCOCl R2 Fj a Obase, HW RR R4A NR4 NCN
Re CNRs 6579 R ORZS\ A RAl i NROCNRs 80 The nitrile

i nternedi ate, 80, could be converted to the tetrazole of forrmula 81, which
could then be alkylated with trinethylsilyldiazonethane to give the
conpound 10 of fornula 82 (Schene 38). Schene 38 R2 0 A A R3 R3
W N/ NRp NHC, NaN3, DVF N / NRZOCNRS N N N Rs sg%hﬁﬂﬁ“?ffz}mé/v
TMs-CHNZ R2 O A MOH/ PhH R3 I W then HA¢s;N N1 RON-~-NR6 NNB82 M
15 Tetrazol e acyylation with al kyl halides would be carried out prior to

azai ndol e triphenyl phosphine/ carbon tetrachloride provides a useful internediate as noted

above. Reaction of the acid chloride with an alpha ester substituted isocyanide and
base would give 2-substituted oxazoles (ref 87). These could be converted to amines,
alcohols, or halides using standard reductions or Hoffman/Curtius type

5  reamangements.

Scheme 43 describes alternate chemistry for installing the oxoacetyl
alkenylpiperidine moiety onto the 3 position of the azaindoles. StepA’’ in Scheme

43 depicts reaction with formaldehyde and dimethylamine using the conditions in

10  Frydman, B.; Despuy, M.E.; Rapoport, H.; J. Am. Chem. Soc. 1965, 87, 3530 will

provide the dimethylamino compound shown.

Step B’’’ shows displacement with potassium cyz;rﬁcie would provide the

cyano derivative according to the method described in Miyashita, K.; Kondoh, K.;

15 Tsuchiya, K.; Miyabe, H.; Imanishi, T.; Chem. Pharm. Bull. 199?, 45(5), 932-935 or
in Kawase, M.; Sinhababu, A.K.; Borchardt, R.T.; Chem. Pharm. Bull. 1990, 38(11),
2939-2046. The same transformation could also be carried out using TMS(‘IN and a
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1995, 36(33), 5929-5932. Sodium cyanide could also be utilized.
20

Scheme 43




acylation as shown in Schenme 39. Internediate 65 could be converted to
tetrazole, 83, which could be alkylated to provide 84. Internedi ate 84
could then be acylated 3 Novenber 2006 110 and hydrol yzed to provi de 85
whi ch coul d be subjected to am de fornmation conditions to provide 86. The
group appended to the tetrazole may be quite diverse and B@%

| npressive potency. 5 Schene 39 R R R2 R3 R3 Rt NH4C ,
RK2003 N NDWV NR CH3CN R R7 CNRs N"Ns 65 NN NN 84 N-NH83 "R R2 O
R3 OHR2 0 A CCOCOCl EDAC, HWA R3 W @R2C12 NN Ft, NvW DVAP, DVF N N
ROthen H'THF R RL N NNS85 N" N 11 1 RNN86 R Schene 40 shows

that an oxadi azol e sggh es 10f8§>heﬁ@y43b@eﬁ5t§Wdﬁﬂysﬁy of e Liinrddidi Qankh

hydroxyl anmine to the nitrile, 80, followed rln%%closure of internedi ate
87 with phosgen8YITaKigs pag methaest worliprayige éhe Bl vigjthenmethods described in Iwao,

Z(r)' gt BY::\;' i)yl dineZ RS B P GerrdR A 13V 095N %56 PITBPUD 39 o f eQEIHylEaCﬁl%r pgbene
hydrolysis conditions using either NaOH or KOH as described in Thesing, I.; et al.;
5  Chem. Ber. 1955, 88, 1295 and Geissman, T.A.; Ammen, A.; J. Am. Chem. Soc. 1952,
74, 3516. The use of a nitrilase enzyme to achieve the same transformation is
described by Klempier N, de Raadt A, Griengl H, Heinisch G, J. Heterocycl. Chem.,

1992 29, 93, and may be applicable.

10 Step D™’ of Scheme 43 depicts an alpha hydroxylation whicki may be
accomplished by methods as described in Hanessian, S.; Wang, W.; Gai, Y.;
Tetrahedron Lett. 1996, 37(42), 7477-7480; Robinson, R. A.; Clark, J. S.; Holmes, A.
B J Am. Chem. Soc. 1993, 115(22), 10400-10401 (KN(TMS), and then
camphorsulfonyloxaziridine or another oxaziridine; andDéwis, F.A.; Reddy, R.T;

15  Reddy, R.E; J. Org. Chem. 1992, 57(24), 6387-6389.

Step E’’ of Scheme 43 shows methods for the oxidation of the alphz; hydroxy
ester to the ketone which may be accomplished according to the methods described in
Mohand, S.A.; Levina, A.; Muzart, J.; Synth, Comm. 1993, 25 (14), 2051-2059. A

20  preferred method for step-E”’ is that of Ma, Z.; Bobbitt, I.M.; J. Org. Chem. 1991,
56(21), 6110-6114 which utilizes 4-(NH-Ac)-TEMPQ in a solvent such as CH»Cl, in
the presence of para toluenesulfonic acid. The method described in Corson, B.B.;
Dodge, R.A.; Harris, S.A.; Hazen, R.K.; Org. Synth. 1941, 1, 241 for the oxidation of
the alpha hydroxy ester to the ketone uses KmnQOy as oxidant. Other methods for the

25  oxidation of the alpha hydroxy ester to the ketone ine_iude those described in

' Hunaeus, ; Zincke,; Ber. Dtsch Chem. Ges. 1877, 10, 1489; Acree,; Am. Chem. 1913,
50, 391; and Claisen,; Ber. Disch. Chem. Ges. 1877, 10, 846..

Step F°’° of Scheme 43 depicts the coupling reactions which may be carried

30 out as described previously in the application and by a preferred method which is
described in Li, H.; Jiang, X.; Ye, Y.-H.; Fan, C.; Romoff, T.; Goodman, M. Organic

Lert., 1999, 1, 9193 and employs 3-(Diethoxyphosphor.}tloxy)-1,2,3-benzotn’azin-



R3I \ W R3W NNI R10 H2ZNOHHCI, EtOH NN RO CICOCI CN R6 n6 87
Toluene N NH2 OH R O RBWAR OWA i 3 NOTMS-CHN2 N Rt MOH PhH N
NRIO HNLNR6 88 NNqgq8 00 O15 oM 3 Novenber 2006 111 A

7-cyanoi ndol e, such as 80, could be efficiently converted to the inidate
ester under conventional Pinner conditions using 1,4- dloxa%%qg&mhnﬁ 006
solvent. The imdate ester can be reacted with nltrogen oxygen a 5

sul fur. nucl eophiles to provide C7- substléuted i ndol es, for exanple:

i m dazol i nes, benzim dazoles, 5 azabenzi it dazol es, oxazolines

oxadi azol es, t i azol es rimdines and a nes. tc For
exampl e the img émﬁaé%bpeé]l[’)eaﬁctnég \RP‘Flﬁmﬁcéetaﬁn hy'd aﬁeiﬂlfg( G ﬁeSI WEiffg in a
nonparti ci pati pgesidhti@nt such as di oxane, THF, or benzene for exanple.
(aqueous base or aqueous base in an al coholic solvent my need to be added
to effect final dehydrative cyclization in some cases) to forma nethyl
triazine. O her 10 hydrazi nes can be usedchdhé aZi nes can al so be installed
via coupling of stannyl triazines with 4,5, 6,or 7-bronpo or chloro

azai ndol es. The exanpl es give an exanple of the formation of many of these
het erocycl es. References: 15 (1) Das, B. P.; Boykin, D. W J. Med Chem
1977, 20, 531. (2) Czany, A ; Wlsoa, W D.; Boykin, 3 W J. Heterocyclic
Chem 1996, 33, Fiz

I compounds by coupling

TN Y & 2 =1 ot L. L _arw A v e I v an Il 3 |

LRYr \_}\\J’J £ L LY L (SRR - AEAS TR LW aan \JLUJ:I FN A rN S e S ey 4.\.'“\.-0 T e '\-fJ
hydroxylation as in Step D**” of Scheme 43 and oxidation as described in Step E™”” of
Scheme 43.

10



1393. (3) Francesconi, |I.; Wlson, W D.; Tanious, F. A; Hall, J. E;
Bender, B. C.; Tidwell, R R ; MCurdy, D.; Boykin, DD W J. Mt Chen:.
1999, 42, 2260. 20 Schene 41 shows addition of either hydroxyl am ne or
hydr oxyl am ne acetic acid to al dehyde internediate 90 nay gi ve oxi nes of
Formula 91. Schenme 41 Rs R2 OWA R2 Ol ~1 R3\ WA N O_H2NOHHCI OoH W
Rl CHO Rg 90 or N N RRO H2NOCH2CO2HHCI, N H R6 91 EtCOH FNARMPERAY er
2006 112 An acid nay be a precursor for substituents Rl through R5 when it
occupi es the corresponding position such gg R5 as shown in Schenme 42.
Schene 4l1la 5 0 WiAo W'A R3,RZ N( OR3,Re HOOO NR ONRHO Re i
MeON.Me Rei i XM RR 0 WA R3,RN O NRi 45

Scheme 45 depicts a method for the preparation which could be used to obtain

5 amido compounds of Formula I. Step G’ represents ester hydrolysis followed by
amide formation (Step H’ as described in Step F’** of Scheme 43). Step I’ of Scheme

45 depicts the preparation of the N-oxide which could be accomplished according to

the procedures in Suzuki, H.; Iwata, C.; Sakurai, K.; Tokumoto, K.; Takahashi, H.:
Hanada, M.: Yokoyaina, Y.; Murakami, Y.; Tetrahedron 1997, 53(5), 1593-1606;

10 Svzuki, H.; Yokoyama, Y.; Miyagi, C.; Murakami, Y.; Chem. Pharm. Bull. 1991,
39(8), 2170-2172; and Ohmato, T.; Koike, K.; Sakamoto, Y.; Chem. Pharm. Bull.
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1981, 29, 390. Cyanation of the N-oxide is shown in Step J* of Scheme 45 which may
be accomplished according to Suzuki, H.; Iwata, C.; Sakurai, K.; Tokumoto, K.;
Takahashi, H.; Hanada, M.; Yokoyama, Y.; Murakami, Y.; Tgtrahedron 1997, 53(3),
1593-1606 and Suzuki, H.; Yokoyama, Y.; Miyagi, C.; Murakami, Y.; Chem. Pharm.
Bull. 1991, 39(8}, 2170-2172. Hydrolysis of the nitrile to the acid is depicted in Step
K’ of Scheme 45 according to procedures such as Shiotani, S.; Tanigucchi, K.; J.
Heterocycl. Chem. 1996, 33(4), 1051-1056; Memoli, K.A.; T.-ezmlwdron Lett. 1996,
37(21), 3617-3618; Adolfsson, H.; Waernmark, K.; Moberg, C.; J. Org. Chem. 1994,
59(8), 2004-2009; and El Hadsi, A.; Leclerc, G.; J. Heterocycl. Chem. 1993, 30(3),
631-635. Step L’ of Scheme 45 depicts a method which could be utilized for the
preparation of amido compounds of Formula I from the cyan-o ‘derivative which may
be accomplished according to procedures described in Shiotani, S.; Taniguchi, K.; J.
Heterocycl. Chem. 1997, 34(2), 493-499; Boogaard, A.T.; Pandit, U.K.; Koomen, G.-
1.; Tetrahedron 1994, 50(8), 2551-2560; Rivalle, C.; Bisagni, -E.; Heterocycles 1994,
38(2), 391-397; and Macor, J.E.; Post, R.; Ryan, K.; J. Heterocycl. Chem. 1992,
29(6), 1465-1467. Step M’ of Scheme 45 shows a method which could be used for

the preparation of amido compounds of Formula I {from the acid, derivative which

— T - AATT , ATrnren- T

. - = - -- . + . a1t w
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IT; Thompson, §.B.; Rigdon, G.C.; J. Med. Chem. 1996, 39(24), 4692-4703; Hong,
F.; Pang, Y.-P.; Cusack, B.; Richelson, E.; J. Chem. Soc., Perkin Trans 1 1997, 14,
2083-2088; Langry, K. C.; Org. Prep. Proced. Int. 1994, 26(4), 429-438; Romero,
D.L.; Morge, R.A.; Biles, C.; Berrios-Pena, N.; May, P.D.; Palmer, J.R.; Johnson,
P.D.; Smith, H.W.; Busso, M.; Tan, C.-K.; Voorman, R.L:; Reunsser, F.; Althaus,
LW.; Downey, K.M.; et al.; J. Med. Chem. 1994, 37(7), 999-1014 and Bhattacharjee,
A.; Mukhopadhyay, R.; Bhattacharjya, A.; Indian J. Chem., Sect B 1994, 33(7), 679-
682.



generate numerous substituted conpounds. The acid could be converted to
hydrazonyl brom de and then a pyrazole via reference 74. One nethod for
general heterocycle synthesis would be to convert the acid to an al pha
brono ketone (ref 75) by conversion to the acid chloride using standard
met hods, reaction with 10 di azonet hane, and finally reactlgdgﬁf ﬂggj The
al pha brono ketone could be used to prepare many differen ﬁH@

Formula | as it can be converted to many heterocycles or other conpounds
of Fornmula L Al pha am no ketones can be pgﬁﬂared by di spl acenent of the
brom de with amnes. Alternatively, the a brono ketone could be used
to prepare heterocycles not available %&h fromthe al deheyde or 15
acid. For exanple, using the condltlons 0 ulton in reference 76 to react
with the alpha brono ketone woul d provide oxazol es. Reaction of the al pha
bronoketone w th urea vi the nethods oﬂbreference 77 woul d provide

2-am no oxazol es. TheRs a brg&g%g oul d alséﬂﬁbﬁused to generate
furans using beta keto édstgrs(ref2-78-8 ) r ot her "hBttods, pyrroles (from
beta dicarbonyls as in I dnor by HanN qeBaret Q§c6686m§2) t hi azol es
i soxazol es and |n1dazole§q(rﬁf 83) exanplle u g ng E gerature pr ocedur es.

Coupling of the af or enent 1'oned aci d chIo#Fde With O net hyl
hydr oxyl am ne woul d provide a "Wiseeb Am de" mhlch cou d be used to
react with alkyl [ithiun® o@ Gignard feagentg t gherate ketones.

n wmah'ﬁpdlqplon of hydr oxyl am ne woul d

\25 8) Reacilon it amyacetyl enic |ithium or

ot her carbani on woul d Y aIIcyn§1 |ndo tones. Reaction of this
al kynyl internediate wt dﬂaz met hane or ot her glazo conmpounds woul d give
pyrazoles (ref 85). Reactlon wth azide or hylroxyl amine would give

het erocycles after elimnation of water. Nitrile oxides would i react wth
the al kynyl ketone to give isoxazoles (ref 86). Reaction of the initial
acid to 30 pYovide éﬁhau¢d5th@mmdﬂKMSﬂﬁ@1&mkﬂmumuphe&mxaﬁyﬁmaﬁbmride or

thionyl chlorid i [ 4 triphen hos a g n
tetrachl ori de p%gg]fhdlégé\lgl Eg;g% ﬁwa’?g ‘er mn? UO %é 1“%‘8? g‘du g%%@ ef%@% %Won of
t he acid chIor|demmmﬂhmhmI&hﬂh@ﬂﬁshhmm&ubQMnimmfﬁeLB@mxﬁﬂﬂﬂﬁﬂaBdC)base
woul d give 2- substlt Le oxqﬁghes Eef 87). The e coul ge co verted to
amines, al cohof'§"P-of HAFTALY RisP G T dPﬂ’ ‘5W§m ?W&MHCUrtlus
type Step A of Scheme 46 according to the procedures described in Hewawasam, P.;
10 Meanwell, N. A.; Tetrahedron Lett. 1994, 35(40), 7303-7306 (using t-Buli, or s-buli,
THF); or Stanetty, P.; Koller, H.; Mihovilovic, M.; J. Org. Chem. 1992, 57(25)
6833-6837 (using t-Buli). The intermediate thns formed could then be cyclized to

Reaction of the WiRrgye
generate i soxazol es (ref

form the azaindole as shown in Step B of Scheme 46 according to the procedures
described in Fuerstner, A.; Ernst, A.; Krause, H.; Ptock, A.: Tetrahedron 1996,

15 52(21),7329-7344 (using. TiCl3, Zn, DME); or Fuerstner, A.; Hupperts, A.; J. Am.
Chem. Soc. 1995, 117(16), 4468-4475 (using Zn, excess Tms-Cl, TiCl3 (cat.),
MeCN).

Scheme 49 provides another route to azaindole intermediates which could

20  then be further elaborated to provide compounds of Formula I, such as the amido
derivatives shown. Steps G”’.and H” of Scheme 49 may be carried out according to

the procedures described in Takahashi, K.; Shibasaki, K.; Ogura, K.; lida, H.; Chem.

Lert. 1983, 859; and Itoh, N.; Chem. Pharm. Buli. 1962, 10, 55. Elaboration of the
intermediate to the amido compound of Formula I could be accomplished as

25  previously described for Steps I'- M’ of Scheme 45.



5 rearrangenents. Schene 43 describes alternate chem stry for installing
t he oxoacetyl al kenyl pi peridine noiety onto the 3 position of the

azai ndol es. StepA"' in Schene 43 depicts reaction with formal dehyde and
di met hyl am ne using the conditions in 10 Frydman, B.; Despuy, ME.
Rapoport, H.; J. Am Chem Soc. 1965, 87, 3530 will provid e

di met hyl am no compound shown. Step B'' shows displ acenent gﬂ%ﬁmBG?EQ&QHn
cyani de woul d provide the cyano derivative according to the nethod
described in Myashita, K ; Kondoh, K.; 3% Tsuchiya, K ; Myabe, H.

| mani shi, T.; Chem Pharm Bull. 1997, 45(5), 932-935 or in Kawase, M;

Si nhababu, A K.; Borchardt, R T.; Chent*hW&d. Bull. 1990, 38(11),

2939- 2946, The sane transfornatlon could al so be carried out using TMSCN
and a 1995, 36(33), c5929 593%- Sodlun1cyan|de cruld also be utilized. 20
Scheme 43 N Rz O HHH\ THc® INNR NNR R5 R4 R5 qy

R5 R4 - Rz O C' R¥, I qoHm, . | R3// @HAN M) NR Ra R5 Ra Rs
0000 R R RR3 W N I rN d, R A4 R5 R4 RS
Ry Rs  KHorNaHMDS R CuBr;

G"‘ H4 H"

Scheme 50 shows the preparation of azaindole oxalic acid derivatives. The

starting materials in Scheme 50 may be prepared according to Tetrahedron Lett.

5 1995, 36, 2389-2392. Steps A’, B’, C', and D’ of Scheme 50 may be carried out
according to procedures described in Jones, R.A.; Pastor, J.; Siro, I.; Voro, T.N.;
Tetrahedron 1997, 53(2), 479-486; and Singh, S.K.; Dekhane, M.; Le Hyaric, M.;
Potier, P.; Dodd, R.H.; Heterocycles 1997, 44(1), 379-391. Step E’ of Scheme 50
could be carried out according to the procedures described in Suzuki, H.; Iwata, C,;

10  Sakurai, K.; Tokumoto, K.; Takahashi, H.; Hanada, M.; Yokoyama, Y.; Murakami,
Y.; Tetrahedron 1997, 53(5), 1593-1606; Suzuki, H.; Yokoyama, Y.; Miyagi, C.;
Murakami, Y.; Chem. Pharm. Bull. 1991, 39(8), 2170-2172; Hagen, T.J.; Narayanan,

K.; Names, I.; Cook, JM.; J. Org. Chem. 1989, 54, 2170; Murakami, Y.; Yokeyama,

Y.; Watanabe, T.; Aoki, C.; et al.; Heterocycles 1987, 26, 875; and Hagen, T. J.;

15  Cook, I.M.; Tetrahedron Lett. 1988, 29(20), 2421. Step F’ of Scheme 50 shows the
conversion of the phenol to a fluoro, chloro or bromo derivative. Conversion of the
phenol to the fluoro derivative could be carried out according to procedures described

in Christe, K.O; Paviath, AE; J. Org. Chem. 1965, 30, 3170; Murakami, Y.;
Aoyama, Y.; Nakanishi, S.; Chem. Lett. 1976, 857, Christe, K. O.; Pavlath, A. E.; J

20  Org. Chem. 1965, 30, 4104; and Christe, K.O.; Pavlath, A.E.; J. Org. Chem. 1966,
31, 559. Convefsion of the phenol to the chloro derivative could be carried out
according to procedures described in Wright, S.W.; Org. Prep. Proc. Int, 1997, 29(1),



3 Novenber 2006 115 Step C " of Schene 43 depicts hydrolysis of the
nitrile wth sodium hydroxide and net hanol would provide the acid via the
nmet hods described in Iwao, M ; Mtoi, 0.; Tetrahedron Lett. 1995, 36(33),
5929-5932 for exanple. Qther basic hydrolysis conditions using either NaOH
or KOH as described in Thesing, J.; et al.; 5 Chem Ber. 13% 68?}8? %@5 and
Geissman, T.A.; Arnen, A ; J. Ant. Chem Soc. 1952, 74, 3 VORRE' 6€€ of a
nitrilase enzyme to achieve the sanme transformation is described by
Klenpier N, de Raadt A, Giengl H Heinisgm G J. Heterocycl. dient.,

1992 29, 93, and maybe applicable. 10 Step D'' of Schene 43 depicts an

al pha hydr oxyl ati28n3 WH=mafmmH. pechuke AaTRhieshad ROYDEEPRROBRSIFBSs cro e i n
Hanessi an, S.; ﬁangggl GaA Y., Tetrahedron Lett. 1996, 37 425),
7477-7480; Robi mégn=> Rk Q- Aclipeay. §. Egleongfpared,: IaOrs. ghemy 19955, THdnt .
Soc. 1993, 115( Z¥fmakADOetlD4Ohek. k¥ TIdG2, 2052885108 Wanallan, J.A.; Reynolds, G.A.;
canphor sul f onyl oxaziridi ne or another oxaziri di ne; andDavi 3, . A} Reddy,
R T.; 15 Reddy/ ®seChiem. 196,48, 22 ckenvergpof thyplieayl to §8dromadeivagyemar” = of
Schene 43 shews bR Sutl REorbie 19 BicdfukRNeQivkc hY 0y y . to

t he ket one whi ch may beuacc%‘r#pl’i sEé’d accoredinng toﬁ%tﬁg}#e%(%’gﬁs&’ é’é?%&%éd in
Mohand, S. A ; L&vYhageaDJ.Mizafrep. Proc. $ynl494, oiin432994%, Tudlise,( 1K), Keipert,

200172059, A 205DLSKSHL g PR S0 BAAP Gyt 70120008,

4- (NH Ac) - TEMPOY P Higgind, Vent Grgchhas 16ZC12 1667; Wiy, pGeseHeshiofwipaRd..;

t ol uenesul foni c i The, net _descrihed i n . dge, R A ;
Harris, S. A ; Hla{gfehhqnﬁ ~hung, g%ogsfﬁ i ?gelfi‘?afcqégﬁ %F%Ehéﬂ%%a%ﬁ J’E of

t he al pha hydr oxkuestver, St Doydre ReaPansynusess, &Me04 as oxi dant. O her met hods
for the 25 oxidation of the al pha hydroxy ester to the ketone include those
described in Hunaeus, ; Zincke,; Ber. Dtsch dient. Ges. 1877, 10, 1489;
Acree,; Ant. Cient. 1913, 50, 391; andscEbatsén,; Ber. Dtsch. Cient. Ges.
1877, 10, 846. Step F'' of Schene 43 depicts the coupling reactions which
may be carried 30 out as described pregiously in the application and by a
preferred nethod which is de bed in iO’R H; Jian§, X ; .Ye,\Y: H; Fan,
C.; Ronoff, T.; Goodnan, O3 and, enpl oys

gapi ¢ Petgt t 77 1999, 1,
3- (D et hoxyphosphoryl g- benzot rNHgZi N
1

o | N
Rg " Step A R N R,
Rs
RO gR
StepB' OR
NH, .
RO \
RO\ 0 &
R
Na / \ ©
1
Ry
Rs

Step E'




3 Novenber 2006 116 4(3H)-one (DEPBT); a new coupling reagent with

remar kabl e resi stance to racenization. Schene 44 O Rz Rz Ra/ OHG .. Ra
AH.. RNNNINR RPRRRMRBRRHOR OO RRA~.. Ra WA N-N
RO N NRR RA RS RA RS 5 Schenme 44 depicts the preparation of Fornula I

oxi dai on at deseribed in Step B of Scheme 43. 103 NoverBBTS00E0 17
Schene 45 O\p 0 OH R Rz RBOG R3Oith NR NR | HR5 HR5 p Wq

Scheme 51 describes methods for the preparation of azaindole acetic acid

derivatives by the same methods employed for the preparation of azaindole oxalic

acid derivatives as shown and described in Scheme 50 above. The starting material

employed in Scheme 51 could be prepared according to J. Org. Chem. 1999, 64,

5 7788-7801. Steps A, B, C’, D", and E”’ of Scheme 51 could be carried out in the

same fashion as previously described for Steps Steps A’, B’, C’, D’, and E’ of

Scheme 50.
Scheme 51 .
) .
’ OlMe ) ? s
R, / \ NH 3 Ole
R 2
N Na Y
°© g R
5 Step A" R I‘l\l 1
4 Rq
RO oR
ul*'3 oR
Step B Step C"
NH,
RO
BQ-—-‘\_ 8] ~o 0\\ MOA-
Ra— YH N na . | 7
\1\\; SLLE Ry~ I
A
N H‘I N N H1
|
[
R4 R5 R4 Rs
Step D" Step E Step F"

10

Scheme Z below shows that alkynes may be installed to form substituent D
via a metal mediated coupling to the vinyl halide, or triflate. Usually excess alkyne
(2.5@q§ are used but stoichiometric ampounts or greater excesses.-may also be

15  employed). Preferred conditions utilize about .05 to 0.1 eq palladium catalyst



Rz ORR OO RBRBOJ. NNR N NR HREOHR5 -A-A RR ORZ OR3 O
K RO M I NR NNR OCNR5S COOHR5 0 W-A RE RBO R NHS5
CONR1Rz Schene 45 depicts a nmethod for the preparation which could be used
to obtain 5 am do conpounds of Formula |I. Step G represents ester

hydrolysis followed by amde formation (Step H as descri
of Schenme 43). Step |I' of Schenme 45 depicts the preparati gﬁg%fen}bﬁ{j@ oxi de

whi ch coul d be acconplished according to the procedures in Suzuki, H.;
Iwata, C.; Sakurai, K. ; Tokumoto, K. ; Takghashi, H; Hanada, M; Yokoyarra,
Y.; Murakam , Y.; Tetrahedron 1997; 53(5), 1593-1606; 10 Suzuki, H.;

Yokoyama, Y.; My&dbrnen)2 Mﬂ%lﬂ&f&oublé(me e&lﬁ%ﬂileutE’BPé@rel%é 0 c%igl%t’(.l 13868) ;
2170-2172; and mato, T.; K.; Sakanot o, aim Bull. 3

Novenber 2006 48 T@@n@actim is lasa&d f@wamﬂummsatatenééMoMomtsﬁo% Romanin Step
J' of Schene 45 MF! o |ISh d _accor Iwata
C.; Sakurai, SUfo op ip elgﬁm% %?tgﬁﬁ%veﬁl OF [HHing é%aﬁhormng @e%% oy
Murakam, Y. ; Tétaphhsdomctmdrﬁﬁ)ﬂwhﬁﬁéiﬁmmy]z&ﬁﬂe SGR Gs fon exaSnpiabitylating, 1§/okoyama
Y. Myagi, g: ' um W1lt<11a61|1]?, a ¥aﬂad1um (IB) catgl?(st such as tetrakis triphenylphosphine palladium

(O) in an inert solvent such as THF or dioxane.

SCHEME Z

Br.

PACl(PhCN),/ Cul

o, o R
piperidine
0 trifurylphosphine (&)
X
R* 3 ==—R R—5 NJ
N Z N
H

H
10
Scheme ZA provides a more specific example of Scheme Z.
SCHEME ZA
R
Br \\
PdCI(PhCN),/ Cul ¥
N - N
MeO = piperidine MeO Q
O . -
N trifurylphosphine N 0
| N =R | p
15 oM 1 Ome ™

20



5 Bull. 1991, 39(8), 2170-2172. Hydrolysis of the nitrile to the acid is
depicted in Step K of Schenme 45 according to procedures such as Shiotani,
S.; Tanigucchi, K ; J. Heterocycl. Chem 1996, 33(4), 1051-1056; Menoli,
K. A ; Tetrahedron Lett. 1996, 37(21), 3617-3618; Adol fsson, .; V\aemmrk
K.; Moberg, C; J. O-g. Cheer. 1994, 59(8), 2004-2009; ag hegg(?%
Leclerc, G ; J. Heterocycl. Chee. 1993, 30(3), 10 631-635. °e i

Schenme 45 depicts a nethod which coul d-b tilized for the preparatl on of
am do conpounds of Formula | fromthe cyano' derivative which may be

< Reter ocyol - ung 7o 57 a ERGL Bl e ot @Rk menlgR 0T

U. K. ; Koomnen, @ay bd fynciietatiadideriost dbﬁ:@mnaﬁﬁ(@h a asamemmucmmamgn C ;

B sagn MR R peh i gl 0k iR i SRR e |, TP
Schene 45 showgioaidews iaohk axainple shomh telbe tugwdidt an acitl bet pikeldatidts; dhylof am do

comounds of Formla bl Lom e, 2 n. IS WS WMot eyt | vaucy

Thonpson, J. B. amAege@pectitié. ; J. Med. Chenr 1996 39(24) 4692-4703; Hong,
20 F.; Pang, Y.-P.; Cusack, B. ; Richelson, E.; J. Chem Soc., Perkin Trans
1 1997, 14, 2083-2088; Langry, K. C; Og. Prep. Proced. Int. 1994, 26(4),
429-438; Ronmero, D.L.; Mrge, RA ; BchesMe@g; Berrios-Pena, N.; My,
P.D.; Palnmer, J.R; Johnson, P.D.; Smth, H W; Busso, M Tan, C. -K;
Voorman, R L-.; Reusser, F.; Althaus, |I. W Downey K M, et aI J. Med.
Chem 1994, 37(7), 999-1014 and Bhattacharjee, 25 A ; Wk’hopadhyay, R ;
Bhattacharjya, A.; Indign J. Chem, Sect B 1994, 33(7 , 679- 682. 30 3
Novenber 2006 119RGdheffe 46 R2 R2 R St ep A 3 fg R3 1). But.i NI N

/' N'BCO 2). Cl % é 1) LDA / THF / -78°C

Ris o0 Ris Rz
Rz3 2) CO, R . Ra2a
R
10 aQ O Ryg 20 Q O Ryg 20
Scheme ZB1 shows a specific example of Scheme ZB.
15 SCHEME ZB1 ’
HOLC,
N\ \
4 Y
- 1) LDA/ THF / -78°C ‘
OMe N 200 ~  OMeQ, N
N 2
N = N
MeQ H MeQ H

20



RA RS R4 RS3) H4) (RCO20 Step BRZR OO0 TiCl3 R O R3 Ove - R3 N/
00 ZnI RL ry N NRA RS HR4A RS 5 Schene 46 shows a nethod which could be
used for the synthesis of an azaindole acetic acid derivative. Protection
of the am ne group could be effected by treatnment with

di -tert-butyl di carbonate to introduce the t-Butoxycarbonyl _((BOC :

I ntroduction of the oxalate noiety nay then be acconpli shed BE%V@S%&?&?
Step A of Schene 46 according to the procedures described in Hewawasam P.;
10 Meanwel I, N. A.; Tetrahedron Lett. 19945535(40), 7303-7306 (using
t-Buli, or s-buli, TFIF); or Stanetty, P.; Koller, H; Mhovilovic, M; J.
Org. Chem 1992 gcRdheZ shoR$3 gerfePal bcltdhid M8 sfutBibiAne C TidRed 251086k ke t hus
formed could then be cyclized to formthe azai ndo%e as shown in Step B of
Scheme 46 accor GPWQO‘EIB;IQWHBP]Géedur es described in Fuerstner, A ; Ernst,
A.; Krause, H; Ptock, A ; Tetrahedron 1996, 15 52(21), 7329-7344 (using.
Ti C13, Zn, DME); or Fuerstner, A ; HuppefigmeAc: J. Ain. Cdient. Soc.
1995, 117(16), 4468-4475 (using Zn, excess Tnms-Cl, TiCl3 (cat), MCN).
Scheme 49 provides another route to azai ndole internediates which could 20
then be further el aborated to provide conpounds Formula I, such as the
am do derivatives shown. Sf\eps G'.and H' of Sclyenre 49 may be carried out
according to the progedufes descri beg‘ in Takahashi, K. ; Shibasaki, K ;
Qgura, K ; lida,rXH. ; Lett. 1983\ 859; jantglt QfoH, MeorGEHREN Pharm

Bul I . 1962, 10, 5% borQtion of the M medi akeéh vHdihe am do conpound

of Formula | coul [eXi OHSEY-aes A7) E,’T,or St eps

|'"- M of Schene DIPEA, DMF, O/N

El
C -

N'Nov &fbar'°»mo6
70C —> 1hr

Scheme ZD depicts a more narrow version of Scheme ZC which is meant to provide

an example but not be limiting. In both Schemes ZD and ZC, R depicts substituents
10 as described by the claims of the invention which a chemist of normal skill could be

used in the reaction sequence. Simple alkyls and the like would for example work

well.



120 Scheme 49 0 CNOCN R2 Ow 1/ RZ 33 RYAR3 W-AnCPBA N\ R-/ R or
NNRS KHor NaHWDS CuBr2 R4 G RA RS H A-ARRRZpREORIO NRzR
NNNR R4 RS CONRLR2 Schene 50 shows the preparation of azaindole oxalic
acid derivatives. The starting materials in Schene 50 may be prepared
according to Tetrahedron Lett. 5 1995, 36, 2389-2392. St egﬁ\é , B (g
and D of Scheme 50 may be carri ed out according to proced Vet F9%ed i n
Jones, R A ; Pastor, J.; Siro, J.; Voro 1;@/ Tetrahedron 1997. 53(2),
479-486: and Singh. S.-: Dekhane. M; arl c, M; Potier, P.; Dodd,
R H ; Heterocycles 1997, 44(1), 379- 391 Step of Schene 50 coul d be
carried out accordi ngRﬂS(S’ tﬁe procedures des@&' in Suzuki, H; Iwata, C;
10 Sakurai, K.; Tokunto Takahashi, A%< \Hahagas M ; Yokoyama, VY.;
Murakam , Y.; Tetrah n 9%7 53(5), _s38zuki, H.; Yokoyanmm,
Y. Myagi, C; Mygakam . Chem Phag J[§91 39(8), 2170-2172;
Hagen, T.J.; Nar afanan N“K-RPNanes, J. JM5 - J. Org Chenz.
1989, 54, 21707 Nipak #15 Yokoyamm, O, k@?ﬁrs C.; et al.
Het er ocycl es 198 . 8¥5; and Hagen . gn HCI‘? Tet r ahedr on
Lett. 1988, 29( 42 HOl SeapMeOY] @ »0 shows the caongersion of the
phenol to a fl hl op@ -erobinonmo dexFVali ve. 2- BOFNEHNHZDERBT he

H 70C —> 1hr - H DIPEA, DMF, O/N

AN\
y I
0 H 2. HaN” R
0 150C, 20min.

Scheme ZE depicts a method for prpearing C-trizole substituted indoles and
azaindoles which can them be coupled to HWA using the standard methodology.

10

15



phenol to the fluoro derivative could be carried out according to
procedures described in Christe, KO ; Pavlath, A E; J. Og. Chenn. 1965,
30, 3170; Murakam , Y.; Aoyamm, Y.; Nakanishi, S.; dient. Lett. 1976,
857; Christe, K. 0.; Pavlath, A E.; J. 20 Org. Cheni. 1965, 30, 4104; and
Christe, KO ; Pavlath, A E; J. Og. Chem 1966, 31, 559. ggonv Sbﬁ of
the phenol to the chloro derivative could be carried out é

procedures described in Wight, SSW; Og. Prep. Proc. Int. 1997, 29( 1), 3
Novenber 2006 121 128-131; Hartmann, H.; {&¢hul ze, M; Guenther, R ; Dyes
Pigm 1991, 16(2), 119-136; Bay, E.; Bak, D. A ; Tinony, P. E.; Leone-Bay,
A ; J. Og. Chem 1990, 55, 3415; Hof gm@ et al. ; Cherzt. Ber. 1962,
95, 523; and Vanallan, J.A ; Reynolds, GA; J. Og., Chem 1963 28, 1022.

Conversion of the phenol t 0 115Nk @Rl i yative may 3,2@ oharFTed out

according to proc% S descrﬁt@edwpﬂhKatrltz AR ; Li, J.; Stevens,
C.V.; Ager, D.J. epZ"BPEY. |nt. 1994 ), 2 89IH1aToditce, I K. ;

Kei pert, S. J.; o ~J.; J. Chem Soc. emiConmun. 1993, 17,
1323-1325; Schaeffer, "J.P.; H| ggl ns, J.; J 09 Chem 1967, 32, 1607,
Wley, GA ; Hershkowitz, R L. Rein, B M; Chung, B.C; J. Am Chem Soc.

1964, 86, 964 and Tqayaka H 10 Akuk , R; Og. Syn.
1988, 67, 20. Schenme 5 O ait, 1582, FBOR R3OR RA N2 NRONO O
RS Step A NR R4 | y O?St—eﬁ&-«—a?—Stﬁg) -

HN )

N o H

10 equiv. AICI3 A\ R 2 o
1: 5 MeNO2/CH2CI2 N
ri.2h O NaOH, MeOH | o
HN
Y N
Hi H

‘ \

e
R

e

R depicts substitution as described by the claims of the invention.

Scheme Z¥ provides a more specific example of Scheme ZE for illustration.

5
o 1) BocNHNHZ, DEPBT
Olie 1. 10N NaOH (10 equiv.) € iPr2NEt, DMF, rt.
EtOH, 115C, 3h 7
N/ X 2. then HCI N 3

\ 2) 4N HCI, 1,4-dioxane, r.i.

N HO N
NC i H

2. HyN
7
NN 1 150C, th
HN N
N o H
OMe
o OMe
10 equiv. AICI3 2\ OFt S on
1: 5 MeNQ2/CH2CI2 N VAR
rt.2h | o NaOH, MeOH —¢ | P
HN N
\\ H N
r';\(N HE: \N H
oy
Me \l/

Compounds of formula I where R6 is O are prepared from the compounds 1
where R6 is nothing by stirring them with from 1 to 30 equivalents of a peroxy actic

10  acid such as meta chloroperoxybenzoic acid, trifluoroacetyl peroxybenzoic acid,



NH2 , oRrROO RRO OROORIOHO -~N\ RONNR Ni PRI R5 R4 RS
Step D Step EE Step FOO ORR2Z RBRORZSIONNR NNR RIR5 R4 R5 3
Novenber 2006 122 Schene 51 descri bes nmethods for the preparation of

azai ndol e acetic acid derivatives by the same nethods enpl oyed for the
preparation of azaindole oxalic acid derivatives as shown dd sc&'@ed I n
Schene 50 above. The starting material enployed in Schene 3571° 83138 @
prepared according to J. Org. Chem 1999, 64, 5 7788-7801. Steps A", B",
C', D', and E' of Scheme 51 could be carrf®&d out in the sane fashion as
previously described for Steps Steps A, B, C, D, and E of Schenme 50.
Scheme 51 0 0\ Hugroacetis m@xmg@@y%r@mﬁwgoxm@%e asidNp en @8rtst ep A" R4
N Rl RS RO ORyvent such as ethyl acetate, dichloromethane, 1,2-dichloroethane, chioroform, THF,

or dioxane. Temperatures usually are ambient but for sensitive substrates lower
temnperatures may be used and in some cases slightly elevated temperatures, up to 50°
5  may be needed to improve reaction rate. Peroxy acetic acid .generated in situ from

acetic acid and hydrogen peroxide may also find use. Compounds in which R are not
H may be prepared from compounds or intermediates where R is H via standard
methodology well known to organic chermists ie alkylation with alkyl halides,
acylation with acid chlorides or anhydrides, reaction with alkyl chloroformates or

10 with isocyanates or CIC(O)NR''R". In some cases it may be advantageous to use no
added base and just a solvent such as dichloromethane, 1,2-dichloroethane,
chloroform, THF, dioxane, pyridine or DMF .In other cases an alkyl amine base such
as triethylamine or diisopropyl ethylamine in a solvent such as dichloromethane, 1,2-
dichloroethane, chloroform, THF, or dioxane may provide the best reaction. In some

15  cases adding DMARP to the above reactions could prove beneficial. In other cases,
deprotoation of the indole NH with sodium hydride, potassium hydride, or lithium
bistrimethylsily acetamide in THF, dioxane, dr DMF may be needed before adding

- - . - o~ e w7
LI WOUDII AL B siAll LUl Baaka i o .

20  Experimental
Chemistry

Al Liquid Chromatography (LC) data were recorded on a Shimadzu LC-
10AS liguid chromatograph using a SPD-10AV UV-Vis detector with Mass
25  Spectrometry (MS) data determined using a Micromass Platform for LC in

electrospray mode.

LC/MS Method {.e., compound identification)

30 . Column A: YMC ODS-A §7 3.0x50 mm colamn

Column B: PHX-LUNA C18 4.6x30 mm Column



NR Ni RA RS RAR Step D' Step E' Step F* OROv R2 0 O R3 R3 N~ N
RR NNR 10 R4 RS R4 R5 Schene Z bel ow shows that al kynes may be
installed to formsubstituent D via a netal nediated coupling to the vinyl
halide, or triflate. Usually excess al kyne (2.5egs are usg%ut 006
stoichionetric anpounts or greater excesses.my. al so be 15 ‘1381}358%.
Preferred conditions utilize about.05 to 0.1 eq palladium catal yst 3
Novenmber 2006 123 (PdCl2(PhCN) 2 and aboutizdoubl e the equival ents of Cul
relative to catalyst (.1 to 0.2 eqs). The reaction is heated for several
hours at a tenpelohini €: of abOUKTERRL nisCI18M.6:680ima cSideh as pi peri di ne.

Al ternatives for running this reaction include using Castro- Stephens
conditions in which a primary am ne such as for exanple butylamne, is 5
used with CuT, aodRahd Bdi um (0)yw@t @byt CREBxRSmiebiuall S tri phenyl phosphi ne
palladium (0) in an inert solvent such as THE or di gxane. SCHEME Z Br R
R17" \ R22 ' ' :

Step W R3~XOR Step C' NH2 RO RO\ O\ nu ~~ R3~~ U Srs3 NR..._ N I

5 Colummn E: YMC ODS-A C18 4.6x33 mm column

Column F: YMC C18 55 4.6x50 mm column
Column G: XTERRA C18 57 3.0x50 mm coluimn
10
Column H: YMC C18 55 4.6x33 mm column
Column I: YMC ODS-A C18 §7 3.0x50 mm column
15 Column J; XTERRA C-18 S5 4.6x50mm column
) .
Colomn X: YMC ODS-A C18 4.6x33mm column =
Column L: Xierra MS C18 5uM 4.6x30mm column
20
Column M: XTERRA MS C-18 7u 4.6x50mm co}umn
Gradient: 100% Solvent A / 0% Solvent B to 0% Solvent A / 100%
Solvent B
25

Gradient time: 2 minutes
Hold time 1 minute
30 Flow rate: 5 ml/min

Detector Wavelength: 220- nm



0 N PdC12(PhCN)2/ Cul R6 R Rz R21 piperidine RI9 O trifuryl phosphine O
R N- RR" NNN HH 10 Schene ZA provides a nore specific exanpl e of
Schene Z. SCHEME ZA R N PdC12(PhCN)2/ Cul N O MeO O piperidine MO O
trifuryl phosphine 0O RN/ NN/ N 15 Ov HOw H 20 3 Novenber 2006 124
Schene ZB bel ow shows an exanple of how the al kyne used to Q% tﬁgﬁo&i

as

be functionalized by first deprotonation with a suitable b suc
in THF at |low tenperature and then reacti n with a suitable electrophlle.
Carbon dioxide is in the exanple shown om1to provi de an acid but al kyl
hal i des, al kyl cygnof or mat [ provi de
al kyl substit u§ﬁﬁ?5‘ﬂ'¥%st ers, %d’)f ﬁeogzgﬁ%gﬁlb:@t %ef‘g‘“&@&@% %g H COOH R17
R18 | | R17 R18
Solvent B: - 10% H,O / 90% MeOH/ 0.1% Tﬁﬂqoioacetic Acid
5 Compounds purified by preparative HPLC were djlufcd in methanol (1.2 ml}

and purified using the following methods on a Shimadzu LC-10A automated
preparative HPLC system.

Preparative HPLC Method (i.e., compound purification)

10
Purification Method: Initial gradient (40% B, 60% A) ramp to final gradient
(100% B, 0% A) over 20 minutes, hold for 3 minutes (100% B, 0% A)

Solvent A: 10% MeOH / 90% H>0 / 0.1% Triflucroacetic Acid
15
Solvent B: 10% H0 / 90% MeOH/ 0.1% Trifluoroacetic Acid

F I SER WIRA AT OF AN 1Y s s Taveman

AL Reassaae e

20  Detector Wavelength: 220 nm

General and Example Procedures excerpted from Analogous oxoacetyl

piperazineamide applications

25 The procedures described references 93-95 and 106 are applicable example
procedures for synthesizing the compounds of formula Iin this application and the
intermediates used for their synthesis. The following guidelines are illustrative but

not limiting.

30 The general Bartoli (vinyl Magnesium bromide) methods for preparing
functionalized indoles or azaindoles dexcribed in the applications can be utilized for
preparing new indoles or azaindoles from the appropriate nitro aromatics or

heteroarornatics for this application. For example, in PCT/US02/00455, the general



R16 A 1) LDA/THF!-78C R15 A R15 R22 R15 R22 N R23 2) C02 ON Res Rzo Rzo
O OR19 OR79 10 Schenme ZBl1 shows a specific exanple of Schene ZB. 15
SCHEME ZB 1 \ H2C 1) LDA/ THF/ -78C OMEONOWC N 2) C2 NI O N \ O
N MO HN MeO H 20 3 Novenber 2006 125 Schene ZC shows a general schene

for synthesizing Clinked triazoles of the conpound of fo Ia I

ZC 5A AOWRKx eNR\ OO 1. NaOH, MeOH 3hrs 1N HC {ﬁ%@%ﬂg%
then N OC --> 10nin 2. BOC-NHNH2, DEPBT, H 70C 1 hr DIPEA, DMF, O'N CN O
O 131

procedure for preparing intermediate 2a (7-chloro-6-azaindole) from 2-chloro-3-nitro
pyridine can be considered a general procedure illustrating conditions which can be
used to prepare azaindoles for this application. This should be obvious since the
same class of intermdiates are needed for both inventions. Similarly, the general
5  procedure from the same application to prepare intermediate 3a, Methyl (7-chloro-

6azaindol-3-yl) oxoacetate, provides experimental details for carrying our Step B of
(Schemes 1-5 in this application) Similarly, the general procedure from the same
application to prepare intermediate 4a (Potassinm(7-chlora-6azaindol-3-yl)
oxoacetate, provides an example of the gneral method for hydrolying oxoacteic esters

10 (Step C of Schemes 1-5) General procedures for carrying out the same steps in the
indole series are provided in references 93 and 95. An example Bartoli reaction
preparation of a functionalized indole is given in the preparation of intermediate 1 of
PCT/US01/20300 where the preparation of 4-fluoro-7-bromo-azaindole is described
from 2-fluoro-5-bromonitrobenzene. Subsequent procedures for the preparation of

15  intermediates 2 and 3 describe procedures for adding the alkyl oxoacetate and then
for ester hydrolysis to provide the E:arboxylate salt and then the carboxylic acid after
acidification. Thus the chemistry described in the incoprorated previous applications
for preparing azaindole and indole intermediates is obviously appﬁcable since the

desired compounds are the same.

Procedures for carrying out the coupling of the indole or azaindole oxoacetic
acids to piperazine amides are described in the references 93-95 and 106. These can
also be used as procedures for preparing the piperidine alkenes of this invention by
taking the experimental procedures and substituting a piperazine a]_ke‘ne in place of

25  the piperazine amide. This is possible because both groups have a free amine with
relatively similar activity and since the other portions of both the piperazine
benzamide and the alkenyl piperidine are relatively unreactive to many conditions,
they can be installed similarly. For example, the preparation of intermediate 4 of
PCT/US01/20300 and the preparation of intermediate 5a of PCT/US02/00455

30 describe couplings of a piperazine benzamide or methyl piperazine benzamide to an
indole or azaindole oxoacetic acid or carboxylate salt respecﬁvely. (The acid or salt

can be used interchangeably). These same procedures can be used directly for the



AA R OROOO 1. ::': dioxane)HN N BOC H 0 1500, 20m n. N R Schene
ZD depicts a nore narrow version of Schenme ZC which is nmeant to provide an
exanple but not be limting. In both Schenes ZD and ZC, R depicts
substituents 10 as described by the clains of the invention whi ch a chem st
of normal skill could be wused in the reaction sequence. ?61% Iﬁb and
the like would for exanple work well. 3 Novenber 2006 1 ééz

D R15 Rls R15 / R15 R75 R15 R15 R15 R1 5R/5 0 O1l. NaOH, l\/t:C]—I, 3hrs
p Rls VH Rls then 1IN HCOl HO (gas), McOHY? N OC --> --> | omi n2.

RIS R s R15 BeRKator sl Srpolisal fu pution bysiulihiggiaeiivatipdalft® © O

alkene for the piperazine amides utilized in earlier applications.

Preparation of intermediate 5a from PCTAUS02/00455

o, 7 6 O
OK HN DEPBT, Hunig's base
R = \ ,\
' + N —_— > l N
N._= N .
H DMF, rt
ci o Cl o o}
can be used as a procedure for
O
OY[K Rqs
DEPBT, Hunig's base N Rig
o] Ry
E—— Ry Ryg
DMF, rt R D
! Fal Rza
Preparation of intermediate 4 from PCT/US01/20300 i
O
g C EDC-HCI, F © 2
o HN Hydroxybenzotriazole
: O Sy O
—
N - N
h N-Methy| marpholine !'*j]
=13 n DMF. rt B 0

can be used as a procedure for

Once attached via a similar amide bond, both the piperazine benzamides and
the piperidinyl alkene moieties are relatively inert and thus reaction conditions used
for functionalizing indoles or azaindoles in the presence of piperazine benzamides are

10 useful for carrying out the same tranformations in the presence of the piperidine
alkenes. Thus the methods and iransformations described in references 93-95 and
106 including the experimental procedures which describe methods to functionalize
the indole or azaindole moiety in the piperazine amide series are generally applicable
for construction and functionalization of the piperidine allke{:{es of this invention.

15  These same applications describe general methods and specific preparations for




1. 4AMHC (in dioxane) . S NNH HN2. H2ZN R HN - L N BOC H N O i 50C,
20mn. N/ R Schene ZE depicts a nethod for prpearing Ctrizole
substituted indoles and azaindol es which can them be coupled to HWA usi ng
t he standard net hodology. 5 10 15 3 Novenber 2006 127 SCHEME ZE 1)
BocNHNH2, DEPBT 1. ION NaOH (10 equiv.) Rx .iPr2NEt, DWVF, &{t. Eﬁzﬁbg_{
115C, 3h N-\ 2. then HO N ° 2) 4N HO, 1,4-dioxane, rt. > Nefp OH
S Rx~. 2. N R Fix N~ 1500, [h N4 N HNNI HN\ H> ' HNOHNN R
10 equiv. AICI3 Rx, \ 0 OBt WO OH 1: 5 M3ORJCH2C12 N~ N r.t. 2 h NaCH,
MCH I O

obtaining stannane and boronic acid reagents used for synthesizing the compounds of

formula L
Preparation of Example 1 from PCT/US02/00455
Typical Boron /palladium coupling proceduré
o o
F
N N 3 Pd(Phg)s, K,CO5
N N + —_—
© lrjll Ph DMF, H
, HoO, 1t
Ci 0 B(OH), 2

Pd(Pha)s, K,CO5
-.h-_.-—,._
DIMF, H,0, 1t

or even as a procedure for F

o P Rys R
5 "X M 16
Ris Ri7
& Pd(Phg)y, K,CO3 AN R

Big ——— =

N
D N R21 R
Ry DIF, H,0, ﬂGmup/ H i

functionalized indole or azaindole

where R* is as described for Scheme 7

10



N NNHHN\Y HY NYN RR R depicts substitution as described by the
clainms of the invention. Schene ZF provides a nore specific exanpl e of
Scheme ZE for illustration. 5 1) BocNHNH2, DEPBT W 1. 10N NaCH (10
equiv.) W uPr2NEt, DWF, r.t. FEtOH, 1150, 3h N | 2. then HCO Th 2) 4N
HCl, 1,4dioxane, r.t. NCNHO NHO S Ow OWw 2. HZN%E]é) %_?I aéoc,
th HHNHN\WM H2NO HNY N M Ow O CEt W 10 equiv. wergpgr 20
MENO2ICH2CI 2 r.t. 2 h 0 NaOH, McOH _ 0 NN HNA NYN HNANH Ny M M
Conpounds of fornmula | where R6 is O are prepared fromthe conmpounds |

Preparation of Example 39 from PCT/US02/00455
An example of the typical stannane /paliadium coupling procedure

o o
Olde
w
SnBi
2 o N Jo 0 PefPhaly
N.__= g + :‘N / —
ol Dioxane, 110deg C

can be used as a procedure for

or even as a procedure for

Ris

? H
Rtz Pd(Ph3)4 Ry
,! R
Groun-SnBu. + I’ S R“' d \ e
/
Raq

\/J\N ‘bt y«D Dloxane 110deg C /\/\N

Cl Group

functionalized indole or azaindole

where R* is as described for Scheme 7



where R6 is nothing by stirring themwith from1 to 30 equivalents of a
peroxy attic 10 acid such as neta chl or operoxybenzoi ¢ aci d,
trifluoroacetyl peroxybenzoic acid, 3 Novenber 2006 128 fl uoroacetic

per oxybenzoic acid, or neta nitro peroxy benzoic acid in an inert solvent
such as ethyl acetate, dichloronetbane, 1,2-dich|oroethang¥ chl r°f§6§]
THF, or dioxane. Tenperatures usual |y are anbient but for SEHINRE¢
substrates | ower tenperatures may be used and in sone cases slightly

el evated tenperatures, up to 50 5 may be pgeded to inprove reaction rate.
Peroxy acetic acid.generated in situ from acetic acid and hydrogen

peroxi de may al SO pfdpfislioH SxanfpRER QsEtSUstiedab Ch R7 are not H nay be
prepared from conpoexutgle Brshevnitopriunsibnditaion Rvedues B oxsicdty! pipgazie bangaridds

net hodol ogy wel | [ERORRYSIAde Gy PRl afrefias indnegprarpatin oRPRf R 1R y |
hal i des, acylation wth acid chlorides or anhydrides, reaction wth alkyl
chlorof ormates or 10 wigh isocyanates or ClC(C»NR"g 2. In sone cases it
maybe advant ageous tQ_ugse no added base and j.us sol vent such as

di chl or onet hane, 1, 2-/di
DVF .1 n other c.ﬁE§ 4l kyl ani ne_hase_such
di i sopropyl ethytafii-Re in | veple sdihcas M ronelhame, 1, 2-

di chl or oet hane, ch{of'of or m§ THF, aeneicON@Ne pr ovi dej t he best reaction.
In some 15 cases adding DVAP to the above reWCth ons coul d prove beneficial.
In other cases, deprotoation of the indole HHNw th sodi um hydri de,
potassi um hydride, or lithium bistrinethylsily acetam de in TUF, di oxane,
or DMVF may be needed before addi ngnbeudedlabs prokatire tor. . . . . . b.. ..... b.. wu

M cromass Pl atf or
conmpound i denti f§ ke A: “YMCCPS-

: DIF, 85 deg C
then cool, HC!

NaN_—,, NH4C|
7
Ryg ——————=

D DMF, 85 deg C "j
then cool, HCIIN

HN

"
N
functionalized indole or azaindole

where R® is as described for Scheme 7

General Procedures and Preparation of Selected Examples:

5 A General procedure for the preparation of 4-substituted piperidines:

Method I-A;: Preparation of intermediates with the following sub-structure

10



Col umm
XTERRA
Col umm
col um
4. 6x33
XTERRA
Col umm

4. 6x50mMm col um G adient:
Solvent B 25 Gadient tinme: 2 mnutes Hold tinme 1_mnute
rate: 5 nl/nmin DetectoMethpddixamplpl - PrpagHemoiNgipansserte Ho¥sa 130 Sol vent A
10% MeCH / 90%#2&&119@&{@@%5w(_sb@lregﬁﬁe&ﬂocclﬁﬁu%ﬁ@é MEALnBier AR W20 /1 90%

| ) Compounds purified by preparative HPLC
were diluted itevBedigigdl (1.2 m) and purified using the follow ng nethods
on a Shimdzu LC 10A automated preparative HPLC system Preparative HPLC

100%

MOH / 0.1 % Trifluoroacetic Acid

B: PHX-LUNA C18 4.6x30 nm Col um 3 Novenber
ne C18 4.6x30 mmcolum Colum D YMC ODS-A Cl18 4.6x30 mmcolumm 5
E: YMC ODS-A C18 4.6x33 mmcolum Colum F: YMC C18 S5 4. 6x50 mm
Colum G XTERRA C18 S7 3. 0x50 nmm col um
mm colum Colum |: YMC ODS-A C18 S7 3. 0x50 nm col ;gn 1]35e clz‘%éjrm J:
SIS CES P

2006 129 Colum C

C-18 S5 4. 6x50mn col umm Colum K YMC ODS- A C18 4.

L: Xterra M5 C18 5uM 4. 6x30m columm 20 Colum M XTERRA MS G- 18 7u
100% Sol vent Al#6 0% Sol vent B to 0% Sol vent A /
30 Fl ow

Met hod (i.e., conpound guri fication)

5

10

15

20

25

30

© . oM
C[/ CN 1) NaHMDS, THF ;
0. _N .
Y * 2) TFA ~
\l/o ) HN
H-W-a

NaHMDS (3 ml, 1M in THF) was added to a solution of 1-tert-
butoxycarbonyl-4-piperidone (500 mg) and benzyl cyanide (352 mg) in drSf THF (10
ml) at room temperature. The reaction mixture was kept stirring for 12 hours before

being quenched with MeOH (2 ml).

After solvents were removed under vaccum, the residue was charged with 5
ml of TFA and the resulted mixture was stirred for 12 hours. Then, TFA was
removed under vaccum and the residue was partitioned between saturated NaHCOs
(20 mb) and EtOAc (10 ml). The aaueous solution was extracted with EtOAc (2 x 10
mi). The combined organic iayer was fiitered and concenirated 1o afford a crude
product of intermediate H-W-a, which was used in the further reactions without any

purification. \

Method I-B: Preparation of intermediates with the following sub-structure

2 ) "
HN

D = phenyl or hetercaryl group
A = as defined for compounds of Formula T

10 Colum H YMC C18 S5



10 Purification Method: Initial gradient (40% B, 60%A) ranp to final
gradient (100% B, 0% A) over 20 mnutes, hold for 3 mnutes (100% B, 0% A)
Sol vent A1 10% MeOH / 90% H2O / 0.1% Trifluoroacetic Acid 15 Sol vent B:
10% H20 / 90% MeOH / 0.1 % Trifluoroacetic Acid 20 Detector wavelength
220 nm General and Exanpl e Procedures excer pted fron1AnaI g&@%y

pi per azi neam de applications 25 The procedures descri bed %¥é%é% 95
and 106 are applicabl e exanple procedures for synthesi2|ng t he conpounds
of formula | in this application and the 137nternedi ates used for their
synthesis. The followi ng guidelines are illustrative but not limting. 30
The general Bartoli (vi rmbmwameﬁirmmmgmﬂﬁh oDBtdrmefiaté Bi-Wpbepar i ng
functionalized indol es or azai ndol es dexcribed in the applications can be
utilized for preparing new indoles or azaindoles fromthe appropriate
nitro aromatics or heteroaromatics for this application_~kQr exanple, in
PCT/ US02/ 00455, the generap 3 Novenber 2006 131 procedu or preparing
internediate 2a (7-chl oro-8;azai ndol &) PiMgBn HFChl or o- 3- ni pyri di ne can
be consi dered a gener &l e il Ffustrating codnditi ons ) can be
used to prepare azai'Wic oA his @@pffcation. Thi s sheul d obvi ous
since the sane class of. Hatem di ates are needed f orBNQ i nwer i
Simlarly, the general 5 procedure fromthe sanme application to prepare
internedi ate 3a, Methyl (7-chloro- 6azaindol-3-yl) oxoacetwbe, provides
experimental details for carrying our Step B of (Schemes 1-5 in this

I t Simlar] f t t
o epar 6 | i 6 moai ot S141s1 (Do) AELR I R SA AR SO o Bt o]

provi des an exaq@k@mgﬁdg@mog@ﬁﬁahrngﬁhmﬂnm@mmaydﬁgkﬁmng Tho@adienc esters 10
(Step C of Schemes 1-5) Gener al pro edures for carry n ﬁégnjkgggﬁane st eps
in the |ndoIeIE@FF%gm%¥§tﬁFEW¥@%a s @F@ﬁ€%§m§§ thgige Anpl e
Bartoli reaction preparation of a functionalized indole is given in the

preparation of internediate 1 of
After solvents were removed under vaccum, the residie was charged with 5

10  ml of TFA and the resulted mixture was stirred for 12 hours. Then, TFA was
removed under vaccum and the residue was partitioned between saturated NaHCO3
(20 ml) and EtOAc (10 ml). The aqueous solution was extracted with EtOAc (2 x 10
ml). The combined organic layer was filtered and concentrated to afford a crude

product of H-W-b, which was used in the further reactions without any purification.

15

Method I-C: Preparation of intermediates with the following sub-structure

= A
HN '

D=F,C}Br
A = as defined for compounds of Formula I

Method Example 3 - Preparation of intermediate H-W-¢

O ] Cl
f:::f$ PRO_ i - OPh 1) NaHMDS, THF .
N - =
&
CI/l\I:::] 2)TFA "




PCT/ USOL/ 20300 where the preparation of 4-fluoro-7-brono-azaindole is
described from 2-fl uoro-5-brononitrobenzene. Subsequent procedures for the
preparation of 15 internediates 2 and 3 descri be procedures for adding the
al kyl oxoacetate and then for ester hydrolysis to provide the carboxylate
salt and then the carboxylic acid after acidification. Tg%i thq)g?&ﬂgstry
described in the incoprorated previous applications for pr %ﬁ ﬁg

azai ndol e and indole internmediates is obvigusly applicable since the
desired conmpounds are the same. 20 Procedﬁges for carrying out the coupling

of the indole or azai oxoaceti.c ids t i perazi ne_amni des are
described in the reﬁéﬁgﬁii@'%‘gg]@g%ﬂaﬂ}%&“#f@ggo E%ﬂllut_‘oéllc’?&"tﬁ‘é' used as
procedures for bﬁfoﬁft%fﬂoﬂgl-zl-fiﬁeﬁdc&@r(lﬁ'ﬂ!a@ a3l BeRRAYIQh-chidrsbehs)BRbspRBnaRY _
taki ng the experinental procedures and substituting a_ piperazine al kene in
pl ace of 25 t hé2¥MiperiadnnBlamlgal) atmepe erepestis Fhe regetoausEtUBRYES EPbups have

a free am ne Wsmng&'&lIQtHOM%%%fO?é]g@iﬁﬂueﬂ&{ehwi&lmgw(fjnﬂ(}e the other portions

of both the piperaZzine benzamde and the al ken pi peridine are relatively
unreactive po many conditions, they can be installed simlarly. For

o eparati on of it ertediaresoi B Re0 Bumd S Tece R Ra e M i ngs of a

pi per azi ne benzdichilH4 aod theatdwitbd wixter aak sgrdddny Ehiades. tTheaTFA waol e or

azai ndol e oxoa i i |t 1. ivel id or
salt can be ug%%dvlg‘ri\ta g(?eg ﬁ%%g%?{%ff%% E%‘%svza% é“n%%%@%@%%%@é%%M
directly for tKz08I)NodEfhes (12005 THe3Ruprue palnddn was eafrattdtbwrloBgAn{sk B t hi s

i nvention substj.t ut i he desired piperddi,ne | kene r. t he,pi perazine
o dos. i 07 ol oot Qiaafie b S B Do BB Pl 4 lfio s £°ca
from PCT/ USQR2J @64insi of €-W -cQkhitiNwid usEERRBRe furdhed gaciohasthoulNmy fdrifichtidd. A DIVF,
it . H G OC can be used as a procedure for

Method I-D: Preparation of intermediates with the following sub-structure

e
15 HN

D=CLBr,I
A = as defined for compounds of Formula I

20 Method Example 4 - Preparation of intermediate H-W-d
m 1) Bry, DMAP, CH,Cl, Br
0. N >
N 2) TFA O)\©
\}/0 3)ELN, THE, 110°C T
H-W-d

Bromine (0.21 ml) and DMAP (535 mg) was added to a solution of 1-tert-
25  butoxycarbonyl-4-piperidone (1 g) in dry CH;Cl, (50 ml) at foom temperature. The
reaction mixture was kept stirring for 12 hours before being added with MeOH (2
ml). '

After solvents were removed under vaccum, the residue was charged with 20

30 ml TFA and the resulted mixture was stirred for 12 hours. Then, TFA was removed




O\ OO0 Rs O R1I5 K HN RLIRtr DEPBT, Hunig's base ORI' + R19 Rla RRzs
Rte 2821 R2 D DMF, rt R21 R2~ D Preparation of internediate 4 from

PCTI USO1120300 O EDG HCI, O O F OR HN Hydroxybenzotriazole F + [/ H

N-Met hyl norpholinl H 14 nMF A can be used as a procedure for O-0

Ris Rls Q OH 321N R1Rn DEPBT, Hunig's base Q'N RIRt7 + IHE’ Rb()(ft
DM, rt D RRR DR21 R5 Cnce attached via a simlar g % h the
pi perazi ne benzam des and the piperidinyl alkene nDieties are relatively
inert and thus reaction conditions used f{gr functionalizing indoles or

azai ndoles in the presence of piperazine benzam des are 10 useful for

carrying out thﬁne&ﬁ%%&%%& &5@&1&9 Opﬁuﬁaﬁw&g@%ﬁn&& NQﬁC@# BRIl ne

al kenes. Thus t s and trans mat i ons described in references 93-95
and 106 i ncl udaniErOhe (26cpdr iTire nquebuyrobition Waeextpied Wit d¥Q A bex Amhods to

functional ize  yhe. LAl alicAZA RO IPLALYy R hF o RHRE! AL, ant de

series are generally appll FConstruction and functionalization of
the piperidine allkenes of this invention. 15 These sane applications

descri be gener al rrEt'ﬂx q m&%%a%%?e%lddssglvgfﬁg%%d s%gﬁlfaL%ETéF EB% 2006 133

obt ai ni ng staanane an oroni reagents us synt ESI Zl ng t he
conpounds of tricthylamine (5 ml) in a sealed tube. The mixture was heated up to 110 °C for 12

hours. After cooling down, the solvents were removed to afford a crude product of

H-W-d, which was used in the further reactions without any purification.

10  Method I-E: Preparation of intermediates with the following sub-structure via

=~ D
HN

15 Method Example 5 - Preparation of intermediate H-W-003

o o TiCly /LI
%O\H/N + DME
N
o H

Titanium trichloride (5 g) and DME (60 ml) were added te flask (250 mi)
20  which was filled with nitrogen. Lithium (0.72 g) was etched to brilliance in )

methanol, quickly washed in petroleum ether, and cut into small pieces directly into

McMurry reactions

Y
N

the stirred suspension. The mixture was refluxed for three hours.

The black slurry was then cooled to room temperature, and N-Boc-piperidin-
25  4-one (755 mg) and acetophenone (455 mg) dissolved in DME (20ml) were subjected
to it. And the resulting mixture was refluxed for 16 hours.

Saturated Na,CO; solution (30 ml) and water (20 ml)-were added into the

reaction mixture after it cooled down to room temperature. Insolubles were filtered



formula |I. Preparation of Exanple 7 from PCT/US02/ 00455 Typical Boron

/ pal I adi um coupling procedure 0 O F 0O O \ N~ Pd(Ph3)a K2ZCOB N N N Ph+ N H
N~NPh C O B(OHDW, HZ20, rt H)2 F can be used as a procedure for 0 0

RRBOORgH\ RNRBRL7 Pd(Ph3)4, K2ZCOB Rg NRIBN1'0Ois T\ Rea D
/ HRR1 R DDW, H20, rt NH21 R2 Cd or even as a progj%ﬂe f.or ‘50%0 O
0O Re RUR RL Rx\ NRRL7 Pd(Ph3)a, K2CB \ Rrs Ripe OBy RRM
RDCO RD NOR Oj RODW, HO r N2i R HGou p H functionalized

i ndol e or azaindole where R is as descrilbed for Scheme 7 5 10 3 Novenber

2006
away. Organic and aqueous layers were separated. The aquous layer was then

extracted with methylene chloride (3 x 50 ml) and combined organic layer was

washed with brine, dried over MgSO,. Removal of solvents provided a residue,

which was purified by silica gel column chromatography to afford the desired product
5 H-W-003 (410 mg).

Method I-F: Preparation of intermediates with the following sub-structure via

metathesis

O’/AA
10 HN

Method Example 6 - Preparation of intermediate H-W-k

H ‘H F
F 1) Grubb's Catalysts
\F/OYN + p Ll = i 2
i / \_ CHyClp, 40YC . HNC .
NS

Zpra

15
The Grubb's catalyst was added into a solution of N-Boc-4-
methylenepiperidine (100 mg) and 1-fluoro-2-vinylbenzene {123 mg) in methylene
chloride (10 ml). After the reaction was heated at 40% for 10 hours, TFA (2 ml) was
subjected to the solution at room temperatore and the resulting mixture was kept
20  strring for another 10 hours. Solvents was removed under vaccum to give a residue,

which could be purified using Shimadzu automated preparative HPLC System.

Method I-G: Preparation of intermediates with the following sub-structure
D .

= TA
HN

25



134 Preparation of Exanple 39 from PCT/ US02/ 00455 An exanple of the typical

st annane / pal | adi um coupl i ng

procedure
110deg CH N HN/

OOw 0 0 Ovw WA SnBu3 Pd(Ph3)4 \ W

can be used as a procedure

7 Pd(Ph3)4 N RL7 \ \ RRI9 Rte

N/ Rp H

Hlug / - NNA d D oxane,

for Ove 0 O HI5 0O OR45 AN Ce Rts
R2o p d N H A D oxane

for 0O HO R4s

% ~N H21 ~~ Cl1 H A Goup n A

, 110deg CHH21 RA HN/ or even a_nr re
R% O Rt9 15 Pd(Ph3)4 RA te N "p21 )-D Di 8@%"’&@1?%@%3 C
azai ndol e where

functionalized i ndole or

R 1is as described for Scheme 7 3 Novenbei,£006 135 Preparation of Exanple
20 from PCTI US01/ 20300

Method Example - Preparation of intermediate H-W-x

0.0 Boc20 é Sec-BuLl Mel NG
Et3N THF THF - lé’\
N L N
H stepa )\ \‘lq/\/ ~ H
stepb
o) O
TFA Boc,0, NaHCO, ﬁjj CN
step ¢ N H20, CHCI; N b
H A

step d o

KOH 1 TFA

CN
MeCH

step e N step f

o
=

step a
10
A solutionof di-tert-butyl dicarbonate (80 g) in THF (200 ml) was added
dropwise into a solution of 1,4-dioxa-8-azaspiro[4,5)}decane (50 g) and triethylamine
(66.8 ml) in THF (500 ml) over one hour. After the reaction was then stirred at room
temperature for three hours, solvents were removed under vaccurn. The residue was
15 dissolved in EtOAc (600 ml) and the resulting organic solution was washed
subsequently with water (300 ml), 5% NalCOj; (300m}) and brine (300 ml). The
organic layer was then dried over MgSQy and concentrated to provide crude product

(93 g) which was carried to step b without purification.



An exanpl e to show how functionalization procedures of oxoacetyl piperazine
benzam des can be used to carry out simlar tranformations in the

correspondi ng piperidine alkenes OO0 O F NaN3, NHgCl

"ON N Ph DVF, 85

degC N HPh H

procedure for OORLI5 O0 875 FN-RgFRI6 RgRaRg
DVF, 85 degC N N R2R21 823 D H A then cool, HJO H A CN N°N

CN O then cool, HOO O N NIf HN-N can be used as a

3%%@'*?%5‘6

R D
even

as a procedure for OOORLI5 0 R5 R R16 Rx NRRn NaN3, NHgClI \ N R17 \

Rlg RL \ V~\,

t hen Cool ,

HCI

10

15

20

25

30

Rlg Rla e N 826 N RRR2 R B¥DMWF, 85 degC H R21 R22 D H A

N- A NCHN, N,N functionalized indole or azai ndol e
step b

sec-Butyl lithium (1.3M in cyclohexane, 168 ml) was added into a solution of
the crude product obtained in step a and N,N,N' N'-tetramethylethylenediamine (55.3
ml) in THF (1000 ml) dropwise at -78°C over two hours and Mel (43 ml) was added
four hours later at this temperatue. After the reaction was warmed up to room
temperature over 12 hours, it was quenched with water (300 ml). The aqueous layer
was extracted with ether (3 x 500 ml) and the combined organic layer was dried over
MgSOy4 and concentrated to provided a residue which was purified by silica gel .
column chromatography to provide the desired compound (42 g).

step ¢

TFA (132 ml) was added to the product (27 g) obtained in step b at 0°C,
followed by an addition of water (3 ml). The reaction mixture was then heated to
reflux for 2.5 hours. After solvents were removed under vaccuyn, the residue was
dissolved in EtOAc (30 ml) and ether (60 ml). The suspension was left in a freezer

tor tow hiours. And the himal filtration gave Z-methyl-4-pipenidone (10.> g
stepd

A mixture of 2-methyl-4-piperidone (16.3 g), NaHCOs (9.5 g) and di-tert-
butyl dicarbonate (17.4 g) in water (50 ml) and CHCl; (125 ml) was stirred at room
temperature for six hours. 40 ml of water was then added and phases were separated.
The aqueous layer was extracted with CHCl; (4 x 30 ml) and the combined organic
layer was dried over MgSO4 and concentrated to provided a residue which was
purified by silica gel column chromatography to provide the N-Boc-2-methyl-4-
piperidone (13.3 g).

step e

Benzyl cyanide (2.75 g) and N-Boc-2-methyl-4-piperidone (5 g) were added
into a solution of KOH (3.52 g) in MeOH (23 ml) and the mixture was stirred at 65°C



where R' is as described for Schenme 7 General Procedures and Preparation of
Sel ected Exanples: 5 A Ceneral procedure for the preparation of
4-substituted piperidines: Mthod I-A: Preparation of internmediates with
the follow ng sub-structure CN Ar HN 10 3 Novenber 2006 136 Met hod
Exanpl e 1- Preparation of internediate HWa (Were His gydr%ﬁ)en
corresponds to claiml1l and a is an identifier for the int3 W 5(%%@/‘\7/0
O-N CN 1) NaHWDS, THE CN + 2) TFAOHN 5 HWa NaHWDS (3 ml, 1Min THF)
was added to a solution of 1-tert- butoxygabonyl-4-piperidone (500 ng) and
benzyl cyanide (352 ng) in dry THE (10 m ) at roomtenperature. The
reaction m xtur t (A r r i hed
W h MEOH (2 T B e e e s
charged with 5 wab diefolvEEAn BridAd (380 md)s (MTht etkanicxolutien wasswashed wighi whigr angl?

hours. Then, TF er. . J I artitioned
bet ween sat ur at ?M@%&%ﬁg&%ﬂ)&%%mé&d&%%nﬁ f.ﬁh%%%ﬁ%’@us sol ution
was extracted wchdmiiogphy @ akfodied dedited produao(iii ged organi c | ayer was
filtered andsconcentrated to afford a crude product of internediate HWa,
whi ch was used in the further reactions without any purification. 20

Met hod |-B: Prepapdtion of internediates with the follow ng sub-structure

D

To a stirred solution of the prodnct (5.5 g) obtained in step e in methylene
chioride (40 ml) was added TFA (17.6 ml) and the resulting mixture was left stirring
10 at room temperature for two hours before solvents were removed under vaccum. The
residue was partitioned between EtOAc (50 ml) and water (50 ml). After pH was
adjusted to 10, the aqueous layer was extracted by EtOAc (3 x 30 ml). The Organic
layers were combined, washed with water and brine, dried over MgSQOy and
concentrated to provided the desired product (2.7 g), which was carried onto the next

15  step with purification.

Method I-H: Preparation of intermediates with the following sub-structure

D
HN :
R

Method Example 8 - Preparation of intermediate H-W-y

20

4]

D
Hj/ PP TBY NaHMDS | ¢ )J\o)\ |
, . oo

| Ea—

F CH,CI
TH| N 2612 . N
step a b stepb OA\O/I\

TFA

stepc

T =



HN D = phenyl or heteroaryl group 25 A = as defined for conpounds of
Formula I 30 3 Novenber 2006 137 Method Exanple 2 - Preparation of
internediate HWb O 1) PhMgBr, THE HN I / 2) TFA HO HN HWb 5 PhMl
(3 mM, 3Min THF) was added to a solution of 4-bnenzoyl pi peri di ne

hydr ochl oride (200 mg)in dry THE (10 nl) at room tenperat tlon
m xture was kept stirring for 12 hours before being quencﬁe@o‘\’/ﬁr’i‘% kg

m). After solvents were renoved under vaccum the residue was charged W|th
5 10 nil of TFA and the resulted m xturé4as stirred for 12 hours. Then,
TFA was renoved under vaccum and the residue was partitioned between
saturated NaHC&8pa(20 m) and Et OAc (10 ml). The aqueous sol ution was
extracted with EtOAc (2 x 10 m ). The conbined organic |ayer was filtered
and concentrated to afford a crude product of HWDb, which was used in the
further reactions WNiHBEKS @M/indHE, ﬁlmnlmﬂaddeﬁﬁnw@whbdonoﬁ -bemgdpar ati on of

B A = as det i RE P ReBR LR St b g tini paies GRE P B
Prepar at i ons of af robmanemshrate abd \ereadtldnoias heated to reflux for 12 hours After the
mixture cooled to room temperature, water (50 ml) and EtOAc (50 ml) were added.
Organic and aqueous layers were then separated and aqueous solutioi; was extracted
with BtOAc (3 x 50 ml). Organic layers were combined, dried over MgS0, and
concentrated to provided a residue which was carried onto the next step with

10 purification.
stepb
The residue (200 mg) obtained from the previous step was dissovled in a

15  solution of 1-chloroethylchloroformate (1 ml) in methylene chloride (20 ml), and the

reaction was refluxed for 12 hours. Removal of solvents under vaccum provided a

residue.
step ¢

20

The residue obtained in step b was dissolved in TFA (2 ml) at room

temperature and the resulting mixture was kept stirring for 12 hours. The following
conccntration under vaccum afforded a residue which was used in further reactions
without purification.

25

Method Example 9 - Preparation of intermediate H-W-z

e N o < o
aj/ NaHiDS | oo™ |
o W Erue
stepa b step b OA\ O/I\



PhO Il OPh 1) NaHVDS, THEN \ / \ 2) TFAO C1L HNI / 25 HWc 3 Novenber
2006 138 NaHVDS (0.84 m, 1Min THF) was added to a solution of 1-tert-
but oxycar bonyl - 4- pi peri done (139 ng) and Di phenyl

(( X-chl orobenzyl ) phosphonate (250 ng) in dry THE (10 m) at room
tenperature. The reaction m xture was kept stirring for hour,s re
bei ng quenched with MeOH (2 nl). 5 After solvents were re#@%‘@@ﬁagg&o
vaccum the residue was charged with 5 m of TFA and the resulted m xture
was stirred for 12 hours. Then, TFA was fgoved under vaccum and the
residue was partitioned between saturated NaHCG3 (20 m) and Et OAc (10

m ). The aqueous solutio s extracted with EtOAc (2 x 10 10 m). The
conbi ned organi c }ayer i ldvered and concentrated to afford a crude
product of HWc, _whigh was {ised in the. further reactions w thout any
purification. Mthod I-D aration of internmediates with the foll ow ng
sub-structure D pp 15 H Cl.Br.1 A = as defined for conmpounds of
Formula | 20 Method Exanpl ei4 - Preparation of internediate HWd / \ 1)
Br,, DMAP, CHzClz Br ONI / 2) TFA\I~0 3) Et3N, THF, 110C HN H Wd

step a

5 NaHMDS (1M in THF, 6.4 ml) was added into a éolution of 1-benzyl-3-
methyl-4-piperidone (1 g) and benzyl cyanide (0.68 mI) in and the reaction was
stirred at room temperature for 12 hours. After the mixture cooled to room
temperature, water (50 ml} and EtOAc (50 ml) were added. Organic and agueous
layers were then separated and aqueous solution was extracted with EtOAc (3 x 50

10 mb). Organic layers were combined, dried over MgSO, and 'co‘n-centrated to provided

a residue which was carried onto the next step with purification.
step b

15 The residue (200 mg) obtained from the previous step was dissovled in a
solution of 1-chloroethylchloroformate (1 ml) in methylene chloride (20 ml), and the
reaction was refluxed for 12 hours. Removal of solvenis under vaccum prov:ided a

residue,
20 stepc

The residue obtained in step b was dissolved in TFA (2 ml) at room
temperature and the resulting mixture was kept stirring for 12 hours.. The following
concentration under vaccum afforded a residue which was used in further reactions

25 without purification.



Bromne (0.21 m) and DVAP (535 ng) was added to a solution of 1-tert- 25
but oxycar bonyl - 4- pi peridone (1 g) in dry CHzZCOZ (50 mM) at |oom
tenperature. The reaction m xture was kept stirring for 12 hours before

bei ng added with MeCH (2 ml) After solvents were renoved under vaccum the
resi due was charged with 20 30 ml TFA and the resulted m re%b"é’?%@ﬁ“ rred
for 12 hours. Then, TFA was renoved 3 Novenber 2006 139 L?nder vaccum and
the residue was partitioned between saturated NaHCO3 (50 mi) and Et OAc (20
m ). The aqueous solution was extracted vidbh EtOAc (2 x 20 nl). The

conbi ned organic layer was filtered and concentrated to afford a residue. 5
The resi due waddheil-Ii sBapwadon of atarinedidtes withtthaofallovingegb$20cinte) and
triethylamne (5 m) in a sealed tube. The m xture was heated up to 110C
for 12 hours. After cooling down, the solvents were renoved to afford a
crude product of H Wd, which was used inAthe further reactions w thout
any purification. 10 Method I-E: Prepﬁgﬁqsgfﬁ internediates with the

foll owi ng sub-structure via MMrly readii ons A D HNC 15 Met hod Exanple 5
- Preparation of internediate H w 008N 03tU OO~ N+ DVEHH Y
Titaniumtrichloride (5 g) and DVE (60 mM) were added to flask (250 m) 20
which was filled with nitrogen. Lithium (0.72 g) was etched to brilliance
in nethanof, quickly WMahetExamyletld o Pepanaéohefi inteanaizeI-Whddt smal | pi eces
directly into the stirred suspension. The m xture was refluxed for three
hours. The black slurry was then cooled to roomtenperature, and

N- Boc- pi peridin- 25 4-one (755 ng) and acet ophenone (455 di ssol ved in
DMVE (20m ) were &ubjected to it. And re?ultlng m Xt u refluxed
for 16 hours. ~s0 on
2 LDA MsCl, EtaN
N + e
' c
o)\O THF j\ CH,Ci;
)< step a o /?< stepb
0>
TFA haN
— |
i ;\M/
i_i L]
10
stepa

A solution of LDA (ZM in THF, 13.8 ml) in THF (20 ml) was added dropwise
to a solution of benzyl methyl sulfone (4.27 g) in THF (25 ml) at -30°C. The reaction
15 mixtre was stirred at -30°C for one hour before N-Boc-4-piperidone (5 g) in THF
(20 ml) was added dropwise. After one and a half hour, the reaction was quenched
with 1N HCI ( 28 mli). 'I'ﬁe solution was extracted with ether (3 x 100 ml). The
combined organic layer was washed with brine, dried over MgSQ,, concentrated to

provide a residue which was used in step b without purification.

20




Saturated Na, CO3 solution (30 m) and water (20 nil) were added into the
reaction mxture after it cooled down to roomtenperature. |nsolubles were
filtered 3 Novenber 2006 140 away. Organic and aqueous | ayers were
separated. The aquous | ayer was then extracted with nmethylene chloride (3
x 50 m) and conbi ned organic |ayer was washed with bri n%,Ndri %%rgg&r
MpSOH4. Renoval of solvents provided a residue, which was pu?Yefniled y
silica gel colum chromatography to afford the desired product 5 H WO003
(410 ng). Method |--F. Preparation of intermedi ates with the foll ow ng
sub-structure via netathesis D A 10 HN Method Exanple 6 - Preparation of
internediate HgggpHH F O 11 NO + iF 1)1) Gub Catalys CHpC]y 400C W 15
The Grubb's catal yst was added into a solution of N Boc-4-

met hyl enepi peri dine (100 ng) and 1-fluoro-2-vinyl benzene (123 ng) in

net hyl ene chl ori de M8 (grhl). wAfB@Id tb e ideed6led eslutmsof ieatathealbiadidd if or 10
hours, TFA (2 nil) was 6 subjected to the soluti pnéﬁ{@é{ﬂ omrhg erature and

the resul ting rispaand mglylageige HomR in pethglgng dyorids Beo] vent s

was renoved Ndffs YAGEHIThE BeiDhdifd 3o Fgik dbtQhree WhirE NARQUb RS wBkrEhbRd USI Ng
Shi madzu aut omat ed preparative HPLC System G Preparation of

( Met hod | -
i ntt er medi at es Widetvaperan, espiasdiNa GQixtolytion £1 Prmal) pyas addsd andpgueousdayer
was extracted with EtOAc (3 x 100 ml). The combined organic layer was washed

with brine, dried over MgSQa, concentrated to provide a residue which was purified
by silica gel column chromatography to afforded the desired product (3.1 g).
10

step ¢

The product obtained in step b (2 g) was dissolved in TFA (10 ml) and the

mixture was heated to reflux for one hour. After solvents were removed under

15  vaccum, saturated NaHCO3 solution was added to adjust pH to 8. The aqueous layer
was extracted with ether (3 x 50 mi). After pH of water solution was adjust to 10, the
aqueons layer was further extracted with methylene chloride (3 x 50 ml). The
combine organic layer was washed with brine, dried over MgSQOy, concentrated to
provide a residue (1.4 g) which was used in further reactions without purification.

20

Characterization of the intermediates with the following sub-structure:

25

30



3 Novenber 2006 141 Method Exanple - Preparation of internediate H WX
Boc20 0 O Sec-BuLi, Mel (x10 O )b )p NEtSNNT Hstep a 0-1-0i N~ NH
step b 00 TFA Bo:, :HCO3 CN + step ¢ HRO CHCI3 C. step d 0 0 5 CN KOCH
TFA CN MOH step e Nstep f O~-0 N H step a 10 A sol utionof
di-tert-butyl dicarbonate (80 g) in THE (200 nl) was adde QR tnto a
solution of 1,4-dioxa-8-azaspiro[4,5]decane (50 g) and tr?’el?lﬁ{ﬁ am 2206(66.8
m) in THE (500 m ) over one hour. After %d;e reaction was then stirred at
room tenperature for three hours, sol veh were renoved under vaccum The

resi due was vlé5—d4—s ANi C
sol ution was shed {subsequently wi th wate | ), 5% NaHCG3 (300n)
and brine (300 fdpd [The dgdmt ¢ | ayjeMethods

(
e ISR RhysoAand
concentrated tlongmevi de crude product Usd3 g)cCadi chi wasRateatorilimd to|step b
Wi t hout purififcation. 3 November 20 142

H-W-a | HN 1A 199.12 199.15
N ¢
Rf = 0.88 min (column C)
NC
H-W-b | HN IB 250.16 250.27

Rf = 1.35 min (colurmm C}

v O)
H-W-c HN I-C 208.09 .. 208.19
N\ o
Rf = 1.34 min (colomn C)

PR o ~r

LEITYY T 401w \ A PRPFLVAL] s s A,

\/S\/@ Iif: 1.31 min (gohunn C)
H-W-e HN *

H-W-f HN I-A 200.12 20011
N=
N\ N / Rf = 0.41 min (column L)
NC
H-W-g HN 1-A 239.13 239.11
N
N @ Rf = 0.60 min (column L)




step b sec-Butyl
sol ution of

at -78C over two hours and Mel
t enper at ue.
hours, it was quenched with water

over
silica gel

l'ithium (1.3Min cycl ohexane,
the crude product obtained in step a and
N, N, N, N -tetranet hyl et hyl enediam ne (55.3 5 nil)

(43 m) was added four

The aqueous | ayer
extracted with ether (3 x 500 nil) and the conbi ned organic Iayer was dried

168 M) was added into a

in THE (1000 m ) dropw se

hours later at this

After the reaction was warned up to room terr%eﬁg‘;e%%r%@g 12
(300 m).

MyS04 and concentrated to provided ggresi due which was purified by
10 col um chr omat ogr aphy to provide the desired conpound (42 g).

step ¢ TFA (132 ity was added t 0 tha product (27 g] obtained in stlep b at
0C, 15 followgd by an addition of wat (3 Th reac m xtyre was
then heated to | FERM g 2.5 hours. zf‘at er ”12%1 Rnts wer egé glrraﬁ)ved nder
vaccum the residue vas BTved in EtOA¢ (30 m) {and ether (60 nil). The
suspension was |l eft ijn a feeger for gmw hours. Andrihe7ifminabuddihtirati on
gave Z-met hyl - 4- pi pen(l one{(10P- g). ég?%tep d A mxture of
2- met hyl - 4- pi peri donsg ,  NaHC(Q .% g) and di-tert- butyl
di carbonate (17.4 g) |in (50 )i P%Rd CHC13 (125 ml) was stirred at
room tenperat u-e-for six-hours—40 il —-of water—was—then—added—and phases
wer e separated.| 25 The aqueous Iayer was extracted with CHC13 (4 x |30 m)
and the conbi ngd-Briggr | ayer was drild ovedSNgS04 and é¥héentratied to
provi ded a resij{due wyi s purifiad by gilica gell col um chromatjography
to provide the |N Boc-|2- yl -4- piperidong (13.3 g 36)80%}@ nzyI
cyanide (2.75 @) and |N-Boc+y2- et hyl - 4- pi peni done (5 wer e: gdﬁmﬁ into a
solution of KOH (3.54 g) gH (23 M) and the m'>ture was stirred at 65C
3 Novenber 2006 143 for\4 hours. TFhen, golvents were renoved under
vaccumto provijde a riesidue which wds dissolved in|EtOAc (200 m) .| The
organi ¢ solution was jwashed with watgr and} concentrnated to gave anot her
resi due which V‘T%-WQU”J:J by silica|gelorcol unge.i4 188.18
' F
N Rf = 1.18 min {column L)
H-W-k | HN LF 192.12 192.17
N Rf = 1.03 min {(colunm L}
F
H-W-1 | HN I-F 208.09 208.13
N Rf=1.18 min (column L)
cl
HW-m | HN ICorl-| 18814 188.16
F . B
N Rf = 1.17 min (column L)
Me




chromat ography to afforded desired products (5.5 g). 5 step f To a stirred
solution of the product (5.5 g) obtained in step e in nethylene chloride
(40 m) was added TFA (17.6 m) and the resulting m xture was |left stirring
10 at roomtenperature for two hours before solvents were renoved under
vaccum The residue was partitioned between Et CAc (50 m) aqdddLno6&H0
m). After pH was adjusted to 10, the aqueous |ayer was extracted by Et OQAc
(3 x 30 nil). The Organic |ayers were conbi ned, washed with water and
brine, dried over MgSO4 and concentratedO o provi ded the desired product

(2_7 g), whi ch.was carried onto the next_ 15 step with purifir-nfigq_ Met hod
1-H Preparatijon of [internediates wijth the follow rlg sub-structure; D A
HN 20 Met hod Exiwpl ¢ 88—\ Pr epar ati on dfA i nt ernedi atle H W2a7.68B° Br NaHMOS
Cl" O N+ /|THE \ |& N N G |step & step b @ TFA step ¢ N |H 3
Novenber 2006| 144 gte (1!‘1(\ in ThHF, 6.4 n|) was adde{j ixrlt D a
sol ution of 14{benzyl-3- 4-pi peridode (1 g) ard B&hFp(columnL)
tri phenyl phosphoni um bri'ﬁ?d@,(Z. 56 ¢) in THE
HW-o | HN A | 23308 . 233.10
N Rf=0;9'7min(column L)
NC
cl
H-W-p { HN I-A 217.11 217.14
N Rf = 0.76 min (column L}
NC -
F
HW-q | HN LA 217.11 ] 217.14
F
% ‘ Rf = 0.89 min (column L)
l i
HWr | HN I-A 242.13 242.16
N Rf =0.51 min (column L}
NC :
0
NHz
H-W-s | HN E I-A 251.08 251.07
N\ Rf=0.93 min (colmnn L)
NC
cl
H-Wt | HN E 1A 235.10 o351
N ﬁf:O.?lmin(cnlumn L)
NC g




5 at roomtenperature and the reaction was heated to reflux for 12 hours.
After the m xture cooled to roomtenperature, water (50 m) and Et OAc (50
in]) were added. O ganic and aqueous | ayers were then separated and
aqueous solution was extracted with EtOAc (3 x 50 m). Organic | ayers were
conbi ned, dried over MpSO4 and concentrated to provided ch
was carried onto the next step with 10 purification. ste83 %g%ng%‘r?ggﬁ%ue
(200 ngy) obtained fromthe previous step was dissovved in a 15 sol ution of
1-cl loroethylchloroformate (1 m) in nethylene chloride (20 nil), and the
reaction was refluxed for 12 hours. Renoval of solvents under vaccum
provided a resfdue. gtep ¢ 20 The residug obtarmed 1 step b was

di ssolved in TF?’F nil) at room tenperature and the resulting m xture was
kept stirring flof "12 ghe fol | qwil¥y [coféeftrgtion uwid¥r vaccphm

af forded a resijdue whi / d_ign [furthgr reactigns w thout
purification. 25 Met hod Exd - Rrepargtion of irﬁfeh@pgﬁ,%ﬁm;,—b z O\

CN OCI CN CN|NaHWVDS cligeN + THE N|CH2C13d N CI / {step a step b dL~-O ~'
101 3 Novenber 12006 1145 TEA.L..CN stlep ¢ N

H-W-v | HN 1-A 214.13 214.16
N\ .
Rf=0.50 min {colurnn L)
NC :
HaN
H-W-w | HN I-A 200.12 - 200.20
—N
\\ . .
N / Rf = 0.38 min (column L)
NC 1
H-W-x HN -G 213.14 213.24
N\ .
Rf = (.83 min (column M)
NC
and
HN
“y-—-CHN

H-W-y | HN I-H 188.14 188.12
N )
Rf=1.15 min {column L)
H-W-z HN I-H 213.14 213.14
N ' .
Rf = 0.97 min (column L}




H step a 5 NaFINIDS (1IMin THF, 6.4 m) was added into a solution of

1- benzyl - 3- nethyl -4-piperidone (1 g) and benzyl cyanide (0.68 nl) in and,
the reaction was stirred at roomtenperature for 12 hours. After the

m xture cooled to room tenperature, water (50 m) and EtOAc (50 m) were
added. Organic and aqueous |ayers were then separated an ueous ution
was extracted with EtOAc (3 x 50 10 ml). Organic | ayers mg%ggg%ﬂ%?%@gé
dried over MJSO4 and concentrated to provided a residue which was carried
onto the next step with purification. sté@b 15 The resi due (200 ny)
obtained fromthe previous step was dissovved in a solution of ,

1- chl or oet hyl ghl or offormate (1 m) in nmethy] ene chlgride (20 m), anmnd the
reacti on was r|efd.exegdy 12 hours. |[Reppval oks.gol vients upges vaccym
provided a rgsidue, rlesi duef obtained in step b was di ssol ved
in TFA (2 m) |Jat rogm nd thel resulting m xture was kept
stirring for 12 hour|s.. T Q g concentr at i gniiFidémn/iedeid af f or ded

a residue whi gh was usedNEn further |reactijns 25 Wit hout purification. 30
3 Novenber 20(6-—14G Method =t Preparatiom of Tntgrmediates with §he
foll ow ng sub-jstructiure A SO/R HNG 5. Met|hod anpl e 10 - _Preparati on of
ntermedi ate HWU04 | s~ sod LBA qH ﬁB%FS, Bt 3N O 258 THE N| CZal 2
step a O-1-0j0~Q A
S Rf = (.74 min (column L)
NC .
HW-003 | HN IE 188.14 188.38
N Rf.z 1.53 min (columa G)
HW-004 | HN 1 252.11 252.20
N Rf=0.53 min (column M)
Me02S

*The compound was prepared by removing the tBoc protecting ;group
from commercially available N-BOC-4-PHENYLMETHYLENE PIPERIDINE
which can be purchased from Arch Corporation, New Brunswick, NJ. Alternatively

5  the preparation of either the free base or hydrochloride salt has been described in the
patent literature: Free base: Fujita, Kazushi; Murata, Shinobu; Kawakami,
Hajime.1999, JP 11001481 A2
Hydrochloride salt: Kato, Kaneyoshi; Terauchi, Jun; Suzuki, Nobuhiro; Takekawa,
Shiro. PCT Int. Appl. (2001), WO 0125228 Al.

10




[1\] step b Oz TFASHS 10 step a A solution of LDA (2Min THF, 13.8
m) in THE (20 m) was added dropwi se to a solution of benzyl nethyl
sulfone (4.27 g) in THE (25 m) at -30C. The reaction 15 m xture was
stirred at -30C for one hour before N Boc-4-piperidone (5 g) in THE (20 m)
was added dropw se. After one and a half hour, the reacti% yas b%ug()\%ed
with IN HO (28 m). The solution was extracted with ethe r!‘?%%?" 0 ).
The conbined organic |ayer was washed with brine, dried over MySO4,
concentrated to provide a residue which used in step b w thout
purification. 20 3 Novenber 2006 147 ste MsCl (8 m) was added to an

i ce-cool ed sol utj on the resid bt ai ned. i n, st a and trjethylam ne
(20 M) in meth O'@Q‘%?% "fr%%rﬂc %;(.r g‘gr lgﬁe)oreé’g’éa:;'ofgf fﬁeﬁﬁ{%égrf’%ggsm’g}’ ?’éeacti on was
then heated to e ¥ P A¥EE hours. After solvents were renoved under
vaccum saturated NaHCO3 solution (150 ml) was added and aqueous | ayer was
extracted with EtOAc (3 x 100 m). Jhe Zonbi ned organic | ayer was washed
with brine, dried over MgSO4, conce ed to provide a residue which was
purified by silica gel colum chro hy to affqrded the desired
product (3.1 g). 10 step e The product @ i i
dissolved in TFA (10 m) and the m xturée wy ed to reflux for one
hour. After solvents were renoved under X T saturated NaHCO3

sol uti on wassadded to adjust pHto 8. The aqueous |ayer was extracted with

ether (3 x 50 m). After 1EpH of water solution was adjust to 10, the
Method F-A: Preparation of structures in claim I from acyl chloride

Example 1 - Preparation of cémpound I-a

O
Q o 4]
- el Hi THF L N

\ . S ——— \

N EtN S

H CN N
H NC

10 a

Intermediate H-W-a (160 mg, crude) and indole-3-glyoxylyl chloride (100
mg) was dissolved in a mixed solution of THF (10 ml) and tricthylamine (1 mi).
After the reaction was stirred for 11 hours, solvents were removed under vaccum and
15  theresidue was purified using Shimadzu automated preparative HPLC System to give
compound I-a (6.3 mg). '

Method F-B: Preparation of structures in claim I from acid
20 Example 2 - Preparation of compound I-b

0
0
OMe RGN 0
L OH HN THF y
| 3 + S TRy )
p Et;N, EDAC |
N CH N N N
H
NC

i-b

Intermediate H-W-a (235 mg, crude), 7-azaindole-3-gtyoxylic acid (200 mg,
25  Wangetal, U.S. 6476034 (WO 01/62255) reference 94) and EDAC (280 mg) was



aqueous | ayer was further extracted with nethylene chloride (3 x 50 m).

The

concentrated to
reactions w thout purification.

with the foll ow ng sub-structure:
25 30 3 Novenber
And Number
=0.88 mn (colum Q)

Observ.
Rf
(colum Q)

10

HWc HNI-C 208.09 208.19 Rf =
= 1.31 mn (COHHMVe@)Inaﬁﬁxéd' WeBiokloNTHE (1 MY fandiBiekinybrd 01 18D 2Aedthe N\ K

0.41 min (colum L)
reaction was stu'red for 11 hours, solvents were remnoved under vaccum and the

conbi ne organic | ayer was washed with brine,
provide a residue (1.4 g) which was used in further
20 Characterization of the internediat es
R15R16 HN R17 R19 Rla R29 I%
2006 148 Conpd. Structure Method M5 (Mt
Used Calcd. Retention Time HWa HN I-A 199.12 199. 15
NC HWDb HN I-B;2h0. 16 250.27 Rf =
1.34 min (colum QO

dri ed over

MySOH4,

1.35 mn
Ci

residue was purified using Shimadzn automated preparative HPLC System to give

compound I-b (2.9 mg).

Characterization of the final compounds of formula I with the following
formula:
0
0
Q N Ri7
Ryg Rig
Rag p
Compd. Structure Method MS MS (M+H)'
Number ‘ Used (M+H)" Observ. And
Caled. Retention Time
' and NMR
Ia o O E-A 370.16 | 370.33 min
N
Example N Rf = 1.63 min
1 N N {column C)
H
NC
Ib o 9] F-B 401.16 | 401.23
OMe
N
Example | TN Rf = 1.40 min
2 N/ N X (column K)
H
NC
"H NMR (500
MHz, CD,0D)
§8.46 (m, 2H),
7.44 (m, SH),

\ \ K



HWg HN I-A 239.13 239.11 NRf = 0.60 min (colum L) \ N NCHS3
Novenmber 2006 149 HWh HN I-A 231.15 231.15 HNC O (I.DA Rf = 0.7
(colum L) wused as \ base) HWi HN I-C 190.12 190.13 Rf = 0.80 mn
(colum L) OHHW HNI-Cor I- 188.14 188.18 F Rf = 1.18 mn (columm L)
HWk HN I-F 192.12 192.17 Rf = 1.03 min (colum L) F Hé“]\iov'é"\' Ifg 8. 09
208.13 Rf = 1.18 mn (colum L) d H-WmHNI-CorI-18.4T‘§’§. F K
= 1.17 min (colum L) M 3 Novenber 2006 - 150 HWn HN |I-A 277.03 277. 06

Rf = 1.01 nin (colum.L) 155

6.90 (m, 1H),
3.95 (s, 1.5H),
3.93 (s, 1.5H),
3.81 (t, 1H, ] =
5.5 Hz), 3.64, (t,
1H, = 5.5 Hz),
3.54 (1, 1H, | =
5.5 Hz), 3.37 (t,
1H, J=5.5Hz),
2.87 {t, 1H, ] =
5.5 Hz), 2.72 (¢,
1H, J =55 Hz),
2.55 (t, 1H, [ =
6.0 Hz), 2.44 (%,
1H, J = 5.5 Hz)

Ic 0 F-B 43117 | 43112

| Rf=1.57 min

Example l A
=N N (column K}
H

Id ) E-A 421.19 | 421.34

Example AN Rf =217 min

(cohumn J)

'H NMR (500
MHz, ) §8.18
(s, 1HD), 8.09 (d,
1H,] =75 Hz),
753 (d, 1H, T =
7.5 Hz), 7.37
7.08 (m, 12H),
3.68(t, 2H, ] =
5.5 Hz), 3.40 (t,




NCer HWo HNI-A 233.08 233.10 Rf
l-A 217.11 217.14 Rf = 0.76 min (colum L)
FRE =0.8 mn (colum L) I I ~I I I I HWr

0.51 min (colum L)
(colum L)
NC F 3 Novenber
(colum L)

= 0.97 mn (colum L)

=0.71

NC Cl

156
2H, ] = 5.0 Hz),
240 (. 2H, ] =
55Hz), 2.24 (¢,
2H, ] =5.5Hz)
Ie o O FB 440.14 44010
OMe
N
Example | i SN Rf = 1.82 min
5 N A~N N (column L)
H
OMe Cl
If o 0 F-A 431.44 | 431.09
F
N i
Example N (Pr,NEt Rf = 2.53 min
6 N X used,
H
Start% B * | {(column G
NN ]
N =20,
: Gradien Gradient Time
8 min,
Flow Flow Rate = 4
Rate = ml/min)
40
ml/min,
column
Aterra
MS C-18
5uM 30
x 100
mm)
ig o 9] F-B 48409 | 483.98
OMe
N
Example ] RN Rf = 1.83 min
7 N A~ N {column L)
H
OMe Br

HWp HN
NC HWq HN I -A 217.11 217.14

HN | -A 242.13 242.16 Rf
NC ONH2 HWs HN F |-A 251.08 251.07 Rf
NC O HWt HNF [-A 235.10 235.11 Rf
2006 151 H-Wu HN F |-A 235.10 235.11 F

= 0.93 mn

s 0 )




NC HWv HN I-A 214.13 214.16 K
| -A 200.12 200.20 C N Rf
213.24 \ /| Rf =0.83 mn (colum M
\' \ Rf =1.15 mn (colum L)
NC 3 Novenber

188.12 -
mn (colum L)

= 0.38 min (colum L)

SR =1.13 mn (colum L)

mn (colum L)

2006 152 H-WO001 HN I-A 255.
NC HWO0QOG2 HN | -A 205. 08 205.
S NC HWO003 HN |I-E 188.14 188. 38

= 0.50 mn (colum L)

NC and HN\ CN HWy H/
HWz HNI-H 213.14 213.14 K

NC H2N H Ww HP~
NC HWx HN |-G 213. 14
|-H 188. 14

Qvepmtg Ao

Example

OMe

F-B

420.19

420.17

Rf =1.74 min

{column G)

'H NMR (500
MHz, CD,0D)
58.18 (ss, 1H),
7.24 (mn, 6H),
4.12 (s, 3H),
3.77 - 2.14 (m,

.| 8H)}, 1.98 (ss,

3H)

Example

B

424 17 -

424,11

Rf = 1.6% min

* | {column G}

'HNMR (500
MLz, CD,0OD)
5842 (d, 1H, ]
=10.0Hz), 7.31
(m, 6H), 4.37 (s, -
3H), 3.93 (s,
SH), 3.76 - 2.38
(m, 8HD)

Example

10

F-B

394.16

394.12

Rf =150 min

{column G)

"H NMR (500




Rf = 1.53 mn (colum @ HWO004 HN -1 252.11 252.20 Rf = 0.53 mn
(colum M MO2S *The conpound was prepared by renoving the tBoc
protecting group fromcomercially avail abl e N-BOC- 4- PHENYLMETHYLENE

PI PERM NE whi ch can be purchased from Arch Corporation, New Brunsw ck, NJ.
Alternatively 5 the preparation of either the free base qr _hydroc i de
salt has been described in the patent literature: Free bgs%‘?‘yeﬁl}]efsé(?g
Kazushi; Mirata, Shinobu; Kawakam , Hajinme.1999, JP 11001481 A2

Hydrochl ori de salt: Kato, Kaneyoshi; TerasSghi, Jun; Suzuki, Nobuhiro;
Takekawa, Shiro. PCT Int. Appl. (2001), WD 0125228 Al. 10 3 Novenber 2006

153 B. Ceneral| procedure for the preparation of the fingMHr@ao®)s{with the
foll owi ng sub-sstructure: 0, AO A D 5 Mthod F-A Prepagggd(g‘nlﬁ)f
structures in claiml|fromacyl chloride BExanple|l - P'ﬁgarat’l on pf
conpound 1-a Q0 00 |Cl HN/ THEHE[N r,| -- 1 P H CRENWAEHT¥ H NC
: 7.5Hz), 7.39 (m,
5E), 7.30 (m,
1H), 4.22 (s,
3H), 3.80 - 2.40
{m, 8H)
Ik o P F-B 45414 | 454.09
OMe .
N
Example [ = AN Rf = 1.50 min
11 N/ g N (coluurm L)
025\
n F-B 48415 | 45421
Example Rf=1.19 min
12 (column L)
Im o P E-B 406.18 | 406.28
OMe
N
Example | || A N _| Rf=1.6% min
13 N ~n N\ " | (column L)
H
OMe
In o P2 F-B 38116 | 381.47
{M+Na)*
N
Example N Rf = 1.97 min
14 N X {column C)
H ,




10 I-a Internediate HWa (160 ng, crude) and indol e-3-glyoxylyl chloride
(100 ng) was dissolved in a mxed solution of THF (10 m) and
triethylamne (1 m). After the reaction was stirred for 11 hours,

sol vents were renoved under vaccum and 15 the residue was purified using
Shi madzu aut omat ed preparative HPLC Systemto give corrpogrg(bl Eﬁ) frg 0% ny) .
Met hod F-B: Preparation of structures in claiml from aci Y BX (Pe 2 -
Preparation of compound I-b OMO 0O OO O OHHN/ THEH + CM\ | EtN,
EDACNNN\ \ / H NCf-b Internediate HgWa (235 ng, crude),

7-azai ndol e-3-glyoxylic acid (200 ng, 25 Wang et al, U S 6476034 (WO

01/ 62255) referjence 94) and EDAC (280 1) 53— Ngvenberr 2006154
di ssolved in a r}ixed siol uti on oB THE (10 nm)_and tr&)ﬁe&hylani ne (1 ).
After the reactfon wals stimogedsfor 11 hour s5Psol vents WéPEr enoved under
vaccum and the | residu ' i Shi mad4 ™88t gnat ed preparati ve
HPLC Systemto gjxgrgplec ' 5 Charlacteri %?LE_ f the final
conmpounds of fqgrnula I formula: 0"\ |~ R/5 Rte} \ QN
RL7 Rig RRB R0 D R2 . | (cohumn C)
Ip EB 41518 ' 415.12
Example © | Rf= 1.38 min
16 @ {column L)
NC
Ig o D0 F-B 44519 | 445.54
OMe :
N
Example l TN Rf=1.22 min
17 N~ ~nN @ . | {column L)
H
OMe NC
Is ' o P F-B 43217 | 432.10
OMe
N .
Example | " Y7\ N= Rf = 1.10 min
18 N N N | (cotumn G
N A i/ (column G)
OMe NC
"H NMR (500
MHz, CD,0OD)
§8.62 (m, 1H),
8.25 (m, 1H),
8.00 (m, 1H),
7.60 (m, 3H),
4.16 (s, 3H),
3.92 (s, 3H),
3.78 - 2.71 (m,
8H)




10 Conpd. Structure Method M5 M5 (MtHY Nunber Used (M-HY Cbserv. And
Calcd. Retention Tine and NMR 1 | I I I I. la 00 FA 370.16 370.33 mn N
Example | Rf =1.63 min 1 N (columm C NCIb O O F-B 401.16 401.23 W
Exanmple Rf = 1.40 min 2 N N (colum K) HNC 'H NWR (500 Mz, CD30D)

58.46 (in,
(s, 1.5H),

1H, J=5. 5Hz) ,

211),

3.93 (s,

7.44 (m 5H),

1,5H),
1H J =

3.81 (t

3 Novenber

1H, J—

3.54 (t,

5 Hz),

2006 155 6.90
5.5 Hz),
3,37 (t,

éﬁ& 1'% 20036 95

It

Example
19

402.16

402.08

Rf = 0.91 min

(column G)

In

Example
20

E-B

436.12

436.07

Rf=1.16 min

(column G}

H NMR (500
MHz, CD,0OD)
58.67 (d, 1/2H,
J =7.5Hz), 8.62
(d,1/2H,] =
7.5Hz), 8.34 (s,
1/2H), 831 (s,

4 fATT, O AN (ha

1H), 7.76 (d,
1H, ] = 9.0Hz),
7.63 (m, 1H),
7.59 (m, 1H),
3.99 (s, 3H),
3.97 -2.73 (m,
8H)

Iv

Example

F-B

428.12

428.05

Rf=1.72 min

(column G)




1H, J = 5.5 Hz), 2.87 (t, 1H J = 5.5 Hz), 2.72 (t, 1H J = 5.5 Hz),
2.55 (t, 1H, J= 6.0 Hz), 2.44 (t, 1H | = 5.5 Hz) Ic OO0 F-B 431.17
431.12 O N Exanple Rf =1.57 min 3 NH\ (colum In Owe NCId OO0 F-A
421.19 421.34 N Exanple Rf = 2.17 min 4 rN (colum J) H\ "H NWR (500
Mz,) 88.18 (s, U-1), 8.09 (d, IN | = 7.5 Hz), 7.53 (dy 1H. J=,.7.5
Hz). 7.37 - 7.08 (m 12H), 3.68 (t. 2H, J= 5.5 Hz). 3.48’]5?Ye‘§g%§9é%er
2006 156 2H, 1=5.0Hz), 2.40(t,2H, J=
161
Iw o EB 43612 |436.13
OlMe
N
Example RN _-N Rf = 0.98 min
22 N N/ (column L)
H
Cl NC
Ix F-B 47118 | 47148
Example Rf=1.18 min
23 {column )
Iy o F-B 43512 | 435.13
Ole
N
Example TN Rf = 1.54 min
24 | N (column L)
Ci H NC

General procedures for the preparation of pyrazoles

3-Substituted pyrazoles can be prepared via the following routes:

Route P-A

N Hexane

] —_—

™S 115°C

10 hours

/”[\ZI
I} e



5.5 Hz), 2.24 (t, 2H,J=5.5Hz) le OO0 F-B 440.14 440.10 Ow Exanple -
=1.82 min 5 NN (colum L) H O C If OO0 F-A 431.44 431.09 F Exanple |
\ ("PrNEt Rf = 2.53 min 6 Nused, H N Start%B (colum G ~N 0 = 20,
Gadien Gadient Tinre 8 mn, Flow Flow Rate :4 Rate = m/mn) 40
m/mn, colum Xterra M C18 5uMB0 x 100 mm 1Ig 003§b§e$§é'2%%6
483.98 OWe Exanple Rf = 1.83 nin

162

Alkyne (1 eq.) was dissolved in a 2M solution of diazomethane (5-10eq.) in
hexane and resulting mixture was heated to 110-115°C for 12 hours. After reaction
was quenched with MeOH, removal of solvents provided a residue which was used in

the next step without any purification.

5
Route P-B

| o OMe DMF H
‘ N /< 115O NH,NH, W

: /IK N N V4

R / OMe 19 hours EtOH
R

10 Methyl ketone (1 eq.) was added into a solution of di’methoxy-DMF (5-10eqg.)

in DMF and the resulting mixture was heated to 110-115°C for 12 hours. Solvents

were then removed under vaccum to provide a residue.

The above residue was mixed with hydrazine (5-10 eq.) in ethanol and the

15 reaction was kept in refluxing for 12 hours. Removal of solvents in vacco gavea

B S, M -_x L8 -

ey th aaLaras FrAAL WAL AL AEALLF LGEL LARL ;vu.\.ou.uu.o w;uluul. ill.ulllbal.lull

Route P-C
H
N\
O N
/u\/ [<
= H
R NH,NH, R . N
_— NiO 2‘-2H20 “
or 0 or — l y N
THF

|
R/\\) E’N(\NH
20 R

Hydrazine (10-20 eq.) was added into a solution of alkenone or alkenal (1 eq.)
in THF and the resulting mixture was heated to 110-115°C for 12 hours. After the
mixture cooled down to room temperature, an excess of NiO2-2H20 {5-10 eqg.) was

25  then added into the reaction mixture and the reaction was stirred at room temperature’

Rf



7 NN (colum L) H Owe Br 3 Novenber 2006 157 Ih 0 O F-B 420.19 420. 17
8 NN (colum G H Owve H NWR (500 Mz,

Ove N Exanple S Rf
58. 18 (ss,

CD, OD)
1.98 (ss,
(colum Q

=1.74 mn
1H),

7.24 (m 6H),
3H) 0 0 F-B 424.17 424.11 OVe N Exanp
HOwe F'HNWR (500 Mz, CD OD)

412

163

(s, 3H),
l e Rf

58. 42 (d,

3.77-2.14 (m

1.69 mn 9
tH ) Novadba Fob

for another 12 hours. Insoluble materials were then ﬁltered-away and concentration

under vaccum provided a residue that was used in the further reactions without

purification.
Table XX Preparation of Pyrazx;les
Compound’ Structure Method HPLCR,
Used (column) /
MS (M+H)"
or (M+Na)"
Pyrazole-001 H P-A 0.35 min
N
' N {(column L)
Vs
Pyrazole-002 H P-A 0.59 min
N
| \y {column L)
Y/
Pyrazole-003 H P-A 1.07 min
N (column L) /
| Y MS (M+H)":
Calc’d 139.12
"Found 139.18
Pyrazole-004 H P-A, P-B, P- 0.53 min
I N\N C (column L)
/
Pyrazole-005 H P-B 0.48 min
N
I g (column L)
/

8H),
N N
67'31



(m 6H), 4.37 (s, 3H), 3.93 (s, 3H), 3.76 - 2.38 (m 8H t 00 F-B
394.16 394.12 OWe Exanple Rf = 1.50 nin 10 N N (colutmm G  H F 'H NWR
(500 3 November 2006 158 MHz, CD,OD) 58.50 (m 1H), 8.30 (d, 1H J=
7.5Hz), 7.39 (m 5H), 7.30 (m 1H), 4.22 (s, 3H), 3.80 - 2.40 (m 8H)
Ik OO0 F-B 454.14 454.09 OVEExarrpIeIt"Rf=150mn %é (gol u
L) HO02S\ Il 0 O F-B 484.15 454.21 OWe Exanple | 13 Nyvim e‘-"?@ﬁ
(colum L)

164
Pyrazole-006 H P-A 0.63 min
N L
I \N {column L)
/
Pyrazole-007 H P-A 0.21 min
N 1 G)
\ | \N {cloumn
' /
HO
Pyrazole-008 ﬁ P-A 0.81 min
\ (column L) /
| ya MS (M+H)":
Calc’d 197.13
Found 197.18
O
!
Pyrazole-009 m P-A
Il o -\l‘\l
| /"
j\OH
Pyrazole-010 H P-A 0.34 min
N Jumn L)
I N (co
Y4
OH
Pyrazole-011 H P-A 0.47 min
N {column L) /
| Va MS (M+H)*:
Cale’d 155.08
Found 155.06
O -
O
\




1Qvwe " o,81 I 11 ImO O F-B 406. 18 406.28 OWv Exanple | - Rf = 1.69
mn 13 NN (colum L) H Ow In 0 O F-B 381.16 381.47 (MNa)' Exanple Rf
= 1.97 mn 14 N (columm C) H 3 Novenber 2006 159 lo O F-B 406-15 406. 47
(b1+Naf Exanple | Rf =1.65 nin 15 N (colum C) HNC Ip OO0 F-B 415.18 '
415.12 Owve N Exanple Rf = 1.38 min 16 N H (colum L) 0 F-
445.19 445.54 OV N Exanple Rf = 1.22 min 17 N " NoYeriber 2008
165
Pyrazole-012 H P-A 0.38 min
| N\N (column G)
Vs
<O
Pyrazole-013 E P-A
|
/
O
\ .
Pyrazole-014 n P-A
B
Vs
N
\ _
Pyrazole-015 H P-A .26 min
N\ {column L} /
| Va MS (M+Na)":
-Calc’'d 149.07
Found 149.11
HO
Pyrazole-016 H P-A 0.31 min
N\ (column L) /
| Va MS (M+H)"
Calc’'d 141.10
-Found 141.17
OH
Pyrazole-017 H P-A 0.27 min
N\ (column L} /
l Va MS (M+Na)':
| Calc’d 149.07
Found 149.13
HO




(colum L) HOw NCIs 00 F-B 432.17 432.10 Ow N Example | N, K
=1.10 mn 18 NN (columm G H Ow NC'H NWR (500 Mz, CD,OD) 58.62 (m
1H, 825 (m 1M 8.00 (m 1H), 7.60 (m 3H), 4.16 (s, 3H, 3.92 (s,
3H), 3.78-2.71 (m 8H) 3 Novenber 2006 160 It OO0 F-B 402.16 402.08 W
N Example " NR =0.92 mn 19 NN (colum G HNC Ilu 0391':'5432%%2
ovember 200

436. 07 Owe

166
Pyrazole-018 H P-A 0.22 min
| N\N (column 1)
Y4
HO
Pyrazole-019 H P-A 0.61 min
N\ (column L} /
l VA MS (M+Na)*:
Calc’'d 175.08
Found 175.14
HO
Pyraozle-020 H P-A 0.79 min
N\ . {column L) /
| M MS (M-+Na)*:
Calc’d 189.10
Found 189.17
HO
Pyrazole-021 H P-A 0.59 min
N\ (column L.} /
| N MS (M+H)":
\ Calc’'d 141.10
/L / Found 14118
HO ‘\ .
Pyrazole-022 H P-A 0.22 (column
AN L)
| ,
Vs
NH '
\
Pyrazole-023 H P-A 0.34 min
N\ (column L) /
| | MS (M+Na)*
.| Calc’d 193.10
OH - | Found 193.14
OoH




N Exanple N/ Rf = 1.16 nin 20 NY N (colurm G 1C HH NC'H NVR (500
MHz, CD,OD) 58.67 (d, 1/2H, J = 7.5Hz), 8.62 (d,1/2H,J= 7.5Hz), 8.34
(s, 1/2H), 8.31 (s, 1 _1/nTT[_1AA/ 1H, 7.76 (d, 1H, | = 9.0Hz),
7.63 (m 1H), 7.59 (m IH), 3.99 (s, 3H, 3.97-2.73 (m 8H Iv 0 0 F-B
428.12 428.05 W Exanmple | \ Rf = 1.72 mn 21 NN (colu 3
Novermber 2006 161 Iw O O F-B 436.12 436.13 Owe N ExawprENl%;Z/e_ﬂbﬁfgoggo. 98
mn -
167
Pyrazole-024 H P-A 1.05 min
N
\ {columnL) /
| Va MS (M+H)":
Calc’d 228.08
Q Found 228.14
N )
O
Pyrazole-025 H P-A 1.43 min
N
\ (columnn G) /
| Va MS (M+H)":
Calc’d 247.11
Found 24718
O
; “O/\
]
Pyrazole-026 H P-A (.25 min
N .
I Sy (column G)
Vs
CN
Pyrazole-027 H P-A 0.36 min
N
N (column G) /
| VA MS (M+H)":
Calc’d 171.08
O




99 N\ (colum L) H C INCIx OO0 F-B 471.18 471.48 Ow N Exanple Rf
=1.18 min 23 NNCN (colum C H Ov N dNH 1, li. OO0 F-B 435.12 435.13
Ov N Exanmple Rf =1.54 min 24 NN\ (colum L) H C NC GCeneral
procedures for the preparation of pyrazoles 3-Substituted pyrazoles can be
prepared via the followng routes: 5 Route P-AH 11l ~T xa ez,,bﬁgc R
10 hours R 3 Novenber 2006 162 Al kyne (1 eq.) was di ssol OV,
solution of diazonmethane (5-10 eq.) in hexane and resulting m xture was
heated to 110-115C for 12 hours. After ré&@&tion

Pyrazole 028 f PA | 093mm
N
l W (column G)
Vs
HiN .
(8]
O : .
OH
Pyrazole-029 H P-A . 0.29 min
N
\ (column G) /
| M MS (M+H)"
| Calc’d 155.08
Found 155.14
o .
OH

General Procedure to Cross-link N-nitrogen of N-containing Heterocycles (e.g.,

LI ULE, PYIULULE G CFIGULULE, ELC) WILTE AZGUGULE UF LGOI [TRLHES

5  Method G-A: for N-containing heterocycles with melting points lower than or equal
to 160°C

Indole or azaindole halide (30 mg, 1 eq.), triazole ot pyfazole or imidazole (3

-20eq.), Cu (0.1 - 1 eq.) and K,COs5 (2 - 5 eq.) were combined ini a sealed tube which

10 was degassed before sealed. The mixture was heated to 160°C f01: 4 - 16 hours.
After cooling down to-room temperature, the mixture was added with MeOH (14 ml)

and dichloromethane (7 ml). After filteration, the filirare was concentrated to give a

residue which was purified using a Shimadzu automated preparative HPLC System to

provide the desired compound.




was quenched with MeOH, renoval of solvents provided a residue which was
used in the next step without any purification. 5 Route P-B O O Ow DW
H "xI 115C NHi2NH2 R Ove 10 hours R i 11-~ 11 EtCH/ 10 Methyl ketone (1
eq.) was added into a solution of dinethoxy-DVF (5-10 eq.) in DM and the
resulting mxture was heated to 110-115C for 12 hours. Solvents _were then
removed under vaccumto provide a residue. The above residﬂ@oﬁﬁgbﬁ¥¥ﬁﬁ Wi th
hydrazi ne (5-10 eq.) in ethanol and the 15 reaction was kept in refl uxing
for 12 hours. Renoval of solvents in vaccg.gave a Route P -CH N ~ON R
NH2ZNH2 R N or or Ni Q2-2H20 O TBF /N ~ R\/ \NHR 20 R Hydrazine

(10-20 eq.) wasyaf Tkl a_sol uti.on of .al kenone or .al kenal (1 e in THE
and the resul ting ﬁ?gi%pépﬁéﬁnﬁﬁéE@ﬁgggwffb-;f@%gﬁ%glgﬁiﬁ§§#§£3@$ﬂ@%lthe

m xture cool ed diewrlta60BOm t enperature, an excess of N 02-2H20 (5-10 eq.)
was 25 then added into the reaction m xture and the reaction was stirred
at roomtenperature 3 Novenber 2006 163 for another 12 hours. |nsol uble
materials were then Subltireedplyramesy inidekoloiteeRbIeds B@Y.) was mixed with an excess

5 of HMDS (> or = 10 eq.) or TMS-CI (> or = 10eq.). After the resulting mixture was
heated up to 140°C for 4 - 16 hours, HMDS or TMS-CI was removed in vacco and

the residue was combined with indole or azaindole halide, under the condition

described in Method G-A to provide desired products.

10 i Example 25 Preparation of Product I-N-001

o, f o, F
OMe OMe
N N

N Cu 2y .
| N | N —— ] N
N N N K2COy P N

a N NG N, A NG

\N .
(

N
160°C
Compound Iy 100 mg), triazole (470 mg), Cu (28 mg.) and K5CO; (60 mg)

15 were combined in a sealed tube which was degassed before sealed. The mixture was

& ==

N

heated to 160°C for 6 hours. After cooling down to room temperature, the mixture
was added with MeOH (30 mt) and dichloromethane (20 ml). After filteration, the
filtrare was concentrated to give a residue which was purified using a Shimadzu

automated preparative HPLC System to provide the desired compound I-N-001 (18

20 mg).

25

30




under vaccum provi ded a residue that was used in the further reactions

wi thout purification. 5 Table XX Preparation of Pyrazoles Conpound
Structure Method HPLC R, Used (colum) / M5 (M+tH)' or (M+:Na)'
Pyrazole-001 HP-A 0.35 min (colum (colum L) Pyrazole-002 HP-A 0.59 mn
(colum L) N Pyrazole-003 HP-A1.07 mn N (colum L) / H)':
Calc'd 139.12 Found 139.18 Pyrazole-004.-H P-A, P-B, P- ngv%mﬁy@édﬁl um
L) Pyrazole-005 HP-B 0.48 min N (colum L) 3 Novenber 2006 164

Pyrazol e-006 H P-A 0.63 nin N (colum 370 N Pyrazol e-007 H P-A 0.21 nin

N (cl oum G I—(I%Pyraz,ol_e-OOB HP-A0.81 mn N (colum L) /
aracterization of the final compounds of formula I:

Compd. Structure Method MS M5 (M+H)*
Number Used M+H)Y Observ.
Caled. And
Retention
Time and

: NMR

I-N-001 G-A 468.18 | 468.41

Rf=174
N min

NC {column
G)

'HNMR
(500 MHz,
CD,OD) &
935 (s,
1H), 8.30
(m, 2H),
7.83 (d,
1H,j =
8.00Hz),
742 (m,
5H), 4.03
(s, 3H),
3.95-2.56
(m, 8H)




N M5 (MtH) ' :
Il I OH Pyrazole-010 HP-A 0.34 min (colum L) OH Pyrazole-011 H P-A 0.47
mn M (colum L) / NM (MH)': Calc'd 155.08 Found 155.06 0 O 3
Novenmber 2006 165 Pyrazole-012 HP-A 0.38 min N (colum G /N

Pyrazole-013 HP-A N OH Pyrazole-014 HP-A N ~N Pyrejzl\cl)(lw%;n %1526-66P-A

0.26 mn

Calc'd 197.13 Found 197.18 O Pyrazole-009 HP-A1 | 1I-

M (colum L) /

10

15

20

25
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General Procedures to Cross-link Tin or Boronic Agents with Azaindole or Indole
Halides (WO-02/062423 published on August 15, 2003)

All the tin or boronic agents described in W0O-02/062423 and its continuing-
in-part applications are applicable in constructing Formula I defined in this

application.
Coupling with Tin agents:

To a sealed tube, indole or azaindole halide (20 mg, 1 eq.), stannyl agent (1 -
2 eq.) and Pd(PhsP)4 (0.1 - 1 eq.) were combined in 1.5 ml of dioxane. The reaction
was heated at 110-170 °C for 4 - 16 hours hours (it required much shorter time when
reaction was run in a microwave reactor. After the mixture cooled down to room
temperature, it was poured into 5 ml of water. The solution was extracted with
EtOAc (4 x 5 ml). The combined exiract was concentrated in vacuo to give a residue
which was purified using a Shimadzu automated preparative HPLC System to give

the desire compound.

Example 26 Preparation of Example I-C-001

o O
OMe SnBug
N Pd{PPh;},
= ~
N # N oY N \2 Dioxane
a M ne 150°C

To a sealed tube, compound Ty 41 mg), tri-butyltin pyrazine (55 mg) and
Pd(Ph;P)4 (0.3 eq.) were combined in 3 ml of dioxane. The reaction was heated at
150 °C for 5 hours. After the mixture cooled down to room temperature, it was
poured into 5 ml of water. The solution was extracted with EtOAc (4 x 5 mL). The
combined extract was concentrated in vacuo to give a residue:which was purified
using a Shimadzn automated preparative HPLC System to give the desire compound
1-C-001 (6 mg).

"N |



N M5 (M+Na)'
(colum L) /
P-A 0.27 min N (colum L) / N M (MNa)': Calc'd 149.07 Found 149.13 HO
3 Novenber 2006 166 Pyrazole-018 HP-A 0.22 min \ (colunn L) N HO
Pyrazole-019 HP-A 0.61 mn M (colum L) / N M5 (M-Na)' @795 08
HO 0 Found 175.14 Pyraozle-020 HP-A 0.79 nin (col um L)”TKP ﬁ{eﬁ/@

10

15

25

Cak'd 149.07 Found 149.11 HO Pyrazole-016 HP-A 0.31 nm N
NM (MH)': Calc'd 141.10 Found 141.17 OH Pyrazole-017 H

172

Coupling with boronic acids

To a sealed tube, indole or azaindole halide (20 mg, 1 eq.), boronic acid (1 - 5
eq.), Pd(Ph3P)4 (0.1 - 1 eq.) and K;CO3 (2 - 5 eq.) were combined in 1.5 ml of DMF
or dioxane with or without 1.5 ml of water. The reaction was heated at 110-170 °C
for 4 - 16 hours (it required much shorter time when reaction was run in a microwave
reactor). After the mixture cooled down to room temperature, it was poured into 20
mi of water, The solution was extracted with EtOAc (4 x 20 ml). The combined
extract was concentrated to give a residue which was purified using a Shimadzu
automated preparative HPLC System to give the desired product.

Example 32 Preparation of Example I-C-007

3]
Ole B(OH),
N Pd(PPhy),
=
i N + S
N ey N Dioxane
H 0
] NC 0, 150°C
- Microwave

To a sealed tube, compound Iy(30 mg), 4-methylsnlfonylphenyl boronic acid-
(42 mg)} and Pd(PhsP)4 (0.3 eq.) were combined in 3 ml of dioxane. The reaction was
heated at 150 °Cin a microwave reactor for 20 minutes. After the mixture cooled
down to room temperature, it was poured into 20 ml of water. The solution was
extracted with EtOAc (4 x 20 ml). The combined extract was concentrated to give a
residue which was purified using a Shimadzu automated preparative HPLC System to
give the desired product I-C-007 (5 mg).



Cal c'd 189. 10 Found 189.17 HO Pyrazole-021 HP-A 0.59 mn \ (colum L) /
M5 (MHH) ! Calc'd 141.1201 I / I I Pne,nd I SI 1R HO - --- Pyrazol e-022
H P-A 0. 22 (cqunmN\N L) NH Pyrazole-023 HP-A 0.34 min N (colum L) /
N M5 (MtNa)': Calc'd 193.10 OH . Found 193.14 OH 3 Noverrber 2006 167
Pyrazol e- 024 H P-A 1.05 nin N (colum L) / N M (MH)' 2%%308 O
Found 228.14 N O Pyrazole-025 HP-A 1.43 min N (col urm Ve}n

(MtH)':  Calc'd 247.11

z

173

Characterization of the final compounds of formula I:

Compd. Structure MS MS (M+B)"
Number MM+H)* Observ. And
Caled. Retention Time
and NMR

I-C-001 479.18 | 479.21

Rf'= 1.56 min
N {column G)

Example
26

'H NMR (500
MHz, CDCL) &
9.80 (d, 1H, ] =
6.5Hz), 8.58 (m,
2H),8.20(d, 1H,
= 8.5Hz}, 8.13(d,
1H, ] = 8.5Hz),
7.30 (m, 5H), 4.11
(s, 3H), 3.96 - 2.60
(m, 8H)

C-002 48018 | 480.14

Example Rf =1.25 min

27 (column G)

'H NMR (500
MHz, CD,0D) &
9.63 (s, 1H), 8.78
(s, 1H), 8.60 (m,
2H), 8.39 {m, 1H),
5.20 (m, 1H), 7.92
(m, 1H), 7.61 (m,
1H), 7.56 (m, 1H),




Found 247.18 O/ _ -0 Pyrazole-026 HP-A 0.25 min (colum G N CN
Pyrazole-027 HP-A 0.36 mMin N (colum G / NMs (MH)': Calc'd 171.08
OH Found 171.13 O C0 3 Novenber 2006 168 Pyrazole-028 HP-A 0.93 nmn
(colum G HN O O OH Pyrazole-029 HP-A 0.29 min N (colum G / [/ N M
(MtH)': Calc'd 155.08 Found 155.14 0 OH General Procegﬁo%e}n%eg(ﬁ%s-l I nk
N-ni trogen of N-containing Heterocycles (e.g.,

174

410 (s, 3H), 4.10 -
270 (m, 8H)

Y-C-003 49419 | 49450

Rf = 1.38 min
N\ (column C)

Example
28

"H NMR (500
MHz, CD,OD) &
8.84 (s, 1H), 8.61
(m, 2H), 8.22 (5,
1H), 8.00 (m, ZH),
7.63 (m,1H), 7.60
(m, 1KL), 411 (s,
3H), 3.98 - 2.79
{m, 8H)

I-C-004 0 49518 | 49541
Example Rf =120 min

A / (column 7

"H NMR (500
MHz, CD,0D) &
8.84 (s, 1H), 8.61
(m, 2H), 8.22 (s,
1H), 8.00 (m, 2H),
7.63 (m,1H), 7.60
{m, 1H), 4.11 (s,
3H), 3.98 - 2.79
(m, 8H)




5 Method G A: for

or equal

pyrazol e or imdazole (3
were conbined in a seal ed tube which
m xture was heated to 160C for 4 -
the m xture was added with MeOH (14 mM)
the filtrare was concentrated to give a
ed preparative HPLC Systemto

terrperature,
(7 ).

After filteration,
whi ch was purified using a Shimdzu auto

20 eq.),

16 hours.

to 160C I ndole or azaindole halide (30 ng, 1 eq.),
Cu (0.1 -

10 was degassed before seal ed. The
After coolin

1 eq.

tr
) and K2C03
own
and

RS

N-cont ai ni ng heterocycles with nelting points |ower than

i azol e or
(2 - 5 eq.)

to

Alhane

resi due

provi de the desired conmpound. 15 3 Novenb ° 2006 169 Method G B: for
N- cont ai ni ng hetreroeyetes—wth—retti-rg—potntstewer—or—higher—than or
equal tol 60C Substituted pyrazole, imdazole pr tripazole (> 3 €q.) was
m xed with an exd&€d%5 A> or = 10 eq|¥9a¢ FWBQCI (> or| = 10eq.).
After the resultling m heated up to{140C for 4 - 16 hours, HWVDS
or TM5-C was re@ﬁggge t he resi dye was %gnﬁlned with indole or
azai ndol e hal i de, urtde scri ped i nf Mt} Alto provide
desired product$3010 H h of Produfestuthn® 001 | 0 0 0 00 We
O NCu N'N/J \ N H NC 16010 GJ N H NC|N Conpound
ly 100 ng), triazole ( Cu (28 ng.) and K2C33 (60 %&? 15 were
conbined in a se¢al ed tule Whi ch was degassed pefore EMYREBY The ni xture was

MHz, CD,0OD) §

8.39 (s, 1H), 8.63

{m, 2H}J; 8.22 (s,

1H), 7.56 (m, 2H),

7.61 (m, 1¥1), 7.50
(m, 1H), 4.11 (5,

3H), 3.98 - 2.79

{(m, 8H)
-C-006 49419 | 49446
Example Rf=1.29 min
31 X {column C)

NC

1-C-007 555.17 | 555.21
Example Rf = 1.34 min
32 N\ {column ©)




heated to 160C for 6 hours. After cooling down to roomtenperature, the

m xture was added with McOH (30 ml) and dichl oronmethane (20 m ). After
filteration, the filtrare was concentrated to give a residue which was
purified using a Shinmadzu autonated preparative HPLC Systemto provide the
desired conpound I-N-001 (18 20 ng). 25 30 3 Novenber 2 é;’o
Characterization of the final conmpounds of formula I : mmve FLEi%r e

Met hod M5 M5 (MFH)'  Nunber Used (MtH)' Observ. Calcd. And Retention Tine
and NMR I-N-001 OO GA 468.18 468.41 &% N R =1.74 NNnmn HNNNC

(colum NG ‘HN (500 MHz, . CD.AOD) 8 I 1 1 1 1 03qg (sl 1H), 8.30
(m 2H), 7.83/|(d,
I-C-008 o O 556.17 | 5b6.18
Ole
N
Example | TN N== Ri=0.99 min
33 N~ g N A / (column G)
NC
/502
1-C-009 5566.17 | 556.50
Example Rf=1.27 min
34 N (column C)
NC '
-C-M0 - (o) 49319 493.53
OMe
N
Bxample { 17 ST Rf = 1.29 min
35 N A ~N N {column C)
H
NC
OH
1C-011 53412 | 53457
Example Rf = 1.31 min
36 N\ (column C)
NC




1H,J= 8.00Hz), 7.42 (m 5H), 4.03 (s, 3H), 3.95-2.56 (mSH 5 3
Novenber 2006 171 CGeneral Procedures to Cross-link Tin or Boronic Agents
wi th Azaindole or Indole Halides (WD 02/ 062423 published on August 15,
2003) Al the tin or boronic agents described in WO 02/ 062423 and its
continuing- 5 in-part applications are applicable in cons I t| g 5? mul a |
defined in this application. Coupling with Tin agents: HIbEE

tube, indole or azaindole halide (20 ng, 1 eq.), stannyl agent (1 - 2 e€q.)
and Pd(Ph3P)4 (0.1 - 1 eq.) were conbined ﬁf 1.5 m of dioxane. The
reaction was heated at 110-170 C for 4 -"16 hours hours (it required nuch

shorter time when reaction v'baa oAt h—a ||| crpwave—reactor—ARer the
m xture cool ed down to] room r%erature was poured into 5 |m of water.
The sol ution wad "&5%% afct ed vuth 5 Et OAc (4 x| B0 1)520.3he conbijned extract

was concentrated in,vaguo®¥ resi due Wwhich Vas purified using a

Shi madzu aut omat e Lepara [ LCySystem tof gi ve si.re |conmpound.
Exanpl e 26 Prepdrg?ﬁgn J N 2000 0 O %gﬂ% Ove
Pd(PPh3)4 N N 467N J D of (column L)

1-C-013 574.25 | 574.30

Example Rf=141min .

38 N\ (column L)
NC

1-C-014 588.26 | 558.38

Example Rf = 1.46 min

39 N\ (columnn L)




cl N NO 150?C N Nc NJ To a seal ed tube, conpound

ly 41 ng), t

ri-butyltin

pyrazine (55 ng) and Pd(Ph3P)4 (0.3 eq.) were conbined in 3 nl of dioxane.
After the m xture cool ed

The reaction was heated at 25 150 C for ,5 hours.
down to roomtenperature, it was poured into 5 n

was extracted with EtOAc (4 x 5 nL). The conbi ned
in vacuo to give a residue:which was purified usi

preparative BPLC Systemto give the desire conpound
Novenmber 2006 172 Coupling with boronicl&cids To a seal ed tube,

azai ndol e halide. (20 1l eq.), horonic acid (1. -

of water. Th

extr ac%r%%

ng a Sh
| -C001(6

5 eq.) P

e sol ution

OBt o0

t ed
ng). 3
i ndol e or
Ph3P)4 (0.1

in 1.
50028

- | eq.) and C03 (2
with or w thout i-&-.0% m

16 hours (it {requir

5 eq.) were conbined
of

at era The reactio

)r’dOfDIVF
neated at 11
Ction was ru

5 or di oxane
D-170 C for 4
h in a

m crowave reagtor). i down| t o roomtenperature, it
was poured i nt ¢E@npleay N was eXtThered with EtOAc (4 X
20 m ). The comhy ned pd 1O QicMEmaLy esi die which was
purified using|a Shinadz ativel HPLC Systento give the
desired product. Exa —xanple -C-007 0j0 O oM H
oM B(Oz Pd(PPh3)n H NC / 5O 1500C H NC 2
M crowave Y ~$0z
o /:i\
1-C016 o P 53520 | 53558
OMe
N
‘| Example 1 = A\ Rf =1.42 min
a1 N ~p N\ (column C)
H NC
07 o
i
1-C-017 54921 {54927
Example Rf =1.51 min
4 N\ {column L)
NC




15 To a seal ed tube,
(42 ng) and Pd(Ph3P)4 (0.3 eq.) were conbined in 3 ni
heated at 150 Cin a m crowave reactor for

aci d

The reacti on was

co

npound |y(30 nyg),

4- et hyl sul f onyl phenyl

After the m xture cooled down to room tenperature,

m of water.
conbi ned extract was concentrated to give a

usi ng a Shinmadzu aut omated preparative HPLC Systemto
173 Characterization of the

Compd. Strudfure M5 MB (MFW  Number (MM

pr oduct
final

|-C-007 (5 ng).

conpounds of fornula I:

25 3 Novenber 200

boroni c
of di oxane.
20 m nut es.
it was poured into 20

The solution was 20 extracted with Et OAc (4 ﬁbgo H%}' FPF
resi due whi ch N@¥EM5EE 7440 g

gi ve the desired

bserv. And CalcdRetenttonrTrme—andt—NvR—1TE&0661+0-0647+93-318-479. 21 Ov N
Exanpl e Rf =1. 56mi 26N N (colum G H NC If|"H NVR (500 MHz,
cDC(,) S 9.80 (d%ﬁ, UR1S gm5¢+Z),°8.58 (m 2H] 58.190|$A511H, | FE 8.5Hz),
8.13 (d, 1H, | {= 8.5Hg), . PC 5H), 4.11
Example Rf = 1.36 min
43 N {column C)
o OH
G019 521.18 | 521.22
Example Rf =134 min
4“4 N (column L)
NC
I-C-020 549,21 | 549.48
Example Rf = 1.74 min
45 (column C)
1-C-021 50219 | 50220
Examiple Rf = 1:37 min
46 N {column L)
NC




(s, 3H), 3.96 - 2.60 (m 8H) 1-C-002 OO0 480.18 480.14 Ow N Exanple N _
Rf =1.25 min 27 NN (colum G NNCN _ If "HNW (500 Mz, CD, D) S
9.63 (s, iH), 8.78 (s, 1H, 8.60 (m 2H), 8.39 (m 1H), 8.20 (m 1H),
7.92 (m 11-1), 7.61 (m 1H), 7.56 (m 1M 3 Novenber 2006 174 4.10 (s,
3H), 4.10 - 2.70(m8H 1-C-003 0 O 494.19 494.50 Ove Exgnple Rf =1 38 min
28 N (colum © HNC N'HNW (500 NH2 M |z, CD, OD) Y E‘édh%
8.61 (m 2H), 8-22 (s, 1H), 8.00 (m 2H),

180

General procedure for hvdrolysis of CN to amide

Nitrile derivative (40mg) was dissolved in 0.1 ml of concenirated H»SOy4 and

reaction was heated to 40 - 100 °C for 1 - 12 hours. After the mixtore was cooled

5 down to room temperature, it was diluted ﬁm water (10 ml) and methanol (10 mi).
Saturated solution of NaHCOQ; was added to adjust pH to 5. Then, solvents was
removed under vaccum to give a residue which was pun'ﬁéd psing a Shimadzu

automated preparative HPLC System to provide the desired compound.

10 Example 47 Preparation of Example I-A-001
o P
Ole
N H50,4
A —_—
N N 80°C
ome NC

Compound Ic(40mg) was dissolved in 0.1 m! of concentrated H>SO, and

ek
Lh

crrer Tnandad tm €0 Op for thras honrs, Afer the mirmre was cocled down fo
‘-UuUuuu VV ul) LAAALLLAL VU Uy LLLA L LJ.UIJLU A AELACE LA RLiE/REUAR ¥ RADY WAL LWL VY L LW

room temperature, it was diluted with water (10 ml) and methanol (10 ml). Saturated
solution of NaHCO; was added to adjust pH to 5. Then, solvents was removed under
vaccum to give a residue which was purified using a Shimadzu automated preparative
HPLC System to provide the desired compound I-A-061 (1.2 mg).

20

25

30



7.63 (m1H),

495. 18 495.41 Owe Exanpl e

7.60 (m

1),
!

4.11 (s,

N Rf

=1.20 mn

J "HNWR (500 NH NH2 MHz, CD,OD) S 8.84 (s,

1H),
Rf

8.00 (m
=1.33 nmn

10

2H),

7.63 (m1H),
(m SH 3 Novenber 2006 175 I-C-005 O 0 479.18 479. 49
30 NN\ (colum C H NC 11 NON'H NN R

7. 60

181

3H), 3.

(m 1H

98 - 2.
29 N
1H), 8.

4. 11

Characterization of the final compounds of formula I:

79 (m8H [-CG004 0
N (colum J) HNC N -
61 (m 2H), 8.22 (s,
(s, 3.98 - 279

Vgé\@,\,e@?ﬁ@% oD) s

Compd. Sf:rucml:e MS MS (M+H)"
Number (M+H)" Observ. And
Calcd. Retention Time
and NMR
[-A-001 o o) 44918 44952
OMe
[ .
Example ! X N\ Rf = 1.31 min
47 N __= N N (cc‘ol'fzmn <)
H
ONle o)
NH>
I-A-002 o O 45313 | 453.14
OlMe ,
N
Example | 7 S\ Rf = 1.32 min
48 N 2 ~nN N {column G)
H
Ci o
NH;
I-A-003 497.19 | 497.23
Example Rf = 1.39 min
49 (column G)




8.39 (s, 11-1), 8.63 (m 2H); 8.22 (s, 1H), 7.56 (m 2H), 7.61 (m IM

7.50 (m 1H), 4.11 (s, 3g, 3.98 - 2.79 (mSH 1-C-006 O 0 494.19 494.46
Ov N Example Rf = 1.29 min 31 NN\ (colum C HNC MN/Ny NH2

| -C-007 OO0 555.17 555.21 Ov Exanmple iii Rf =1.34 min 32 NN (colum Q)
H NC /S02 3 Novenmber 2006 176 1-C-008 0 O 556.17 556.18 1GJVE N E@((%m)l e\
\ NRf = 0.99 min 33 N/ N (colum GQ 3 Novémber

182

Svynthesis of Additional Vinylpiperidine Intermediates

Preparation of 4-(1-Phenyl-methylene)-piperidine-1-carboxylic acid tert-butyl

ester:;

N
BOC

To a suspension of benzyltriphenylphosphonium chloride (2.24 g, 5.76 mmol)
10 was added n-BuLi (2.3M in hexanes, 3.0 mL, 6.9 mmol) at 0°C. The mixture was
allowed to stir for 30 min, after which time it had become a deep red solution. To
this was added N-Boc-4-piperidone (0.748 g, 6.05 mmol) and the solution was stirred
at room  temperature for 48 hours. The reaction was quenched with NH,Cl and
extracted with EtOAc (X2). The combined organic layers were washed, (>0, brine)
15  and dried (Na,SO4) and evaporated. The residue was purified by flash

Alhsamatanmarhr (QH L havona FHVA~ A1) tn affned the nendnet (1 41 Q0% as a

colouzless liquid which solidified on standing:

"Homr (400 MHz, CDCl3) 8§ 7.33 — 7.29, (m, 2H), 7.17 — 7.21 (m, 3H), 6.35 (s, 1H),

3.50 (t, T = 5.8 Hz, 2H), 3.39 (t, ] = 5.5 Hz, 2H), 245 (t, = 5.5 i—Iz, 2H), 2.32 (app t,
20 J=53,5.6Hz 2H), 147 (5, 9H).

Preparation of 4-(1-Bromo-1-phenyl-methylene)-piperidine-1-carboxylic acid
tert-butyl ester:

Br

G

N
25 BOC

To a solution of 4-(1-phenyl-methylene)-piperidine-1-carboxylic acid tert-
butyl ester (30.0 g, 0.11 mol) in CHCI; (300 mL) containing K,CO3 (22.5 g, 0.16



H NC

mn

-S2 I-C-009 0 O556.17 556.50 Owve N Exanple 11 Rf =1.27 min
N\ (colum C) H- NC H2ZN ~ SO2 T-C-010 _ 0 493.19 493.53 Ow -\\--41
Exanmple \ \ _
534.57 Owe Exanple \ \ Rf =1.31 min 36 N/ HN\ (colum C NC O NHS3

Novenmber 2006 177 I-C-012 0 0 520.20 520.33 Owe Exanple
37 NN (colum L) H 3\\Iovember200
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20

25
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mol) was added a solution of Br (5.9 mL, 0.16 mol) in CHCl; (50 mL) at 0°C over 1
h. The mixture was allowed to stir for 1 h at room temperature and then it was

diluted with water, the layers were separated and the aqueous phase extracted with

34 N

Rf =1.29 min 35 NN (colum C HNC OHI-CO011 0 O 534.12

6520 33

CH.Cl;. The combined organic layers were washed (H,O, brine), dried (Na;SO,) and

evaporated. The residue was dissolved in MeOH (300 mL) and a solution of NaOH
(75 g, 1.88 mol) in H,O (250 mL) was slowly added, followed by another 100 mL of
MeOH to maintain homogeneity. The mixture was heated at 40°C for 4 hours and
then most of the MeOH was removed ir vacuo and the mixture was extracted with
EtOAc (X3). The combined organic layers were washed, (H»0, brine), dried
(NazS0y) and evaporated. The residue was purified by flash chromatography
(Si0z/hexane-EtOAc, 4:1) to afford the product (36.2 g, 94%) as a yeLlow orange
solid:

"Hnmr (400 MHz, CDCls) 8 7.39 — 7.27 (m, 5H), 3.56 (app t, T = 5.9, 5.5 Hz, 2H),
3.36(t,J =59 Hz, 2H), 2.66 (t, T = 5.9 Hz, 2H), 2.26 (t, J = 5.9 Hz, 2H), 1.49 (s,
OH). |

Example 48a
Preparation of 1-[4-(1-Bromo-1-phenyl-methylene)-pipéridin-1-yl1]-2-(4,7-
dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

A solution of 4-(1-bromo- 1-phenyl-methylene)-piperidine- 1 -carboxylic acid
tert-butyl ester in 4N HCl-dioxane (10 mL) was stirred at room temperature for 2 h.
The volatiles were then removed in vacuo and the residue was dissolved in CHCl;
(15 mL). To this solution was added 4,7-djmethoxy-6—azaindﬁl—3—yl—oxoaceu'c acid
(0.906 g, 3.37 minol) and Hiinig’s base (2.40 mL, 13.8 mmol). After 5 min, BOPCI



NC ONH2 I-CG013 0 0 574.25 574.30 Owe Exanple | Rf = 1.41 min 38 NN
(colum L) HNC ONI1 I1-C014 0 O 588.26 588.38 Ow N Exanple | Rf

m n

39 NN (colum L) HNC ONI 7 3 Novenmber 2006 178 1-C-015 0 O

=1. 46

563.23 563.31 Owe Exanmple _ Rf =1.53 min 40 NN\ (columm L) HNC OO

o)
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(0.950 g, 3.73 mmol) was added as a solid and the mixture was allowed to stir at
room temperature for 48 hours. The reaction mixture was then adsorbed directly onto
silica gel and purified by flash chromatography (SiO»/EtOAc) to give the title
compound (1.101 g, 71%) as a yellow solid: o

Hnmr (400 MHz, CDCl3) 8 12.98 (d, J= 14.2 Hz, 1H), 8.13 (dd, J=12.4, 3.0 Hz,
1H), 7.46-7.28 (m, 6H), 3.97 (d, J= 6.6 Hz, 3 H), 3.82 (s, 3Pi),3.71 (m, 1H), 3.54 (im,
1H), 3.45 (m, 1H), 3.27 (m, 1H), 2.71 (m, 1H), 2.56 (m, 1H), 234 (m, 1H), 2.20 (m,
1H).

LCMS m/e 484, 486 (M+H)".

Example 49a
Preparation of 1-[4-(1-Phenyl-1-(thiazol-2-yl)-methylene)-piperidin-1-yl]-2-(4,7-
dimethoxy-G-azaiudol-S-yl)-ethane-l,z-dimfe:

A mixture of 1-[4—(1-bromo-1-phenyl-methylene)—piﬁeridin—1-y1]-2—(4,7-
dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione (0.032 g, 0.066 mmdl), 2-(tri-n-
butylstannyl)thiazole (0.025 g, 0.066 mmol) and bistriphenylphosphinepalladinm
dichloride (0.001 g, 1 mol%) in THF (4 mL) was heated at 90°C in a sealed tube
under Ar for 15 h. The cooled mixture was then diluted with EtOAc, washed (1M
KF, brine), dried (Na»SO4) and evaporated to give a clear yellow oil. Purification by
preparative HPLC afforded the product (0.011 g, 34%) as a white solid:

"Hnmr (400 MHz, CDCls) 8 9.38 (4,7 = 11.6 Hz, 1H), 7.98 (dd, J= 3.5, 4.5 Hz, 1H),
7.84 (d, J= 3.0 Hz, 0.5H), 7.76 (d, J= 3.1 Hz, 0.5H), 7.44-7.19 (m, 7H), 4.02 (d, I=
4.6 Hz, 3H), 3.92 (s, 3H), 3.87 (app t, 1), 3.73 (app t. 1H)}, 3.60 (app ¢, 1H)}, 3.47
{(app t, 1H), 3.12 (app t, 1H), 3.03 (app t, 1H), 2.41 (app t, 1H), 2.32 (app t, 1H).

|-C-016 0 O 535.20 535.58 Ow Exanple : \ \ Rf =1.42 m ”31\?0%1'?'11)&%6600' um



HNC OOI1-C017 0 0 549.21 549.27 Owe Exanmple \ \ _ Rf =1.51 mn 42 NN
\' \' I (colum L) NC O O[ 3 Novenber 2006 179 IC-018 0 0 521.18 52151 Ow
Example I \ \ Rf = 1.36 mMmn 43 N N\ \ (colum C HNC 0 OHI-C019 0 0
521.18 521.22 Ove N Exanple Rf = 1.34 min 44 NN\ \ (colum L) HNC \

| OHO 1-C020 0 0 549.21 549.48 OW N Exanple Rf = 1. g%or\'}crr}lberm%
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LCMS: m/e 489 (M+H)".

Example 50

Preparation of 1-[4-(1-Phenyl-1-(pyridin-2-yl)-methylene)-piperidin-1-y1]-2-(4,7-
5  dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

To a solution of 1-[4-(1-bromo-1-phenyl-methylene)-piperidin-1-yl]-2-(4,7-
10 dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione (0.030 g, 0.062 mmole), pyridine-3-
boronic acid (0.011 g, 0.093 mmol) 'in 4 mL of DME was added 2M sodinm
carbonate (0.12 ml, 0.24 mmol} and EtOH (1 mL) and the resulting mixture was
degassed with a stream of Ar bubbles for 10 min. To this mixture was added
Pd(dppf).Cl; (0.603 g, 5mol%) and the reaction mixture was heated with stirring at
15 90°C for 18 h. The cooled mixture was then filtered (C-18 cartridge and 0.45 pm
filter), the residue was washed with MeOH and the filtrate was evaporated.
Purification of the residual material by preparative HPLC afforded the title compound
(0.011 g, 37%) as a light gray solid:
"Hnmr (400 MHz, CDCl3) & 9.38 (s, 1H), 8.50-8.40 (m, 2H), 8.00 (d, J= 3.0 Hz, 1H),
20 7.46-7.18 (m, 6H), 7.12-7.06 (m, 2H), 4.03 (s, 3H), 3.93 (s, 3H), 3.77 (g, J=5.1,5.5
Hz, 2H), 3.49 (m, 2H), 2.50 (m, 2H), 2.43 (m, 2H).
LCMS: m/e 483 (M+H)".

25



45 Nry \ (colum C HNC \ I O/ 0O I-C021 F O 502.19 502.20 N Exanple
Rf =1.37 mn \ (columm L) 46 NC CN 3 Novenber 2006 180 Ceneral Procedure
for hydrolysis of CNto amde Nitrile derivative (40ng) was dissolved in
0.1 m of concentrated H2SO4 and reaction was heated to 40 - 100 Cfor 1 -
12 hours. After the m xture was cooled 5 down to roomte r at reod't was
diluted with water (10 m) and methanol (10 m). Saturat ed SOIFHPFHRMS!
NaHCO3 was added to adjust pHto 5. Then, solvents was renoved under
vaccumto give a residue which was purifild@ using a Shimadzu automated
preparative HPLC Systemto provide the desired conpound. 10 Exanple 47
Preparation of PEspafptien of da(lefrenymeghJenechpanhrpicaxtypiperidingg gacbomilic NC Ove
H HZN Conpoundcifégiddwgyl estes di ssolved in 0.1 nl of concentrated H2SO4 and
roomtenperature, it was diluted with water (10 m) and nethanol (10 m).
Saturated solution of NaHCO3 was added to st pHto 5. Then, solvents
was renoved under vaccumto give a ngscdu ch was purified using a

Shi madzu aut omat ed preparative -HPLC Systgmto provide the desired conpound
| - A-001(1.2 ng).

BOC

To a solution of 4—(l—bromo-1-f)hcnyl-methylene)—pipeﬂdine-1~carboxylic
acid tert-butyl ester (6.85 g, 19.4 mmol) in 50 ml. of dry THF was added n-BulLi
(1.8M in hexanes, 13.0 mL, 23.4 mmol) at -78°C under Ar. The mixture was allowed
to stir for 20 min, after which time CO» gas (previously dried by passing through a

10 Ca(l; drying tube) was bubbled through the solution for 30 minutes and then a large
excess of solid CO, was added. The mixture was allowed to warm to room
temperatufe over 12 h and then it was quenched with saturated aqueous NH4Cl and
the aqueous phase was washed with EtOAc. The pH of the aqueous phase was
adjusted to about 2 with 10% HCI and then it was extracted with EtOAc¢ (X3) and the

10 CULIVILCU ULBALLG plastsd WOIG Wadutu 112\, ULLIG ), ULIGU (ANago i) Gl © Y apulatcu.
The residue was purified by flash chromatography (Si02/ hexane-EtOAc, 4:1) to
afford the product (2.49 g, 40%) as a clolorless liquid which splidiﬁed on standing:
"Hnmr (400 MHz, CDCls) 8 10.54, (br s, 1H), 7.38-7.34 (m, 3-H), 7.18-7.15 (m, 2H),
3.55(t, I = 5.8 Hz, 2H), 3.40-3.37 (m, 2H), 2.88 (t, J = 5.8 Hz, 2H), 2.18 (m, 2H),

20 1.45(s, 9H). |
LCMS: m/e 316 (M-H) .

Preparation of 4-(1-Phenylmethylene-1-carboxylhydrazide)-piperidine-1-
carboxylic acid tert-butyl ester:
25

HANHN™ ™

BOC



20 25 30 3 Novenber 2006 181 Characterization of the final conpounds of

formula I: Conpd. Structure MS M5 (M+tH)' Nunber (M+H)' OCbserv. And Cal cd.
Retention Tine and NMR 1-A-001 O 0 449.18 449.52 Ov N Exanple | Rf =1.31
mn 47 NN\ \ / (colum C H Owve 0 NH2 1-A-002 0 0 453. 13 453.14 Ow N

Example Rf = 1.32 mn 48 N/ N\ \ (colum G Hd 0 NH - A- 00 0
497.19 497.23 Ove N Exanple | \ Rf =1.39 min 49 N N (c Nﬂﬁ‘? P300b
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A mixture of 4-(1-phenylmethylene-1-carboxylic acid)-piperidine-1-
carboxylic acid tert-butyl ester (0.153 g, 0.481 mmol), EDCI (0.113 g, 0.590 mmol),
and HOBt ( g, 0.602 mmol) in DMF (3 mL) was stirred for 30 min at room
temperature and hydrazine hydrate (1.0 mL) was added. Stirring was continued for

5 12h and then the mixture was poured into water and extracted with EtOAc (X3). The
combined organic layers were washed, (H,O XS5, brine) and dried (Na;SO4). The
solvent was removed in vacuo and the residue was purified by preparative HPLC to
give a colorless oil (147 mg, 92%):

LCMS: m/e 330 (M-H) .
10

Preparation of 4-(1-Phenylmethylene-1-(N ’—formyl)carboxylhydrande)-
piperidine-1-carboxylic acid tert-butyl ester:

O
OHCHNHN I

BOC
15
Prepared as per the previous example to give the title compound (52% yield) as a
coloutless foam: _
"Homr (400 MHz, CD;0D) & 10.09 (s, 1), 9.95 (s, 1H), 8.06 (s, 1H), 7.41-7.35 (m,
2H), 7.32~7.25 (m, 3H), 3.46 (br m, 2H), 3.32 (br m, 2H), 2.50 (m, 2H), 2.16 (dd, J=
20 5.3, 6.1 Hz, 2H), 1.41 (s, 9H).
LCMS: m/e 358 (M-H) .

Preparation of 4-(1-Phenylmethylene-1-(N’-acetyl)carboxylhydrazide)-
piperidine-1-carboxylic acid tert-butyl ester:
25

O
ACHNHN l

BOC



H NONH2 NJ 5 10 3 Novenber 2006 182 Synthesis of Additional
Vi nyl pi peridine |Internedi ates Preparation of
4- (1- Phenyl - met hyl ene) - pi peri di ne-|-carboxylic acid tert-butyl ester: 5 N

BOC To a suspension of benzyltriphenyl phosphoniumchloride (2.24 g, 5.76
mmol) 10 was added n-BuLi (2.3Min hexanes, 3.0 nL, 6.9 l\)g@)t @? The
mxture was allowed to stir for 30 min, after which time>itovHEwPh

deep red solution. To this was added N- Boc-4-pi peri done (0. 748 g, 6.05
mmol ) and the solution was stirred at radd#ntenperature for 48 hours. The
reaction was quenched with NHACL and extracted wth EtOAc (X2). The

conbi ned or ganPeephuas a¥ Ber ke e ioisisaaimple Mpgve theititle rorpoundd4dfp iveedd)(2Ma2S04) and
evapor ated. Thgy F‘Fﬁ;ésg T was purified by flash n,e..n,.o0 Ptne.- J.1\ to
2fforA the nrnr| !ell 41 a_ 90% as a colourless |liquid which
solidified on YfmndiogMHZIODCL)SGOMNE2 KD, 3)), B4T-3A (m, FHRB.01 @) 1RRH), 7. 17

- 7.21 (m 3H 5 0 = 5. 5
o ony D an b g g G 6 i 3504a oz 5 6 K g el 0 8 43, 5
1.47 (s, 9H. HELEII@EBJIFQIM of 5.3, 6.1 Hz, 1H), 2.08 5, 1H), 2.02, 2.01 (5, 3H), 1.45, 1.44 (s,

4-(1- Br ono- I-p }e{B - met hyl ene) - pi per|d| ne- I-carboxyllc acid tert- but yl
ester: Br

LCMS: m/e 372 (M-H) .

Preparation of 4-[1-Phenylmethylene-1-(1,3 4-oxadiazol-z-yl)]plpendme-l-
10 carboxylic acid tert-butyl ester;

Method A: To a suspension of 4-(1-phenylmethylene-1-(N’-

Frrens l\nn-—-}-‘f\\ relbhodrarida) ninsridina. 1 r-qr-'hn\ i antd tavt Tt actars 70 105 o
‘-VLJ—L‘.J‘-']U\M II-JI.I. \‘-l.l-ll_l).uvj tt&yv&;mxxu s JMU L A I.ULI— Uub']‘l b AR \\.’ v ] 5
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0.294 mmol) in CH;CN (2 mL) was added iPr,NEt (0.30 mL, 1.7 mmol) and PPh;
{0.137 g, 0.523 mmol), followed after 5 min by hexachloroethane (0.162 g, 0.685
mmol). The mixture was stirred at room temperature for 4h' and then the solvent was
removed in vacuo and the residue was partitioned with' EtOA_o—HZO. The organic
20  phase was separated and the aqueous phase was re—exlracted.'with EtOAc. The
combined organic phases were washed (H»O, brine), dried (Na,SO4) and evaporated.
The residue was purified by preparative HPLC to give the title compound (0.050 g,
50%) as a colorless solid:
THNMR (400 MHz, CDCl3) & 8.28 (5, 1H), 7.41-7.36 (m, 3 H), 7.18-7.16 (m, 2H),
25  3.59(dd, )J=5.6, 5.8 Hz, 2H), 3.43 (dd, JI=5.5, 5.9 Bz, 2H), 2.91 (d4d, J= 6.1, 5.5 Hz,
2H), 2.31 (dd, J= 5.8, 5.5 Hz, 2H), 1.45 (5, SH).
LCMS: m/e 342 (M+H)".



To a solution of 4-(I-phenyl-nethylene)-piperidine-Il-carboxylic acid tert-
butyl ester (30.0 g, 0.11 nol) in CHC13 (300 nL) containing K2C03 (22.5 g,
0.16 3 Novenmber 2006 183 nol) was added a solution of Br, (5.9 nL, 0.16

mol) in CHC13 (50 nL) at OC over 1 h. The m xture was aIIovved to stir for

1 h at roomtenperature and then it was diluted with watg ers

wer e separated and the aqueous phase extracted with CH2C 2*0 ned
organic |l ayers were washed (H2O, brine), dried (Na2SO4) and 5 evaporat ed.
The resi due was dissolved in MeCH (300 nlL)_and a solution of NaOH (75 g,
1.88 nmol) in H20 (250 nlL) was sI ovay added® f ol | owed by another 100 nL of

McOH t o mai ntalg, honbgen |t m xture was heated at 40C for 4 hours and
then nost of th 511{9 eFPY\Fd’&Jo(Sa‘HEFhFhQﬁrWGPéMwm extract ed

with Etoac (x3YV Pﬂ?@”&%ﬁ"@d" W tertrbpteiestefior ¢ washed; (H20, brine),
dried 10 (Na2SO4) and evaporated. The resi due was purifi ed by flash
chromat ography (Si Q2/ hexane- Et OAc, 4udl) to afford t he product (36.2 g,
94% as a yelloworange solid: 'Hnanr ( 2 CDCI3) 8 7.39 - 7.27 (m
5H), 3.56 (app t, J =5.9, 5.5 Hz, 2HN_ _i3. 3, J =5.9 Hz, 2H), 2.66 (t,
J =59 Hz, 2H), 2.26 (t, J = 5.9 Hz, 2'#4) 1.49 (s, 15 9H). Exanple 48a
Preparation of 1-(4-(1-Brono-I -phenyl ene) pi peridin-l-yl]-2-(4,7-

di met hoxy- 6- azai ndol - 3-yl ) - et hane- 1, 2- dio 20 Br MOOO I " \' NN
MeO A solution of 4-(I-brono-I-phenyl - i ene) - pi peridi ne-I-carboxylic
acid tert-butyl ester in 4N HC -di oxane (Bdcnl) was stirred at room
tenperature gor 2 h.
Method B: To.a solution of 4-(1-phenylmethylene-1-carboxylhydrazide)-piperidine-
1-carboxylic acid tert-buty! ester (0.056 g, 0.169 mmol) and iPr,NEt (0.20 mL, 1.16
mmol) in CH3CN (1 mL) was added acetic anhydride (0.02 mL., 0.212 mmol) and the
mixture was allowed to stir at room temperature for I . To this mixture was then”
10 added PPh; (0.182 g, 0.694 mmol), followed by hexachloroethane (0.093 g, 0.394
mmol). The mixture was allowed to stir for 12 h and then it wa.é worked up and
purified as in Method A above to give the title compound (0.040 g, 64%)as a
colorless solid:
"Hnmr (400 MHz, CDCl3) § 7.44-7.34 {m, 3H), 7.39-7.23 (m, 2H), 3.56 (m, 3H),
15 3.40 (m, 3H), 2.85 (br m, 2H), 2.33 (s, 3H), 2.20 (m, 2H).

Preparation of 4-[1-Phenylmethylene-1-(5-trifluoromethyl-1,3,4-oxadiazol-2-
yD]piperidine-1-carboxylic acid tert-butyl ester:

FaC
O

N
20 BOC

Prepared according to method B to give the title compound (77% yield) as a

colourless solid:;



25 The vol atiles were then renoved in vacuo and the residue was dissol ved
in CHC 3 (15 nL). To this solution was added

4, 7- di nmet hoxy- 6- azai ndol - 3-yl - oxoacetlc acid (0.906 g, 3.37 nmol) and
Hinig's base (2.40 nL, 13.8 mmol ). After 5 mn, BOPCl 3 Novenber 2006 184
(0.950 g, 3.73 mol ) was added as a solid and the m xture :ﬁs all o to
Stir at roomtenmperature for 48 hours. The reaction i xtor&aLet

adsorbed directly onto silica gel and purified by flash chromatography
(SiR/EtOAc) to give the title conpoundlf®. 101 g, 71% as a yellow solid:
5 "Hmr (400 M4z, CDC13) S 12.98 (d, J= 14.2 Hz, IH), 8.13 (dd, J= 12.4,
3.0 Hz, 1H), '}HWBI@DQWWCMQ))W-@-Q?W((@; 30) 768674 (m32HH) 3.6B(tg= %8, 3H),

3.7 (m 1H), 4 T3 12 i 1 1H),
256 (m 1H). %I.Zgétﬁ%%“ﬁ% ?'g%zzgﬂé’?1'92](%].‘%&@(%3}%%?3 @8’6‘?‘% +. 10
Exanpl e 49a Pr éHars42 (e rPf

1-[4-(1-Phenyl -I|-(thiazol-2-yl)-nethylene)-piperidin-1-yl]-2-(4,7-

di met hoxy- 6- azai ndol - 3-yl ) -et hane-1, 2-diode: (N _ O Ml O N N 15 MO
H A mi xt ur e5 of Piegatatidn dfrdoftePHenpheetliens]-(SLbthnb] 3 a-patdiadbie-1b ipigerdidet, 7-

di met hoxy- 6- az aicaclsixyBe ydid t@tbang ester?- di one (0.032 g, 0.066 mmmol ),
2-(tri-n- butylstannyl)thiazole (0.025 g, 0.066 mvol) and

bi stri phenyl phosphi nepal | adi um 20 di chlLoride (0.001 g, 1 mol% in THE (4
m.) was heated at 90C in a sealed tub under Ar for 15 h. The cool ed

m xture was then diluted wth EtQAc, ed M KF, brine), dried (Na2SO4)
and evaporated to give a clear yell owigil . ification by preparativ
HPLC afforded the product (0.011 g, 34% gs a white solid: :

BOC

10 Prepared according to method B and purified by flash chromatography (5i0y/ EtOAc-
hexane, 1:1) to give the title compound (68% yield) as a colourless solid:
"Hnmr (400 MHz, CDCl3) § 7.43-7.36 (m, 3H), 7.21~7.19 (m, 2H), 3.61 {t, ]= 5.8
Hz, 2H), 3.46 (1, J= 5.8 Hz, 2H), 2.88 (dd, J= 5.6, 6.0 Hz, Zﬁ) 281 (q,J=7.6Hz, 2

Ty A 22 FA3 ¥ DL £1 TF AT 1 AN /- AT 1 % v ¥ 77 4 T, 2T

P Y I LR T EY S Ay Mt A amary smaagy s e G gy e gy B et AT

15  LCMS: m/e 370 (M+H)™.

Example 51

Preparation of 1-[4-(1-Phenyl-1-(1,3,4-0xadiazol-2-yl)-methylene)-piperidin-1-
y1]-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

20
]\‘14\0
N-—-
4
MeQ O N
7N
N/ ©
N
MeO H

General Method: A solution of 4—[1-phenylmethy1ene-1-( 1,3,4-oxadiazol-2-
yljlpiperidine-1-carboxylic acid tert-butyl ester (0.050 g, 0.148 mmol) in dry CH,Cl,



"Hnnr (400 MHz, CDCl13) S 9.38 (d =11.6 Hz, 11), 7.98 (dd, J= 3.5, 4.5
Hz, 1H), 25 7.84 (d, J= 3.0 Hz, 511) 7.76 (d, J= 3.1 Hz, 0.5H),
7.44-7.19 (m 7H), 4.02 (d, J= 46Hz 3H), 3.92 (s, 3H), 3.87 (app t,
1H), 3.73 (app t. 111), 3.60 (app t, 1H) 3.47 (app t, 1H), 3.12 (app t,

1H), 3.03 (app t, 1H), 2.41 (app t, 113), 2.32 (app t, 1 3 ve r 2006
1?% LCVS: g12p489 (SLH)+. Exanpl e 50 Preparation of " Nobehbér SR
1-[4-(1-Phenyl -I-(pyridin-2-yl)-methyl ene)-piperidin-l-yl]-2-(4,7- 5

di met hoxy- 6- azai ndol - 3-yl ) -ethane-1, 2-diojgy N OMOO N N MOHTo a
solution of 1-[4-(1-brono-I|-phenyl-nethylene)-piperidin-1-yl]-2-(4,7- 10

di met hoxy- 6- aza 0

pyri di ne- 3- borg% wa% (ﬁa%eg%%é%?% (%09%09 0%6 % Q%Q%Qm&ms added 2M
sodi um car bonatadvepowapevaporatgd vvampdnd tmmmEmﬂ(}%(dlssnmd mrcHEheTedsul ti ng

m xt ure was hi s

m xt ure was addggé&ggv(a g%%%) %S(%fn?g,g%,pg aérlmg) I%}(?(% §E ?%%(dr%a ?)-gﬁg m xture
was heat ed wi t hmgtol)y iIFriNEL40. 1A BLOQET fnmol)md tthen BPQ ¢ D420e, 161 198 mrmeolvaBhet hen
filtered (C48 pm fllter was washed with
MeOH and t heslf 'I%?{t& %é‘g\g\g%&%\%g%r a e&m CBRFT gf ?Eﬁn‘f)@mﬂ ﬁ‘gs STRREY

mat eri al by pr epaoatd maammmﬁldmmﬂ gahmom:d Wwith B0 8h0, thé Orgddit pase37%) as
a light gray sol.i CDC13) S 9.3 8 40 (m
2H), 8.00 (d, J¥ asssebﬂﬂzed e aq%usﬁ’hﬂ%’ wAs I%‘e’(fFﬁC‘eg ﬁé&‘ Efég?? (373 Im 2H),

4.03 (s, 3H), Scodbifed, or@:d)c,laﬁrs?v?cré @ashda (15,0, bnﬁe)?dneUZ\"Nazglh)]énd eSaptdatédn  2H) ,
2.50 (m 2H), ZTI%?’res(ic%e \%zll_sbpun{i% prggaﬁaﬁ%esimwgbgivé theZtLStle compound (0.015 g,

10 21%) as a colorless solid:
'Hnmr (400 MHz, CDCls) § 9.96 (br s, 1H), 8.32, $.28 (s, 1H), 7.96, 7.93 (s, 1H},
7.45-7.32 (m, 4H), 7.21-7.14 (m, 2H), 3.99, 3.98 (s, 3H), 3.93-3.90 (m, 1H), 3.90 (s,
3H), 3.74 (t, I=5.8 Hz, 1H), 3.64 (dd, J=5.2, 5.9 Hz, 1H), 3.47 (dd, J=5.3, 5.8 Hz,
1H), 3.09 (t, J= 5.9 Hz, 1H}, 3.02 (dd, J= 5.6, 5.8 Hz, 1H), 2.50 (dd , J= 6.1, 5.8 Hz,
15 2H),2.41 (dd,J=5.9, 5.5 Hz, 2H).
LCMS: m/e 474 M+H)".

Compounds in Examples 52-68 were prepared by an analogous procedure to
that of Example 51.
20
Example 52

Preparation of 1-[4-(1-Phenyl-1-(5-methyl-1,3,4-0xadiazol-2-yl)-methylene)-
piperidin-1-yl]-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione.

CH3
N""o
N
4
MeO QN
N o)
N/
N
25 MeC H

Prepared as a colourless solid (33% yield):



3 Novenber 2006 186 Preparation of 4-(1-Phenyl nethyl ene-|-carboxylic

aci d) - pi peridine-l-carboxylic acid tert-butyl ester: H®RC BOC 5 To a

sol ution of 4-(1-brono-I|-phenyl-nethyl ene)-piperidine-I-carboxylic acid
tert-butyl ester (6.85 g, 19.4 mvol) in 50 nL of dry THE was added n- BulLi
(1.8Min hexanes, 13.0 nm., 23.4 mml) at -78C under Ar. Tgﬁm'x urgq S

al lowed to stir for 20 mn, after which time Co2 gas (preVVEaS H%%d by
passi ng through a 10 CaCl2 drying tube) was bubbl ed through the solution
for 30 minutes and then a large excess dP2solid C2 was added. The mi xture

was allowed to,warmto room tenperature over 12 h and then it was quenched
wi th saturat ed Hauedds Midn CPARD 10:5ér adiBolidst. Fi%d<e Nhs7 MaIiddmuitth Et OAC.

The pH of the e j 4et 0 i 096,44 nd t hen
R L e e T e S VR
chr omat ogr aphy 5©9sP.021z, hHX drd (B¢, Qacy.6.4. 8 )zt 181), B4 6 I hHzplddace (( =88 g,
40% as a col ok} e P O i idjfi on, st i P VHz,
CDC13) S 10. 54,542( @?@ﬂ#%@%i@}d‘{%ﬁgw 1, ?ggﬁ‘%(s(%ﬂ‘ grﬁ)g((‘,ilcgqs. 55
(t, J = 5.85Hz=305)8 H3.18)-3.37 (m 2H), 2.88 (t, J =5.8 Hz, 2H), 2.18 (m
2H), 20 1.45 ( D)., L ' £ 316 (MH) . Preparation of
4- (1- Phenyhnet %}9@%@{3—%3 I"hydr azi de) - pi peri dine-I1- carboxylic acid
tert-butyl ester: 25 O H2NHN N BOC

Example 53

Preparation of 1-[4-(1-Phenyl-1-(3-trifluoromethyl-1,3,4-oxadiazol-2-y1)-
10 methylene)-piperidin-1-yl]-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione.

CF4

Prepared according to the general method as a light yellow solid (77% yield):

15  ‘Hnmr (400 MHz, CDCls)  9.23 (br s, 1H), 8.03, 8.02 (s, 1H), 7.47-7.34 (m, 4H), |
7.21-7.14 (m, 2H), 4.04, 4.03 (s, 3H), 3.93-3.91 (m, 1H), 3.92 (s, 3H), 3.75 (dd, J=
5.8,6.1 Hz, 1H), 3.66 (t, J= 5.8 Hz, 1H), 3.50 (t, J= 5.8 Hz,. 1H), 3.10 (dd, J=5.6,6.3
Hz, IH), 3.04 (dd, J= 5.6, 6.0 Hz, 1H), 2.51 (t, J= 6.1 Hz, 1H), 2.44 (dd,)=5.8, 5.6
Hz, 1H).

20 LCMS: m/e 542 (M+H)".

25



3 Novenber 2006 187 A mixture of 4-(1-phenyl nethyl ene-1-carboxylic

aci d) - pi peri di ne-1- carboxylic acid tert-butyl ester (0.153 g, 0.481 mmol),
EDCI (0.113 g, 0.590 mol), and HOBt ( g, 0.602 mml) in DMF (3 nL) was
stirred for 30 mn at room tenperature and hydrazine hydrate (1.0 rrL) was
added. Stirring was continued for 5 12h and then the m'xtg Elp Z’

into water and extracted with Et OAc (X3). The conbined o é@’l’ffﬂ?} Fa@ s were
washed, (H20 X5, brine) and dried (Na2SO4)-. The solvent was renoved in
vacuo and the residue was purified by pr I@%rati ve HPLC to give a colorless
oil (147 nmy, 92%: LCMS: nmle 330 (MH) O Preparation of

4- (1- Phenyl et hyhgne | .

pi peri di ne- 1- cglrfboxyill Egagf%aﬁg%%?ﬁﬁpﬁs@%g{ﬁg ?‘gﬂm&?ﬁ\lHN\ N BOC 15
Prepared as per the previous exanple to give the title conpound (52% vyi el d)
as a colourless foam |Hnnr (400 MHz, CD30DR S 10.09 (s, 1H), 9.95 (s,
1H), 8.06 (s, 1H), 7.41-7.35 (m 2H), 7.32-7 3H),.3.46 (br in,
211), 3.32 (br m, 211), 2.50 (m 211), 2. J= 20 5.3, 6.1 Hz, 2H),
1.41 (s, 911). LCGMS: mfe 358 (MH) CE’rgpa tfon of

4- (1- Phenyl met hyl ene-1 - (N -acetyl )car o] drazi de) -

pi peri di ne-1-carboxylic acid tert- 25 O/ AcHNHN N

MeO H
LCMS: m/e
Example R (M+H)"
54 [O_&\ 472
Me
55 Z‘g\\ 502
S

56 B 484
o | -
58 /[::]\\ 512
Mel
NC
59 L 507
0 Me
60 ﬁLJZT 501
M

473

N
61 {
MeO
62 ‘[::1\ 512
MeS
63 T 528
F .
64 ‘[::L\ 500
OMe
65 [::[; 512
66 ,[::L\ 529"
0N
67 ,[::l\ 500
F .
68 /[::L\ 528. .
MsS ’




BOC 3 Novenber 2006 188 Prepared as per the previous exanple to give the
title conpound (45%yield) as a colourless oil: 1Hnmr (400 MHz, CDCl13) 8
8.19-8.12 (m 1H, br), 7.40-7.21 (m 5H), 3.93 (s, 1H, br) 3.54 (dd, J=
5.3, 5.6 Hz, 2H), 3.39 (dd, J=5.3, 6.1 Hz, 21-1), 2.81 (dd, J=5.3, 6.1 5
Hz, 1H), 2.17 (dd, J= 5.3, 6.1 Hz, 1H), 2.08 s, 1H), 2.02 .01 (s H) ,
1.45 1.44 (s, O9H). LOVB: nie 372 (MH . Preparation of3N2°V°mbgr200%
4-[ 1- Phenyl et hyl ene- 1- (1, 3, 4- oxadi azol - %%%/I )] pi peridine-1- 10 carboxylic
acid tert-butyl ester: NO/ NN BCC hod A: To a suspension of
4- (I -phenyl nethylene-1-(N 1. C . .rhn.. . |lK-.r?-~ : -..:.1ta + .h.!. /1
e, P 11k Prengtasion afdiPheny iy e lepoRipe B NG Tp o p 1
1.7 mol) and Ppftere-pptylestery 0.523 nmmol ), followed after 5 nin by
hexachl or oet hane (0.162 g, 0.685 mmvol). The m xture was stirred at room
tenperature for 4h and then the sol vepi_was _~yenoved in vacuo and the
residue was partitioned wth' Et QAo- H@. [[Th gani ¢ 20 phase was separat ed
and the aqueous phase was re-extractedN OAc. The combi ned organic
phases were washed (H20, brine), dried (MNa2SO4) and evaporated. The
resi due was purified by preparative HPLE tqQ give the title conpound (0.050
g, 50% as a colorless solid: "HNVR (400NMHz, CDC13) S 8.28 (s, 1H),
7.41-7.36 (m 3 H), 7.18-7.16 (m 2H), B®% 3.59 (dd, J= 5.6, 5.8 Hz, 2H),
3.43 (dd, J= 5.5, 5.9 Hz, 2H), 2.91 (dd, J= 6.1, 5.5 Hz, 2H), 2.31 (dd,
5.8, 5.5 Hz, 2H), 1.45 (s, 9H). LCVs: nfe 342 (MtH)'. 3 Novenber 2006
To a solution of 4-(1-bromo-1-phenyl-methylene)}-piperidine- 1-carboxylic acid tert-

butyl ester. (0.352 g, 1.0 mmol) in 4 mL of dry THF, at —78°C under Ar, was added n-
butyllithium solution (1.6M in hexanes, 0.75 mL, 1.2 mmol) dropwise. After 15 min,
a solution of freshly fused ZnCl; in 1.2 mL of dry THF was added dropwise and then

J=

10  the cooling bath was removed and the reaction mixture was allowed to warm to room
temperature. To this mixture was then added 2-iodopyrazine (0.119 mL, 1.2 mmol)
and (PhsP)Pd (0.058 g, Smol%) and the reaction vessel was sealed and then heated at
90°C for 16 h. The cooled mixture was quenched with saturated aqueous NH4Cl and
then it was partitioned with EtOAc-water. The organic phase was washed (brine),

[ o] dried (NagsSQ4) and evaporated (0 give a Jarg prown guin. r1asn COromaiograpny oL
this material [SiOy/ 1-2% MeOH-NH,OH (9:1) in CH,Cl,] afforded the title
compound (0.237 g, 68%) as a light yellow solid:

"Homr (400 MHz, CDCl3) & 8.58 (m, 1H), 8.42 (d, J=2.5 Hz, iH), 8.40(d,J=1.5
Hz, 1H), 7.37-7.16 (m, 5H), 3.51 (m, 4H), 2.44 (app t, 2H), 2.40 (apb t, 2H), 1.49 (s,

20 9H). |

LCMS: m/e 352 (M+H)".

Preparation of 4-(1-Phenyl-1-(thiazol-2-yl)-methylene)-piperidine-1-carboxylic
acid tert-butyl ester:
25



189 Preparation of 4-[1-Phenyl nmethyl ene-1-(5-nethyl -1, 3, 4-oxadi azol - 2-

yl )] pi peridi ne-1-carboxylic acid tert-butyl ester: M N NN BCc 5 Mthod
B: To a solution of 4-(1-phenyl nethyl ene-1-carboxyl hydrazi de) - pi peri di ne-
1-carboxylic acid tert-butyl ester (0.056 g, 0.169 mml) and i Pr2NEt (0.20
m., 1.16 mmol) in CH3CN (1 nL) was added acetic anhydri dg&ﬂ%&é {ﬁo 6!
0.212 mml) and the nixture was allowed to stir at room EPRELe WO or

h. To this m xture was then 10 added PPh3 (0.182 g, 0.694 mmol), followed
by hexachl or oet hane (0.093 g, 0.394 mol The m xture was allowed to stir
for 12 h and then it was worked up and purified as in Method A above to

Mo, CDCL) 6 7 daipuar ¢ Qé%fgl~l°@ﬁ4‘éﬁ??h€?e? RirRbes 3-fekdtic cldJp P

3f 42 E T Pﬁ(l;l)n I 288 (0805 g.10; 5821mtm)31i) a@] 3811(Isbutﬁhﬂ):nnygtm&o(er(p 229 &) 0.64Pmepdriat | on
§| )] pi peridi %e tﬂ?‘é%’ bo y#ﬁéézgc({eﬁgslfﬁ&onﬁé%& b blﬁg%df\lﬁﬁfmnzéroé%

Pr epar ed accor dsdquovmﬁﬂmﬁP&Pbmdg) sy g, hémbiiga)l md(mjtpjﬁﬂnﬁg (1%%1%) ahd) as a

(m 3r) 7. 16t 7ibpnThetpacany ves] g vt yud afig of 0% cba s g igscpled ity o
2H), 2.92 (dd, &as é&ndentiated atll ther ithwas gar@Gorell with E'anc&vdfgrz The dtbhnic Bndte (S,
911). was washed (brine), dried (MgSO,) and evaporated. Flash chromatography of the

residue (SiOy/ hexane-EtOAc, 3:2) afforded the title compounnd (0.195 g, 94%) as a

yellow solhd:

10 'Hnmr (400 MHz, CDCl3) 8 7.93-7.84 (m, 1H), 7.49-7.25 (m, 6H), 3.61 (app t, 2H),
3.47 (app t, 2H), 2.94 (app t, 2H), 2.28 (app t, 2H), 1.48 (s, GH).
LCMS: m/e 357 (M+H)".

Preparation of 4-(1-Phenyl-1-iodo-methylene)-piperidine-1-carboxylic acid teri-
15  butyl ester:

BOC

To a solution of 4-(1-bromo-1-phenyl-methylene)-piperidine-1-carboxylic acid tert-
20  butyl ester (0.742 g, 2.11 mmol), in dry THF (15 mL) at —78°C, was added n-BulLi
(1.7 M solution in hexanes, 1.6 mL, 2.72 mmol) dropwise over about 5 min. After
stirring the mixture at —78°C for 20 min, solid I {(0.729 g, 2.87 mmol) was added and
the reaction mixture was allowed to slowly warm to room temperature. The mixture
was then quenched with saturated NH,Cl and saturated Na;S»0s, diluted with water
25  and extracted with EtOAc (X3). The combined organic phase was washed (H,O,
brine), dried (Na;S0O4) and concentrated to give the title compoﬁnd asa yeﬂow
orange solid (0.800 g) which was used in subsequent steps wi-th\out further
purification. An analytical sample was obtained by recrystallization from hexane

(5°C) to afford the pure iodide as a cream coloured powder:



5 Preparation of

4-[ 1- Phenyl net hyl ene-1- (5-et hyl -1, 3, 4- oxadi azol - 2-yl )] pi peri di ne-
1l-carboxylic acid tert-butyl ester: N' I NN BOC 10 Prepared accordi ng
to nethod B and purified by flash chromatography (Si Q2/ Et OAc hexane,

to give the title conpound (68% yield) as a colourless so%tNd l[;l o 400
MHz, CDCI3) 6 7.43-7.36 (m 3H), 7.21-7.19 (m 2H), 3.61 ¢t \OV§LOK"

2H), 3.46 (t, J= 5.8 Hz, 2H), 2.88 (dd, J=5.6, 6.0 Hz, 2H) 2.81 (q, J- 7.6
Hz, 2 TT -1- 11~ "| 15 LCVB: ml e 370 (M-HP®. Exanpl e 51 Preparation of

1-[ 4-(1-Phenyl - oxadi azol - %—')@t met h Iene%j gl peridin-| -

yI1-2-(4, 7-di @ﬁ%&%ﬁﬁb@élmp)@ 33730 A, 1.23- 1D 1B 2B ABTI= K8 M0 0 N
NO N MO H gn 0]

1- phenyl et hyl S%eﬁ:i)_’:\? 2»,/3; hu-)gfalg Z%Ilﬁtélqp] %%é“?l?dzzrﬁe(t ]:T—CSaI‘IBIOX)H)I 1c4210| d
tert-butyl estén9HD. 050 g, 0.148 mmol) in dry CH2Cl 2 3 November 2006 191
(1 m) was ”eﬂﬁ%‘ﬁ%%g@@éﬁ 25 m). After stirring the mxture for 1 h,
the solvent was evaporat in‘vacuo and the residue was dissolved in
CHC13. To this mxture was added 4, 7-di net hoxy 6- aza| ndol - 3-yl oxoacetic
acid (0.044 g, _ " 5. hynol then BOPCl
(0.049 g,9. 193PQ Pﬁs jw i\?\ér%y es meﬂ%ylr%e m t enper at ur e
for 6 h and théI e

Et0,C

BOC

10
A mixture of 4-(1-iodo-1-phenyl-methylene)-piperidine-1-carboxylic acid tert-butyl
ester (0.094 g, 0.235 mmol), Pdydbas (0.008 g, 0.0086 mmol)), tri-2-furylphosphine
(0.014 g, 0.062 mmol) and 3-(iri-n-butylstannyl)-5-carbethoxypyrazole (0.107 g,
0.249 mmol) in THF (2 mlL) was heated at 70°C for 18 h. The-reaction was then

J I, g p— s pem e e
1 UG d.L:lu.UlJub Pllab('} Wdad IS~

partioned wiin tipO- EtCAG, the layers were separaied an
extracted with EtOAc (X2). The combined organic phase was washed (5,0, brine),
dried (Na;SQ4) and evaporated, and the residue was purified by preparative HPFLC to
afford the title compound (0.054 g, 55%) as a light yellow solid:

'Hnmr (400 MHz, CDCls) O 7.34-7.29 (m, 3H), 7.13-7.11 (m, 2H), 6.68 (s, 1H),

20 4.36(q,J=7.1 Hz, 2H), 3.52 (dd, J=5.3, 5.6 Hz, 2H), 3.42 (t, J= 5.6 Hz, 2H), 2.60
(dd, J=5.3, 5.6 Hz, ZH), 2.29 (t, J= 5.6 Hz, 2H), 1.45 (s, 9H), 1.36 {t, }= 7.1 Hz, 3H).
LCMS: m/e 412 (M+H)".

[
Lh

25



renmoved in vacuo. The residue was partitioned with Et OAc- H20, the organic
phase was separated and the aqueous phase was re-extracted with Et OAc
(2x). The conbined organic |ayers were washed (H20, brine), dried (Na2SOQ4)
and evaporated. The residue was purified by preparative HPLC to give the
title conpound (0.015 g, 10 21% as a colorless solid: ' 400 ,
CDC13) S 9.96 (br s, 1H), 8.32, 8.28 (s, 1H), 7.96, 7.93 5@&%Eé§?r2&ﬁ?
7.45-7.32 (m 4H), 7.21-7.14 (m 2H), 3.99, 3.98 (s, 3H), 3.93-3.90 (m
1H), 3.90 (s, 3H), 3.74 (t, J—58Hz é@ , 3.64 (dd, J= 5.2, 5.9 Hz,
1H), 3.47 (dd, J= 5.3, 5.8 Hz, |IH), , J= 5.9 Hz, 1H), 3.02 (dd, J=

e ot Lo Ee -flﬁeﬂég §‘ﬂ§f"‘3’fﬁr'ﬁi12%b2"#%%5%"%%%é'g; cpaed by

Hz, 2H). LCME: b‘3§

an anal ogous prCSE e Exanpl e 51. 20 Exanple 52 Preparation of
1-[4- (1- Phenyl -1-(5-nethyl - 1,3,4 oxadi azol - 2-yl ) - met hyl ene) -

pi peridin-1-yl]-2-(4,7-di met hoxy- 6- azai fidol - 3-yl ) -et hane-1, 2-dione. 3 N N
. MOONN O N 25 MeO H Prepared ¢ obqurless solid (33%yield): 3
Novenber 2006 192 'Hnnr (400 MHz, On@ S 5 (br s, 1H), 7.94, 7.91 (s,
1H), 7.40-7.30 (m 4H), 7.20-7.13 (M HJ 3796, 3.95 (s, 3H), 3.90-3.88

(m 1H), 3.88 (s, 3H), 3.72 (dd, J = 5.9 .0 Hz, 1H), 3.61 (dd, J = 5.6,

5.8 Hz, 1H), 3.44 (t, J= 5.8 Hz, 1H), 3.0 t, J=5.8 Hz, 1H), (dd, J =
5.8, 5.6 Hz, 1H), 2.45-2.48 (m 111), 2.492 2.43 (s, 3H), 2.38 (dd, J

5
To a mixture of 4-{1-bromo-1-phenyl-methylene)-piperidine-1-carboxylic acid tert-
butyl ester (0.115 g, 0.33 mmol) and 3,5-difluorophenylboronic acid (0.052 g 0.33
mmol) in DME (3ml.) was added 2M sodium carbonate (0.65 ml., 1.30 mmol). The
reaction vessel was then flushed with Ar for 10 minutes, Pd,dbas (0.015g,

10 0.016mmol) was added, the vessel was sealed and the mixture was heated at 90°C for
16 h. The cooled mixture was filtered (0.45um syringe filter) and the filtrate was
evaporated. The residue was purified by preparative HPLC to give the title
compound (0.080 g, 64%) as a white solid:

"Hnmr (400 MHz, CDCls) & 7.27 {m, 3H), 7.08 (m, 2H), 6.64 (m, 3H), 3.45 (m, 4H),

15 2.30 (m, 4H), 1.45 (s, 9H).

LCMS: m/e 386 (M+H)™.

Preparation of 4-(1-Phenyl-1-(3-hydroxymethylphenyl)-methylene)-piperidine-1-
carboxylic acid tert-butyl ester:

HO

N
BOC

To a mixture of 4-(1-iodo-1-phenyl-methylene)-piperidine- 1-carboxylic acid tert-
butyl ester (0.132 g, 0.33 mmol) and 3-hydroxymethylphenylboronic acid (0.050 g
25 0.33 mmol) in DME (3mL) was added 2M sodium carbonate (0.65 ml., 1.30 mmol).



= 5.6, 5.8 Hz, 1H. LCOVMB: mle 488 (MtH)'. Exanple 53 Preparation of

[4-(1-Phenyl -1-(5-trifluoronmethyl-1,3,4-oxadiazol -2-yl) 10 i

thyl ene) - pi peridin-1-yl ] -2- (4, 7-di net hoxy- 6- azai ndol - 3-yl ) - et hane- 1, 2-di o
CF3 N ON MOONDO Prepared according to the general nethod as a

l'ight yellow solid (77% yield): 15 'Hnnr (400 MHz, CDC13) %2% ’(%{4)64 03

1H), 8.03, 8.02 (s, 1H), 7.47-7.34 (m 4H), 721714(

(s, 3H, 3.93-3.91 (m 1H), 3.92 (s, 3H) .75 (dd, J= 5.8, 6.1 Hz, 3

3.66 (t, J= 5.8 Hz, 111), 3.50 (t, J=5 8 , 1H), 3.10 (dd, J= 5.6, 6

b 1 200, (il Br G0 ok il Bl o i Bty e 4l

TABLE 1: Repr esda@,ltﬁmqnewm ade], mmameywﬁerg%ﬂa% %dﬁﬂ;guﬂﬁﬁﬂe\&% Y&Sd ad0°dg 0 N
N O N Mo H El)t(i%npllhe cooleé mntu;re was ﬁitered (0.451um syringe filter) and the filtrate was
evaporated. The residue was purified by preparative HPLC to give the title

5  compound (0.037 g, 71%) as a white solid:
'Hnmr (400 MHz, CDCl3) § 7.70-7.26 (m, 3H), 7.22-7.20 (m, 2H), 7.11-7.04 (m,
4H), 4.64 (s, 2H), 3.44 (m, 4H), 2.30 (m, 4H), 1.57 (brs, 1H), 1.44 (s, 9H).

5

1-

nme
ne.

Preparation of 4-(1-Phenyl-1-(2,6- dlmethoxypyndm-.’i-yl)- methylene)-
10 piperidine-1-carboxylic acid tert- butyl ester:

MeO_ -~
N |

MeO I

N
BOC

To a solution of 2,6-dimethoxypyridine (0.211 g, 1.51 mmol) in dry THF (7 mL) at —
1o 70 C under Ar was 200ed n-Bull (1.>3 M 1 hexanes, 1.18 mL, 1.81 mmol)
dropwise. After the addition, the mixture was stirred at 10°C for 30 minutes and then
it was re-cooled to —78°C. To this mixture was added a solution of (previously fused
in vacuo) zinc bromide (0.407 g, 1.81mmol) in THF (2 mL) and the reaction mixture
was allowed to warm to ambient temperature. The resulting mixture was cannulated
20 imto a flame-dried flask containing 4-( 1-bromo-1-phenyl-methylene)-piperidine-1-
carboxylic acid tert-buty] ester (0.532 g, 1.51mmol) and Pd(PPhs)s under Ar. The
vessel was sealed and the mixture was heated at 90°C (oil bath temperature) for 4 h.
The cooled mixture was then quenched with saturated NH,4Cl and extracted with
EtOAc. The organic phase was dried (MgSOy), filtered and concentrated to dryness.
25  Theresidue was then purified by flash chromatography (Si0,/ CH,Cly-hexane, 7:3) to
afford the title compound (0.295 g, 48%) as a yellow gum;
"Homr (400 Mz, CDCl3) 87.19 (m, 6H), 6.24 (d, J= 8.1 Hé, 1H), 3.89 (s, 3H), 3.44
(m, 4H), 2.32 (br s, 2H), 2.13 (br s, 2H), 1.45 (s, 9H).
LCMS: m/e 411 (M+H)".



55/ \ 502 S N C 56 484 57 482 58 | 512 Meo NC a 59 507 60 N Me 501 Me
N 61 C- 473 O Meo a 62 512 MeS 63 528 64 500 65 | Owe 512 66 | 529
ozN 67 FI 500 68 MeS 528. 5 3 Novenber 2006 194 Preparation of

4- (1- Phenyl -1 - (pyrazi n-2-yl)-nethyl ene) - pi peri di ne-1-carboxylic acid

tert-butyl ester: 3 November 2006

199

Preparation of 4-(1-Pbenylmethylene-1-formyl)-piperidine-1-carboxylic acid
tert-butyl ester:

To a solution of 4-(1-bromo-1-phenyl-methylene}-piperidine-1-carboxylic acid tert-
butyl ester (1.078 g, 3.06 mmol) in dry THF (100 mL) was added n-BuLi (1.8M in
hexanes, 2.15 mL, 3.87 mmol) at -78°C under Ar. The mixture was allowed to stir
for 20 min and then anhydrous DMF (0.36 mL, 4.65 mmol) was added. After stirring

10 for 1.5 h at =78°C the cooling bath was removed and the solution was allowed to
warm to room temperature over 2 h. The reaction mixture was then guenched with
saturated aqueous NH4Cl, the layers were separated and the a(;lueous phase was
extracted with EtOAc (2x). The combined organic layers were washed (H2O, brine),
dried (Na,SO4) and evaporated. The residue was purified by flash chromatography

15  (SiOyhexane-EtOAc, 4:1) to give the title compound (0.568 g, 62%) as a colorless
oil:
"Homr (400 MHz, CDCl) 8 10.29 (s, 1H), 7.46-7.37 (m, 3H), 7.07-7.05 (m 2H),
3.67 (dd, J=5.8, 5.3 Hz, 2H), 3.48 (t, J=5.8, 2H), 3.01 (t,J= 5.8, 2H), 2.33 (t, J=5.5
Hz, ZH), 1.49 (s, 9H).

20 LCMS: w/e 300 (M-H).

Preparation of 4-(1-Phenylmethylene-1-0xazol-5-yl)-piperidine-1-carboxylic acid
tert-butyl ester:

25 BOC



CND NCN BOC 5 To a solution of

4- (1- brono-| - phenyl - net hyl ene) - pi peri di ne-1-carboxylic acid tert- butyl
ester (0.352 g, 1.O mol) in 4 mM. of dry THE, at -78C under Ar, was added
n- butyllithiumsolution (1.6Min hexanes, 0.75 nL, 1.2 nmol) dropw se.

After 15 min, a solution of freshly fused ZnCl2 in 1.2
added dropw se and then 10 the cooling bath was renoved Q%BJO ﬁlg[’%{rez-{)? |on

m xture was allowed to warmto room tenperature. To this m xture was then
added 2-iodopyrazine (0.119 ni, 1.2 nmol ¥ and (Ph3P)4Pd (0.058 g, 5nol %
and the reactlon vessel was sealed and then heated at 90C for .16 h. The

cool ed mi xt ur eTHA IRt -RicrAms iy lane: ! dymyfoupaidinlaorchoxyigacid K8n it was

partitioned W hlyE@AG0BBLLD. 195%@%@%91:&@%@@@@%@@@@% 6086 pEdor) 15
(I'ned (Na2SW4) and evapor at es tOépve a oarK rrasn cnromawgrapny

Di this materindyleQigi(opyl.) pasedde &HM%@OE)W mainc@—izﬁl}fzmmw t he

title conpoung,{ l@:a%azl &ﬂu}@ﬁf% haéld%én 19»%5 c)b@ieh@éf\’ro%ﬁl tbﬂperatldﬂ:rﬂild%lﬂ%héﬂ"z
CDC13) S 8.58 (m , 1H),

7.37-7.16 (In W®ih sat@a@é a(mouwﬂE)Cl thmth@mipvas su@pguen@woem V@cuozﬂyl 1. 49
(s, 20 9H). {Z’[\Q@?azo mik yI gfﬂ‘??ﬁj@é' dd} anic phase was se aratedand

4- (1- Phenyl -1 - ene) - pi peri e- I-car oxXy aci d
tert-butyl esttdeaq@guiphase N—exsmwtbﬁéwerTM@bmmargAmscbammi\me of

cster (0. 205 o1 ARSI i SPRCRRI B el S5,
0.64 mmol ) in remdue was purified by flash chromatography to give the title compound (0. 060
10  89%) as a cream coloured solid:
“Hnmr (400 MHz, CDCl3) 8 7.80 (s, 1H), 7.38-7.29 (m, 3H), 7.14-7.12 (m, 2H),
6.65 (s, 1H), 3.55 (dd, J= 5.5, 5.1 Hz, 2H), 3.40 (dd, J=5.8, 5.3 Hz, 2H), 2.73 (br s,

2H), 2.22 (dd, J= 5.6, 5.3 Hz, 2H), 1.45 (s, 9H).

15  Preparation of 4-(1-Phenylmethylene-1-acetyl)-piperidine-1-carboxylic acid tert-
butyl ester:

20  To a solution of 4-(1-phenylmethylene-1-formyl)-piperidine-1-carboxylic acid tert-
butyl ester (0.518 g, 1.471 mmol) in THF (30 mL), at —78°C under Ar, was added n-
Buli (1.8M in hexanes, 1.13 mL, 2.034 mmol) and the solution was allowed to stir
for 20 min. A solution of ZnCl; (0.211 g, 1.548 mmol) in THF (5 mL) was added
and the mixture was allowed to stir for another 30 min before warming to room

25  temperature. The mixture was then cooled to 0°C and Pd(PPhs)s (0.085 g, 0.734
mmol) was added, followed by acetyl chloride (0.21 mL, 2.95 mmol). The solution
was allowed to warm to room temperature over 16 h and then quenched with
satorated aqueous NH4Cl. The layers were separated and the aquéou§ phase was

extracted twice with EtOAc. The combined organic layers were washed (H2O, brine),



6 mL of dry DMF was degassed with a stream of Ar bubbles for 10 mn. To
this solution was added (Ph3P)4Pd (0.067 g, 10nbl % and Cul (0.011 g, 10
nol %9, and 5 then the reaction vessel was seal ed and heated at 90C for 18
h. The cooled m xture was concentrated and then it was partitioned with
Et OAc-wat er. The organi c phase was washed (brine), dried

evapor ated. Flash chronmat ography of the residue (S Q21 h%)%%%goé%@@g 3:2)
afforded the title conpound (0.195 g, 94% as a yellow solid: 10 'Hnnr
(400 MHz, CDC13) 8 7.93-7.84 (m 111), 7.?81-7.25 (m 61-1), 3.61 (app t,
2H), 3.47 (app t, 211), 2.94 (app t, 211 2.28 (app t, 2H), 1.48 (s, 9H).

LCVB: me 357 (

4- (1-Phenyl -1-i0 af{d‘ ene‘:%t"i (I%pg?l and e rps PRSP ES RYTIE ey HPLE 6yt y )
ester: N BOC me élesibllemmgmundf(ﬂ 237 g, 51%) as an orange liquid:

4-(1-brorm-1-ph | - ene)-piperidine-l-carboxylic acid tert 20 butyl
ester (0.742 g, gﬁ‘#% 8&13553%5%53\#@75%—7 Paw 2Hled Shiddel h3BuLi
(1.7 Msol uti on56m1zh21>1ﬁr333 (ad; 38 58L5.6 277 BIYTOBh Xt 0 OBWAS 89 vl (APSHS, 2% n.
Af t er stlr tﬂg)mxture at -78C for 20 m )( SOIdQIéI90§ 5 2.87
mol ) wasa ( 14 PHacti on mixture was aIIowedto sIovay warmto
roomterrperaturECMEhﬁJ/mpst(MQ;wvas t hen quenched with saturated NH4Cl and

saturated Na2S203, dil uted vvlth wat er 25 and extracted with Et OAc (X3). The
conbi ned organi ¢ phase was washed (H20, brine), dried (Na2SO4) and

Conoentrated L oPaRNRRS i Iba ARV S A BIL AN ARR,EP! | O (0. 500 O

whi ch was used i %HHQEEI%E;EQ&‘:W'[ out” further 1 on.
anal ytical ganple was obtal ne y recrystallization from hexane (SC) to

afford the pure iodide as a cream col oured powder: 3 Novenber 2006 196

| Hhnt (400 MHz, CDC13) S 7.33-7.30 (mBQH), -#\21-7.19 (m 2H), 3.52 (t, J=
5.8 Hz, 2H), 327(t J= 5.8 Hz, 2H), 2.6 , J= 5.8 Hz, 2H), 2.24 (t, J=
5.8 Hz, 2H), 1.45 (s, 911). LQWME: m e 938! CH3) +

A solution of 4-(1-phenylmethylene-1-acetyl)-piperidine-1-carboxylic acid tert-butyl
ester (0.074 g, 0.234 mmol) in THF (2 mL) was added o a soluiton of LDA [prepared

15 fromiPrNH (0.04 mL, 0.285 mmol) and n-BuLi (1.8M in hexanes, 0.15 mL, 0.270
mmol)] at -78°C and the solution was stirred for 30 min before TMSCI (0.04 mL,
0.326 mmol) was added. The mixture was allowed to stir for 1 h and then the cooling
bath was removed and the solation allowed to warm to roor temperature. The
reaction was subsequently quenched with saturated aqueous NH,Cl and diluted with

20 EtOAc. The organic phase was separated and the aqueous phase was re-extracted
with EtOAc (2x). The combined organic layers were washed (H,O, brine), dried
(NazS04) and evaporated, and the crude product (0.093 g) was dissolved in dry THE
(1mL) and NaHCO; was added. This mixture was cooled to 0°C and NBS (0.046 g,
0.256 mmol) was added. After 2 hours the solution was allowed to warm to room

25 - temperature and saturated NaHCO; (2 mL) was added. The ﬁﬁxture was then
extracted with Et;O (2x) and the combined organic layers were washed (H,0, brine)
and dried (NapSQy). The solvent was removed in vacuo and the residue was purified

by preparative HPLC to give the title compound (0.045 g, 47%) as an orange liguid:



5 Preparation of 4-(1-Phenyl-I|-(5-carboxyethyl pyrazol -3-yl)-net hyl ene) -

pi peridi ne-1-carboxylic acid tert-butyl ester: Et02Ci HN, NI N BOO 10
A m xture of 4-(1-iodo-I-phenyl-nethyl ene)-piperidine-I|-carboxylic acid
tert-butyl ester (0.094 g, 0.235 mmol), Pd2dba3 (0.008 g, 0.0086 mmol)),
tri-2-furyl phosphine (0.0 14 g, 0.062 mol) and

3-(tri-n-butyl stannyl)-5-carbet hoxypyrazol e (0.107 g, 0.2XNVEmBH200R THE
(2 nmL) was heated at 70C for 18 h. The reaction was then 15 partltoned
with H2O Et OAc, the layers were separatedU3nd the aqueous phase was re-
extracted with EtOAS@bXZ The conbi ned organi c phase was washed (H20,
brine), dried HRap ﬂﬂéhdﬂéﬁhﬁﬁﬁé&1iﬁ5(andH)ﬁdﬁﬁééﬁdnéﬂﬂa$7ﬁﬂwﬂﬂﬁed by

preparative HP 0 9 | i ght

vel [ ow sol i d: IS&“n@d’(%&'f E/ﬁzﬁpg&&%ﬁ(k%%(}?ﬁ%@% S8 1%&7%?

2H), 6.68 (s, BHB(ddde M, 36 Hq2H)d.4A @3 9, 2H), 3.52 (dd, J= 5.3, 5.6 Hz,
2H), 3.42 (t, J=5.6 Hz, 2H), 2.60 (dd, J= 5.3, 5.6 Hz, 211)229(t J=
5.6 Hz, 2H), 1.45 (s, 911), 1.36 (t, J= 7.1 Hz, 3H). LCVB: W 412 (MtH)+
25 3 Novenbér :meﬁaraﬁ&ioﬂﬂpﬁﬁa@lmﬁhﬁénél((1nﬁhqmmiazbr-4-§l)§,1pbﬁdmuophenyI)
met hyl ene) - pi peartshxplie dcid car-batyyésta: aci d tert-butyl ester: F FB

5
|
Me—‘<\N

10 To asolution of 41-(1—pheny1methylene—1—(2’—bromoacetyl)—piperidinen 1-carboxylic
acid tert-butyl ester (0.045 g, 0.113 mmol) and NaHCOj3 (0.0104 g, 0.123 mmol) in
EtOH (1 ml.) was added thioacetamide (0.009 g, 0.118 mmol) and the reaction was
heated at reflux. After 2 h the solution was cooled to room temperature and the
solvent removed in vacno. The residue was dissolved in EtOAc and the solution was

1o WaBIILU (DAl atAL EUBULS TNEILICATS, 1A, ULLLC), GLICG (1 Nazowrd) Gl LI SU1 VoLt
was removed in vacuo. The residue was purified by preparative HPLC to give the
title compound (0.033 g, 78%}) as an orange liquid:

'"Bnmr (400 MHz, CDCl3) § 9.42 (br s, 1H), 7.36-7.30 (m, 3H), 7-17-7.15 m, 2H),
6.95 (s, 1H), 3.54-3.56 (m, 4H), 2.84 (s, 3H), 2.43 (dd, J=5.8, 5.6 Hz, 2H), 2.35 (dd,

20  J=58,5.6 Hz, 2H), 1.48 (s, 9H). B ‘

LCMS: m/e: 371 (M+H)".

Preparation of 4-(1-Phenylmethylene-1-(N’-isobutyryl)carboxylhydrazide)-
piperidine-1-carboxylic acid tert-butyl ester:
25



BOC 5 To a m xture of

4- (1- brono- 1- phenyl - net hyl ene) - pi peri di ne-1-carboxylic acid tert- butyl
ester (0.115 g, 0.33 nmol) and 3, 5-di fl uorophenyl boronic acid (0.052 g 0.33
mmol) in DME (3nL) was added 2M sodi um carbonate (0.65 ni, 1.30 nmmol). The
reaction vessel was then flushed with Ar for 10 m nutes, gﬁdgnﬁaéﬂw 15 g,
10 0.016mol ) was added, the vessel was sealed and the m at ed
at 90C for 16 h. The cooled m xture was filtered (0.45m syringe filter)
and the filtrate was evaporated. The resgﬁpe was purified by preparative
HPLC to give the title conpound (0.080 g, 64% as a white solid: 'Hnnr

400 MHz, CDC13 o 4
55 > 30 ( m 4t )}eli%r-fﬁ hze%gcfdnTogﬂlsp ?151Q§0fm1 3%}13@1111&@1 l%ﬁe Iﬁafr@grggﬁéﬁd%zﬁﬁon o? {m 4H),

4- (1- Phenyl - | -(Blpﬁ%ﬁifb #be PE‘H@W‘H}W@?%W@%@? $apiobiimEP (5 8dd boxyl i ¢
acid tert-butyl %RI%;?? 0 b ge“ o al B dMs8a@dd isobu 1 ehloride (0.089

4-(1-iodo- I-phen I'ne-I-carboxylic acrd tert- butyl
ester (0.132 g, IIIDJ.,(-LBS ool Pd?tedmhlaymbomxyrnmmtyﬂepmﬁnyértﬁwwrmlc((a&ﬁmn 0050 g

25 0. 33 mol ed od| n 0 1.30
nunol ). 3 No%/e SO&W@B@ cgdd&eac ??eg'réugﬁ?%& ?ﬁ%ﬁ'&f‘ W%Sdm%ﬁth Ar
for 10 nlnutes,mﬁdzdbaﬁ&ﬁﬁmﬁ&ﬂI@i&ﬂ@n@&ﬁnmedymhm$0@ddéﬂ Thhamﬂmﬁaﬁl was
seal ed and the m xt.u e was QC.f The cool ed ni xture was
Fr Tt orea (0. AontiEbit et Per aab b AR, B, R e tnehd BvpaiShide e

Eesi due was %Jl’hlflé @dlmﬂﬁynm@aﬁ?rggtams HBbBrlEs@ ftgilﬂeflﬁi’lﬁaﬁei)iﬂ|v&s5uﬁ'ﬂﬁﬂ@}|n?
0.037 g, 71%9 as a Ite soli CDCQ3).S 7.70-7.26 (m
3H), 7.22-7.20 P iohgusedrdireptlymhe pexf S‘eﬂlmjﬂw%ﬁgﬂlﬂ(@“ﬁ‘z‘%m 3.44 (m 41-1),
2.30 (m 4Ho0 1r.6¥st bi/eg00 M) 1. 44 (s, 9H).

Preparation of 4-(1-Phenylmethylene-1-(N’-
cyclopropylcarbonyl)carboxylhydrazide)-piperidine-1- carboxyhc acid tert-butyl
ester:

i5

HNHN |

BOC
Prepared according to the general method above to give the title compound as a
colourless foam (59% yield):

20 LCMS: m/e: 400 (M+ID)*.

Preparation of 4-(1-Phenylmethylene-1-(N’-propanoyl)carboxylhydrazide)-
piperidine-1-carboxylic acid tert-butyl ester:

25 BOC



Preparation of 4-(I-Phenyl-1-(2,6-dinmethoxypyridin-3-yl)- nethylene) 10

pi peridi ne-1-carboxylic acid tert-butyl ester: MO Y N BOC To a

sol ution of 2,6-di nmethoxypyridine (0.211 g, 1.51 nmmol) in dry THE (7 nlL) at
- dropwi se. After the addition, the m xture was stored at 10C for 30

m nutes and then it was re-cooled to -78C. To this mxtu a
solution of (previously fused in vacuo) zinc brom de (0'%§§W%%b%qg§%

in THE (2 nL) and the reaction m xture allowed to warmto ambi ent
tenperature. The resulting mxture was cannulated 20 into a flame-dried

2o d tert- butypRedpd Bty AR RN HeRO R P AR M hna g POV €
vessel was seab@dura:lssjfcxahdzﬂ%me:ld)e was heated at 90C (oil bath tenperature)
for 4 h. The 2d i s then quenched with saturated N114Cl and

e nEERIRE R, - -

extracted with ni c phase was dried (MgSO™), filtered and
concentrated to dryness 25 The residue was then purified by flash

chronatogr (J#%g heﬁ%p 3%6%p afford the title conpound
(0.295 g, | 3 9

6.24 (d, J— 8 Fle 232"%33 %myé?zﬂz'%’eﬁ‘%w e(%%%ﬁ)"cz" f‘b'é r&‘

2.13 (br s, 2HfSTi 45 (s, 9H). LCMS: me 411 (MrH)'. 3 Novenber 2006 199

Preparation of 4-(1- Phenylnethylene | -fornyl)- plperldine-l-carboxylic acid
tert-butyl ester: i OHCI N.hoc 5 o

HNHN |
MeQ™ O

BOGC
10
Prepared according to the general method above to give the title compound as a
colourless foam (4(% yield):
LCMS: m/e: 388 (M-H)".

15 Preparation of 4-(1-Phenylmethylene-1-(N’-
hydroxymethylcarbonyl)carboxylhydrazide)-piperidine-1-carboxylic acid tert-
butyl ester:

HNHN ’
HO

BOC
20
A solution of 4-(1-phenyhnethylene—1—carboxylhydrazide)—p{peridine-l—carboxylic
acid tert-butyl ester (0.250 g, 0.75 mmol), EDCI (0.202 g, 1.06 mmol) and HOBt
(0.143 g, 1.06 mmol) in CH,Cl> was stirred at room temperature for 30 min and then
glycolic acid (0.060 g, 0.75 mmol) was added. The solution wes stirred for 48 hour
25  and then it was diluted with water and the layers were separated. The aqueous phase

was extracted with CH>Cl; (X2) and the combined organic layers were dried

(Na;SO4). After removal of the solvent in vacuo, the residue was purified by flash




To a solution of 4-(1-brono-I|-phenyl-nethylene)-piperidine-|-carboxylic
acid tert- butyl ester (1.078 g, 3.06 nmmmol ) in dry THE (100 m -) was added
n-BuLi (1.8Min hexanes, 2.15 ni, 3.87 mol) at -78C under At. The m xture
was allowed to stir for 20 mn and then anhydrous DVF (0.36 niL, 4.65 mol)
was added. After stirring 10 for 1.5 It at -78C the cooli g{pbatp v%@
renoved and the solution was allowed to warmto roomterrg TPE gr

It. The reaction m xture was then quenched with saturated agueous NH40I,
the layers were separated and the aqueous ffiase was extracted with Et OAc
(2x). The conbi ned organic | ayers were washed (H20, brine), dried (Na2SOQ4)

and evapor at ed. &B@nit@,ﬁhﬂ%Si@ﬁﬁlﬂ%MeU}ﬁéH%lz)ftb%ﬁE M&f@%}ggﬁﬁp@gﬁas a

(Si 02/ hexane- Et 1) to give the title Conpou

colorless oil: rﬁsa(cal@eﬂwan@cm) S 10.29 (s, 1H), 7.46-7.37 (m 3H),
7.07-7.05 (m 21-ddms: %Z,/@Zgg?@mJ—SB 53Hz 21-1), 3.48 (t, J= 5.8, 2H),
3.01 (t, J=5.8, 2H) J= 5.5 Hz, 1.49 (s, 9H). 20 LCMB: nlfe

300 Preparation of

¢ (1 Py ot hbiepsikog1P40L e 1@§J.- ?er poarhooyL s 2t
tert-butyl esterpylg 8. sol uti on of
4- (1 - phenyl met hyl.gie; {i %'% ARGV butyl

ester (0.060 g, O. 193hc 8 osylnethyllsocyanlde (0.046 g, 0.236 nmol)
in MOH (5 nL) was added KZCEB (0.034 g, 0.247 mmol). The reaction m xture
was heated at reflux for 3 1t and then it was ed to roomtenperature
and quenched 5 with saturated aqueous NH4C1. T t hanol was subsequently
renoved in vacuo and the aqueous m xtur slidiTuted with Et CAc. The
organi ¢ phase was separated and t &% srphase re-extracted with Et OAc.
The conbi ned organic | ayers were washed (H2 brine), dried (Na2SO4) and
the solvent was renoved in vacuo. The residu% s purified by flash
chromat ography to give the title compound (0. g, 10 89% as a cream

col our ed solld:

A solution of 4-(1-phenylmethylene-1-(N’-

hydroxymethylcarbonyl)carboxylhydrazide)—piperidine—l—carboxyh'c acid tert-butyl
ester (0.058 g, 0.15 mmol) and tert-butyldimethylsilyl chloride (TBS-CI) {0.027 g,
(.18 mmol) in DMF (3 mL) was treated at 0°C with imidazole {0.022 g, 0.33

15 mmmol), and the mixture was then allowed to warm to room temperature and stirring
was maintained for 48 h. The reaction was then poured into water and extracted with
EtOAc (X3). The combined organic layers were washed (H,0 X3, brine), dried
(Na;SOy) and evaporated. The residue was purified by flash chromatography .
(510 hexane-EtOAc, 7:3) to afford the title compound (0. 022 £, 290%):

20 LCMS: m/e 502 (M-H).

Preparation of 4-[1-Phenylmethylene-1-(5-isopropyl-1,3,4-oxadiazol-2-
yl)Ipiperidine-1-carboxylic acid tert-butyl ester:

25 BOC



"Hnnmr (400 MHz, CDCI3) 8 7.80 (s, 1H), 7.38-7.29 (m 3H), 7.14-7.12 (m
2H), 6.65 (s, 1H), 3.55 (dd, J= 5.5, 5.1 Hz, 2H), 3.40 (dd, J= 5.8, 5.3
Hz, 2H), 2.73 (br s, 2H), 2.22 (dd, J= 5.6, 5.3 Hz, 2H), 1.45 (s, 9H). 15
Preparation of 4-(1- Phenyl nmet hyl ene-1-acetyl)-pi peridine-|-carboxylic acid
tert- butyl ester: Me f' it N BOC 20 To a solution of

4- (1- phenyl net hyl ene- 1 - for nyl ) - pi peri di ne- 1- car boxyl i ¢ act davemper 30y
ester (0.518 g, 1.471 mmol) in THE (30 at -78C under Ar, was added n-
BuLi (1.8Min hexanes, 1.13 niL, 2.034 mmol) and the solution was allowed to

stir for 20 m 0 14 8rrrm|)inTHE(5n1_)
was added andl\? e mﬁx![I‘érgQ{‘e loqzﬁéoéh?'[g%mﬁlﬂl?l 'flor another 30 m n before
war m ng to roonscRbtytydlepdoaihydeazidERpipatidiheri-earvasylicheid teedhigbkesten (DE3amd
T £ e T b Bl M A A H L,
over 16 h and t(®e35 guestahad])wollbweddietl5 atiebly Repuel0tiSethikD.22Thed 9Ryers wer e
separ at ed asd t he lg dl?eous hase extracted t %f wth E OA . The

Y1

conbi ned or gani®&¢™} S&ﬁ@a 998, tepparafaye o Bt W31

dried (Na2S04) rmeevmmﬁamﬂme aRflit has pzﬁ“ﬁh@ﬂé& WU, e b yrganepar at i ve
HPLC to give the title conpo (0.237 g, 519 as an orange liquid: 'Hnnr
(400 Mz, CDClI?FaSSWFS é@’@“’é‘lﬂng ﬁfe agpsous Phafs yeps paextigcted pth BfOAq. Ty J= 5. 8,

5.6 Hz, 2 &ﬁ&ﬂdmzﬁes@e a8 2 2.13
o o |2‘|)02 05 b]il org c?h r@vdﬁ%ed@ﬂo béi @?dﬁ@@%@@dﬁgg%%%?a“ -~

of 4-(1-Phenyl B¢ W}@ﬁ@’aapl(rgied@m%%wnygrmﬁéﬁw prxane-EfQdm sty 19 Evarci d
tert-butyl 1@st efe rakQoBbourd (0.077 g, 49%) as a colorless solid:

"Hnmr (400 MHz, CDCls) § 7.42-7.35 {m, 3H), 7.21-7.19 (m, 2H), 3.61 (dd, I= 5.5,

6.1 Hz, 2H}, 3.46 (d4d, J= 5.8, 6.1 Hz, 2H), 2.88 (1, J= 5.8 Hz, ~2H),'2.34 (t, J= 5.8 Hz,

2H), 1.49 (s, 5H), 1.33 (d, J= 7 Hz, 6H).

LCMS: m/e 384 (M+H)".

15
Preparation of 4-[1-Phenylmethylene-1-(5-cyclopropyl-1,3,4-oxadiazol-2-
yDIpiperidine-1-carboxylic acid tert-butyl ester:
<1
\3\0
NfN,
I
!
BOGC
20

Prepared according to Method A above, to give the title compound (57% yield) as a

colourless solid:

"Hamr (400 MHz, CDCl3) 8 7.42-7.35 (m, 3H), 7.20~7.17 (m, 2H) 3.60 (t, J= 5.8 Hz,

2H), 3.45 (t, J=5.8 Hz, 2H), 2.86 (dd, J= 5.5, 6.1 Hz, 2H), 2.32 ((dd, J=5.5, 6.1 Hz,
25  2H),2.11-2.05 (m, 1H), 1.48 (s, 9H), 1.12-1.02 (m, 4H).

LCMS: m/e 382 (M+H)".



BOC A sol ution of 4-(1-phenyl net hyl ene-1-acetyl)-piperidine-|-carboxylic
acid tert-butyl ester (0.074 g, 0.234 mmol) in THE (2 nL) was added to a
soluiton of LDA [prepared 15 from 1Pr2NH (0.04 ni, 0.285 mmol) and n-BulLi
(1.8Min hexanes, 0.15 nm., 0.270 wmml)] at -78C and the solution was
stirred for 30 mn before TMSC1(0.04 nL, 0.326 mmol) mas3§gf sﬂﬁ

m xture was allowed to stir for 1 h and then the cooling gnnved
and the solution allowed to warmto roomtenperature. The reaction was
subsequent |y quenched with saturated aquemys NH4C and diluted with 20

Et OAc. The organi ¢ phase was separated and the aqueous phase was
re-extracted WidpaRitoA®f 31 Pheil@ehoTab-198- 1By 3, b-axadiszoMaL e washed

(H20, brine), dyhipiperidbiaddStHbonind acdapebat@dstednd the crude product (0.093
g) was dissolved in dry THE (InmL) and NaHCO3 was added. This m xture was

cooled to OC and NBS (0.046 g, 0.256 E) was added. After 2 hours the
solution was allowed to warmto room 25 erature and saturated NaHCO3 (2
m.) was added. The mixture was then extrgtted h Et20 (2x) and the

combi ned organic layers were washed (H20, B and dried (Na2SO4). The
sol vent was renoved in vacuo and the residue was purified by preparative
HPLC to give the titIe conpound (0.045 g, 4789 Jas an orange liquid: 3
Novenber 2006 202 'Hnnr (400 MHz, CDC13) S 7N41-7.35 (m 311), 7.18-7.16
(m 2H), 3.74 (s, 211), 3.54 (dd, J= 5.8, 560$'|Z 2H), 3.41 (t, J= 5.8 Hz,
2H), 2.61 (dd, J= 5.8, 5.6 Hz, 211), 2.18 (dd, J—6.0, 5.6 Hz, 2H), 1.44
(s, 9H). 5 Preparation of

4- (1- Pheny| met hirepased decqrdingrin Mpthod daabove, tb- givg the fipeedngioned (85%weldpasyd i ¢ aci d
tert-butyl estef OHMQSSSO BOC 10 To a solution of

4- (1- phenyl met hy ene- | ](‘% br onoacet yl ) - pi peri di ne-1-carboxylic acid
tert-butyl estelingd (@0MYz, (DML Tamb!7)35amo 310, HRTR7. (D) DO, 416 @, B3 mMmol ) in

o (110, e e ol 0 T Sl

t enper at ur elfand.3(h@, J=50d M2 F e edni N vacuo. The residue was dissolved in

Et OAc and t he SL(I:I&EI (r)n'}e%(h/HH)

Preparation of 4-[1-Phenylmethylene-1-(5-tert-butyldimethylsilyloxymethyl-
1,3,4-oxadiazol-2-yl)Jpiperidine-1-carboxylic acid tert-butyl ester:
15
OoTES

Prepared according to Method A above and purified by flash-chromatography

(5102 hexane-EtOAc, 65:35) to give the title compound (74% yield) as a colourless
20 solid:

'Hamr (400 MHz, CDCL) 6 7.41-7.35 (m, 3H), 7.18-7.21 (m, 2H), 4.80 (s, 2H), 5.8

(t, J=5.8 Hz, 2H), 3.46 (t, J= 5.8 Hz, 2H), 2.93 (t, J=5.8 Hz, 2H), 2.33 (t, ]= 5.8 Hz,

2H), 1.49 (s, 9H), 0.84 (s, 9H), 0.03 (s, 6H).

LCMS: m/e 486 (M+HD*.



| . waauw ~ua..uauu, u ayucuu~ ~cui ~ 33, Z23, kawc/, w ck Kkl xa2c) 4) auu uac
OVIVA I L was renoved in vacuo. The residue was purified by preparative HPLC
to give the title conpound (0.033 g, 78% as an orange liquid: '"Hnn r (400
MHz, CDCI3) S 9.42 (br s, 1H, 7.36-7.30 (m 3H), 7:17-7.15 m 211), 6.95
(s, 1H), 3.54-3.56 (m 4H), 2.84 (s, 3H), 2.43 (dd, J= 11)
2.35 (dd, 20 J= 5.8, 5.6 Hz, 2H), 1.48 (s, 9H). LCVB: mgNoé’?%‘b?’i\%
Preparation of 4-(1-Phenyl methylene-1-(N ;| sobutyryl ) car boxyl hydr azi de)

pi peri di ne- 1-carboxylic acid tert but yl er: HNHN O N BCC 3

EO\(/(lanBﬁtransP(r)rgt h%?éar%”ﬁ%ﬁ%%%%@ ]ag? gré ?'8' &e‘#‘f“%ﬁ‘ﬂ%"lﬁ carboxylic acid

tert-butyl ester (0.280 g, 0.85 rrm)l) in H2O (5 nmL) containing Na2CQO3
(0.085 g, 0.85 mmol) at 0OC was added is%e;gyryl chloride (0.089 ni, 0.85
mol ). After 48 h at roomtenperature, a further 0.089 nL (0.85 mmol) of 5
| sobutyryl chloride was added and sti rriﬁ’g/ ntinued for 4 h. The m xture
was then quenched with saturated NH4cl N tracted with Et OAc (X3). The
conbined organic |ayers were washed, ( O ,pri ne), dried (Na2SO4) and
evaporated to give the title conpound (Q\l g, 48% as a colorless foam
This material was sufficiently pure tB]\f)e used directly in the next step
wi t hout further purification' 10 LCVB: nle 400 (MH)-. Preparation of

4- (| - Pbenyhget by,

cycl opropyl ¢ar bon rﬁf h%oxyl%%lfﬂa iy orp s arhE aandelasd,0gP gc5-62

aci d. tert-but ymma}tler4-trdkzole (11.6 g, 30 equiv), copper bronze (0.72 g, 11.2 mgatom) and
finely pulverized KOH (0.63 g, 11.2 mmol) was heated in a sealed tube at 160°C {oil
bath temperature} for 18 h. The cooled mixture was taken up in MeOH and the

resulting slurry was filtered through a pad of Celite. The filtrate was evaporated, the
10 residue taken up in EtOAc and the resulting suspension was filtered. This process
was repeated and the resulting solution was susequently adsorbed on silica gel and the
volatiles were removed in vacuo. This solid was applied to the top of a silica gel
chromatography column, which was eluted with 10-50% EtOAc-CH.Cl, to give the
title compound (0.697 g, 58%) as an off-white solid:
15 “HWmr {8UU MHz, CDICE3) 0 10.23 (s, 1H), 9.23 (5, 1H), 8.16 (s, 1H), 7.59 (s, I1H).
740 (dd, J=2.2,3.1, 1H), 6.74 (dd, 1 =2.2, 3.1, 1H), 4.06 ’('s, 3H).
LCMS: m/e 216 (M+H)".

Preparation of 4-Methoxy-7-(1,2,4- -triazol-1-yl)-6-azaindol-3-yl-oxoacetic acid:

20
MeO O OH
N Sy ©
N N
“/ 3 H
NJN

General Method: To a mixture of AICl; (0.665 g, 5.0 mmol) in 4 m1. of CH,Cl,-

MeNO; (4:1) was added 4-methoxy-7-(1,2,4-triazol-1-y1)-6-azaindole (0.108 g,0.50
25  mmol) as a solid. To the resulting solution was added methyl oxalyl chloride (0.185

mL, 2.0 mmol) dropwise and then the mixture was stirred at room temperature for 16



O HNHN N BOC Prepared according to the general nethod above to give the
title conpound as a colourless foam (59%yvyield): 20 LCMS: nfe: 400 (MtH)}.
Preparati on of 4-(1-Phenyl nethyl ene-1-(N -propanoyl)carboxyl hydrazi de) -

pi peridine-|-carboxylic acid tert-butyl ester: O HNHN N 25 BOC 3 Novenber

2006 204 Prepared according to the general nethod above ive t title
conpound as a colourless foam (20%yield): LCVS: me: 38g%ﬁﬂﬁﬁﬁm¥ﬂ§m
Preparati on of 4-(1-Phenyl nethylene-I-(N -

met hoxycar bonyl ) car boxyl hydr azi de) - pi peri dgge-1-carboxylic acid tert-butyl
ester: O HNHN MO BOC 10 Prepared according to the general nethod above

to give the tit|hem@fm@ﬁﬁﬁ%ﬂﬁr@waﬁérwﬁ&%&%%&@@%’%h@ug&rﬂe% n e:
388 (MH-. 15 Preparatiaon of 4- 1-Phenv|nethv|ene-1-g@§- )
hvdr oxvnet hvl caPBEHy FIGCEPBER dditedz ThelesHipe epvapmeat Uicpbiwdihe esided d tert -

was washed with additional EtOAc. The organic phase was washed (brine), dried
{Na;S0,) and evaporated, and the residue was triturated with MeOH to give 4-

5  methoxy-7-(1,2,4-triazol-1-yl)-6-azaindol-3-yl-oxoacetic acid methyl ester (0.069 g,
46%) as a yellow solid: MS m/e 300 (M-H)". This material (0.069 g, 6.229 mmol)
was taken up in 3 mL of MeOH, 1M K,COs (0.9 mL, 0.9 mmol) was added and the
mixture was stirred at room temperature for 20 h, The solution was then diluted with
an equal volume of water and concentrated in vacuo. The resulting aqueous solution

18 was cooled at 0°C and acidified to pH 1-2 with 6N HCL This gave a bright yellow
precipitate which was filtered, washed with cold 0.1N HC] and then with ether. The
wet solid was suspended in ether with sonication and then it was filtered and dried in
vacuo to give the tifle compound (0.049 g, 75%) as a yellow powder:

"Hnmr (400 MHz, DMSO) § 12.53 (s, 1H), 9.42 (s, 1H), 8.47 (s, 1H), 8.28 (s, 1H),

15 7.91 (s, 1H), 3.99 (s, 3H).

LCMS: m/e 286 (M-H) .

Preparation of 4-Methoxy-7-(3-methyl-pyrazol-1-yl)-6-azaindole:

MeO

N, 4\

R N
. H

]L(N

20 Me

Prepared according to the general method above to give a cream-coloured solid (46%

yield):

"Homr (400 MHz, CDCl3) § 10.66 (br s, 1H), 8.55 (s, 1H), 7.57 (s, 1H), 7.41 (dd, J=
25 3.2,2.3Hz, 1H), 6.71 (dd, J=3.2, 2.3 Hz, 1H), 6.30 (d, J= 2.5 Hz, 1H), 4.06 (s, 3H),

2.45 (s, 3H).

LCMS: m/e 229 (M+H)".



butyl ester: O HNHN HOAO N BOC 20 A solution

of 4- (1- phenyl net hyl ene-1| - car boxyl hydr azi de) - pi peri di ne-I-carboxylic acid
tert-butyl ester (0.250 g, 0.75 nmmol), EDCl (0.202 g, 1.06 nmol) and HOBt
(0.143 g, 1.06 mol) in CHC 2 was stirred at roomtenperature for 30 nmin
and then glycolic acid (0.060 g, 0.75 mml) was added. T@ nﬂ; ?@myas
stirred for 48 hour 25 and then it was diluted with water and t ayers
wer e separated. The aqueous phase was exiyacted with CH2A 2 (X2) and the
conbi ned organic |layers were dried (Na2 . After rennval of the sol vent

Lﬂréﬁét’ﬁgr;Bﬁyrﬁ%ﬁ? gy e e 5?—#2 BB BHReTo. 058 g,
209% as a colourlfess foam LCVs: nle 388 (MH)-. 5 Preparation of

4- (1- phenyl met hyl ene-1-(N -tert-
butyldlnethyIS|IyIoxynethylcarbonyl)camhnx?l-hydrazide)-piperidine-I-

carboxylic acid tert-butyl ester: O L ON SOC 10 A solution
of 4- ( 1- phenyl et hyl ene- 1- (N - / 3
hydroxynethylcarbonyl)carboxylhydra2|d P perldine- | - car boxylic acid

H

tert-butyl E;%N

Me

Prepared according to the general method above to give a cream coloured solid (25%
overall vield):
"Homr (400 MHz, DMSO0) 6 12.33 (s, 1H), 8.57 (s, 1H), 8.29 (s, 1H), 7.85 (s, 1H),
6.47 (s, 1H), 3.98 (s, 3H), 2.54 (s, 3H).

10 LCMS: m/e 301 (M+H)".

'Preparation of 4-Methoxy-7-(3-methyl-1,2,4-triazol-1-y1)-6-azaindole:

15

Prepared according to the general method above and purified by preparative HPLC

(YMC-Pack C-18, 30x100mm; 10-90% MeCN-H,0/0.05% NH10Ac) to give the title

compound as a cream-coloured solid (30% yield):

"Hnrmr (400 MHz, CDCL3) § 10.26 (br s, 1H), 9.27 (s, 1H), 7.62 (s, 1H), 7.45 (dd, J=
20 2.5,3.1 Hz, 1H), 6.77 (dd, J= 3.2, 2.5 Hz), 4.09 (s, 3H), 2.61 (s 3H).

LCMS: m/e 230 (M+H)".




ester (0.058 g, 0.15 mmol) and tert-butyldinethylsilyl chloride (TBS-C)
(0.027 g, 0.18 nmol) in DV (3 nL) was treated at OC with im dazole (0.022
g, 0.33 15 mmol ), and the m xture was then allowed to warmto room
tenperature and stirring was naintained for 48 h. The reaction was then
poured into water and extracted with EtOAc (X3). The co

| ayers were washed (H20 X3, brine), dried (Na2SO4) and 23&%0 Qﬁ’ggﬁﬂ?
residue was purified by flash chromatography (Si Q2/ hexane-EtOAc, 7:3) to
afford the title conpound (0.022 g, 29%:,;20 LCM5: mle 502 (MH".
Preparation of 4-[1-Phenyl nethyl ene-1-(5-1sopropyl-1, 3, 4- oxadi azol - 2-

yl) ] pi peri di ne- by &M&ﬂ&mm&hqﬁm&u}mzs%ﬂom%n-ﬁ y12> Boo 3
Novenber 2006 206,:Mgt g A° To a suspension of eny net hyI ene-1-(N -
i sobutyryl) carboxyl hydrazi de) - pi peri di ne-I-car boxyl ic acid tert-butyl ester
(0.163 g, 0.41 mmol) in CH3CN (5 nlL) was added i Pr2NEt (0.49 nL, 2.8 muol)
and PPh3 (0.435 g, 1.66 mmol), fol | owdePafter©8 min by hexachl or oet hane
(0.221 g, 0.93 5 Mol ). The m xture wa at roomtenperature for 4h
and then the solvent was renoved in the residue was partitioned
wi th Et OAc-H20. The organic phase wastepi*ér ated and the aqueous phase was
re-extracted with Et OAc. The conbi negl d’éml c phases were washed (1120,
brine), dried (Na2SO4) and evapor at ed\'% The residue was purified by flash
chr omat ogr aphy (Si @2/ hexane-Et OAc, 1:1Weto give 10 the title conpound
(0.077 g, 4999 as a colorless solid: "Hnnr (400 MHz, CDC13) S 7.42-7.35 (m
3H), 7.21-7.19 (m 2H), 3.61 (dd, J= 5.5, 6.1 Hz, 2H), 3.46 (dd, J= 5.8,
6.1 Hz, 2H), 2.88pgedacrerdingdode, cepdhl; m@h@ﬂab@tfq togweﬁh@tlﬂ&qompﬁhi)d ash.s48d (s,
9H), 1.33 (d, J(_'%Z'iei_(%i’ 6H). LCVS: me 384 (M+H)'

'"Hnmr (400 MHz, DMSO) & 12.4 (br's, 130, 9.24 (s, 1H), 8.28 (d, J= 3.5 Hz, 1H),
7.86 (s, 1H), 3.96 (s, 3H), 2.48 (s, 3H).
10 LCMS: m/e 302 (M+H)".

Preparation of 4-Methoxy-7-(1,2,3-triazol-1-yl)-6-azaindole:

[I\EN
N
15
Prepared according to the general method above to give the title compound as a white
solid (32% yield):
"Hnmr (400 MHz, CDCly) § 10.36(br 5, 1H), 8.80 (s, 1H), 7.90 (s, 1H), 7.68 (s, 1H),
748 (br s, 1H}, 6.81 (brs, 1H), 4.11 (s, 3H).
20 LCMS: m/e 216 (M+H)".

Preparation of 4-Methoxy-7-(1,2,3-triazol-1-yl)-6-azaindol-3-yl-oxoacetic acid:

Me©O O OH

Ny ©

\Y

N
O



15 Preparation of 4-[1-Phenyl net hyl ene-1-(5-cycl opropyl -1, 3, 4- oxadi azol - 2-
yl )] pi peridi ne-1-carboxylic acid tent-butyl ester: NN 60C 20 Prepared
according to Method A above, to give the title conpound (57%yvyield) as a
colourless solid: "Hnanr (400 MHz, CDCl13) S 7.42-7.35 (in, 3H), 7.20-7.17

(m 2H) 3.60 (t, J= 5.8 Hz, 211), 3.45 (t, J= 5.8 Hz, 2Hy. 2, ‘%
5.5 6.1 Hz, 211), 2.32 ((dd, f= 5.5, 6.1 Hz, 25 2H), 2%}.\-“’2’.&%@’ s 7 111),
1.48 (s, 9H), 1.12-1.02 (m 4H). LCMB: mg,382 (MtH)+. 3 Novenrber 2006 207

Preparation of 4-[1-Phenyl nethyl ene-I-(5-nethoxy-1,3,4-oxadi azol - 2-

yl) 1 pi peri di ne-Blefaakibexydine toAGs ookl hieibl ¥bovE 34 Skve tlﬁ/%@e cDipSinblas BREise ©
Prepar ed accordlﬂg to Method A above, to give the title cohpound (85%

yield) as a coPbli20&sevesdyidd): ' Hnnr (400 MHz, CDC13) S 7.42-7. 35 (m 3H),

1= 5.8, 6. Smmzﬁ%ﬁ&“’éq‘a@faﬁ%ﬁ?ﬁ&zgd@w%%@ 38%6?'?“?25'4%% . o).
1.48 (s, 9H). L3CNVEs, Wil)e7. 37 @, (HHBIPS (s, BHRpar at i on of

4-[ 1- Phenyhpet - but yl di net hyl si | yl oxymet hyl -
1,3, 4- OxadIQZOFX%%§F?%ﬁ$ g@ he-|-carboxylic acid tert-butyl ester: 15

Preparation of 4-Methoxy-7-pyrazinyl-6-azaindole:

Me(O

N:‘/ \
N
N= H
A
10
A mixture of 7-bromo-4-methoxy-6-azaindole (1.160 g, 5.11 mmol} and 2-(tri-n-
butylstannyl)pyrazine (2.07 g, 5.62 mmol) in 25 mL of dry DMF was degassed with a
stream of Ar bubbles for 10 min. To this solution was added
tetrakis(triphenylphosphine)palladivm (0.590 g, 0.511 mmol) and Cul (0.097 g, 0.511
15  mmol) and the mixture was heated in a sealed tube af 90°C for 4 h. The conlad
mixture was filtered through methanesulfonic acid SCX cartridges (7 x 3 g) with
MeOH, to remove triphenylphosphine oxide. The filtrate was evaporated and the
residue triturated with MeOH to give the title compound (0.612 g, 53%) as a light
yellow solid:
20 'Homr (400 MHz, DMSO-dg) 8 11.79 (br s, 1H), 9.63 (d, }=1.5 Hz, 1H), 8.75 (m,
1H), 8.64 (d, J= 2.6 Hz, 1H), 8.04 (s, 1H), 7.56 (dd, J= 3.0, 2.6 Hz, 1H), 6.64 (d4, J=
3.0, 2.0 Hz, 1H), 4.08 (s, 3H).
LCMS: m/e 227 (M+H)".

25



O/BS (((\NO/ NN eoc Prepared according to Method A above and
purified by flash phronmat ography (Si 021 hexane-Et OAc, 65:35) to give the

title conpound (74%vyield) a
CDC13) S 7.41-7.35 (m 3H),
5.8 Hz, 2H), 3.46 (t, J=5.8
5.8 Hz, 2H), 1.49 (s, 9H
(MtH) +. 25 3 Novenber 2006

4- Met hoxy-7-(1,2,4-triazol -1-

General Method: A m xture of

mol ), 1,2, 4-trifazpdrati6d 3 EMitho

ngatom) and finely pulveriz

s a colourless 20
7.18-7.21 (m 2H),
Hz, 2H), 2.93 (t,
0.84 (s, 9H), 0.03
20 Preparation of
yI)-6-azaindoﬁ§
7-chl or o- 4- met hoxy-

ed KOH (0.63 g,

seal ed tube at 160C (oil bath tenperature) for

was taken up in McCH and the
of Celite. The filtrate was

and the resulting suspension
the resulting solution was s

vol atiles were renoved in vacuo. Thi sy

silica gel chromatography c
Et OAc-CHzZClI 2 to give the ti
solid: ID-rtmr (4uv nnti z,

resul ti ngﬂe&@j upry yie

evapor at ed, _{ he
was filtefed

usequent |y

ol um, {ch was el

solid: "Hnnr (400 MHz,
4.80 (s, 2H), 5.8 (t, J=

J= 5.8 Hz, .211), .2. t, J
(s, 6H). L .‘)embéfi‘i)é(

MO N / \' N NNNHS5
6- azai ndol e (1 029 g, 5.62

-7 a¥ihyl- 6-2RfR401 nf%%gacggc 39, 11.2

eMedln a
18 h. The cool ed m xture
s filtered through a pad
residue taken up in Et OAc

\h|9 process was repeated and
bed on silica gel and the
was applied to the top of a

uted with 10-50%

tl e conpo y (0.697 g, 58% as an off-white
1H), 9.23 (s, 1H). 8.16 (s.

1), 7.59 (S5 Ly mixture of AICI; (3.09 g, 23.2 mmol) in 20 mL. of CH,Cl-MeNO; (4:1) was
added 4-methoxy-7-pyrazinyl-6-azaindole (0.525 g2, 2.32 mmol) as a solid. To the

CULI 3) a 10.23 (s,

resulting burgundy solution was added methyl oxalyl chloride (0.853 mL, 9.28 mmol)

dropwise and then the mixture was stirred at room temperaturie for 1.5h. The

reaction mixture was then carefully poured into cold 20% aqueous ammonium acetate

10 and EtOAc was added. The resulting emulsion was filtered and the residue was

washed with additional EtOAc. The organic phase was separated and the aqueous

phase was again extracted with EtOAc. The combined organic phase was dried

(MgS0,) and evaporated to give 4-methoxy-7-pyrazinyl-6-azaindol-3-yl-oxoacetic
acid methyl ester (0.494 g, 68%) as a brownish solid: LCMS m/e 313 (M+H)". This
15 material (0.456 g, 1.46 mmol) was taken up in 20 mL of MeOH, 1M K,COs (5.84

mL, 5.84 mmol) was added and the mixture was stirred at room temperature for 30

min. The solution was then diluted with water (4 ml) and conéentrated in vacuo.

The resulting aqueous solution was cooled at 0°C and acidified to pH 1-2 with 6N

HCI. This gave a bright yellow precipitate which was filtered, .washed with cold 0.1N
20 HCIl and ether and dried in vacuo to give the title compound (0.309 g, 71%) as a

yellow solid:

"Humr (400 MHz, DMSO-dg) § 12.72 (br s, 1H), 9.62 (d, J= 1.5 Hz, 1H), 8.78 (m,
1H), 8.71 (d, J=2.5 Hz, 1H), 8.33 (d, J= 3.0 Hz, 1H), 8.25 (s, 1H), 4.05 (s, 3.
LCMS: m/e 299 (M+H)*.

25




7.40 (dd, J = 2.2, 3.1, 1H), 6.74 (dd, J = 2.2, 3.1, 1H, 4.06 (s, 3H.
LCVS: me 216 (M+H) +. Preparati on of

4- Met hoxy-7-(1, 2,4-triazol -1-yl)-6-azai ndol - 3-yl -oxoacetic acid: 20 MO O
OH N O NNNNHGeneral Method: To a mi xture of AICL3 (0.665 g, 5.0 mml)
in 4 nL of CHZCI 2- McNO2 (4:1) was added

4-met hoxy-7- (1, 2, 4-triazol -1 -yl )-6-azai ndol e (0.108 g, 0.30NOV8EFREIC as a
solid. To the resulting solution was add§? met hyl oxalyl chloride (0.185

m., 2.0 mmol ) dropwi se and then the m xt % was stirred at roomtenperature
for 16 3 Novenber 2006 209 h. The re tie::%‘%=n ] xture was then carefully

poured into 20% aqueous ,a ni.um _ac t OAc. was .added.. The
resul ting emul F‘%{é"ﬁ\%“ ?i}lir“r,[{‘;!e)( ‘%&‘eéﬂ‘gf Az B]ggly%aﬁkp\ﬂ&’é‘?@dﬁﬂ}tzﬁgéddi tional
Et OAc. The or gT§HOXyHaRwagigEl- 1-3p¥l)-¢tbne-L2idiope: ( Na2SO4) and
evaporated, and the residue was triturated with MeOHto give 4 5
met hoxy-7-(1, 2,4-triazol -1-yl)-6-azai ndol - 3yl - oxoacetic acid nethyl ester
(0-069 g, 46% as a yellow solid: M5 mMle™ROP¥(MH)-. This material (0.069
g, 0.229 mmol) was taken up in 3 nL of MeOH, C03 (0.9 nm, 0.9 mmuol)
was added and the m xture was stirred at erature for 20 h. The
solution was then diluted with an equal of water and concentrated
in vacuo. The resulting agueous soMaPi s cooled at 0C and acidified
to pH 1-2 with 6N HCO . This gave a i el low precipitate which was
filtered, washed with cold 0. IN ndythen with ether. The wet solid was
suspended in ether with sonication jandiNthen it was filtered and dried in
vacua to give the title conpound’){ 04 g, 75% as a yell ow powder: ' Hnnr
(400 Mz, DMBO) 8 12.53 (s, 1H), ‘&-d2 (s, 1H), 8.47 (s, 1H), 8.28 (s, 1H),
15 7.91 (s, 1H), 3.99 (s, 3H. LCvs: nme 286 (MW Preparation of
4- Met hoxy- 7- ( 3- net hyl - pyrazol - 1-yl ) - 6- azai ndol e:

General Method: A solution of 4-(1-phenyl-1-(pyrazin-2-yl)-methylene)-piperidine-

1-carboxylic acid tert-butyl ester (0.028 g, 0.080 mmol) in dry CHCl; (2 ml.) was
treated with TFA (0.40 mL). After stirring the mixture for 1 h, the volatiles were
10 evaporated and the residue was dissolved in CHCl3 (4 mL). To this mixture was

added 4-methoxy-7-pyrazinyl-6-azaindol-3-yl-oxoacetic acid (0.027 g, 0.080 mmol),
iPrNEt (0.14 mL., 0.80 mmol) and then BOPCI (0.020 g, 0.080 mmol). The mixture
was allowed to gtir at room temperamre for 1 h and then the solvent was ramaoved in
vacuo. The residue was partitioned with EtOAc- H,O, the organic phase was

15  separated and the aqueous phase was re-extracted with EtOAc-: . The combined
organic layers were dried (MgS0,) and evaporated. The residue was purified by
preparative HPLC to give the title compound ((.014 g, 37%) as a yellow solid:
"Hnmr (400 MHz, CDCIs): § 11.72, (s, br, 1H), 9.84 (s, 1H), 8.60 (s, 2H), 8.51 (dd,
J=2.5, 1.5 Hz, 1H), 8.43 (d, J= 2.5 Hz, 1H), 8.38 (dd, J=2.5, 1.5 Hz, 1H), 8.34 (d, J=

20 1.5Hz, 1H), 8.23 (d, J=3.1 Hz, 1H), 8.16 (d, J= 1.3 Hz, 1H), 7.40-7.30 (m, 2H),
7.20-7.13 (m, 2H), 4.12 (s, 3H), 3.86 (dd, J=5.8, 6.0 Hz, 1H), 3.81 (dd, J=5.8, 6.0
Hz, 1H), 3.59 (dd, J= 5.8, 5.3 Hz, 1H), 3.55 (dd, J=5.8, 5.6 Hz, 1H), 2.61 (t, J]=5.8
Hz, 1H), 2.55 (m, 2H), 2.49 (dd, J= 5.8, 5.6 Hz, 1H).
LCMS: m/e 532 (M+H)".

25

Compound Examples 71-100 are prepared according to the procedure

described in Example 70.



MO NIN NH gN 20 M Prepared according to the general nethod above to
give a creamcoloured solid (46% vyield): '"Hhnnmr (400 MHz, CDCl3) S 10.66
(br s, 111), 8.55 (s, 1H), 7.57 (s, 1H), 7.41 (dd, J= 25 3.2, 2.3 Hz. 1H)
6.71 (dd, J= 3.2, 2.3 Hz, 1H), 6.30 (d, J= 2.5 Hz, 1H), 4.06 (s, 311)

2.45 (s, 3H). LCVs: nfe 229 (M+H)+. 3 Novenber 2006 210 gFfpamg

4- Met hoxy- 7- (3- met hyl - pyrazol - 1-y1) - 6- azai ndol - 3-yl - oxoaceti®® 6I\/leO 0
OH NO NgJH i Ni M b5 Prepared according to the general met hod
above to give a creamcoloured solid (25%;j¢verall yield): 'Hanr (400 MHz,
DVMSO) S 12.33 (s, 1H), 8.57 (s, 1H), 8.29 (s, 1H), 7.85 (s 1H), 6.47 (s,
111), 3.98 (s, 3H), 2.54 (s, 3H). 10 L%g[gﬁ 301 (M+tH)'. Preparation of

4- Met hoxy- 7- ( 3- Eeth yl-1,2,4-triazol - azaindol e:  Meo |
eparatmn of '1-[4-(1-Phenyl- 1-(pyndm-3-yl)-methylene) -piperidin-1-y1]-2-(4-

methoxy-7-pyrazinyl-6-azaindol-3-yl)-ethane-1,2-dione:

N,
7
MeD O N
Ny ©
N
N\ H

Prepared according to the general method above to give the title compound as a beige

solid (42% yield):

"Hamr (400 MHz, CDCls) § 11.72 (s, LH), 9.82 (5, 1H), 8.52-8.42 (n, 2H), 8.22 (d,
10 J=3.0Hz, 1H), 8.16 (s, 1H), 7.51-7.45 (m, 1H), 7.37-7.22 (m, 4H), 7.09 (m, 2H),

4.12 (s, 3H), 3.80 (m, 2H), 3.54 (m, 2H), 2.49 (m, 4H).

LCMS: m/e 531 (M+H)".

Example 72
15 Preparation of 1-[4-(1-Phenyl-1-(5-methyl-1,3 ,4-oxadiazol-2-yl)-methylene)-
piperidin-1-yl]- 2-(4-methoxy-’}'-pyrazmyl-6-azamdol-3-yl)-ethane—1 2-dione:

Me
Ngﬂa
N-—
7
MeQ Q RN
Ny ©
N
N7, H

20 Prepared according to the general method above to give the title compound as a light
yellow solid (35% yield):



N, 11 \\ r "N NNNH M 15 Prepared according to the general nethod
above and purified by preparative HPLC (1 MC-Pack C 18, 30x100mm 10-90%
MeCN- H20/ 0. 05% NHAOAc) to give the title conpound as a cream col oured
solid (30%yield): '"Hnnr (400 MHz, CDCl13) 8 10.26 (br s, 1H), 9.27 (s, 1H),
7.62 (s, 1H), 7.45 (dd, J= 20 2.5, 3.1 Hz, 1H), 6.77 (dd, J= 3.2 Hz) ,
4.09 (s, 3H). 2.61 (s, 3H. LCMS: rule 230 (MH1T' . 25 3 W\Pé’ﬁﬁ'@f*%%g 211
Preparation of 4-Methoxy-7-(3-nethyl-1, Zi\ﬁ-ﬁ}_‘ri azol -1 -yl)-6-azai ndol - 3-yl -
oxoacetic acid: MOO OH N.,~I 70 NN Me 5 Prepared according to

R (200 Mo BT aBERFs 41193 b b SR RN, 81 B8 B0 q %
1H), 7.86 (s, 3Hiz, BHOS2E sdd, B+5.3, 2148, (19), 8354, 126.3 HEVE), T4£7.392n( MHH) ' .
Preparation of 4,Mb oy £ Gl % i &1 480k 10 @ sy FFAl &1 s M0 ) ' M
3.75 (dd, I= 5.8, 5.6 Hz, 1H), 3.67 (t, J= 5.8 Hz, 1H), 3.06 (dd, J= 6.0, 5.6 Hz, 1H),
5 2.49(dd, J= 6.0, 5.6 Hz, 1H), 2.40 (dd, J= 6.0, 5.8 Hz, 1H), 2.47 (s, 1.5ED), 2.42 (s,
1.5H). ’
LCMS: m/e 536 (M+H)".

Example 73
10 Preparation of 1-{4-(1-Phenyl-1-(5-methyl-1,3,4-0xadiazol-2-yl)-methylene)-
piperidin-1-yl}-2-[4-methoxy-7-(1,2,3-triazol-1-yl)-6-azaind 0)-3-yl}-ethane-1,2-

dione:
Me
T‘.‘Ao
N—»
4
MeO Q N
N,y ©
T
[.jN
N

15
Prepared according to the general method above to give the title compound as a white
solid (50% yield):
"Hnmr (400 MHz, CDCl3) & 11.07 (br s, 1H), 8.80 (br s, 1), 8.30 (t, J= 3.5 Hz, 1H),
7.94 (br s, 1H), 7.86 (d, J=5.6 Hz, 1H), 7.41 (m, 3), 7.23 (4, J=8.1 Hz, 1H), 7.20 (4,
20 J=8.11z, 1H), 4.1 (3H 2s), 3.96 (t, J= 5.6 Hz, 1H), 3.78 (1, J= 5.6 Hz, 1H), 3.71 (t, }-=
5.6 Hz, 1H), 3.53 (t, J=5.6 Hz, 1H), 3.09 (t. J= 6.1 Hz, 1H), 3.05 (t, J= 6.1 Hz, 1H),
2.52 (t, J= 6.1 Hz, 1H), 2.50 (s, 1.5H), 2.47 (s, 1.5H), 2.46 (t, J= 6.1 Hz, 1H).
LCMS: m/e 525 M+H)".

25



CN HNN 15 Prepared according to the general nethod above to give the
title conpound as a white solid (32%yield): '"Hnnmr (400 MHz, CDCl13) S

10. 36(br s, 1H), 8.80 (s, 1H, 7.90 (s, 1H), 7.68 (s, 1H, 7.48 (br s,
1H), 6.81 (br s, 1H), 4.11 (s, 3H). 20 LCMS: nme 216 (M+H) . Preparation of
4- Met hoxy-7-(1, 2, 3-triazol -1-yl)-6-azai ndol - 3-yl -oxoacetl CI d:

N/ NH CN N3 Novenber 2006 212 Prepared accordi ng Vﬁ@b&é aI

nmet hod above to give the title conpound as a beige solid (26% overall
yield): 'Hmr (400 MHz, DVBO) S 12.75 (br 5 1H) 8.94 (s, IH), 8.28 (d, J=
3.5 Hz, 111), 8.07 (s, 1H, 7.96 (s, IH), 99(5 3H). 5 LCVMS: mle 288
(MtH) " . Preparation of 4-Methoxy-7- pyr gi azal ndol e: IVEO N H N 10

Amixture of 7- @‘r@ﬁmaﬁoﬁfﬁfi‘@(éi 5917 Qgﬁm&é e} éi DAB was

2-(tri-n- butyI L . 9
degassed with adnﬁger eam o]; (lgbr 61353]%1%0 Seihx ai“Sr]f?Was

added tetrakis(triphenyl phosphl ne) paI | adi um (0. 590 g, 0.511 mmol) and Cul

(0.097 g, 0.511 1
N0
N=
4
MeO O N
Ny O

N
L

Prepared according to the general method above to give the title compound as a white
solid (38% yield):

10 'Homr (400 MHz, CDCl3) §11.07 (m, 1H), 8.85 (m, 1H), 8.30 (br s, 1), 7.95 (brs,
1H), 7.86 (d,J=6.1 Hz, 1H), 7.41 (m, 3), 7.24 (d, J= 6.1 Hz, 1H), 7.20 (d, J= 6.1 Hz,
1H), 4.13 (s, 1.5H), 4.08 (s, 1.5H), 3.96 (¢, J= 5.6 Hz, 1H), 3.78 (t, J= 5.6 Hz, 1H),
3.71 (t, J=5.6 Hz, 1H), 3.54 (t, J= 5.6 Hz, 1H), 3.09 (t, J= 6.1 Hz, 1H), 3.04 (t, J= 6.1
Hz, 1H), 2.81 (q, J=7.58 Hz, 2H), 2.53 (t, J= 6.1 Hz, 1H), 2.47 (t, J= 6.1 Hz, 1H),

15 1.35(t,J="7.6 Hz, 1.5H), 1.31 (t, J= 7.6 Hz, 1.5H).

LCMS: m/e 539 (M+H)".

20

25



15 mmol) and the m xture was heated in a sealed tube at 9000 for 4 h. The
cooled mxture was filtered through nmethanesul fonic acid SCX cartridges (7
x 3 g with MOH to renove triphenyl phosphine oxide. The filtrate was
evaporated and the residue triturated with MeOH to give the title corrpound

(0,612 g, 53% as a light vyellow SO|Id 20 1Hnnr (400 M—% DIVS (30
“&’Afe(fgefg %. 6

11.79 (br s, IH, 9.63 (d, J=1.5 Hz, 875(m

Hz, 111), 8.04 (s, 1H), 7.56 (dd, J—30 6 Hz, 664(dd J= 3.0,
2.0 Hz, IH), 4.08 (s, 3H. LCVMs: me 227 : 25 3 Novenber 2006 213
Preparat| on of 4-Met hoxy 7- pyrazi nyl - aza I-3 yl - oxoacetic add: MO O

OHN/ \ O N_H |n20n1_0f

ur
CH2C12- MeNO,  (Brepp "%%Pé“)% &')i’i‘ %ﬁo B%}JL% gﬁd‘%z @%"& 505 g,
2.32 mml ) as H‘P§BF1P’(111'3' FfBet P@’s Prgrigeitds h -zypdel B dfed net hyl
oxal yl chl ori d8i°p. 853 ni, 9.28 mmol) dropwi se and then the mi xture was
stirred at @oomterrperature for 1.5 h. The reaction m xture was then
carefully poured into cold 20% aqueous a i-um acetate 10 and Et OAc was
added. The resulting emul sion was filtered and the residue was washed with
additional EtOAc. The organic phase was sépapated and t he aqueous phase
was again extracted with Et OAc. The conbi T or i ¢ phase was dried
(MgS™4) and evaporated to give
4- met hoxy- 7- pyr azi nyl - 6- azai ndol - 3-yl - oxo@cetic acid nethyl ester (0.494
g, 68% as a brownish solid: LCVS yiée 313 (MrH)'. This 15 naterial (0.456
g, 1.46 mol) was taken up in 20 nL{of , 1M K2CO3 (5.84 nl, 5.84 mol)
was added and the m xture was stigregat r@omtenperature for 30 nin. The
solution was then diluted with wat§ m.) and concentrated in vacuo.

N
0

Prepared according to the general method above to give the title compound as a white
solid (50% yield):

10 '"Homr (400 MHz, CDCl3) $11.08 (m, 1H), 8.80 (m, 1H), 8.30 (t, J=3.0 Hz, 1H), 7.94
(br s, 1H), 7.86 (d, J=6.1 Hz, 1H), 7.41 (m, 3), 7.24 (d, J= 6.1 Hz, 1H), 7.20 (d, J=6.1

= ot AT M FTES 4 AM L 4 ETTN AL s Y £ 01T YT, 1YY A M0 f2 Y& £ VT, TTTY
LAy LLEFy TTWl7T \D, L LA Fy Tt Qi¥y Lo Ll fy alacf W/ Ly & TR R Ay EAAyy R N Mg e ¢~—-, ——

3.71 (t, }=6.1 Hz, 1H), 3.54 (t, J=5.6 Hz, 1H), 3.10 (m, 1H ), 3.08 (t, J=5.6 Hz, 1H),

3.03 (t, J=6.1 Hz, 1H), 2.54 (t, J=6.1 Hz, 1H), 2.48 (t, J=6.1 Hz, 1H), 1.35 (d,J=7.1
15 Hz, 3H), 1.32 (d, J=7.1 Hz, 3H).

LCMS: m/e 553 (M+H)".

20

25



The resulting aqueous sol ution was cooled at 0C and acidified to pH 1-2
with 6N HC. This gave a bright yellow precipitate which was
filtered,.washed with cold 0.1N 20 HC and ether and dried in vacuo to give
the title conmpound (0.309 g, 719%9 as a yellow solid: 1Hnm (400 MHz,
DMSO-d6) S 12.72 (br s, 111), 9.62 (d, J= 1.5 Hz, 1H), 8. in , 8.71
(d, J= 2.5 Hz, 1H), 8.33 (d, J= 3.0 Hz, 1H), 8.25 (s, 3%&6?"8&%%0.
LCVS: me 299 (M+H)'. 25 3 Novenber 2006 214 Exanple 70 Preparation of
1-[4-(1- Phenyl-l-(pyra2| nyl) - met hyl ene) - pippgri di n-1-yl ] -2-(4-

met hoxy- 7- pyr azi nyl - 6- azai ndol - 3-yl )-ethane-1,2-dione: NN/ / MOON
NCl \ O N H 6-14 5 CGeneral Method: éon of

4-(1 phenyl -1 - ( en QXY

e e .ﬁggg T
W|th TFA (0. 40 At 5|rr|ngthe mxture vo FITES wer e
10 evaporated and the resi due was dissolved in CHC13 (4 m). To this

m xture was added 4-net hoxy-7-pyrazinyl - 6-azai ndol - 3-yl - oxoacetic acid
(0.027 g, 0.080 nmol ), iPr2Net (0.14 nmi, O. mrol ) and then BOPCI (0.020
g, 0.080 mmol ). The mxture .t,as allowed t¢ stir at roomtenperature for
t hand then the solvent was renoved in vacly.olThe residue was partitioned
with Et OAc- H2O, the organic phase was 15 N®&par d and the aqueous phase

was re-extracted with EtOAc:. The conbined o | ayers were dried
(MgS™) and evaporated. The residue was pur, ed by

MeO O N

NSy O

N
Ly

Prepared according to the general method above to give the title compound as a white
solid (45% yield):
10 'Homr (400 MHz, CDCl) $11.07 (m, 1H), 8.80 {m, 1H), 8.30 (t, J= 3.0 Hz, 1H),
7.93 (brs, 1H), 7.86 (d, J= 5.5 Hz, 1H), 7.40 (m, 3H), 7.22 (d, J= 6.6 Hz, 1H), 7.18
(d, J=6.6 Hz, 1H), 4.11 (s, 1.5H), 4.10 (s, 1.5H), 3.95 (t, J= 6.1Hz, 1H), 3.77 (t, J=
5.5 Hz, 1H), 3.70 (, J= 5.5 Hz, 1H), 3.53 (t, J= 5.5 Hz, 1H), 3.07 (t, J= .56Hz, 1H),
3.02 (t, J= 5.5 Hz, 1H), 2.52 (t, J= 5.5 Hz, 1H), 2.46 (1, J= 5.5 Hz, 1H), 2.08 (m, 1H),
15 1.07 {m, 4H).
LCMS: m/e 551 (M+H)".

25



preparative HPLC to give the title conmpound (0.014 g, 37% as a yell ow
solid: 21Hnm (400 MHz, CDCI3): S 11.72, (s, br, 1H), 9.84 (s, 1H), 8.60
(s, 2H), 8.51 (dd, J= 2.5, 1.5 Hz, 1H), 8.43 (d, J= 2.5 Hz, 1H) 8. 38 (dd,
J=2.5,1.5 Hz, 1H), 8.34 (d, J= 20 1.5 Hz, 1H), 8.23 (d, J= 3.1 Hz,

8.16 (d, J= 1.3 Hz, 1H), 7.40-7.30 (m 2H), 7.20-7.13 (m (
3H), 3.86 (dd, J= 5.8, 6.0 Hz, 1H), 3.81 {dd, J= 5.8, 6.0 Nz%l:ph’fﬁﬁg&]\?

(dd, J= 5.8, 5.3 Hz, -1), 355(dd J= 8 5.6 Hz, 1H), 2.61 (t, J—58
Hz, 1H), 2.55 (m 2H) 249(dd J= 5.8, O6Hz 111) LCMS: me 532 (MW
25 Conpound Exanpl es 71 100 are prepar d aCC%leI ng to the procedure

described in Exllg l e .7 rrg(h z Prepar ation of
1-[ 4- (1- Phenyl -1%¢ °B| i 3 ifides % ?1 lﬂle)-
met hoxy- 7- pyr aZliRgrdB: 11 i t%OVr -Bfpindolygyl-ethgee-b2n N\

O NJ- H Pr “ed according to the gener aI rret hod above to give the
title conpound as a beige solid (42%yield): '"Hnnmr (400 MHz, CDCI3) 8
11.72 (s, 1H), 9.82 (s, 1H), 8.52-8.42 (m Z}H) 0 8.22 (d, 10 J= 3.0 Hz,
1H), 8.16 (s, 1H), 7.51-7.45 (m 1H), 7.37,A22 (m 4H), 7.09 (m 2H),
4.12 (s, 3H), 3.80 (m 2H), 3.54 (m 2H), 349 (m 4H). LOVS me 531
(MtH)' . Exanple 72 15 Preparation of
1-[4-(1- Phenyl -1 -(5-nethyl -1, 3, 4- oxadi azol -
pi peridin-1-yl]-2-(4-nmethoxy-7-pyr ah%iony(lj-
e

—

Ny ©

N
0

Prepared according to the general method above to give the title compound as a white
solid (6% yield):

10 'Homr (400 MHz, CDCl3) §11.08 (m, 1H m), 8.74 {m, 1H), 8.29 (t, J=3.0 Hz, 1H),
7.92 (br s, 1H), 7.86 (d, J=8.6 Hz, 1H), 7.42 (m, 3H), 7.23 (d, J= 6.1 Hz, 1H), 7.19 (4,
J=6.1Hz, 1H), 4.14 (s, 1.5H), 4.09 (s, 1.5H), 3.94 (t, J= 6.1 Hz, IfD 376 (t,J=6.1

TT. 1EYIN 2 L0y £+ £ LTY= 1T A £ £ T £ £ T MA fa 1 ET_— 1TT. M AN
LiZy 18, 307 \4, j=5. U LA, L83 p D.JL Ly 3= 3.0 1.1.&, 11.1}, 3.04 K =61 4, 11ij, £.77

(t, J= 6.1 Hz, 1H), 2.46 (t, J= 6.1 Hz, 1H), 2.40 (t, J= 6.1 Hz, 1H).
15  LCMS: m/e 527 (M+H)".

Example 78
Preparation of 1-[4-(1-Phenyl-1-(3-hydroxymethylphenyl}-methylene)-piperidin-
1-yl]-2-[4-methoxy-7-(1,2,3-triazol-1-y1)-6-azaindol-3-yl]-ethane-1,2-dione:
20

OH

aY



M NO N/ \V/ MOONNO H 6 N 20 Prepared according to the general
nmet hod above to give the title conpound as a light vyellow solid (35%
yield): 3 Novenber 2006 216 'Hnmr (400 MHz, CDC13) 8 11.72 (s, 1H), 9-83
(s, 0.5H), 9.81 (s, 0.511), 8.59 (d, J= 3.1 Hz, 1H), 8.23 (dd, J= 5.3, 3.1
Hz, 1H), 8.15 (d, J= 5.3 Hz, 111), 7.44-7.32 (m 311), 7 -7.15 (in,
311), 4.11 (s, 1.511), 4.10 (s, 1.511), 3.93 (dd, J= 6. 1,3@.1%‘[&\}2‘?&1@%),
3.75 (dd, 1= 5.8, 5.6 Hz, 111), 3.67 (t, J= 5.8 Hz, 1H), 3.06 (dd, J= 6.0,
5.6 Hz, 1H), 5 2.49 (dd, J= 6.0, 5.6 Hz, 2#), 2.40 (dd, J= 6.0, 5.8 Hz,
1H), 2.47 (s, 1.511), 2.42 (s, 1.511). LCMS: me 536 (M+H)+. Exanple 73 10
Preparati on of ZIrdpdred edshiinyilo-the gebembrhitydd doo3e dr gixeadtle AOtonzohd asrekhiyd ene) -
pi peridin-1-yl]-2:]4-gethoxy-7-(1,2,3-triazol-I-yl)-6-azaindol -3-yl]-ethane
|, 2- dione: Me Sé‘“ﬁﬁ%@&%w NO rt LNN 15

. "Humr (400 MHz, CDCl3) §11.02 (m, 1H), 8.75 (br s, 1H), 8.26 (t, J= 3.0 Hz, 1H),

7.92 (br s, 1H), 7.86 (s, 1H), 7.32 (m, 4H), 7.15 (m, 5I), 4.71 (s, 1H), 4.66 (s, 1H),
5 4.12(s, 3H), 3.81 (1, J=5.5 Hz, 2H), 3.54 (t, J= 5.5 Hz, 2H), 2.54 (t, J= 5.5 Hz, 2H),

2.46 (t, J=5.5 Hz, 2H).

LCMS: m/e 549 (M+H)".

Example 79
10 Preparation of 1-[4-(1-Phenyl-1-(5-methyl-1,3,4-oxadiazol-2-yl)-methylene)-
piperidin-1-yl]-2-[4-methoxy-7-(1,2,4-triazol-1-yl)-6-azaind 0l-3-yI]-ethane-1,2-
dione:

Me
N*O
N=
/
MeO O N
Ny O
N N
“/. H
NJN

15
Prepared according to the general method above to give the title compound as a white
solid (50% yield):
"Homr (400 MHz, CDCl) $10.98 (m, 1H), 8.27 (d, J=3.5 Hz, 1H), 8.26 (d, J= 3.5
Hz, 1H), 7.80 (d, J= 5.0 Hz, 1H), 7.42 (m, 3H), 7.24 (4, J= 8.1 Hz, 1H), 7.20 (d, J=
20 3.1 Hz, 1H)4.08 (s, 3H), 3.95 (1, J=6.1 Hz, 1H), 3.77 (t, J= 5.5 Hz, 1H), 3.70 {t, J=
5.5 Hz, 1H), 3.53 (t, J= 5.5 Hz, 1H), 3.09 (t, J= 6.1 Hz, 1H), 3.04 (t, J= 6.1 Hz, 1H),
2.52 (t, J=5.5Hz, 1H), 2.50 (s, 1.5H), 2.46 (s, 1.5H), 2.46 {t, J= 5.5 Hz, 1H),
LCMS: m/e 525 (M+H)".

25



Prepared according to the general nethod above to give the title conpound
as a white solid (50%vyield): 'Hnnr (400 MHz, CDCI3) 811.07 (br s, 111),

8.80 (br s, 1),

8.30 (t, J= 3.5 Hz, 1H), 7.94 (br s, 111), 7.86 (d, J= 5.

Hz, 1H), 7.41 (m 3), 7.23 (d, J=8.1 Hz, 11), 7.20 (d, 20 J=8.1 Hz, 111)

4.1 (3112s), 3.96 (t, J= 5.6 Hz, 1H), 3.78 (t, J= 5.6 Hz,3wmb %@6
5.6 Hz, 111), 3.53 (t, J= 5.6 Hz, 1H), 3.09 (t, J= 6.1 Hz J
6.1 Hz, 1H), 2.52 (t, J= 6.1 Hz, 111), 2,50 (s, 1.5H), 2.47 (s, 15H)
2.46 (t, J= 6.1 Hz, 1H). LOVS: nfe 525(M+H)+ 25 3 Novenber 2006 217

Exanpl e 74 Preparation of

I -[4-(I- Phenyl Plrelgfﬁ‘aﬁ&bw 1-f4-Q: Py R ?Eﬂthy% Atka Mi £RBlneth lene)-
di n-1- 1y h
p: pgrl d: gne y5 Eﬁ;mﬁdwmh&;ﬁal—é Iﬁéﬂﬁ’f‘eﬁé?e Acce ;Dgf?-ng to the g]eng§ a?n

met hod above to give'the title conpound as a white solid (38%yield): 10
"Hnnr (400 MHz, CDCI3) 611.07 (m 1H), 8.85psn 1H), 8.30 (br s, 1), 7.95
(br s, 1H), 7.86 (d, J= 6.1 Hz, 1H), 7. 41 m 3), 7.24 (d, J= 6.1 Hz, 1H),

7.20 (d, J= 6.
Hz, 1H), 3.78

5.6 Hz, 1H), 3.09 (t, J= 6.1 Hz, 111), 3.04
J= 7.58 Hz, 2H), 2.53 (t, J= 6.1 Hz, 1H),

(t, J= 7.6 Hz,

10

15

25

1 Hz, 1H), 4.13 (s, 1.5H),

g 1.5H), 3.96 (t, J=5.6
(t, J= 5.6 Hz, 1H), 371(tN

Hz, 111), 3.54 (t, J=
6.1 Hz, 1H), 2.81 (q,
A7 (t, J= 6.1 Hz, 1H), 15 1.35

1.5H), 1.31 (t, J= Me6 Hz, W-BH). LCVS: nfe 539 (MH)+ 20

Prepared according to the general method above to give the title compound as a white
solid (73% yield):

"Hnmr (400 MHz, CDCl5) $11.01 (s, 0.5H), 11.00 (s, 0.5H), 9.10 (s, 0.5H), 9.09 (s,
0.5H), 8.21 (m, 1H), 7.74 (s, 0.5H), 7.73 (s, 0.5H), 7.39 (m, 3H), 7.19 (m, 2H), 4.04

e A e e T P 2 T L e Y I T A I = 3 fET o e s R R -
WPy LLpy Sesde \ Ly 7T LA Ry LALSy el T 8y S5 WL A Addy MAA Sy SV \u-LL, At ) U, U L J-Ll-, LLLyg,

3.49 (dd, J=5.6, 6.1 Hz, 1H), 3.06 (t, J= 6.1 Hz, 1H), 3.00 (dd, J= 5.6, 6.1 Hz, 1H),
2.56 (s, 1.5H), 2.55 (s, 1.5H), 2.49 (m, 1H), 2.47 (s, 1.5H), 2.43 (s, 1.5H), 2.42 (m,
1H).

LCMS: m/e 539 (M+H)".

6

e




25 3 Novenber 2006 218 Exanple 75 Preparation of

1-[4-(1-Phenyl -1 -(5-isopropyl -1, 3, 4-oxadi azol - 2-yl ) - net hyl ene) -

pi peridin-1-yl]-2-[4-nmethoxy-7-(1,2,3-triazol-1-yl)-6-azai ndol - 3-y1] - et hane
-1,2- dione: 5 N/ \' / MOONI 11-i N O NCNN H Prepared according to
t he general nethod above to give the title conpound as a lte bso%j'(?% (50%
yield): 10 'Hnnt (400 MHz, CDC13) 511.08 (m 1H), 8.80 ( NFIOET 30"t
J=3.0 Hz, 1H), 7.94 (br s, 1H), 7.86 (d, J=6.1 Hz, 1H), 7.41 (m 3), 7.24
(d, J= 6.1 Hz, 11-1), 7.20 (d, J=6.1 . 2871 (t, J=6.1 Hz, 1H), 3.54 (t,
J=5.6 Hz, 1H), 3.10 (m 1H),'3.08 (t, J=5.6 Hz, 1H), 3.03 (t, J=6.1 Hz,
1H), 2.54 (t, J=6.1 Hz, 1H), 2.48 (t, Eksempld# 111), 1.35 (d, J=7.1 15
Hz, 3H), 1.32 (®rephFatfonloftiz[4-(3PhenlGMB-isePpropHAI 4-dckdiazol-23D)-ethgihiop enber
2006 219 ExanplpgpefRirPt §Na-RitinehoR:7-(3-methyl-1,2,4-triazol-1-yl)-6-azaindol-3-yl]-

1-[ 4- (1- Phenyl - lethabe-g)2cdiogs:opyl - 1, 3, 4- oxadi azol - 2-yl ) = net hyl ene) -

pi peridin-1-yl]-2-[4-methoxy-7-(1,2,3-triazol-1-yl)-6-azai ndol - 3-yl ] -et hane

-1, 2-
e
N-—_
72
Me©® O N
Ny ©
M N
i H
L
Me

Prepared according to the general method above to give the title compound as a white
solid (54% yield):
10 'Hnmr (400 MHz, CDCl3) §11.02 (s, 0.53H), 11.00 (s, 0.5H), 9.11 (5, 0.5H), 9.10 (s,
0.5H), 8.21 (dd, J=3.0, 5.6 Hz, 1H), 7.74 (s, 0.5), 7.73 (s, 0.5H), 7.37 (m, 3H), 7.18
(m, 2H), 4.03 (s, 3H), 3.92 (t, J= 6.1 Hz, 1H), 3.75 (dd, J= 5.6, 6.1 Hz, 1H), 3.66 (dd,
I=35.6, 6.1 Hz, 1H), 3.49 (dd, J= 5.6, 6.1 Hz, 1H), 3.08 (m, 1H), 3.05 (m, 1H), 2.99 {t,
J= 5.6 Hz, 1H), 2.56 (s, 1.5H), 2.55 (s, 1.5H), 2.50 (dd, J =5.6, 6.1 Hz, 1H), 2.44 (1,
15  J=35.6Hz, IH), 1.30 (m, 6H).
LCMS: m/e 567 (M+H)".
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dione: 5 NT-0 N/ \/ MOONNI1I1O N NNHCN Prepared according
to the general nethod above to give the title conpound as a white solid
(45%yield): 10 1Hnnr (400 MHz, CDC13) 511.07 (m 1H), 8. 80 (m 1H), 8.30
(t, J= 3.0 Hz, 1H), 7.93 (br s, 1H), 7.86 (d, J—55Hz 7.40 (m
3H), 7.22 (d, J= 6.6 Hz, 1H), 7.18 (d, J= 6.6 Hz, 4

4.10 (s, 1.5H), 3.95 (t, J= 6.1Hz, 1H), 3.77 (t, J- g‘i\llov% ]@% (t,
J=5.5 Hz, 1H), 3.53 (t, J= 5.5 Hz, 1H),2%407 (t, J=. 56Hz 3.02 (t,
J=5.5 Hz, 1H), 2.52 (t, J= 5.5 Hz, 46 (t, J—55Hz 1H) 2.08 (m
1H), 15 1.07 (m 4H). LCMs: mfe 551 (]M'é@ﬂesz 20 25 3 Novenber 2006 220

Exfzp'(‘; ;ﬁeﬁ;f 6]16}*1 4 g‘;‘i\ yl-1- é —eyelo o 31% Gji& %—v{)-metbylene)-
pi peri di n- 1- ylt e 4' g 2 et 4%'& aza'r Q3L - et hane

-1, 2- dlone

N""o
NA—
4
MeQ O N
N f Y ©
N N
“/'N H
N
Me

Prepared according to the general method above to give the title compound as a white
solid (51% yield):

10 Hamr (400 MHz, CDCl3) §11.02 (s, 0.5H), 11.01 (s, 0.5H), 9.10 (s, 0.5H) 9.09 (s,
0.5H), 8.21 (d, J=3.0 Hz, 0.5H), 8.19 (d, J=3.0 Hz, 0.5H), 7.:]3 (s, 0.5H), 7.72 (s,
U.5H), /.43-1.2Y (m, 3H), 7.19-7.14 {m, ZH), 4.U3 (s, 3H), 3.1 (dd, J=5.6, 6.1 Hz,
1Hj), 3.74 {(m, 1H), 3.65 (m, 1H), 3.48 (t, ]=5.6 Hz, 1H}, 3.03 (t, J=6.1Hz, 1H), 2.98
(dd, J=5.6, 6.1 Hz, 1H), 2.55 (s, 1.5H), 2.54 (s, 1.5H), 2.48 (t, J= 6.1 Hz, 1H), 2.42

15 (dd,J=5.6, 6.1 Hz, 1H), 2.05 (m, 1H), 1.03 (m, 4H).

LCMS: m/e 565 (M+H)".
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NMOON NO \/ \ NH N Prepared according to the general nethod above
to give the title conpound as a white solid (6%yield): 10 1Hm (400 MHz,
CDC13) &11.08 (m IHmM, 8.74 (m 1H), 8.29 (t, J= 3.0 Hz, 1H), 7. 92 (br
s, 1H), 7.86 (d, J=8.6 Hz, 1H), 7.42 (m 314), 7.23 (a, J= 6.1 Hz,
7.19 (d, J=6.1 Hz, 1H), 4.14 (s, 1.5H), 4.09 (s 1 5H)

Hz, 11-1), 3.76 (t, J= 6.1 TT_ 1 TN\ 'I \ (} T 3%"6 if'j”imbal cf /
T- Gr TT. I TT\ ') 12,1 (¢ T_ L I TT_ 1TT1 1 Pll 1, L|Iy, J.VJ k" J-
J.V 11L, 111), J.JL "L, J- J.V 11L, 111), 23sVY %, J- V.1 tilL, 111), L.7J
(t, J= 6.1 Hz, 1H), 2.46 (t, J= 6.1 Hz, 1H), 2.40 (t, J= 6.1 Hz, 1H). 15
LCVS: mle 527 (MrH)'. Exanple 78 Prepar@ianghe 85

1-[4- (1- Phenyl - [Pre¢@rhtialr oxy med{0y1-phany 1) Wiy ansl-oRbdigiol. diyh-methy len%)
1-yl] - 2- [ 4- met hpiperidin-1,y2]-Bf4-fetheRy-743 Yheth -1@249-{11?@@1 130Y8-2z 8 ddRBS{ F] di one
;20 OH / \ ] etta®1Q-MNohk: / \ O N N N'H 3 Novenber 2006 221 "Prepared
accordi ng to5the general nethod above to gi ve the title conpound as a white
solid (46%yield): 'Hhmr (400 MHz, CDCl13) 511 02 (m 1H), 8.75 (br s, 1H),
8.26 (t, J= 3.0 Hz, 11-1), 792(brs 1|—I)/k 86 (s, 1H), 7.32 (m 4H),
7.15 (m 5H), 4.71 (s, 1H), 4.66 (s, 1H, N

N-—
7
MeO Q W
Ny ©
g N
iy
N4
Me

Prepared according to the general method above to give the title compound as a white
solid (52% yield):

10 'Homr (400 MHz, CDCls) §11.03 (s, 0.5H), 11.01 (s, 0.5H), 9.10 (s, 0.5H), 9.09 (s,
0.5H), 8.23 (d, J=3.0 Hz, 0.5H), 8.21 (d, J= 3.0 Hz, 0.5H), 7.76 (s, 0.5H), 7.74 (s,
0.5H), 7.45-7.30 (m, 3H), 7.20-7.14 (m, 2H), 4.04 (s, 3H), 3.90 (dd, J= 5.6, 6.1 Hz,
1H), 3.72 (m, 1H), 3.64 (m, 1H), 3.47 (m, 1H), 3.00 (dd, J= 5.6, 6.1 Hz, 1H), 2.95
(dd, J=5.6, 6.1 Hz, 1H), 2.56 (s, 1.5H), 2.55 (s, 1.5H), 2.42 (t, J= 6.1 Hz, 1H), 2.36

15 (t,J=5.6 Hz, 1H), 1.68 (br s 1H).

LCMS: /e 541 (M+H)*,

20



54.12 (s, 3H), 3.81 (t, J=5.5 Hz, 2H), 3.54 (t, J= 5.5 Hz, 2H), 2.54 (t,
J=5.5 Hz, 2H), 2.46 (t, J=5.5 FE 2H). LCVS: me 549 (MrH)+. Exanple 79
10 Preparation of

1-[4-(1- Phenyl -1-(5-nethyl -1, 3, 4- oxadi azol - 2-yl ) - net hyl ene) -
piperidin-I-yII-2-[4-nethoxy 7-(1 2 4-triazol-1-yl)-6- azaggp %ey%kmethane
-1,2- dione: M -O MOO NNO NNNH N 15 Prepared a |ng 0 the
general nethod above to give the title cegpound as a white solid (50%
yield): "Hnnr (400 NPB CDCIB) 510. 98 (n1 1FD 8 27 (d, J= 3.5 Hz, 1H),

8.26 (d, J—35Hz 780(d J=iR H, 7.42 (m 3H), 7.24 (d,
J=8.1- HZ a‘i qu JT-pHefly %y gﬂ ﬁ?ﬁetﬂylgﬁeﬂ -mgt:h%'ieneﬁp erififn- J=
6.1 Hz, : J= . n123 (t, J=
55 Hz, W‘fg ‘m 20 iﬂg%qz“ Lyhyraz ouéylj el 2 (t, J=
5. 5Hz, s,1511)246(s 1.511), 2.46 (t, J—55Hz 1H),
LCMVES: n1e 5%5 (I\/H—|)+ 25 3 Novenber 2006 222 Exanple 80 Preparatlon of
1-[4-(1-Phenyl -1 - (5-nmet hyl -1, 3, 4- oxadi azol - 2/yPJi- net hyl ene) -

pi peridin-1-yl]-2-[4-nmethoxy-7-(3-nethyl -

| 1-

4 triazol-1-yl)-6-azaindol -3-y

aY

et hane-1, 2-di one: 5

[
]

MeO QO N
Ny ©
N N
ir’NH
N

Me

Prepared according to the general method above to give the title compound as a white
solid (36% yield):

10 'Homr (400 MHz, CDCls) $10.99 (s, 1H), 9.09 (s, 1H), 8.20 (4, J= 3.0 Hz, 1H), 7.74
(s, LHD, 7.35-7.03 (m, OH), 4.67 (s, 1H), 4.62 (s, 1H), 4.05 (s, 3H), 3.77 (t, J= 5.6Hz,
2H), 3.50 (m, 2H), 2.55 (s, 3H), 2.50 (m, 2H), 2.42 (m, 2H), 1.55 (br s, 1H).

LCMS: m/e 563 (M+H)".

15 Example 85
Preparation of 1-[4-(1-Phenyl-1-(3, 5-dxﬂuorophenyl)-methylene)-plperldm-l-yl]-
2-[4-methoxy-7-(3-methyl-1,2,4-triazol-1-yl)-6-azaindol-3-yl}-ethane-1,2-dione:

F
v

MeO O N
Ny ©
N N
“/ N H
Ny

Me
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M ~O NMOON N\ O NNNNH M Prepared according to the general
nmet hod above to give the title conpound as a white solid (73%yield): 10
"Hnnmr (400 MHz, CDC13) 511.01 (s, 0.5H), 11.00 (s, 0.5H), 9.10 (s, 0.5H),
9.09 (s, 0.511), 821 (m 1H), 7.74 (s, 0.5H), 7.73 (s, 0.511), 7.39 (m

3H, 7.19 (m 2H), 4.04 ~u, .iay, rau ~y u- v. r , aal,
ai), /.vA ~uu, . - .r ., V.aa. n, 349 (dd J= 5.6, 63]¥°¥Em'¥ef?£’96|306

(t, J= 6.1 Hz, 1H), 3.00 (dd, J= 5.6, 6.1 Hz,. 1H), 2.56 (s, 1.5H), 2.55
(s, 1.511), 2.49 (m 1H), 2.47 (s, 1.511)4p72.43 (s, 1.5H), 2.42 (m 15
1H. LOVE me 539 (MH + 20 25 3 Noverber 2006 223 Exanple 81

Preparation of Prepared according to the general method above ¢ the ti d hi
1-[ 441- Phenyl -1 - % | sopro 5 1, Ig oxa&oazo = Oallvf T ﬂﬁchHO%n as & white

pi peri di n- 1- y| 308d (A %rsielddxy- 7- (3-met hyl -1, 2, 4-tri azol -1 -yl )-6-azai ndol - 3-y
']- ethane-1, 2-gi-gnesocvlYy, cHENFS1 QoM. 189, Ny, 8.21 om, 100), 7.74 5, 110,
7.37-7.20 (m, 3H), 7.09 (m, 2H), 6.73-6.60 (m, 3H), 4.05 (s, 3H), 3.78 (m, 2H), 3.51
5 (m,2H), 2.55 (s, 3H), 2.50 (m, 2H), 2.42 (m, 2H).
LCMS: m/e 569 (M+H)".

Example 86
Preparation of 1-[4-(1-Phenyl-1-(2,5-dimethoxypryidin-3-yl)-methylene)-
10 piperidin-1-yI]-2-[4-methoxy-7-(3-methy}-1,2,4-triazol-1-y1)-6-azaindol-3-yi]-
ethane-1,2-dione:

15 Prepared according to the general method above to give the title compound as a white
solid (24% yield): ,
YHnmr (400 MHz, CDCl3) 610.99 (s, 1H), 9.09 (s, 1H), 8.19 (dd, J= 2.0, 3.5 Hz, 1H),
7.74 (d, 3= 1.5 Hz, 1H), 7.31-7.08 (m, 6H), 6.27 (d, J= 8.1 Hz, 0.5H), 6.22 (d, J=8.1
Hz, 0.5H}, 4.05 (s, 3H), 3.91 (s, 1.5H), 3.90 (s, 1.5H), 3.87 (s, 1.5H), 3.85 (s, 1.5H),
20 3.78 (m, 2H), 3.51 (m, 2H), 2.55 (s, 3H), 2.51 (br s, 1H), 2.44 (br s, 1H), 2.32 (br s,
1H), 2.24 (m, 1H).
LCMS m/e 594 (M+H)".




INNH N Me Prepared according to the general nethod above to give the
title conpound as a white solid (54%yield): 10 I Hhmr (400 MHz, CDd 3)
511.02 (s, 0.511), 11.00 (s, 0.511), 9.11 (s, 0.511), 9.10 (s, O0.5H), 8.21
(dd, J= 3.0, 5.6 Hz, 1H), 7.74 (s, 0.5), 7.73 (s, 0 5H) 7.37 (m 311),
7.18 (m 2H), 4.03 (s, 3H), 3.92 (t, J= 6.1 Hz, 7 6, 6.1
Hz, 1H), 3.66 (dd, J= 5.6, 6.1 Hz, 111), 3.49 (dd J- gN(OggTb%—Ew%fll)
3.08 (m 1H), 3.05 (m 1H), 2.99 (t, J= 6 Hz, 1H), 256(s 1.511), 2.55
(s, 1.5H), 2.50 (dd, J =5.6,6.1 Hz, 111),%2.44 (t 15 J= 5.6 Hz, 1H), 1.30
(m 61). LCMS: me 567 (MrH) +. 20 25 E Novegper 2006 224 Exarrpl e 82
Preparati on of

b ) ]ifjfiézn- SR e TR (L A

']1- ethane- O N MOO N NO \NNNNHIVE Pr epar ed
according t the general nethod above to give the title conpound as a white
solid (51%vyield): 10 'Hnnr (400 MHz, CDCl 3)chEl. 02 (s, 0.51), 11.01 (s,
0.5H), 9.10 (s, 0.511) 9.09 (s,

Prepared according to the general method above to give the title compound as a beige
solid (56% yield):

10 'Hnmr (400 MHz, CDCl5) $11.02 (s, 0.5H), 11.01 (s, 0.5H), 9.09 (s, 0.5H), 9.08 (s,
0.5H), 8.21 (m, 1H), 7.74 (s, 0.5), 7.73 (s, 0.5H), 7.41-7.24 (m, 3H), 7.14 (m, 2H),

£ AR (e 0 SHD, .62 (= D‘ZT—T\ Aﬂ.ﬁ(m ")T—I\ Andfn AN ’JQR(& T—AlHu,]H},Q'T‘T

AL (O el Al gy e Dy wewraay 3 AL fy e

(dd, J= 5.6, 6.1 Hz, 1H), 3.60 (t, J= 5.6 Hz, 1H), 3.50 (dd, J= 5.6, 6.1 Hz, 1H), 2.81
(dd, J= 5.6, 6.1 Hz, 1H), 2.75 (dd, J=5.6, 6.1 Hz, 1H), 2.55 (s, 1.5H), 2.54 (s, 1.5H),

15  2.48(dd, J=5.6, 6.1 Hz, 1H), 2.41 (t, J= 5.6 Hz, 1H), 1.60 (br s, 1H), 1.36 (m, 3H).
LCMS: m/e 595 (M+H)".

TABLE 2: Representative 4-methoxy-7-substituted-6-azaindote derivatives

20 R




0.511), 8.21 (d, J= 3.0 Hz, 0.511), 8.19 (d, J= 3.0 Hz, 0.511), 7.73 (s,
0.511), 7.72 (s, U --)H, 7.43-/.29 (m 311), /.19-7.14 (m 21), 4.03 (s
311), 3.91 (dd, J= 5.6, 6.1 Hz, 1H), 3.74 (m 111), 3.65 (m i), 3. 48 (t
J=5.6 Hz, 1H), 3.03 (t, J= 6.1 Hz, 1H), 2.98 (dd, J—56 6.1 Hz, :
2.55 (s, 1.511), 2.54 (s, 1.511), 2.48 (t, J= 6.1 Hz, @@42 ié’o(kdd J=
5.6, 6.1 Hz, 111), 2.05 (m IH, 1.03 (m 411). LOVS: m‘e 20 25
3 Novenber 2006 225 Exanple 83 Preparation of

1-[ 4- (1- Phenyl -1 -(5-hydroxy-1, 3, 4- oxadi azei92 y1) - et hyl ene) -

pi peridia-I-ylj-2-[4-nmethoxy- 7- (3- net hyl - , 4- trlazoI-I-yI) 6- azai ndol - 3-y

| ]- ethane-1,2-di pne; 5 COH N~URIVEUUI\I\IU N NNNH e ErpRared
according to the geﬁéﬁIﬁPlemethod above to gl ve tR& title corpppyped as) a white
solid (52%yi el d) IO THAMT (400 VHzZ;—CDGH3) 51103 <, 7 0- 5111101 (s,
0.511), 9.10 (s, D.518%, 9. 09 (s /:d'*'e 511)4, 8.23B¢d, J= 3.0 Hw»2 0.511), 8.21
(d, J= 3.0 Hz, 0.B4L) 776 .v;*,, 74 (s, 0.511).. 7 45-7 30 (m
311), 7.20-7.14 (mm 2@;, 4. 04 (Q_:Ll) 3.90 (dg, J= 5.6, 6.43Hz, |1H),
3.72 (m 1H), 3.64 (m _111), Nm 1H), 3.00 (dd J—56 6.1 Hz, 111),
2.95 (dd, J=5.6 6@0 1H),,’§ﬁ(s 1.5115 ;N 2. 55 (Js, 1) 2. 42 (t,
J= 6.1 Hz, 111), R.36 15(t, ==hi 6 Hz, {111), SL)\BS(br sl LCVY: me
541 (MtH) +. A
o1 (;}— Me,(\;l\ 551
N N
02 7"\ o\
(z_,}— L;)\ 521
N F.
9 Q;}— 548
N
. O o |
94 Qz} . 548
9 N-N N
5 - I
Me— P & 539
/
N-N i =N
% me— A N~k )34
NN F
me— NP >0
v _
o8 NN ,©\ 550
Me’ﬁ\/) F
99 -y L3 538
Me/u Me™ ™o
/ S
N-N 3
100 e oy~ 353

Example 101
Preparation of {1-[2-(7-Chloro-1H-pyrrolo[3,2-b}pyridin-3-y1)-2-oxo-acetyl]-
pipcridin-4-ylidene}-phenyl-acetonitrile

To a solution of (7-chloro-1H-pyrrolo[3,2-blpyridin-3-yl)-oxo-acetic acid (1.5 g, 6.7
mmol) and phenylpiperidine-4-ylidene acetonitrile (1.3 g, 6.7 mmol) in DMF (50 mL)
10 was added DEPBT (3.15 g, 10.5 mmol) and ethyl diisopropylamine (6.1 mL, 35




20 25 3 Novenber 2006 226 Exanple 84 Preparation of

1-[4- (1- Phenyl -1 - (3- hydroxynet hyl phenyl ) - net hyl ene) - pi peri di n-
1-yl]-2-[4-nmet hoxy-7-(3-nethyl-1,2,4-triazol-1-yl)-6-azai ndol - 3-yl ] - et hane-
|,2- dione: 5 CH \ / / \'/ MOONNO \ NNNNH M Prepared
according to the general nethod above to give the title ¢ Q%%%eggj white
solid (36%yield): 10 'Hnnr (400 N+E CDClS) MLO. 99 (s, , 9. q%,

1H), 8.20 (d, J= 3.0 Hz, 1H), 7.74 %f% 7.35-7.03 (m 9H), 4.67 (s,
1H), 4.62 (s, 1H) 4.05 (s, 3H), 377(t 5.6 Hz, 2H), 3.50 (m 2H),

(ZM?_;SV\g S 1 53 E)x am_r)r'lrgo 8 5%58%105%’“3@ m’?OI% I?oncentrz?tgd gx?der gzicu%;rll_li) and parhhonery e 563
1- [ 4- (1- Phenyl bkrwedn wmézt@%@qb@m JndBIONH (S REDO AN E Thé bcﬁhﬂbmélbﬂgamc _
2-[ 4- met hoxy-7-(3-nmeth -triazol-|-yl)-6-azaindol -3-yl]-ethane-I, 2-di
one: F F meO! @equJerNquec\ (L@S , Tiltered and concentrated. The remduc was purified by
Biotage Chromatography (Si0;, 30% EtOAc/Hex to 100% EtOAc) and by
5  preparative HPLC fo yield the title compound (300 mg, 0.74 mmol, 11%) as a yellow
solid.
'HNMR (500 MHz, CD-0D) & 8.80 (s, 0.5H), 8.80 (s, 0.5H), 8.64 (d, = 6.4 Hz,
0.5H), 8.61 (d, J = 6.4 Iz, 0.5H), 7.90 (d, J=6.4 Hz, 0.5H), 7.87 (d, J = 6.4 Hz,
0.5H), 7.49-7.30 (m, 5H), 3.96 (dd, /= 6.1, 5.8 Hz, 1H), 3.79 {t, J = 5.8 Hz, 1H),
10 3.77(dd, 7= 6.1, 5.8 Hz, 1H), 3.60 (dd, J=6.1, 5.8 Hz, 1H), 2.97 (dd, /= 6.1, 5.8
Hz, 1H), 2.88 (dd, J = 6.1, 5.8 Hz, 1H}, 2.65 (dd, J = 6.1, 5.8 Hz, 1H), 2.56 (dd, J =
6.1, 5.8 Hz, 1H).

LCMS: wv/e 405 (M+H)",

15 Example 102
{1-[2-Oxo0-2-(7-pyrazin-2-yl-1H-pyrrolo[3,2-b]pyridin-3-yl)-acetyl]-piperidin-4-
ylidene}-phenyl-acetonitrile

20
A mixture of compound of Example 101 (30 mg, 0.074 mmol), 2-tributylstannanyl
pyrazine (82 mg, 0.22 mmol), Pd(PPh;3)s -(88 mg, 0.076 rmmol) and dioxane (1 mL) in
a sealed tube was heated at 140 °C for 15 h. The reaction mixture was diluted with
MeOH, filtered through Celite and concentrated. The residue was purified by

25  preparative HPLC to yield title compound (2.6 mg, 0.0058 mmol, 9%) as a yellow
oil.
"HNMR (500 MHz, CD,0D) 8 9.65 (s, 0.5H), 9.64 (s, 0.5H), 8.98 (br's, 1H), 8.87 (br
s, 1H), 8.81 (d, J = 6.1 Hz, 0.5H), 8.78 (d, J = 6.1 Hz, 0.5H), 9.77 (s, 0.5H), 8.76 (s,
0.5M), 8.50 (d, J = 6.1 Hz, 0.5H), 8.47 (d, J=6.1 Hz, 0.5H), 7.52-7.31 (m, 5H), 3.99

30 (t,J=6.1Hz 1H),383(t,J=6.1Hz, 1H),3.80(t,J=6.1Hz, 1H),3.64(t,J=6.1



NH M 20 3 Novenber 2006 227 Prepared according to the general nethod
above to give the title conpound as a white solid (57%vyield): 'Hmr (400
MHz, CDC13) 511.00 (s, IH), 9.10 (s, 1H), 8.21 (m 1H), 7.74 (s, 1H),
7.37-7.20 (m 3H), 7.09 (m 2H), 6.73-6.60 (m 3H), 4.05 (s, 3H), 3.78 (m
2H), 3.51 5 (m 2H), 2.55 (s, 3H), 2.50 (m 2H), 2.42 (m313c|)_\9e'mblér '6n1e
569 (M+H) +. Exanpl e 86 Preparation of

1-[4- (1-Phenyl -1- (2, 5-di nmet hoxypryi di n-3-y1)-met hyl ene) 10 _

pi peridin-1-yl]-2-[4-nmethoxy-7-(3-nethyl - J,Bﬁl 4-triazol -1-yl)-6-azaindol -3-y
|]- etbane-1,2-dione: MO N MO MO O N O NNNNH { M 15 Prepared

according to th (50) X Lhodgaby <O V€ avx/mte
ol 1 d (2% yi el g ey Ch50 M, MRS 1B 567D ‘Zf?@?”p@f’%@l?@

8.19 (dd, J— 2. G938l Hg ). 7.74 (d, J= 1.5 Hz, .31-7.08 (m 6H)
6.27 (d, 3—81@%{8%@'&&90\3% (d, J=8.1 Hz,0511) 405(5 3H), 3.91
(s, 1.5H), 3.90 (s (s, 1.5H), 3.85 (s, 1.5H), 20 3.78 (m 2H),
3.51 (m 2H), 2.55 (s, 3H) 2.51 (br s, 1H), 2.44 (br s, 1H), 2.32 (br s,
11-1), 2.24 fm I H). Example 103
{1-[2-(7-Oxazol-2-yl-1H-pyrrolo[3,2-b]pyridin-3-yl)-2-oxo- acetylj-piperidin-4-
ylidene}-phenyl-acetonitrile

o 9
N N
| T
e N
H NC
N7 D

10
A mixture of compound of example 101 (30 mg, 0.074 mmol), 2-tributylstannanyl
oxazole (106 mg, 0.30 mmol), Pd(PPhs)s (129 mg, 0.112 mmol) and dioxane (1 mlL)
in a sealed tube was heated at 120 °C for 15 h. The reaction mixture was diluted with
MeOH, filtered through Celite and concentrated. The residue was purified by

15  preparative HPLC to yield title compound (11.3 g, 0.026 mmol, 39%) as a yellow
oil.
'HNMR (500 MHz, CD50D) § 8.80 (d,/=6.1 Hz, 0.5H), 8.78 (s, 0.5H), 8.78 (s,
0.5H), 8.77 (d, J = 6.1 Hz, 0.5H), 8.38 (br s, 1H), 8.36 (br s, 1H), 8.32 (d, /= 5.8 Hz,
0.5H), 8.29 (d, /= 6.1 Hz, 0.5H), 7.73 (br s, 0.5H), 7.72 (br s, 0.5H), 7.50-7.32 (m,

20 5H),3.98 (t, J=6.1 Hz, 1H), 3.83 (dd, J = 6.1, 5.5 Hz, 1H), 3.79 (dd, J = 6.1, 5.8 Hz,
1H), 3.64 (t, J = 5.8 Hz, 1H), 2.98 (dd, J = 6.1, 5.8 Hz, VIH), 291t J=5.8Hz, 1H),
2.66 (dd, J=6.1, 5.8 Hz, 1H), 2.58 (t, J = 5.8 Hz, 1H).
LCMS: m/e 438 (M+H)".

25

30



LCVS nfe 594 (MtH) +.
1-[4- (1- Phenyl -| - (5-carboxyet hyl - pyrazi n-3-yl ) - net hyl ene) -
pi peridin-1-yl]-2-[4-nmethoxy-7-(3-nethyl-1,2,4-triazol-1-yl)-6-azai ndol -3-y

|]- ethane-1,2-dione: 5 C2Et HN/ \ / MO ONN\ O N flI-NHN
Prepared according to the general nethod above to give thgfﬁitl 08&89und

as a beige

solid (56%vyield): 10 'Hnnr (400 MHz, CDC13)

o

25 3 Novenber 2006 228 Exanple 87 Preparation of

Me
' 514)

11.01 (s, 0.514), 9.09 (s, 0.5H), 9.08 (s, 0.5H), 8.21 (m 1H), 7.74 (s,
0.5), 7.73 (s, 0.5H), 7.41-7.24 (in, 3H)23%.14 (m 214), r rRn crn
(e (1 4731 AL 91, fITN. AnAl- 2771 2 @ If r- F1 H 7 TT 2 75 (dd, J=

5.6, 6.1 Hz,

1H), 3.60 (t, J= 5.6 Hz, Edappled0$0 (dd, J= 5.6, 6.1 Hz,

F + 61

11-1),

2.81 (dd, J= 6l-B-080-2-(FithiazolLyyl-1H-pHrokets,2-blpysidin-3gliaceyll-nipaidind-55 (s,
1.514), 2.54 (zlidehebphenyl-a5 2.48 (dd, J= 5.6, 6.1 Hz, 1H), 2.41 (t,
Hz, 114), 1.60cqtbitrgle 1H), 1.36 (m 3H). LCVS: mfe 595 (M+H)+. TABLE 2:
Repr esent at? ve 4- net hoxy-7-substituted-6-azai ndol e derivatives R2

10

15

20

25

0 0O

N N

~
L

TZ_

. NC

N\:/S
A mixture of Example 101 (30 mg, 0.074 mmol), 2-tributylstannanyl thiazole (111
mg, (.30 mmol), PA(PPhs)4 (172 mg, 0.149 mmol) and dioxane (I mL) in a sealed
tube was heated at 120 °C for 15 h. The reaction mixture was diluted with MeOH,
filtered through Celite and concentrated. The residue was purified by preparative
HPLC to yield title compound (5.6 mg, 0.012 mmol, 19%) as an orange solid.
LCMS: m/e 454 (M+H)*.

Example 105

A mixture of compound of exampie 101 (34 mg, 0.084 mmol), 1,2,3-triazole (0.40
mL, 6.9 mmol), copper metal (5.4 mg, 0.084 mmol), and K,COs; (11.5 mg, 0.083
mmol) in a sealed tube was heated at 160 °C for 5 h. The reaction mixture was
diluted with MeOH (2 mL), filtered through Celite and concentrated. The residue
was purified by preparative HPLC to yield title compound (3.1 mg, 0.026 mmol,
39%) as a yellow solid.

J=5.6
MeO O N



N O N 20 R1 H3 Novermber 2006 229 Exanple RR2 LCMS: me (MrH)+ / 88 Nr
N Br 522 (/N 89 V~ Br 533 N 90 537 N 91 r Me-j" - 551 ~ 92 N521 NO
93 NF J 548 94 FI 548 NG 95 NNNr~ 539 M 96 NN (N534 / F 97 M N

550 / 98 /N N~ 550 Mew F
3 November 2006

233

"HNMR (500 MHz, CD;0D) § 8.80-8.67 (m, 3H), 8.45-8.35 (m, 3H), 7.52-7.30 (m,
5H), 3.98 (dd, J=6.1, 5.8 Hz, 1H), 3.84 (dd, J = 6.1, 5.5 Hz, 1H), 3.80 (dd, J = 6.1,
5.8 Hz, 1H), 3.65 (dd, J = 6.1, 5.8 Hz, 1H), 2.99 (dd, J = 6.7, 5.2 Hz, 1H), 2.92 (dd, J
=6.1,5.8 Hz, 1H), 2.67 (dd, /= 6.1, 5.8 Hz, 1H), 2.59 (dd, J = 6.1, 5.5 Hz, 1H).

5 LCMS: m/e 438 M+H)™.

Example 106
(1-{2—[7-(6—Amino-pyrazin—2-yl)-lH-pyrrolo[S,Z—b]p}Tidin-S-yl]-Z-OXO-acetyl}-
piperidin-4-ylidene)-phenyl-acetonitrile

10

A mixture of compound of example 101 (35 mg, 0.087 mmol), 5-tri-n-
butylstannanypyrazine-2-ylaminel (135 mg, 0.35 mmol), Pd(PPhs), (202 mg, 0.174
15  mmol) and dioxane (1 mL) in a sealed tube was heated at 160 °C for 0.5 h with
microwaves. The reaction mixture was diluted with MeOH, filtered through Celite
and concentrated. The residue was purified by preparative HPLC to yield titel
compound (9.2 mg, 0.020 mmol, 23%) as an orange solid.
'HNMR (500 MHz, CD;0D) § 8.807 (s, 0.5H), 8.79 (s, 0.5H), 8.77 (s, 0.5H), 8.77 (s,
20 0.5H), 8.72 (d, J= 6.4 Hz, 0.5H), 8.69 (4, J = 6.4 Hz, 0.5H), 8.45 (d, J = 6.4 Hz,
0.5H), 8.45 (d, J = 6.4 Hz, 0.5H), 8.16 (s, 0.5H), 8.15 (s, 0.5H), 7.50~7.32 (m, 5H),
3.99(dd,J=6.1,5.8 Hz, 1H), 3.85 (t, J= 6.1 Hz, 1H), 3.80 (dd, 7 = 6.1, 5.8 Hz, 1H),
3.66 (dd, /=6.1, 5.5 Hz, 1H), 2.98 (dd, J = 6.1, 5.8 Hz, 1H), 2.93 (t, J = 5.8 Hz, 1H),
2,66 (dd, J = 6.1, 5.8 Hz, 1H), 2.60 (t, J = 5.8 Hz, 1H).
25 LCMS: nve 464 (M+H)".

30




99 N-N/ me--" NN M -V 538 100 v N Me-(N Me 553 Exanple 101

Preparati on of

{1-[2-(7-Chloro-1 H pyrrol o] 3, 2-b] pyridi n-3-yl)-2-oxo0-acetyl]- pi perid
in-4-ylid ene}-phenyl-acetonitrile 50 0 NN C HNC To a solution of
(7-chloro-1Hpyrrol o 3, 2-b} pyridin-3-yl)-oxo-acetic acid ( nmol )
and phenyl pi peri di ne-4-ylidene acetonitrile (1.3 g, 6.7 m‘%?‘?ve%ibe 6(50
M.) 10 was added DEPBT (3.15 g, 10.5 mmol) and ethyl diisopropylanine (6.1
mL, 35 3 Novenber 2006 230 mmol). The sofdtion was stirred 20h,
concentrated under vacuum and partitioned between 5% Na2(I)3(aq) (80 ni)
and Et OAc (5 x 100 nl). The conbi ne odgamme I47avers were dried (MySO4),
filtered and cdnde@remeghensimaethenqupiperitingci]-21(Eehlpo-1ingreake

Chr omat ogr aphy [#:3itdpyridiged-pi-ethaned2-dione1 00% Et OAc) and by 5 preparative
HPLC to yield the title conmpound (300 ng, 0.74 mml, 11% as a yellow
solid. 'HNMR (500 MHz, CD30D) S 8.80¢(s, J0.5H), 8. 80 (s, 0.5H), 8.64 (d, J
= 6.4 Hz, 05H) 861(d J = 6.4 Hzy0NS 7.90 (d, J= 6.4 Hz, 0.5H),
7.87 (d, J =6.4 Hz, 0.51), 7.49 3.96 (dd, J= 6.1, 5.8 Hz,
1H), 3.79 (t, J 5.8 Hz, 1H), 1 5.8 Hz, 1H), 3.60 (dd,

J= 6.1, 58 Hz, 1H), 2.97 (dd, J ' 2.88 (dd, J = 6.1, 5.8
Hz, 1H), 2.65 ( J=6.1 5.8 J 6.1, 5.8 Hz, 1H).

1
dd,
LCVMS: nie 405 (MeH)'. 15 Exanpl e 102

To a solution of (7-chloro-1H-pyrrolo[3,2-b]pyridin-3-yi)-oxo-acetic acid (191 mg,
0.87 mmol), 4-(bromophenylmethylene)-piperidine hydrochloride salt (245 mg, 0.85
mmol) and diisopropylethylamine (440 mg, 3.4 mmol) in chloroform (10 mL) was

10 added BOPCI (261 mg, 1.02 mmol). The reaction solution was stirred two days,
treated with additional diisopropylethylamine (440 mg, 3.4 mmol) and BOPCI (130
mg, 0.50 mmol) and stirred three days. The reaction mixture was concentrated,
dissolved into MeOH and purified by preparative HPLC to yield title compound
shown (293 mg, 0.64 mmol, 75%) as a white solid. .

15 'HNMR (500 MHz. CDCl:) & 8.77 (d. 7 = 5.5 Hz. 0.5H). 8 75-8.72 (m. 0.5H). 8.72
(s, 0.5H), 8.71 (s, 0.5H), 7.69-7.61 (m, 1H), 7.38=7.20 (m, SH), 3.80 (t, J = 5.5 Hz,
1H), 3.67 (br s, 1H), 3.58 (t, J = 5.5 Hz, 1H), 3.48 (br s, 1H), 2.78 (t, / = 5.5 Hz, 1H),
2.68 (brs, 1H), 2.39 (t, /=55 Hz, 1H), 2.32 (brs, 1H),

LCMS: m/e 458 (M+H)".
20

Example 108

1-(7-Chloroe-1H-pyrrolo[3,2-b]pyridin-3-yl)-2-{4-[(5-methyl-[1,3,4]oxadiazol-
2-yl)-phenyl-methylene]-piperidin-1-yl}-ethane-1,2-dicne

25




{1-[2-Oxo0-2-(7-pyrazin-2-yl-1Fl-pyrrol o[ 3, 2-b] pyridin-3-yl)-acetyl]-piperid
I n-4- ylidene}-phenyl-acetonitrile O N gco FI NC 20 A m xture of conpound
of Exanple 101 (30 ng, 0.074 mmol ), 2-tributyl stannanyl pyrazine (82 ng,
0.22 mml ), Pd(PPh3)4 (88 ng, 0.076 nmmol) and dioxane (1 nmL) in a seal ed
tube was heated at 140 C for 15 h. The reaction m xture \N§2Ndll ?

McOH, filtered through Celite and concentrated. The resid ? ed by
25 preparative HPLC to yield title corrpound (2.6 ng, 0.0058 rrm)l 9% as a
yellow oil. '"HNWMR (500 MHz, CD30D) 8 63% 05H) 9.64 (s, 0.5H), 8.98
(br s, 1H), 8.87 (br s, 1H), 8.81 (d, J 1 5H), 8.78 (d, J = 6.1
Hz, 0.5H), 9.77 (s, 0.51), 8.76 (s, 0.5H), 850(d J-61Hz 0.5H),

g gg E? j = g L. WMe%y@H) 3 4]%1&1(2&31 Q%l)(ﬁﬁbnfﬂf!)ethy?engj%@&dﬁﬁeqt éafsox@héa&"ﬁ
Novenber 2006 ﬁtbwi elgér—po m, é’S’éfnmqi) wase;ﬂqecmlth 40 Hel mduévtane(ﬂ&me) 1 He,
%ml-l) 2. g7E§(taeri] ;foﬁg%aﬂﬂztherﬂt%;&enu‘a@dégde(‘Lacu&m he ljesmng 1%3131%1& (‘!"g@m—fﬁ]/ (-- 449
{I-] 2 (7- Oxazol Prrgpl3d-blpyrdinalBo@-tspinacidiZhng, 913 neakendacet yl | - pi peri din

-4- ylidene} sphemydnrdsRiRdind 0% A, Do Neddhy Wre &sdded into chloroform (2 mL)

and treated with added BOPCI (34 mg, 0.13 mmol). The reaction solution was stirred

three days, concentrated, dissolved into MeOH and purified by preparative HPLC to
yield the TFA salt of title compound shown (43 mg, 0.075 mmol, 89%) as an off-
white solid.

10 'HNMR (500 MHz, CD;0D) & 8.78 {s, 0.5H), 8.77 (s, 0.5H), 8.61 (d, /= 6.1 Hz,
0.5H), 8.59 (d, J = 6.1 Hz, 0.5H), 7.86 (d, J = 6.1 Hz, 0.5H), 7.84(d, J = 6.1 Hz,
0.5H), 7.46-7.18 (m, 5H), 3.92 (dd, J = 6.1,5.8 Hz, 1H), 3.79 (t, J = 6.1 Hz, 1H), 3.75
(dd,J=6.1, 5.8 Hz, 1H), 3.62 (t, J = 5.8 Hz, 1H), 3.03 (dd, J = 6.1, 5.8 Hz, 1H), 2.94
(t, /=58 Hz, 1H), 2.54 (dﬁ, J=6.1,58 Hz, 1H), 2.48 (s, 1.5H), 2.43 (s, 1.5H), 2.48-

15 2.42 (m, 1H).

LCMS: m/e 462 (M+H)*.

Example 109
1-(7-Chloro-1H-pyrrolo{3,2-blpyridin-3-y1)-2-{4-[(3,5-difluoro-phenyl)-phenyl-
20  methylene]-piperidin-1-yl}-ethane-1,2-dione

4-1(3,5-Difluoro-phenyl)-phenyl-methylene]-piperidine-1-carboxylic acid tert-butyl
25 ester (29 mg, 0.074 mmol) was stirred with 4.0M HCl in dioxane (2.0 mL) for 2h and
then concentrated under vacuum. The resulting residue, (7-cli10;o— 1H-pyrrolo[3,2-
blpyridin-3-yl)-oxo-acetic acid (27 mg, 0.12 mmol), and diisopropylethylamine (0.5
ml., 2.9 mmol) were dissolved into chloroform (2 mL) and treated with added BOPCl



N NO 10 A m xture of conpound of exanple 101 (30 ng, 0.074 nmol),
2-tributyl stannanyl oxazole (106 ng, 0.30 nmol), Pd(PPh3)4 (129 ng, 0.112
mol ) and dioxane (1 nmL) in a sealed tube was heated at 120 C for 15 h.
The reaction m xture was diluted with MOH, filtered through Celite and
concentrated. The residue was purified by 15 preparative '?%C tﬁ }( @%}8
title conpound (11.3 ng, 0.026 mmol; 39% as a yellow oil. ? VHz,
CD30D)8880(d J =6.1 Hz, 0.5H), 878505H) 8.78 (s, 0.51-1),
8.77 (d, J=6.1 Hz, 0.5H), 838(br s 18P 8.36 (br s, 111) 832(d J=
5.8Hz,05H) 829dJ—61Hz H)773(brs, 72 (br s,
0.5H), 7.50-7. 3 pR0 ). The mgctign 50131"1011 gas stimged tyspg days, @SCEPHEMJ = 6.1,
g- g8H%,dd1H?] 3 E?Ysgol(f@ﬂntoJMsOﬁ aﬁdpﬁ'[t?ed tprep%ve Brbé §1e1d&|)hc_"I15A Sait Bt (tat(ijé") )=
6.1, 5.8 Hz, 1mm20wihom3§% Oﬁ%mne@%%)amwhn@@h@mm+ 25 30 3

Novenber 2006 1
{1-[2- Ox0-2-(7- Iﬁ%ﬁ%‘f@m %OD}rarson( ?%ﬂbi{ 8|516D§ ()d écgtlﬁ pi peri di

n-4- vyl i dené} - Pii¢iy8. 5&(dcét=c6ri|lﬁz |015é{) 'ES(Hd £HMN HIE;OS‘}IS v79\(dnh=t&11 Hzof Exanpl e

ég(l péﬁg)ﬂg ’(132%7%‘7%13{912??% fj‘)b%‘g‘g g&%ﬁgﬁ(igﬂﬁ’?ﬁoﬁﬁé )it 72 ol ).
5.6 Hz, 1H), 2.52 (p, J = 5.8 Hz, 1H), 3.41 (p, J = 6.0 Hz, 1H),
LCMS: m/e 492 (MH)",

10 Intermediate 17z

Intermediate 1zz, was prepared according to the following scheme:

intermediate 1zz

A) fuming HNOB, H2804;
RY PORr/DME $10°0:

TR

D} AICI;, methylethyiimidazolium chloride, CICOCO-Me

\ vdsudmennocii rm brarmids THED 700~ Qe
Ly vinyimagnesium oriomids, ThH&, S350

15
Intermediate 1zz was isolated as a white solid. LC/MS: (ES") m/z (M+H)" = 289. Rt
=(.85min.
Intermediate 2zz
20
2 N
HN —

The title compound was prepared according to general procedures described before.

25



10 tube was heated at 120 C for 15 h. The reaction m xture was diluted with
McOH, filtered through Celite and concentrated. The residue was purified by
preparative HPLC to yield title conmpound (5.6 ng, 0.012 nmmol, 19% as an
orange solid. LCVs: nmle 454 (M+H)*. 15 Exanple 105
{1-[2-Oxo0-2-(7-11. 2. 31triazol -2-yl-1H pyrrol o] 3. 2- b] pyri di,n-3-vyl.) - yl]-
pi peridi n-4-ylidene}-phenyl-acetonitrile OO NN NN, H3&8W%®%?g@ﬁ%

m xture of conpound of exanple 101 (34 ng, 0.084 mmol), 1,2,3-triazole
(0.40 oL, 6.9 mol ), copper netal (5.4 n?.?0.084 mmol ), and K2CO3 (11.5
ng, 0.083 nmmol) in a sealed tube was hea %d at 160 C for 5 h. The reaction
m xture was diluted with McOH (2 ) fl|% E%& t hrough Celite and
concentrated. The residue 25 was purﬁPFgﬁw V éparative HPLC to yield
title conpound (3.1 nmg, 0.026 mmol, 39% as a yellow solid. 3 Novenber
2006 233 'HNWR (500 MHz, CD3CD) S 8. 80-8. 67 (nlffMD, 8.45-8.35.(m 3H),
7.52-7.30 (m 5H), 3.98 (dd, J=6.1, 5.8 3.84 (dd, J=6.1, 5.5
Hz, IH), 3.80 (dd, J =6.1, 5.8 Hz $¢D, = 6.1, 5.8 Hz, 1H),"
.99 (dd, J= 6.7, 52 Hz, 111), 2.97 (ddy_J

=6. 1, 5. 8Hz, 1H), 2. 67(dd, J=6.1,5. 8
role 438 (M+tH)'. Exanpl e 106
(1-{2-[7-(6-Am no- pyrazin-2-yl)- pymMrol o] 3, 2-b] pyri di n-3-yl]-2-o0x0-acetyl
}- piperidin-4-ylidene)-phenyl -acgtontitrile 10 p

( _
1  59(dd, J=6.1,5.5Hz, IH. 5 LOS:

5 A mixture of intermediate 1zz(760mg, 2.65 mmol), Intermediate 2zz (577mg,
2.92mmol), HOBT (811mg, 5.30mmel) EDAC (1.0g, 5.30mmol) and NMM (1.80ml,
15.90mmol) in DMF (5.0mi) was stirred at room temperature for 20hr. The resulting
solution was diluted with ethylacetate (30ml), then washed wfth water (25ml x 2) and
brine (20ml). The organic layer was dried over magnesinm sulfate, filtered and

10 concentrated. The residue was crystallized in methanol. After filiration, the solid was
dried in air to afford the title compound (385mg, 31%). M NMR (300MHz, CDCls):
9.41(bs,1H); 8.27-8.26(m, 1H); 8.12-8.10(m, 1H), 7.44-7.25(m, 5H); 3.95-2.59(m,
8H). LC/MS: (ES™) m/z(m+H)" = 469. Rt = 1.52 min.

15 ' Example 110

{1-[2-(4-Fluoro-7-[1,2 4]triazol-1-yl-1H-pyrrole{2,3-c]pyridin-3-yl)-2-0xo-acetyl -
piperidin-4-ylidene}-phenyl-acetonitrile

The title compound was prepared from intermediate 3zz (300mg, 0.64mmol)
following the procedure described before (Cu coupling) using the following reagents
and amounts: 1,2,3-triazole (1.3g, 19.2mmol); potassium carbonate (88mg,
0.64mmol); Copper (41mg, 0.64mmol). Title compound was obtained as a brown
25  solid (78mg, 27%). "H NMR (500MHz, CDCls): 11.09(bs, 1H); 9.28-9.27(m, 1H);



rNN NC 11 N NHZ A m xture of conmpound of exanple 101 (35 ng, 0.087 mmol),
5-tri-n- butyl stannanypyrazi ne-2-ylam nel (135 ng, 0.35 mmol), Pd(PPh3)4
(202 ngy, 0.174 15 nmol) and dioxane (I nmL) in a sealed tube was heated at
160 Cfor 0.5 h with mcrowaves. The reaction mxture was diluted with
MeOH, filtered through Celite and concentrated. The re5|gg$ ma%)Pg@ggled
by preparative HPLC to yield titel conpound (9.2 ng 0.0

an orange solid. 'HNMR (500 MHz, CD30OD) S 8.80 (s, 0.5H), 8.79 (s, 0.5H);
8.77 (s, 0.5H), 877(s 20051) 8722é%| J—64Hz 05H) 869(d J=

6.4 Hz, O. 5H) H)zg 73& 5H), 8.16
(s, 0.5H), §3e§ 31®m5u)1) 52260, 111)38209(5@ @:H)lH) 99@%@@ shy wfsiﬁlcns 8 He,
1H), 3.85 (t Gz N 5.8 Hz, 1H), 3.66 (dd, J=
6.1. 5.5 H, 13 )Q’z 98 Skmz(l%‘éﬁ? AN 15@13%”, 293 (t, J= 5.8 Hz, 1H),
2.66 (dd, J= 6 1 5.8 FE 1H), 2.60 (t J— 5.8 Hz, IH). 25 LCMS: nie 464
(MH)' . 30 3 Novenber 2006 234 Exang 71]11

1-[ 4- (Brono- phenyl - met hyl ene) - plperldln I'T-2-(7-chl oro-1H pyrrol o

[ 3, 2- b] pyri Hi n{B{Qy‘lﬁﬁe&jnamepmmmﬁhe-fmoﬂ)-lmlulylrrold[z;s -Gp@aidibt3Erl]-Toxa

sol uti on of (7acdiyidpiperidipyirylidere)-phdayHapstonidiile- 3- yl ) - oxo-acetic acid (191
nmg, 0.87 mmol), 4-(bronophenyl net hyl ene) - pi peridine hydrochl ori de salt

(245 ng, 0.85 mmol) and diisopropyl ethyl am ne .£40 ng, 3.4 nmmol) in
chl oroform (10 nL) was 10 added BOPCI (26 mol ). The reaction

solution was stirred two days, freaged Wth dai al
di i sopropyl et hyl am ne (440 ng, 3}4 4130
~ ry o
NG
H
N\
W
NH,

10 The title compound was prepared from intermediate 3zz {(105mg, 0.22mmol)
according to general procedures described before (Cu-coupling) using the following -
reagents and amounts: 3-aminopyrizole (450mg, 5.41mmol); potassium carbonate

(SULE, V.ZZU10L ), CUPPEE LIOLLE, U.ZJ1ULUL).  11UE GUILPUULU Wds UULALIGU a5 &
yelow solid (13.6mg, 3.5%). 'H NMR(300MHz, DMSO): 12.40(bs,1H); 8.37- _

15  8.29(m, 2H); 8.08-8.02(m, 1H); 7.55-7.35(m, 5H); 5.93-5.90(m, 1H); 3.85-2.49(m,
8H). LC/MS: (ES™) m/z(m+H)" = 470, Rt = 1.57min.

SCHEME 31

Br. \\
4
4
MeD O
MeO Q N
r\( PdCl:(PhCN)» / Cul
I\{ 0
piperidine / 80°C / 2h N

TMS—== MeO H

R=TMS
}@CongeOH/ﬂ<:

20 R=H



ng, 0.50 mmol) and stirred three days. The reaction m xture was
concentrated, dissolved into MeOH and purified by preparative HPLC to
yield title compound shown (293 ng, 0.64 muol, 75% as a white solid. 15
1IHNVR (500 MHz. CDCh) S 8.77 (d-.[= 5.5 Hz_ 0.5111 R75-9-72 (m 0 5111,
8.72 (s, 0511), 8.71 (s, 0.5ri), 7.69-7.61 (m 113), 7.38- m% 61
3.80 (t, J =5.5 H, 1H), 3.67 (br s, IH, 3.58 (t, J = 5'51%0‘%“1’61 Q§
(br s, IH, 2.78 (t, J =5.5 Hz, 111), 2:68 (br s, 111) 2.39 (t, J= 5 5
Hz, 1H), 2.32 (br s, 1H), LCMS: rule 458 %I\&I'r 20 Exanple 108
1-(7-Chloro-111-pyrrol o[ 3, 2-b] pyri di n-3-y 2- {4 [(5 met hyl -[ 1, 3, 4] oxadi azo
| - 2-yl)-phenyl - rret hyI ene] - pi peridin- JE:Qélni lehliane ,2-dione 0 ONN H d
025 N 3 Nove 8 - eth 1- l -methyle
4-(5-Met hyl - pﬁg &3& ; " d%?h g ég 4 grvale%el-carboxyl
ic acid tert- b‘?}PW H%‘i’ 56\/}; }’re'% Wth 4.OM HCl in
di oxane (2.0 nL) for 2h and then concentrat ed under vacuum The resulting
residue, (7-chloro-IH pyrrol o[ 3, 2-b] pyrirgi~n-3-yl ) - oxo-acetic acid (27 ny,
0.12 mol ), and 5 diisopropyl ethylam ne ( m., 2.9 mmol) were dissolved
into chloroform (2 nL) and treated with added BeRrCl (34 ng, 0.13 mmol).
The reaction solution was stirred three daysy entrated, dissolved into
MeOH and purified by preparative HPLC to Yield the TFA salt of title
conpound shown (43 ng, 0.075 mmol, 8990 cas g off- white solid. 10 1HNMR
(500 MHz, CD30D) S 8.78 (s, 0.5H), 8.77 0.5H), 8.61 (d, J= 6.1 Hz,
0.511), 8.59 (d, J = 6.1 Hz, 0.511) ¥ &6 (@, J =6.1 Hz, 0.511), 7.84(d, J
= 6.1 Hz, NN

5 MeO H

As shown in Scheme 31 to a solution of of 1-[4-(1-bromo-1-phenyl-methylene)-
piperidin-1-yl}-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione (0.094 g, 0.195
mmol), PACL,(PhCN), (0.005 g, 0.0117 mmol), and Cul (0.005 g, 0.0252 mmol) in

10  piperidine (1.5 mL) was added trimethylsilylacetylene (0.070 mL, 0.405 mmol}. The

| mixture was heated at 60°C for 2 h and the solvent removed in vacuo. The residue
was diluted with EtOAc and H,0, the organic phase was separated and the aqueous
phase was re-extracted with EtOAc (x2). The combined organic layers were washed,
(H,0, brine), dried (Na;SO4) and evaporated, and the residue was purified by

15  preparative HPLC to give the title compound as a colorless solid (0.038 g, 39%).
'THNMR (400 MHz, CDCI3) 8 10.32 (s, br, 1H), 7.81 (d, J= 9.9 Hz, 1H), 7.33-7.15
(m, 6H), 3.89 and 3.87 (s, 3}, 3.82 and 3.81 (s, 3H), 3.59 (t, J= 6.0, 1H), 3.59 (dd,
1=53, 6.1 Hz, 1H), 3.50 (t, J= 5.8Hz, 1H), 2.82, {t, ]= 5.8Hz, 1H), 2.75, (i, = 5.8Hz,
1H), 2.43, (t, J= 5.8Hz, 1H), 2.35, (t, J= 5.8Hz, 1H), 0.12 and 0.06 (s, SH).

20 LCMS m/e 502 (M+H)"

25



0.511), 7.46-7.18 (m 511), 3.92 (dd, J= 6.1,5.8 Hz, 111), 3.79 (t, J= 6.1
Hz, 1H), 3.75 (dd, J =6.1, 5.8 Hz, 111), 3.62 (t, J = 5.8 Hz, 1H), 3.03
(dd, J =6.1, 5.8 Hz, 1 H, 2.94 (t, J= 5.8 Hz, 111), 2.54 (dd, J= 6.1,
5.8 Hz, 111), 2.48 (s, 1.511), 2.43 (s, 1.51), 2.48- 15 2.42 (m 1H) . LOMS:
me 462 (MtH)'. Exanple 109

1- (7-Chl oro- | H pyrrol of 3, 2-b] pyri di n-3-yl ) - 2-{4-[ (3, 5- dfur’blr\‘B"‘ﬂﬂ%‘“rﬁ?P?ﬁpheny
| - 20 met hyl ene] - pi peridin-1-yl}-ethane-1,2-dione 0 0 NN N

4-1(3,5-Di fl uoro-phenyl) -phenyl - met hyl en%(l pi peri di ne-1|-car boxyl ic aC| d
tert-butyl 25 ester (29 ng, 0.074 mmol) was stirred wwth 4. OMHO in

di oxane (2.0 nmL) for 2h and then conckéxample 2t under vacuum The resulting
resi due, (7-chPuapardtignmfdrléi(bPBerd-lthynyl-tiethydene)-pipsridimtolli%(4sli d (27 ny,
0.12 muol ), andimttheysr-amiidel-Byleethare-LDdbneni, 2.9 mvol ) were dissol ved
into chloroform (2 m.) and treated with added BOPCI 3 Novenber 2006 236
(34 ng, 0.13 nmmol ). The reaction solution s stirred three days,
concentrated, dissolved into McOH and puri®N ed preparative HPLC to
yield the TFA salt of title conmpound shown , 0.061 nol, 83% as a
white solid. 'HNWR (500 MHz, CD3CD) S 8. 7 .511), 8.70 (s, 0.5H), 8.59
(d, J =6.1 Hz, 5 0.511), 8. 58 (dyed ® , 0.511), 7.80 (d, J =6.1

Hz, 0.5H), 7.79 (d, J = 6.1 Hz, O. 11) .39-7.12 (m 5H), 6.87-6.71 (m
3H), 3.81 (p, J = 5.8 Hz, 111), 3.B0° = 5.6 Hz, 111), 2.52 (p, J= 5.8

Hz, 1H), 3.41 (p, J= 6.0 Hz, 1H), n1e 492 (MtrH)+. 10 Internediate 1zz
5 MeO H

To a solution of 1-{4-(1-phenyl-1-(2-trimethylsilylethyn-1-yl)-methylene)-piperidin-
1-y1]-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-~1,2-dione (0.035 g, 0.0699 mmol) in
MeOH (1 mL) was added X>CO; (0.010 g, 0.0724 mmol) and the mixture was

10 allowed to stir at room temperature for 6 h. The mixture was then evaporated and the
residue was purified by preparative HPLC to give the title compound as a colorless
solid (0. 0'?7.g, 91%).

Vo otz s s e ir o B 2 ot cf T = omoww  aTes Mo c11 T A oot oY e

LELNLIYALN TUU AYLEL L Fey Pl AL U AU Ay (M T e Ay AL [ g uu A TNy el LALsy RAAJy
't 3 » k] 3

7.35-7.18 (m, 6H), 3.92 and 3.91 (s, 3H), 3.83 (s, 3H), 3.82 (t, J= 5.8 Hz, 1H), 3.61
15 (i, J=5.8 Hz, 1H),3.52 (dd, J= 5.5, 6.1 Hz, 1H), 3.32 (t, J= 5.8 Hz, 1H), 2.84 (dd, J=

5.8, 6.1 Hz, 1H), 2.76 (dd, J=5.8, 6.1 Hz, 1H), 2.45 (dd, J= 5.8, 6.1 Hz, 1H), 2.37

(dd, T =5.8, 6.1 Hz, 1H), 1.85 (br s, 1H).

LCMS m/e 430 (M+H)".



Internmediate in, was prepared according to the following schene: 0 OH F F
FF Step Step Step Step O HNI ' NO26 , | NON HNHDBr OOCHBr Br
intermediate izz A) fuming HNG3, H2SO4; RL PnRr.JO MF Ilnr r. ..,;ate. Tss
rioO> ,nor D) AlC13, nethylethylimdazoliumchloride, ClCOCO2Me 15
Internediate 1zz was isolated as a white solid. LC M5 (ES%ﬁze@I\/rH ok =
289. Rt = 0.85mn. Internediate 2zz 20 HN The title conp SARTIES
prepared according to general procedures described before. 25 3 November
2006 237 Internediate 3zz N FONO NN Br r 5 Amxture of
internmediate | zz(760ny, 2.65 mol), Internmediate 2zz (577ny,

SCHEME 47
R
Br. i\
PACI(PhCNY/ Cul
o N -~ 0 N
MeO piperidine MsQ
O - .
N trifurylphosphine N 0
| N =R | h
N, = N N~ N
one H ome 1
Example 114

5  Preparation of 1-{4-(1-Phenyl-1-(2-isopropylethyn-1-yl}-methylene)-piperidin-1-
¥1i-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

AN

)
MeD O N
d € ©

10 General Method: As shown in Scheme 47 to a mixtare of 1-[4-(1 -bromo-1-phenyl-
methylene)-piperidin-1-yl]-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione
(0.101 g, 0.208 mmol), PACL(PhCN), (0.004 g, 0.0107 mmé»l‘), tri-2-furylphosphine
(0.010 g, 0.045 mmol), Cul (0.004 g, 0.023 mmol) was added piperidine (2 mL),
followed by isopropylacetylene (0.11 mL, 1.07 mmol). The mixture was heated in a

15 sealed tube at 100°C for 3 h and the solvent was then removed in vacuo, The residue
was purified by preparative HPLC to afford the title compound (0.212 g, 22%).as a
light yellow solid:

"HNMR (400 MHz, CDCls) § (1:1 mixture of rotamers) 8.02 and 7.99 (s, 1H), 7.45
and 7.43 (s, 1H), 7.37-7.23 (m, 6H), 4.04 and 4.03, (s, 3H), 3.93 and 3.92 (s, 3H),

20 3.84(t, J=5.8 Hz, 1H), 3.64 (dd, J=5.8, 6.0 Hz, 1H), 3.57 (dd, J= 5.5, 5.8 Hz, 1H),
3.36(dd, J= 5.3, 6.1 Hz, 1H), 2.85 (dd, J=5.8, 6.1 Hz, 1H), 2.78 (t, J= 5.6 Hz, 1H),



2.92mmol ), HOBT (811lng, 5.30mmol) EDAC (1.0g, 5.30mmol) and NWM (1. 80n,
15.90mmol ) in DMF (S.OM) was stirred at roomtenperature for 20hr. The
resulting solution was diluted with ethylacetate (30nl), then washed with
water (25mL x 2) and brine (20ml). The organic |ayer was dried over
magnesium sul fate, filtered and 10 concentrated. The resi dugﬁvas b 0
crystallized in methanol. After filtration, the solid was wamper 296 ¢ o
afford the title conpound (385ngy, 31% . 1H NVR (300MHz, CDC13):
9.41(bs,1H); 8.27-8.26(m 1H); 8.12-8.10(2#%2 1H); 7.44-7.25(m 5H);
3.95-2.59(m 8H). LM (ES) mz(mH)' = 469. Rt = 1.52 mn. 15 Exanple
110 2.49 (t, I= 5.8 Hz, 1H), 2.73 and 2.67 {pent, J= 6.8 Hz, 1H), 2.49 (t, J= 5.8 Hz, 1H),

{1-[2-(4-Fluoros /L L z V. SC]pyrldlnSyI) 2- 0X0-
acetyl]- piperi d| n({"lllI élédﬂ&%nle P 1egnhf/il11 ](e é%ﬁ éﬁ)‘: NNH Nf ~N
20 The title cdlﬁmamdem(hmléﬁar ed frominternediate 322 (300ng, 0. 64mmol )
follow ng the procedure described before (Cu coupling) using the foll ow ng
reagents and anounts: 1,2,3-triazole (1.3g, 19.2mmol); potassium carbonate
(88ng, 0.64mvl); Coppetnd BiaiplesQ1H4miak preplict laecoedfippunémemsd obt ai ned as
a brown 25 soli f’-&éﬁﬁg 27% . 1H NVR (500MHz, CDC13): 11.09(bs, 1H);
9.28-9.27(m 1H), Jember 2006 238 8.32-8.31(m 1H); 8.22(m 1H);
8.09-8.08(m 1H); 7.49-7.25(m 5H); 3.96-2.61(m 8H). LC/ Ms: (ES+)
mz(mtH) + = 456, Rt = 1.56m n. Exanple 111 5

(1-{2-[7-(3-Am_no- pyr.azo| - Hjél -4 f | ydramp l"?-]&y;rrolo 7%yl’ldln yl]-2-0

xo- acetyl}-pi parpaation ol 1- WFEC&EEPMF@W}HI@’WN&#I) ng)- alperldm-
1-y1]-2-(4, 7-d1methoxy-6-azamdol-?)-yl)-ethane-l 2-dione:

N\
/4
MeQ O N
I ©
fN
M0 H

Prepared according to the general method to give the title compound (21% yield) as a
15 solid: |

'HNMR (400 MHz, CDCl5) § 9.17 and 9.16, (s, 1H), 8.02 and 8.01, (d, J= 3.3 Hz,

1H), 7.46 and 7.43 (s, 1H), 7.37-7.20 (m, 5H), 4.05 and 4.03 (s, 3H), 3.93 and 3.92

(s, 3H), 3.83 (dd, J =5.8, 6.0 Hz, 1H), 3.63 (dd, J= 5.5, 6.1 Hz, 1H), 3.56 (dd, J= 5.6,

6.0 Hz, 1H), 3.35 (dd, J=5.5, 5.8 Hz, 1H), 2.83 (dd, J=5.8, 6.1 Hz, 1H), 2.75 (t, J=
20 5.8 Hz, 1H), 2.46 (dd, J=5.8, 6.0 Hz, 1H), 2.38 (t, J= 5.8 Hz, lH) 1.43-1.32 (m,

1H), 0.85-0.63 (m, 4H).

LCMS m/e 468 (M+H)".

25



NNH NN NH2 10 The title conmpound was prepared frominternedi ate 3zz
(105ny, 0.22mmvol) according to general procedures described before
(Cu-coupling) using the following reagents and anounts: 3-am nopyrizole
(450nmg, 5.41mmol); potassium carbonate (JVny, V-2-2111111ul), cuppct VWM,
V. 4Jnuuul). 11U0 uunpul 1116 WAJ uUld1l11Gll1l as a ye||OM/SO|Id 13. %ngb
3.5%. 'H NVR(300M 1z, DVSO): 12.40(bs, 1H) 8.37 15 8. 29(m 2 Digember 2006
8.08-8.02(m 1H); 7.55-7.35(m 5H); 5.93-5.90(m 1H); 3.85-2. 49(n1 8H) .

LOMS: (ES+) mlz(mH)+ = 470, Rt =1.57mn CHEME 31 R Br - ~~ MO O N\
\ O PdCl2(PhCN)2 / Cul Me\ O N o Np.per.é ne / 60C/ 2h MMOH N TMS =
MO HR= TMS 20 K2C03 / I\/bO—|/ rt CRg_ enber 2006 239 Exanple 112
Preparation of |3l (2- tr I thylene)
pi peridin-1-yl] #L% Q%DIPH &{:ﬁg l'a%z' 'i}li( le%"?"%'gﬁi) % %i?ﬁﬁ TMS
-..- e 0Xy- -azam ethane-1,2-dlone
MeO ON
OH
\
7
MeO O N
AN
T3 ©°

Prepared according to the general method to give, after crystallization from MeOH,
the title compound (22% yield) as a solid: '
"HNMR (400 MHz, CDCl3) 6 8.08 and 8.05 (d J=3.3 Hz, IH), 8.02 (s, 1H), 7.44 (s,
10 1H),7.39~7.36 (m, 1H), 7.33-7.23 (m, 5H), 4.44 and 4.38 (s;:2H), 4.05 and 4.04 (s,
3H), 3.95 and 3.94 (s, 3H), 3.85 (dd, J= 5.8, 6.0 Hz, 1H), 3.66 (t, J=5.8 Hz, 1H), 3.56
(t, J=5.8 Hz, 1H), 3.38 (dd, J=5.5, 5.8 Hz, 1H), 2.89 (dd, J= 6.3, 5.6 Hz, 1H), 2.79
(dd, J=5.8, 6.1 Hz, 1H), 2.50 (1, J= 5.8 Hz, 1H), 2.41 (t, J= 5.8 Hz, 1H).
LCMS m/e 460 (M+H)".
15

Example 117
Preparation of 1-[4-(1-Phenyl-1-(2-methoxymethylethyn-1-y1)-methylene)-
.piperidin~1-yl]-2-(4,7-dimethoxy-6-azaindol—-3-yl)-ethane-1,2-di0n¢_a:

OMe

N\

%
MeQ O N
Dath:

20 MeQ



5 M0 H As shown in Schene 31 to a solution of of
1-[4- (1-brono- 1- phenyl - net hyl ene) - pi peri di n-
1-yl]-2-(4, 7-di met hoxy- 6- azai ndol - 3-yl ) - et hane-1, 2-di one (0.094 g, 0.195

mmol ), PdCLl2(PhCN)2 (0.005 g, 0.0117 mmol), and Cul (0.005 g, 0.0252 mmol)
in 10 piperidine (1.5 nm) was added trinethylsilylacetyl ene_( .06@) %06
0.495 mol ). The nixture was heated at 60C for 2 It and th Ceht
renoved in vacuo. The residue was diluted with Et OAc and H2O, the organic
phase was separated and the aqueous phas®4was re-extracted with Et OAc
(x2). The conbined organic | ayers were washed, (H2O brine), dried
(Na2SO4) and eVARRS e gordingde é‘ﬁéefre@imd\ﬁﬁglvpﬂmtﬁﬁﬁ@dmpwﬁi%ew)m ave
HPLC to give t%hgltle conpound as a colorless solid (0.038 g, 399 . 'HNWR
(400 MHz, CDCl?i‘ 10.32 (s, br, 111), 7.81 (d, J= 9.9 Hz, 1H), 7.33-7.15
(m 6H), 3.89 R 400 Hz IEPCL: B3 829 ambl9. B4 @it s 1), 86&anc8859(d(1—33ﬂz€5 0,

P, 30 O Ry P, Wi B D S Rt Mol O

J= 5. 8Hz 5|) (8. 31:12 BOadl DB ES3H)OHPO BOIHHCVES (HaeI598, 1\/H|z|,)rH) 3. 8@@%,

e e 2730 R Rursh GhR i 1o s 0, 256 .-
di et hoxy- 6- azéiﬁadlezS-lﬁl))%SﬂtCﬂaﬂe—SJS 3N en, 2.9EH 9= N6 Mg B 4o a

sol ution of

1-[ 4- (1- phenyl (‘iid (I?Stgr PT@'&%ZPI%{%I | yl et hyn-1-yl)-nmet hyl ene) - pi peridin-
1-yl]-2-(4, 7- diheat$hoxy 46 @zgnndol - 3-yl ) - et hane- 1, 2-di one (0.035 g, 0.0699
nmol ) in OH (1 nmL) was added K2C03 (0.010 g, 0.0724 mmol) and the

m xture was~10 allowed to stir at roomtenperature for 6 h. The m xture was
then evaporated and the residue was pyhi DE,' 8qgby preparative HPLC to give

the title conmpeuithraSoroiCR lEssv- RO Lk K 0 ik . 6H) ,
3.92 and 3.91 (qult"?shhetﬁ ‘p(rl md§ —l -ylf)ﬁ%i:lﬁﬂle t,;ﬁcgl]i‘il)lng g %&‘@le ei'a?[? gh%i yﬁf”

aY,

lvlcé C \%&J
N
7§ ©
N
15 MeO R

Prepared according to the general method to give the title compound (29% yield) as a
solid:
"HNMR (400 MHz, CDCl3) 6 9.10 (s, 11D, 8.04 and 8.02 (d, J=3.3 Hz, 1), 7.46—
20 7.27 (m, 11H), 4.05 and 4.04, (s, 3H), 3.94 and 3.93 (s, 3H), 3.89 (m, 1), 3.69 (¢, J=
5.8 Hz, 1H), 3.62 (dd, J= 5.5, 5.8Hz, 1H), 3.41 (dd, J= 5.1, 6.0 Hz, 1H), 2.97 (dd, J=
5.8, 6.0 Hz, 1H), 2.90 (dd, J= 5.8, 5.5 Hz, 1H), 2.56 (t, J= 5.8 Hz, 1H), 2.49 (t, I= 5.8
Hz, 1H).
LCMS m/e 506 (M+H)".
25



15 (t, J= 5.8 Hz, 1H), 3.52 (dd, J= 5.5, 6.1 Hz, 1H), 3.32 (t, J= 5.8 Hz,
1H), 2.84 (dd, J= 5.8, 6.1 Hz, 1M 2.76 (dd, J= 5.8, 6.1 Hz, 1H), 2.45
(dd, J=5.8, 6.1 Hz, 1H), 2.37 (dd, J =5.8, 6.1 Hz, 1H), 1.85 (br s, 1H)
LCVB wile 430 (M+H) +. 3 Novenber 2006 241 SCHEME 47 R P dd 2(PhCN) 2/ cCul
rNON O MO piperidine MeO O trituryl phosphine O - R I N H W
H Exanple 114 5 Preparation of lvelbor M06
1-[4-(1-Phenyl -1 -(2-isopropyl ethyn-1-yl)-nethyl ene)-pi peridia-|-

yl]-2-(4, 7-di met hoxy- 6- azai ndol - 3-yl )-ethane-|,2-dione: MO O NN MOH
10 General Method: As shown in Schene 47 £8°a mixture of
1-[4-(1-brono-I-phenyl -

nmet hyl ene) - plper|d|n |-yl 7- leé—lgzalndol 3-yl)-eth ne 1,2-dio
ne (0.101 g, f]1' é{ﬂ{epﬁ %ca(rboygv )?-1 -F)-ethy ?Hx%mpen n-1-
tri-2-furyl phosﬁﬂr%@'?-(b@l%hwé-a@ anec;i-djonenos g, 0.023 mol ) was

added piperidine (2 nL), followed by |sopropylacetylene (0.11 m., 1.07
mol ). The m xture was heated in a 15 sealed tube at 100C for 3 h and the
sol vent was then removed in vacuo. The r&SPBye was purified by preparative
HPLC to afford the title conpound (0.212 g, % a

4
MeQ O N
N
4 °
N
5 MeO H

To a solution of LDA [prepared from iProNH (0.15 ml., 1.070 mmol) and n-BuLi
{0.52 mL, 0.936 mmol}] in THF (3 mL) at —78°C under Ar was added 1-[4-(1-phenyl-
1-ethynyl-methylene)-piperidin-1-yI}-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-
10 dione (0.160 g, 0.373 mmol). The solution was allowed to stir for 30 min and then a
large excess of powdered dry ice was added directly into the flask. The mixture was
altowed to warm to room temperature overnight and was then quenched with 10%
aqueous HCl. The mixture was extracted with EtOAc (x3) and the combined organic
layers were washed (H,O, brine}, dried (Na;SO,) and concentrated. The residue was
15  purified by preparative HPLC to afford the title compound as a colorless solid (0.026
g, 15%): .
"HNMR (400 MHz, CD;0D) § 8.15 and 8.12 (s, 1H), 7.42-7.26 (m, 6H), 4.04 and
4.03, (s, 3H), 3.90 (s, 3H), 3.86-3.88 (m 1H), 3.69 (dd, J=5.3, 6.3 Hz, 1H), 3.59 (m,
1H), 3.42 (m, 1H), 3.13-3.11 (m, 1H), 2.97 (dd, J= 5.3, 6.1 Hz, 1H), 2.85 (dd, I=5.1,
20 6.3 Hz, 1H),2.54 (dd,J=5.5, 6.4 Hz, 1H), 2.44 (dd, J= 5.1, 6.3 Hz, 111).
LCMS m/e 474 (M+H)".

Preparation of 3-Trimethylstannyl-5-carboxyethylpyridine:

CO,Et

i =

75 N SnMe;



light yellow solid: 'HNWR (400 MHz, CDC13) 8 (1:1 m xture of rotamers) 8.02
and 7.99 (s, 1H), 7.45 and 7.43 (s, 114), 7.37-7.23 (m 6H), 4.04 and
4.03, (s, 3H), 3.93 and 3.92 (s, 3H), 20 3.84 (t, J=5.8 Hz, 1H, 3.64
(dd, J= 5.8, 6.0 Hz, 1H), 3.57 (dd, J= 5.5, 5.8 Hz, 1H), 3.36 (dd, J= 5.3,

6.1 Hz, 1H), 2.85 (dd, J= 5.8, 6.1 Hz, 1H), 2.78 (t, J=5.6 |
Novenber 2006 242 2.49 (t, J= 5.8 Hz, 1H), 2.73 and 2.67 (Bﬁﬂ"’?m%% Hz,

1H), 2.49 (t, J= 5.8 Hz, 1H), 2.41 (t, J=5.6 Hz, IH), 1.21 and 1.14 (d,
J= 6.8 Hz, 6H). LCVMB mle 472 (MrH)+. 5 o@ﬁéound Exanpl-es 115-118 are

pr epar ed accord| ng to %he nmet hod of Exanple 114. Exanple 115 Preparation
of 1-[ 4- (1- PheryPiytuce of é@é‘f‘%‘b?ﬁﬁ‘%@@ﬁ'}’wmdlw (LS s PrehEyngdl peri di n- 10

1-yl]-2-(4,7- dlheﬁﬁgaﬁmﬁnai@agr}eploézzmo%nﬁ@@aﬁs& il le&%g)r}%m%}hl uyeO H

Pr epar ed accordlgﬁz’to t he general met hod t lve t e ti und (21%

yield) as a 1%0-88}&&-008mpmed) fubp Hﬁﬂms egys5d Witharatregm pHAT pubbleg H) |
8.02 and 8.01, 1 77020

5H - 4,05 and 1539 ”f]’él‘, ?1‘3%5%5‘?“0@‘%%5% ’E‘f%l}bsf%%a‘zdé‘%f‘g’&ﬂm‘ggg(l‘ﬁ%‘eg s0; -8, A
Mz, ' 111), 3563 (itlehth BmpSrayre)orl1eHe, Thbkdpole@ nbufedols thon cSafiratediolinyizss 111)
3.35 (dd. , 1H) , 2.7 .
505, & e, J1H) aédzthgé%d_%"h‘?@a?gﬁpg%d (g%géh ‘Eﬁ%%é]l()f" @HQE%“& ° (1t11),J

1.43-1.32 (m campqune(mm G3%) 1 a dlehr yel@VGiLnT e 468 (MrH)©. 25 3 Novenber

2006 243 Exa i on of
1-[4-(1-'PhenyInE|C§/(% %@ﬁﬁ‘hyl et hyn- 1-yl) - net hyl ene) -

10 Preparation of 4-(1-Phenyl-1-(5-carboxyethylpyridin-3yl)-methylene)-
piperidine-1-carboxylic acid tert-butyl ester:

CO,Et

15 A mixture of 3-trimethylstannyl-5-carboxyethylpyridine (0.298 g, 0.949 mmol) and 4-
(1~br0m0-1-phenyl—methylene)-piperidine-'l—carboxylic acid tert-butyl ester (0.334
mL, 0.949 mmol) in dry THF (5 mL) was degassed with a stream of Ar bubbles for
10 min. To this solution was added bis(triphenylphosphine)palladium dichloride
(0.033 g, 0.047 mmol) and then the reaction vessel was sealed and the mixture was
20 heated at 90°C (oil bath temperature) for 16 h. The cooled mixture was then
evaporated to dryness and the residue chromatographed (Si0./ hexane-EtOAc, 7:3) to
give the title compound (0.294 g, 73%) as a clear yellow oil:
'Homr (400 MHz, CDCls) 8 9.07 (s, 1H), 8.56 (s, 1H), 8.01 (s, 1H), 7.34-7.23 (m,
3H), 7.10 (m, 2H), 4.38 (m, 2H), 3.48 (s, 4H), 2.36 (s, 2H), 2.36 (s, 2H), 1.46 (s, 9H),
25  1.38 (m, 3H).
LCMS: m/e 423 (M+H)".



pi peridin-1-yl]-2-(4, 7-di net hoxy- 6- azai ndol - 3-yl ) - et hane-1, 2-di one: OH MeO
ON N 5 MO H Prepared according to the general nethod to give, after
crystallization fromMOH, the title conpound (22%vyield) as a solid:
1HNVR (400 MHz, CDCI3) S 8.08 and 8.05 (d J= 3.3 Hz, 1H), 8.02 (s, 1H),

7.44 (s, 10 111), 7.39-7.36 (m 1H), 7.33-7.23 (m 5H), 4.44. and
(s,.2H), 4.05 and 4.04 (s, 3H), 3.95 and 3.94 (s, 311), gé"’("&ﬁﬂ’e %é’ 8,
6.0 Hz, 1H), 366(t J—58Hz,1H) 356 (t, J—58Hz 3.38 (dd,

=55 5.8 Hz, 2.89 (dd, J— ?4~}-|Z 111), 2.79 (dd J=5.8, 6.1
iz, 250(t J—58HZ 241( = 5.8 Hz, 11-1). LCV5 nmie 460

z
Vi-H) '. 15 Ex Ik Py

-[ 4- (1- Phenyl - Egﬁ% ‘éf;:& egtl' PE&% glgzetﬁ%lpth‘im 36,)1) methylene)
iperidin-I-yl] 2 -di rre oxy -azal 5 yl)-etbane-1, 2-dione: Owe
MeO O 6N N 20 MO H 3 Novenber 2006 244 Prepared accor d| ng to the
general method to give the title conpoun®i59%yield) as a solid: 'HNWR
(400 MHz, CDCI3) 8 9.19 and 9.14 (br s, I1H), 8.02 and 8.01 (d, J= 3.3 Hz,
1H), 7.46 and 7.44 (s, 1H), 7.39-7.23 [[mj 4.28 and 4.22 (s, 1H), 4.05
and 4.04 5 (s, 3H), 3.93 and 3.92 (s, 0O (m 1H), 3.85 (dd, J= 5.8,
6.1 Hz, 1H), 3.66 (dd, J= 5.8, 6.1 Hz, 3.58 (dd, J= 5.8, 5.6 Hz, 1H),
3.39 and 3.34 (s; 3H), 2.88 (dd, _ 5.8, 16.1 Hz, 111), 2.81 (dd, J= 5.8,
5.6 Hz, 1H), 2.50 (dd, J= 5.8, 6.3 Hz, 1HN"2.43 (dd, J= 5.8, 5.6 Hz, 1H).

TROIG

To a solution of 4-(1-phenyl-1-(5-carboxyethylpyridin-3yl)-methylene)-piperidine-1-
carboxylic acid tert-butyl ester (0.058 g, 0.137 mmol) in dry THF (2 mL} was added
LAH (0.334 mL, 0.949 mmol) portionwise over 10 min. The mixture was stirred at
room temperatore for an additional 30 min and then it was qﬁenched with a saturated
aqueous solution of Rochelle’s salt (5 mL). The resulting miiture was filtered and
the filtrate concentrated to dryness to give the title compound (0.046 g, 87%) as a
clear brown oil:

LCMS: m/e 381 (M+H)".

Example 120
Preparation of 1-[4-(1-Phenyl-1-(5-hydroxymethylpyridin-3-yl}-methylene)-
piperidin-1-yi]-2-[4-methoxy-7-(3-methyl-1,2,4-triazol-1-yl}-6-azaindol-3-y1]-
ethane-1,2-dione:

OH
Ny

74
MeQ O N
N, N ©
IN N
Y H
N4




LCVMS me 474 (MtH) +. 10 Exanpl e 118 Preparation of

1-[4-(1-Phenyl -|-(2-phenyl et hyn-1-yl)-net hyl ene) - pi peridin-1-y1]-

2- (4, 7-di net hoxy- 6- azai ndol - 3-yl ) -et hane-1,2-dione: 0 15 MeO H Prepared
according to the general nethod to give the title conpound (29% yield) as a
solid: "HNTMR (400 MHz, CDC13) 8 9.10 (s, 111), 8.04 and 8. gi\“’é’d b‘] 23@)6

Hz, 1H), 7.46- 20 7.27 (m 11H), 4.05 and 4.04, (s, 3H), GEOst (s
3H), 3.89 (m 1H), 3.69 (t, J= 5.8 Hz, 1H2,b 3. 62 (dd J- 5. 5, 5.8Hz,

3.41 (dd, J—51,60Hz 1H) 297(dd 6.0 Hz, 1H), 290(dd J=
5.8, 5.5 Hz, 1‘13') 2. 56 : t, :_5.8 Hz, 1H). LCMB
Ve 506 (MrH)+. Pxipared &Rﬂ%%lérm ﬁmsncr@l&@ﬂmmémmﬁ@m giya thsttitls gompound

1-[4- (1 - Phenyl ai 3 GBit€ o1aqEstidyn- | - yl ) - met hyl ene) - pi peri di n-1 -

yl1-2-(4, 7-di mgt hOXéIOG azai ndol ﬁéﬁ et hane-1, 2-di one: HO2C MeO O dN &
“\?2--1\0 - N 5 ey @Gz ()i (s I5R, §-P9 EspAHb §-40r8eth (mPr2ENS 3400515 L,

J-Ar Oz\gsm;gg)edagtiﬂw@lkh ofl@) B20%; 0.58R% GMRD) 1459 25, 85, W3- P67 f 8C under

| - et hynyl - net hgfﬂéﬁe?)l ®i la@ﬁt 67 fs. 1H3u4]053s CH). AT (e CHRA/S 16 2B ] <33H) ) - et ha
ne-1,2 10 di on§5(1@4]16(g1 9,0 /@ B The solution was allowed to stir for
30 mn and then a arge excess of ovvdered dry ice was added directly into

the fl ask. TheLﬁM&l}W@%ééMﬂ“D

Example 121
10 Preparation of 1-[4-(1-Phenyl-1-(5-carboxyethylpyridin-3-yl)-methylene)-piperidin-1
yl]-2-[4-methoxy-7-(3-methyl-1,2.4-triazol-1-y1)-6-azaindol-3-yI]-ethane-1,2-dione:

CO.EL
AN
7/
MeO O N
N,y ©
N
«™N H
r’x'z\f(”
Me .

15 Prepared analogously to the general method of Example 70 to give the title compound
as a white solid (12% yield):
"Hnmr (400 MHz, CDCls) §11.00 (s, 1H), 9.09 (s, 1H), 8.56 (m, 1H), 8.21 (s, 1H),
8.01 (m, 1H), 7.75 (s, 1H), 7.37-7.07 (m, 6H), 4.38 (g, I= 7.1 Hz, 2H), 4.05 (s, 3H),
3.79 (m, 2H), 3.53 (m, 2H), 2.65-2.40 (m, 4H), 2.55 (s, 3H), 1.38 (t, J= 7.1 Hz, 3H).
20 LCMS: m/e 606 (M+H)", o

25



allowed to warmto roomtenperature overni ght and was then quenched with
10% aqueous HCO . The m xture was extracted wth Et OAc (x3) and the

conbi ned organic |ayers were washed (H20, brine), dried (Na2SO»4) and
concentrated. The residue was 15 purified by preparative HPLC to afford the
title conpound as a colorless solid (0.026 g, 15%: 'HNWMR S?@) %}zﬁ )
S 8.15 and 8.12 (s, 1H), 7.42-7.26 (m 6H), 4.04 and 4.03,

(s, 3H), 3.86-3.88 (m1H), 3.69 (dd, J=5.3, 6.3 Hz, 1H), 3.59 (m 1H)

3.42 (m 1H), 3.13-3.11 (m 1H), 2.97 (dd,24é 5. 3 6.1 Hz, 1H), 2.85 (dd,
J=5.1, 20 6.3 Hz, 1H), 254(dd J—55 4 1H), 244(dd, J= 5.1,
6.3 Hz, 1H). L .enaff 4 (M - e% aratlon of

3-Tri net hyl st an == % e: CO2Et 25 N SnMe3 3 Novenber

2006 246 A m xture of 3-brono-5-carboxyethyl pyridine (0.108 g, 0.469
mmol ), hexamethylditin (0.088 niL, O.4R&mpleli}9and

tetrakis(tri phemyJ[ph@FMrm{na,Bltmlmmyl(ﬂi Piiro(2, DcPYBdNTBIy))-2-dkockicytylHE (2
nm) was degassegipiridin-d-ydidem phefiylAicetonitkilees for 10 min. The reaction
vessel was then sealed and the m xture was heated at 80C 5 (oil bath
tenperature) for 16 h. The cool ed m xture was tplen evaporated to dryness
and the residue chromat ographed (Si Q2/ hexaE(ragt c, 1:1) to give the title
conmpound (0.113 g, 77% as a clear yell ow oj LCVMS: me 316 (M+H)'. 10
Preparati on of 4-(1-Phenyl-I|-(5-carboxyethy P? ridin-3yl)-nethyl ene)-

pi peridine-1-carboxylic acid tert-butyk CO2Et N BOC 15 A m xture
of 3-trimethyl stannyl -5-carboxyethyl py |d| nec(O 298 g, 0.949 mmol ) and 4
(1-bromo-I| - phenyl - net hyl ene) - pi peri di nesT Xgar boxylic acid tert-butyl ester
(0.334 L, 0.949 mmol) in dry THE (% Nwas degassed with a stream of Ar
bubbl es for N, H .

G

Example 129a was prepared analogously to Example 110.
10

Preparation of 4-[1-Cyano-1-(5-phenyl-1,3,4-oxadiazol-2-yI)-methylene]-
piperidine:

15  To amixture of N-Boc-4-piperidone (0.200 g, 1.00 mmol) and 2-(cyanomethyl)-5-
phenyl-1,3,4-oxadiazole in dry THF (5 mL}, at 5°C under Ar, was added NaHMDS
solution (1M in THF, 1.1 mL, 1.1 mmol) and the mixture was then stirred at room
temperature for 16 h. The reaction was quenched with MeOH (1 L) and then the
mixture was evaporated to dryness. The residue was taken up in HCl-dioxane (4 M,

20 2 ml) and the reaction mixture was kept at room temperature for 20 h before again
being evaporated to dryness. The residue was taken up in EtOAc, washed (sat.
NaHCO3 x2, brine), dried (MgS0,) and evaporated to give the title compound (0.212
g, 80%) as a dark red semi-solid, which was used as such in the next step:

LCMS m/e 267 (M+H)".

25



10 min. To this solution was added bis(triphenyl phosphi ne)pal | adi um
dichloride (0.033 g, 0.047 mmol) and then the reaction vessel was seal ed
and the m xture was 20 heated at 90C (oil bath tenperature) for 16 It. The
cooled m xture was then evaporated to dryness and the residue
chromat ogr aphed (Si 2/ hexane-Et OAc, 7:3) to give the titl hg)on}%%un?%oﬁ
(0.294 g, 73% as a clear yellow oil: 'Hnnt (400 Mz, CDC13$ VEIHT ¢S
1H), 8.56 (s, 111), 8.01 (s, 1H), 7.34-7.23 (m 3H, 7.10 (m 2H), 4.38
(m 211), 3.48 (s, 4H), 2.36 (s, 211), 2.%%’(5, 2H), 1.46 (s, 9H), 25 1.38
(m 3H). LQWE: 3{(3) MrH) ' . 3 Novenher 2006 247 Preparation of

4- (1- Phenyl -1 - (@ﬁ‘y’g ?\%H%%%Wﬁwiﬂa?‘ﬁﬂﬂwﬁﬂwlﬁgﬁrlé?flérﬂ)tes

pi peridi ne-1-carboxylic acid tert-butyl est%rN' OH NN BOO 5 To a

sol ution of ,

4- (1- phenyl -1 - (5-car boxyet hyl pyri di n- 3yl®/éhhyl ene) - pi peridi ne-| -
carboxylic acid tert-butyl ester (0.058N 0.137 mmol) in dry THE (2 nl)
was added LAH (0.334 ni, 0.949 mmol ) portionwi se over 10 min. The m xture

was stirred at ro tenperdture fqQr an a d%l ongl 30 maommagyd hed it was
quenched with a saf uF3#BR° 10 aqueods sol ut|i oM Roghel | gaspsal t (|5 ni).
The resulting mxture was fiflteref.and tfe Trrtrate concentrated fto
dryness to give the title conpounti£0.J046 |y, 874 a$ a cl%8r brown oil:
LCVS: me 381 (M+H)™ ™~ I5 Exanpl e 128 Preparatiom of
1-[ 4- (1- Phenyl -1 - (55- hydr oxy et hylm,ﬁdi n- 3- yl )Stet hyl ene) -206
pi peridin-1-yl] -Zalél- methoxy- 7- ( 3SwRet hyt=1, 2, 4=-triagol=1=yt)=6=azdi ndol - 3-y
|]- ethane-1, 2-di dne: '
] S (Y Me 83 247
e
=2
4 W 100 205
5 @ 100 239
. v
6 \(Q 01 255
S
]
7 N_~ RD 7R
| A | l ! |
L kS t I
Example 122

5  Preparation of 1-[4-(1-Cyano-1-(5-phenyl-1,3,4-0xadiazol-2-yl)-methylene)-
piperidin-1-yI]-2-(4,7-dimethoxy-6-azaindol-3-yl}-ethane-1,2-dione:

S N
Y
N
MeO
§ 0
I N
N/N
Meo H

10 General Method: To a solution of oxalyl chloride (0.030 mL, 0.34 mmol) in DCM (4
mL), at 5°C under Ar, was added DMF (0.02 ml_) and stirring was continued at the



[/ N/ V'] MOONNO N ri- N NHM 20 3 Novenber 2006 248 Prepared
anal ogously to the general nethod of Exanple 70 to give the title conpound
as a white solid (8%yield): "Hnnr (400 MHz, CDClI3) 011.00 (s, 111), 9.09
(s, 1H), 8.49-8.41 (m 2H), 8.34 (s, 1H), 8.21 (s, 0.5H), 8.20 (s, 0.5H),
7.75 (s, 114), 7.43-7.22 (m 3H), 7.13-7.07 (m 5 2H), 4.71 (s, 1H), 4 67
(s, 1H), 4.05 (s, 3H), 3.78 (m 2H), 3.51 (m 2H), 2.55 (3,33@%@@&20066

2.51-2.41 (m 4H), 1.60 (br s, 114). LCVs: me 564 (MtH)'. Exanple 121 10
Preparation of s

1-[ 4- (1- Phenyl -1 -(5-carboxyet hyl pyri di n-3-“y|1) - met hyl ene) - pi peri di n-]

yl']-2-[4-met hoxyg £z (35 E}t} -1.2..4-triazol -1-%\/;3-6- zai ndol - 3-yl ] - et hane- 1,
2-dione: OCREt qN %ﬂ%ﬁ KILFQAB R ﬁl‘:ﬁe W%‘R'F Kaneren _‘[%ﬁﬁﬁf%p%‘? £d2 131 Bbusl y to
the general net HoldiofetExptpizainddl-3-ogbacetid £d (0.0608, 0QHRAHAS N NAPDWMI t €
solid (12%yi el ca . .
2, 1.5 mL) was added dropwise, and stiring was continued at -20°C for 1 h. To
this mixture was added a mixture of 4~[1—cyano-l~(5-pheny1.-1,3,4-oxadiazol~2—yl)-

5 methylene]-piperidine (0.064 g, 0.24 mmol) and Hiinig’s base (0.080 mL, 0.48 mmol)
in DCM (1.5 mL). This mixture was stirred at 5°C for 1 h and then it was evaporated
to dryness. The residue was purified by preparative HPLC to give the title compound
(0.037 g, 31%) as a beige solid:

'Hnmr (400 MHz, CDCl:) 6 9.34 (m, 1H), 8.02 (m, 3H), 7.50 (m, 3H), 7.40 (m, 1H),
10 4.04 (s, 3H), 3.97 (m, 2H), 3.87 (5, 3H), 3.64 (m, 2H), 3.34 (m, 2H), 2.99 (m, 2H).
LCMS m/e 499 (M+H)*, '

Compound Examples 123-129 were prepared analogously to Example 122.

15 . Example 123
Prepa_ratmn of 1-[4-(1-Cyano-1-benzothiazo1-Z-yl-methylene)-piperidin-l-yl]-z-
(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

Prepared according to the general method above to give the title compound (20% yield) as
beige solid:
"Hnmr (400 MHz, CDCls) 8 9.50 (m, 1H), 8.02 (m, 2H), 7.87 (m, 1H), 7.47 (m, 2I1),
7.38 (m, 2H), 4.04 (5, 3H), 3.87 (m, 2H), 3.85 (s, 3H), 3.62 (m, 2H), 3.33 (m, 2H),

25 2.95(m, 2H).
LCMS m/e 488 (M+H)".



"Hnnr (400 MHz, CDC13) 511.00 (s, 111), 9.09 (s, 111), 8.56 (m 1H), 8.21
(s, 1H, 8.01 (m 1H, 7.75 (s, 1H, 7.37-7.07 (m 6H), 4.38 (q, J=7.1
Hz, 213), 4.05 (s, 3H, 3.79 (m 2H), 3.53 (m 2H), 2.65-2.40 (m 4H),
2.55 (s, 3H), 1.38 (t, J=7.1 Hz, 3H). 20 LCMs: me 606(|\/HrH)+ . 25 3
Novenber 2006 249 Additional Experinmental procedures Exarrpl 29
{1-12-(4-Fluoro-7-[1,2,3]triazol-1-yl-1H pyrrol o[ 2, 3-c] pyrl “Saﬂeﬁz% oxo
acetyl]- 5 piperidin-4-ylidene}-phenyl-acetonitrile NC Ph O 6N I

NN H ~~N Exanple 129a was prepared anal¥gously to Exanple 110. 10
Preparation of 4 [1 Q/ano I-(5 phenyl 1, 3, 4- oxadi azol - 2-yl ) - net hyl ene] -

pi peridi ne: i 5 Thsample 4#4ire of N-Boc- 4- pi peri done
(0.200 g, 1.00 Eﬁ%ﬂ?l}aﬂaﬁ&f ilﬂ q;ggﬁemﬂma ols-ylgpethylena); idperidindcith264& i n dry
THE (5 nL), at Hwethoxg6-maindphd-yThatbanenalioge: sol ution (1Min THF, 1.1 ni,
1.1 mmol ) and the m xture was then stirred at room tenperature for 16 h.
The reaction was quenched with MeOH (1 rrL) ndst_l{uen t he

!
N
Meo
Q »)
| N
N_.= N
5 meo H

Prepared according to the general method above to give the title compound (51% yield) a:
white solid:
"Humr (400 Mz, CDCl3) 8 9.56 (br s,1H), 8.79 (s, 0.5H), 8.72 (s, 0.5H), 7.96 (m,
10 1H), 7.50 (m, 1H), 7.37 (5, 0.5H), 7.36 (s, 0.5H), 3.99 (s, 3H), 3.86 tm, 1H), 3.85 (s,
3H), 3.76 (dd,J= 6.1, 5.5 Hz, 1H), 3.60 (dd,J= 6.1, 5.5 Hz, IH), 3.50 (dd,J= 6.0, 5.6
Hz, 1H), 3.14 (dd,J= 6.1, 6.0 Hz, 1H), 3.08 (dd,J= 6.1, 5.5 Hz, 1), 2.90 (dd,J=6.1,

ANHy THY 2R4(A4T=5 & 10 H» 1TH

LCMS m/e 438 (M+H)".
15
Example 125
Preparation of 1-[4-(1-Cyano-~1-(2,3,5-trimethylthien-4-yl)-methylene)-piperidin-
1-y1]-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:
Me
Ne. S
/ " Me
Me
N
MeO G
N 0O
I A
N._= N
20 meo H

Prepared according to the general method above to give the title compound (2% yield) as

yvellow salid:



m xture was evaporated to dryness. The residue was taken up in HC -di oxane
(4 M 20 2 nL) and the reaction m xture was kept at roomtenperature for 20
h before again being evaporated to dryness. The residue was taken up in
Et OAc, washed (sat. NaHCO3 x2, brine), dried (MJSO4) and evaporated to

give the title conpound (0.212 g, 80% as a dark red sem i d, wh was
used as such in the next step: LCMS mle 267 (MtH)' 25 3 hggéﬁﬁgp @%@%

250 TABLE X: Representative cyanOV|nyIp|pef|d|ne i nt er medi at es ~ R HN
L mMme Example RYield (%9 (M1-1)+ i%§ | 70 256 2 CN 50 206 Me 3/
y Me 83 247 S Me 4 100 205 5 100 239 6 91 255 Exanple 122 5

Preparati on of 3+ (5- phenyl -1, 3, 4- oxadi azol - 2-yl ) - net hyl ene) -
plper|d|n 1- yl]%ﬁﬁéagiaéﬁﬁ@? Xy- 6-azai ndol - 3-yl ) -et hane-1;2-dione: NC O
N .

Example 126
Preparation of 1-[4-(1-Cyano-1-thien-3-yl-methylene)-piperidin-1-yl]-2-(4,7-
5  dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

Prepared according to the general method above to give the title compound (7% yield) as
10 white solid:

"Homr (400 MHz, CDCl3) 5 9.79 (br s, 1H), 8.07 (m, 1H), 7.3-7.4 (m, 3H), 7.0 (m,

1H), 4.19 (s, 1.5H), 4.17 (s, 1.5H), 3.86 (s, 3H), 3.67 (m, 2H), 3.58 (m, 1H), 3.42 (m,

1H), 2.83 (m, 2H), 2.61 {m, 2H). .

LCMS m/e 437 (M+H)".
15
Example 127
Preparation of 1-[4-(1-Cyano-1-benzofuran-3-yl-methylene)-piperidin-1-y1]-2-
(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:
Ne, 79
/
N
MeO 0
0
A
N. = N
20 MeQ H

Prepared according to the general method above to give the title compound (5% yield) as
white solid:



MOOIl '\ 0O NN MO H 10 General Method: To a solution of oxalyl
chloride (0.030 nmL, 0.34 mol) in DCM (4 nl), at 5C under Ar, was added
DMF (0.02 nmL) and stirring was continued at the 3 Novenmber 2006 251 sane
tenperature for 10 min. The m xture was then cooled at -20C, a solution of
4, 7- di met hoxy- 6- azai ndol - 3-yl - oxoacetic acid (0.060 g, 0.24 1) i

NVP-DCM (1:2, 1.5 nL) was added dropwi se, and stirring vvas3%$f‘?‘%‘laﬁfg7&ogt
-20C for 1 h. To this mxture was added a m xture of

4-[1-cyano-| - (5- phenyl - 1, 3, 4- oxadi azol - 2-%#) 5 net hyl ene) - pi peri di ne (0.064
g, 0.24 mmol) and Hiiniy&lls base (0.080 nm_, 0.48 mmol) in DCM (1.5 nL).
This nixture wadnEs {40P dFin CDEE)H091(bRs, diE, § Bl HES0 ewdpbr as-eE (n,0

d . Th i hf i i P i it
Compound (0. 037 PAoESILA O Lo BY. BECRRTR S Cuborhis? CicHy B o, 5a
(m 111), 8.02@17&'1)331)3?(%13@a%-ﬁi(lBﬂH})Z.Sﬁ(mOZIOm 1H), 10 4.04 (s, 3H),

3.97 (m 211),L§1|}€§7mfes471 +3.64 (m 2H), 3.34 (m 2H), 2.99 (m 2H).
LCVMB nfe 499 (MHH)' . Conpound 'Exanpl es 123-129 were prepared anal ogously to
Exanpl e 1222 15 Exanple 123 Preparation of

)-gli peridin-1-yi)-2-

-3-y

1-14-( 1- Cyano- | - benz_ot hi azol - 2-yl - et E@Snﬁ >
i( 4i\l7- S/Lgef_lhOXyPpépggzﬁto%do?llllﬁ-d-:efagcg-li?br}m-zoth?eh(ﬁj Ij[?léﬂly ege)[_\lpipgri(%n-l\ll-yl]-w%f) N
(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:

10 MeO H

Prepared according to the general method above to give the title compound (20% yield) ac
white =0lid:
‘Hnmr (400 MHz, CDCl3) 6 9.46 (br s, 1H), 8.00 (5, 0.5H), 7.97 (s, 0.5H), 7.83 (m,
15 1H), 7.62 (m, 1H), 7.36 (m, 5H), 4.05 (s, 1.5H), 4.02 (s, 1.5H), 3.90 (t, J= 6.1 Hz,
2H), 3.86 (s, 1.5 Hz), 3.85 (s, 1.5H), 3.63 (m, 3H), 3.35 (dd, J= 6.1, 5.5 Hz, 1H), 2.96
(dd, J=6.1, 5.5 Hz, 1H), 2.92 (dd, J=6.1, 5.5 Hz, 1H), 2.42 (dd, J=6.1, 5.5 Hz, 1H),
2.38 (dd, J=5.6, 5.5 Hz, 1H).
LCMS m/e 487 (M+H)*.
20
Example 129

Preparatiox.l of 1-[4-(1-Cyano-1-(4-phenylthiazol-2-yl)-methylene)-piperidin-1-
¥11-2-(4,7-dimethoxy-6-azaindol-3-yl)-ethane-1,2-dione:



20 Prepared according to the general nmethod above to give the title
conpound (20% vyield) a; beige solid: '"Hnnr (400 MHz, CDC13) 8 9.50 (m
1H, 8.02 (m 2H, 7.87 (m 111), 7.47 (m 2H), 7.38 (m 211), 4.04 (s,
311), 3.87 (m 2H), 3.85 (s, 3H), 3.62 (m 2H), 3.33 I(m gH), 25 2.95 (rr:c
2H). LCVS Wle 488 (MtH)'. 3 Novenber 2006 252 Exanple 124,Prepat at o]
1!-? 4- (1- Cyano- 1 -t hi azol - 5-yl - met hyl ene) - pi peri di n-1-yl | - 2- (i!irf-vgm%er 2606

di met hoxy- 6- azai ndol - 3-yl )-ethane-1,2-dione: NC S ,\ N OMOO | \ NN
5 MeO H Prepared according to the general aggat hod above to give the title
conpound (51%yield) a: white solid: '"Hn 400 MHz, CDC13) S 9.56 (br

s,1H), 8.79 (s, 0.5 10, 1 7.50 (m._ 1H), 7.37
(s, H%). 5H) 7( 36 ?‘?ér'% a%“lﬂif‘?m%&é'ée %eé‘erl%‘i‘%‘ftgog q%?& "%’rﬁ”eﬂlﬁ EQI%CWOPE‘,g (153 icldya 76
(dd,J= 6.1, 5.5wHitesdlld), 3.60 (dd,J= 6.1, 5.5 Hz, 1H) 350(dd J—60,2 866
08 (dd,J= 6. 5 Hz, 111
(0,90 6.3 (ﬂﬁnwﬁaimqn%w%{ﬁlm 73 D R8540 (g Bl o
125 Preparatlonmfl'zz? 4H), 4.02 (s, 1.5H), 4.01 (s, 1. =
1-[4-(1- Q/ang (mt I‘IH)ITE'[ hy(lsthl e)n- (ff SH)’393}I(Ce1%eJ) 60 GIHZ IH) 380
3H) 3.85 (m, 1H), 3.64 (m, 2I1), 3.4 (dd,J-GO 5.6 Hz, 1H) 339(dd J-56
5.5 Hz, 1H) 2.96 (dd, J= 6.0, 5.6 Hz, 1H), 2.90 (dd, J= 6.1, 5.6 Hz, 1H).

LCMS m/e 514 (M+H)*.

Biology
10
¢  “uUM” means micromolar;
¢ “mL” means milliliter;
*  “yl” means microliter;
¢  “mg” means milligram;
15
The materials and experimental procedures used to obtain the results reported
in Tables 1-2 are described below.

Cells:
20
* Virus production-Human embryonic Kidney cell line, 293T, was propagated in
Dulbecco’s Modified Eagle Medium (Invitrogen, Carlsbad, CA) containing 10%
fetal Bovine serum (FBS, Sigma, St. Louis , MO).
* Vims infection- Human epithelial cell line, HeLa, expressing the HIV-1 receptor
25 CD4 was propagated in Dulbecco’s Modified Eagle Medium (Invitrogen,
Carlsbad, CA) containing 10% fetal Bovine serum (FBS; Sigma, St. Louis , MO)
and supplemented with 0.2 mg/ml. Geneticin (Invitrogen, Carlsbad, CA).

Virus-Single-round infectious reporter virus was produced by co-transfecting human
30  embryonic Kidney 293 cells with an HIV-1 envelope DNA expression vector and a
proviral cDNA containing an envelope deletion mutation and the luciferase reporter

gene inserted in place of HIV-1 nef sequences (Chen et al, Ref. 41). Transfections



1-yl1-2-(4, 7-di met hoxy- 6- azai ndol - 3-yl )-ethane-1,2-dione: M2 NC/ S M M
O MOO I\ Ni N 20 MeO H Prepared according to the general nethod
above to give the title conmpound (2% vyield) as vyellow solid: 3 Novenber
2006 253 LCVS me 479 (M+H)'. Exanple 126 Preparation of

1-[4- (1-Cyano-| -t hi en-3-yl -net hyl ene) - pi peridin-1-yl]-2.(4,

di Eret EOX&IG- azai ndol -3-yl )-ethane-1,2-dione: NC/ S ON Mggﬁvﬁnb?rzﬁop N
MeO H Prepared according to the general hod above to give the title
conpound (7%yi eld) as 10 white solid: “Hnmr (400 MHz, CDCl1l3) 6 9 79 (br

(s, e ’5H§3 3. gg}fﬁr 'fpegfgﬁne%?,ug?g(ﬁﬂp t%g%\m@‘e éoy_é,m %';Qlf §s42?fcﬁﬂ%ed iy 417

(m 2H), 2.61 (nlallufﬁdﬂ)rﬁr (Invitrogen, Carlsbad, CA).
Experiment

1. Hel.a CD4 cells were plated in 96 well plates at a cell density of 1 X 16* cells per
well in 100 wl Dulbecco’s Modified Eagle Medium containing 10 % fetal Bovine

serum and incubated overnight.

10 2. Compound was added in a 2 gl dimethylsulfoxide solution, so that the final assay

concentration would be <10 uM.

3. 100 W of single-round infectious reporter virus in Dulbecco’s Modified Eagle
Medium was then added fo the plated cells and compound at an approximate
15 multiplicity of infection (MOT) of 0.01, resulting in a final volume of 200 ul per

well.

4. Virally-infected cells were incubated at 37 dagrees Celsing, in 2 CO; incnhator,
and harvested 72 h after infection.
20
5. Viral infection was monitored by measuring luciferase expression from viral
DNA in the infected cells using a luciferase reporter gene assay kit, as described
by the manufacturer (Roche Molecular Biochemicals, Indianapolis, IN). Infected
cell supernatants were removed and 50 ul of lysis buffer was added per well.
25 After 15 minutes, 50 pl of freshly-reconstituted luciferase assay reagent was
added per well. Luciferase activity was then quantified by measuring

luminescence using a Wallac microbeta scintillation counter.

6. The percent inhibition for each compound was calculated by quantifying the level
30 of luciferase expression in cells infected in the presence of each compound as a
percentage of that observed for cells infected in the absence of compound and

subtracting such a determined value from 100,



LCVMS me 437 (MtH) 15 Exanple 127 Preparation of

1-[4- (1- Cyano- | -benzof uran- 3-yl - et hyl ene) - pi peridin-1-yl]-2-

(4, 7-di net hoxy- 6-azai ndol -3-yl)-ethane-1,2-dione: NCO O MOO I \ Ni N
20 MeO H Prepared according to the general nethod above to give the title

conmpound (5% yield) as white solid: 3 Novenber 2006 254 ]gm}r %}%00%%32,
CDC13) 5 9.09 (br s, 111), 8.01 (m IH), 7.60 (m IH, 7.5-7"2VERPeT ,

4.03 (s, 1.5H), 4.01 (s, 1.5H), 3.89 (m 2H, 3.85 (s, 1.5H), 3.83 (s,
1.511), 3.63 (m1H, 3.39 (m 111), 2.91§m 2H), 2.56 (m 21). LCM5Srile
471 (MtH)+. 5 Exanple 128 Preparation of 257

1-[4- (1- Cyano-| -_benpzot hi en- 3-yl -net hyl ene) - pi peridin-1-yl]-2-
(4, 7- di met hoxy- 6+ azaF hedreviley 8 megod feomparing tyhentiviN@os e e ppmpunds \ N
N 10 I\/Ec? I(-I2 (I;r)/epar ng)&ﬁQﬁﬂérﬂioﬂgT eQrfehfre I6RBhR NS RRRYENLBiIIL YEcLe title
conpoun I e a:
P °y was calculated with the Microsoft Excel XIfit curve fitting software. For each
compound, curves were generated from percent inhibition calculated at 10
5 different concentrations by using a four paramenter logistic model (model 205).

The ECsp data for the compounds is shown in Table 2. Table 1 is the key for the

data in Table 2.
Resuits
10  Table 1. Biological Data Key for ECss
Compounds with Compounds with Compounds with
ECsgs >5uM ECsps >1 pM but <5pM ECsp<1pM
Group C Group B Group A
Table 2
- ECs
Compd. Structure .
Number Group from Table 1
Ta o P2 | B
N
Example 1 AN
N N
H
NC
Ib o 0 A
OMe
N
Example 2 | = N
= N
N
N H
NC




white sn]id I3nnr (400 MHz, CDCl13) 6 9.46 (br s, 1H), 8.00 (s, 0.511), 7.97
(s, 0.SH, 7.83 (m 15 1H), 7.62 (m IN), 7.36 (m 5H), 4.05 (s, 1.5H),
4.02 (s, 1.5H), 3.90 (t, J=6.1 Hz, 2H), 3.86 (s, 1.5 Hz), 3.85 (s,

1.511), 3.63 (m 3H), 3.35 (dd, J=6:1, 5.5 Hz, 1H), 2.96 (dd, J=6.1, 5.5
Hz, 111), 2.92 (dd, J= 6.1, 5.5 Hz, 1H), 2.42 (dd, J= 6.1

2.38 (dd. J= 5.6, I H) .
Preparati on of
1-[ 4- (1- Cyano | - (4- phenylthlazol 2- yl) netoByl ene) - pi peri din-1I -

5.5 Hz, LCVS ml e 487 (MHH) +.

y|] 2- (4 -di net hnyy B6- = 2-di_ohe: NC s ~N1
Il ~\ NN 25 NeO H 3 Novenber 2006 255 Prepared according to thdg
met hod above tq giwe the title go und (15%vyield) a whiate solid:
(400 MHz, CDCl3) S 9. 4E (br one 311), 7.55-7.49
7.41-7.27 (m 411), 4.Q92 (s 1), 3.91 (dd, J=
Hz, 111), 3.86 %‘a%le?’eH), 3. 2H), 3.42 (dd,
5.6 Hz, 111), 3.39 (dd, J=N (dd, J= 6.0, 5.6
111), 2.90 (dd,} J=6.1,{ 5.6 (MrH) +.  Bi ol ogy
means m cronol gr;
Id o P2 B
Example 4 ] TN
Z N
H
Ie 0 O A
OMe .
N
Example 5 ] AN
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OMe cl
If o 0 A
F
N
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g
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"m." means milliliter;
The materials and experinental procedures used to obtain the resu
reported in Tables 1-2 are described below Cells: 20 Virus
producti on- Human enbryoni c Kidney cell line, 293T, was propagated
Dul becco's Modi fied Eagle Medium (I nvitrogen, Carlsbad, CA) ﬁﬁﬂ;%%niﬂﬁmlo%)
fetal Bovine serum (FBS, Sigma, St. Louis, MJ. Virus i nf eI BR:

epithelial cell

contai ning 10% f et al

suppl enent ed w
Virus-Single-ro
co-transfecting
DNA expr essi on

B A R

"I" means mcroliter; "mg" nmeans mlligr
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Medi um was then added to the plated cells and conmpound at an approxi mate 15
multiplicity of infection (MJ) of 0.01, resulting in a final volune of 200
| per well. 4 _ Virally-infected cell, were incubated at' 37 degrees Cel siuc
ina ('n., incubator and harvested 72 h after infection. 20 5. Viral
infection was nonitored by neasuring |uciferase expression frﬁn1V|ra5OOé»#\
inthe infected cells using a luciferase reporter gene assa pyem

described by the manufacturer (Roche Mol ecul ar Bi ochem cal s, |ndianapolis,
IN). Infected cell supernatants were re ed and 50 | of lysis buffer was

added per well. Th#y~#eeensLLLuLed
| uci ferase assa Luciiferase activity was then
gquantified by Yence using a Wl lfac m cr dbet a
scintillation cpunter. ent inhibition for each conmpound was
cal culated by q I 30 of | uci fefase expression iln cells
infected in the| preseng Qs a pe¢rcentage of that| observed
for cells infect®d int ognd and| subtracting sugh a
determ ned val ue_from 100. 3 venber 257 7| An EC50 providgs a
met hod for conparing the antiviral potency of thejcompounds of this
i nvention. The |ghfectiye concent@atlon for fifty percent knhibiticn (EC50)
was cal cul ated mith thg Excel X fit curye fitting software. For
each conpound,| curves ed from percenf inhibition cal gul ated at
10 5 different |domeEat | i our parpnenter |ogisticimodel
(nodel 205). The EC50 yds is shown in Table 2| Table 1
is the key for |the dat - s 10 {Table 1. Biol ogic¢cal Data
Key for EC50s Conpounds$ with CbnpouW%s mnth Conpounds wi th EC50s|>5pM
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Table 2 EC50 Conpd. Structure Nunmber G oup from Table 1
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N Exanple 6\ HN-~N O 1g0O0AOw Exanple 7 NN H Ow Br 3 Novenber
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The compounds of the present invention may be administered orally,
parenterally (including subcutaneous injections, intravenous, intramuscular,

intrasternal injection or infusion techniques), by inhalation spray, or rectally, in
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dosage unit formulations containing conventional non-toxic pharmaceutically

acceptable carriers, adjuvants and diluents.

Thus, in accordancerwith the present invention, there is further provided a
method of treating and a pharmaceutical composition for treating viral infections such
as HIV infection and AIDS. The treatment involves administering to a patient in
need of such treatment a pharmaceatical composition comprising a pharmaceutical

carrier and a therapeutically effective amount of a compound of the present invention.

The pharmaceutical composition ma;r be in the formn of orally administrable
suspensions or tablets; nasal sprays, sterile injectable preparations, for example, as

sterile injectable aqueous or oleagenous suspensions or suppositories.

When administered orally as a suspension, these compositions are prepared
according to techniques well known in the art of pharmaoeutiéal formulation and may
contain microcrystalline cellulose for imparting bulk, alginic acid or sodium alginate
as a suspending agent, methylcellulose as a viscosity enhancer, and
oV L o) 2t vuj...lus GEeLLD DUIU YL L LY GLle 430 LINUCULAS 1C1CadS LALITD, UIGHT
compositions may contain microcrystalline cellulose, dicalcium phosphate, starch,
magnesium stearate and lactose and/or other excipients, binders, extenders,

disintegrants, diluents, and lubricants known in the art.

The injectable solutions or suspensions may be formulated according to
known art, using suitable non-toxic, parenterally acceptable diluents or solvents, such
as mannitol, 1,3-butanediol, water, Ringer’s solution or isotonic sodimm chloride
solution, or suitable dispersing or wetting and suspending agents, such as sterile,
bland, fixed oils, including synthetic mone- or diglycerides, and fatty acids, including

oleic acid.

The compounds of this invention can be administered orally to humans in a
dosage range of 1 to 100 mg/kg body weight in divided doses. One preferred dosage
range is 1 to 10 mg/kg body weight orally in divided doses. Another preferred dosage

range is 1 to 20 mg/kg body weight in divided doses. It will be understood, however,

11% MO0 N N MOH Exanple - A 118 \ / [ \ [/
2006 287 Exanple H2C A 119 MMOO N N P

MOO H Exanple OHA 120 N~/ / \ / MeOO NN O % fl NNNH
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that the specific dose level and frequency of dosage for any particular patient may be
varied and will depend upon a variety of factors including the activity of the specific
compound employed, the metabolic stability and length of action of that compound,
the age, body weight, general health, sex, diet, mode and time of administration, rate
5  of excretion, drug combination, the severity of the particular condition, and the host

undergoing therapy.
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CLAIMS
What is claimed is:
5 L A compound of Formula I, including pharmaceutically acceptable salts
thereof,
z
Sw
10 4y
wherein:
0
Zis
QNI
Q is selected from the group consisting of:
15 '
6 2 2 2
R2 E ¥ RS 7 £ R3 1 X R R\ \/\
T B—rt '“NI\\‘R1 T g | T >=
Rr3 P N /5 N RB.N 2N and R4 N N H
R* RT R4 l"‘7 * R4 h-’ , R R?
-W-is
Ry7 Ris
Ris
Ris Zp
R N
Ray
20 Rig P20

RY, R, R? R? and R, are independently selected from the gronp consisting of
hydrogen, halogen, cyano, nitro, COOR?, XR®, and B;

25 mislor2;



l \' NNO MOHExanple NC/ S A 128 ON MOl '\ NNO MOH
Exanple NC S C 129 N ONJ O MOl \' NN MOH The conpounds of the
present invention nay be admi nistered orally, parenterally (including
subcut aneous i njections, intravenous, intranuscular, intrasternal

I njection or infusion techniques), by inhalation spray, or_rectall in 3
Novenber 2006 290 dosage unit fornul ati ons containi ng coné@ﬁ?@%ﬁﬁ.2006
non-t oxi ¢ pharmaceutically acceptable carrkﬁas, adj uvants and di |l uents.
Thus, in accordance with the present invention, there is further provided a
5 nmethod of treating and a pharimaceutical conposition for treating viral

I nfections such as HV infection and AIDS. The treatnent involves
admi ni stering to &°pab beddes hot exidged of such treatnent a pharnaceutica
conposition conprising a pharnaceuti cal

R’ is (CH2)oR™;
5
n is 0-6;
R" is selected from the group consisting of H, (C;¢)alkyl, -C(0)-(C;s)alkyl,
C(O)-phenyl and CONRM'R'%;
10

R and R*? are each independently H, (Cy)alkyl or phenyl;
- - represents a carbon-carbon bond or does not exist;

15 D is selected from the group consisting of hydrogen, (Cjg)alkyl, (Cig)alkynyl,
(Cs.6) cycloalkyl, halogen, cyano, -CONR*R*, -S02 R¥, COR™, COORS,
tetrahydrofuryl, pyrrolidinyl, phenyl and heteroaryl ; wherein said
(Cr.6)alkyl, (Ci.¢)alkynyl, phenyl and heteroaryl are each independently optionally
substituted with one to three same or different members selected from the group G;

20 heteroaryl is selected from the group consisting of furanyl, thienyl, thiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl,
tetrazolyl, triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl;

A is selected from the group consisting of phenyl and heteroaryl; wherein said phenyl

and heteroaryl are each independently optionally substituted with one to three same or

[R]
L

different members selected from the group K; and heteroaryl is selected from the
group consisting of pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, furanyl, thienyl,
benzothienyl, thiazolyl, isothiazolyl, oxazolyl, benzooxazolyl, isoxazolyl, imidazolyl,
benzoimidazolyl, 1H-imidazo[4,5-b]pyridin-2-yl, 1H-imidazo[4,5-c]pyridin-2-y1,

30  oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl, tetrazinyl, triazinyl and friazoly};
with the proviso that when m is 1 and A is benzoimidazolyl, 1H-imidazo[4,5-

b]pyridin-2-yl or 1H-imidazo[4,5-c]pyridin-2-yl, D is not -H;



carrier and a therapeutically effective amount of a conpound of the present
I nvention. 10 The pharmaceutical conposition nmay be in the formof orally
adm ni strabl e suspensions or tablets; nasal sprays, sterile injectable
preparations, for exanple, as sterile injectable aqueous or ol eagenous
suspensi ons or suppositories. Wien adm nistered orally as g}§§§ﬁlns%aﬁ,

t hese conpositions are prepared 15 according to technique © I n
the art of pharmaceutical formulation and ngay contain mcrocrystalline
cellulose for inparting bulk, alginic acid or sodiumalginate as a
suspendi ng agent g nrichyl’crls| P os, RA, I&zwe&ﬁ&ﬁhﬂapeﬁﬂﬁm&p@ﬁéctecaﬂdm the group
conpositions may contain _m crocr stalline cel ] ul ose, IC|un1%P0%€ e,
starch, 20 nag n@%ﬁslﬁﬂﬁ%@féﬁﬁ% @la)%rﬁcﬂ  FohesseGnitel 15(?@’]4%‘? fB‘?SﬁPJé 1 one

bi nders, ext endef,Spree Girtd M AGEARNHlogElL 48K, B, EMoi ML cant's known in the
art The injectable solutions or suspen5| ons may be fornul ated according to

known art, usi ng sw t abl e non-t oxi c, parenteral | y acceptable diluents or

sol vents, such ﬂ!#ﬁt S@eN, QREARZON or
I sotonic sodlun1c %%Fg%QE%% ﬁg%p%ggﬂéﬁg g% s(gggfﬁﬁ or Jggﬁlng and
suspendi ng agent@xmﬂumﬂhaem@n&nwkemnSbﬂﬁﬁdﬂdhﬂxﬁﬁnﬁ@n@hﬂﬁ%@%ﬁ@ﬁng synt hetic
nono- or diglyceri.des C C |

conmpounds of thi 'éldf’l?%\l}g?ﬁ?lygﬁa ghyﬁ&Sh%%dn+s Jen;éce! oraﬁ E'o ?dﬁﬁe:rj%ﬁaggg Jﬁgﬂ
dosage range of froin@nd @Othreg/skge biodiffensri @bthtuamtsthelact&éﬁodﬂ&d@ter@w ipsaddotadr ed

brof orred dosage P EOMCIS PRIt BYERIRS. BEGY bGP Brordoss dead ) 1"
wi Il be undeft oggbnyl) BvRMEieny  tHi e8NS hidf, 0}421861}712 baizobk‘ﬂo@pmﬁzcﬂyldose

| evel and frequency of _dosage_for a partic tlent ari ed and
wi |l depend uponimidgaiildicyzamidgiyof qﬂ&ﬂ?ﬁ%ﬁn@?ﬂﬁf@ Zoti %‘ ["i}ﬁ

specific conmpoupgygaRhoy! Qgcadltaﬂﬁylnﬁﬁaﬁ%blwp p%@&?{ﬂ te'%dzcﬂﬁdte{r@ﬁ@ﬁlfm@imﬁ@htlon

of that conpound,”"the &age, body wei ght, "general heal th, sex, diet, node
and time of adm #iagelFlati on, rate 5 of excretion, drug conbi nation, the
severity of the particular condition, and the host under goi ng therapy. 3
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15 Fis selected from the group consisting of (Cy.¢)alkyl, (Cag)cycloalkyl cyano, phenyl,

heteroaryl, heteroalicyclic, hydroxy, (Cy.¢)alkoxy, halogen, benzyl,
NRZC(0)-(Cy.)alkyl, -NR¥R?, morpholino, nitro, -S(Cy.s)alkyl, -SPh, NR*S(0),-

R niperazinvl. N-Me ninerazinvl, C(OVH, (CH2),COOR? and -CONR*R™,

wherein said (C).¢)aikyl, heteroaryl, or phenyl is optionally subsiituied with oire i0

20  three same or different halogens or one to three methyl groups; heteroaryl is selected
from the group consisting of furanyl, thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl, triazolyl,
pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl; heteroalicyclic is selected from the
group consisting of aziridine, azetidine, pyrrolidine, piperazine, N-methyl piperazine,

25  piperidine, tetrahydrofuran, tetrahydropyran, azepine and morpholine;

G is selected from the group consisting of (Ci¢)alkyl, (Cs)cycloalkyl cyano,
trimethylsilyl, phenyl, heteroaryl, heteroalicyclic, hydroxy, (Cy.¢)alkoxy, halogen,
benzyl, -NRZC(0)-(Cy.e)alkyl, -NR*R”, -C(O)NR*R*’, morpholino, nitro,

30 -S(Cp.ealkyl, -SPh, NR®S(0)s- R%, piperazinyl, N-Me piperazinyl, (CH2),COOR™
and -CONRPR: wherein said (Cj.¢)alkyl, heteroaryl, or phenyl is optionally
substituted with one to three same or different halogens or one to three methyl

groups; heteroaryl is selected from the group consisting of furanyl, thienyl, thiazolyl,



292 CLAIMS What is clainmed is: 5 1. A conpound of Formula I, including
phar maceutically acceptable salts thereof, zI~ W 10 (1) wherein: 0 Zis Q
m' Qis selected fromthe group consisting of: 15 Re RR R2 RR2 R2 Rs R5-
RB RRNR, R ~~RLRRM R~-and R Re R RR/ R~1YI- RN-w is R17
Rlg R16 XD RR5 A N1 20 R19 RRO R, R2, R3, R and R5, e

i ndependent|y sel ected fromthe group consisting of hydroéjﬁ?yewg?ro@é)ﬁ,
cyano, nitro, COOR8, 3.'R9, and B; 25 mis 595” 2; 3 Novenber 2006 293

isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl,
tetrazolyl, triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl; heteroalicyclic
is selected from the group consisting of aziridine, azetidine, pyrrolidine, piperazine,

N-methyl piperazine, piperidine, tetrahydrofuran, tetrahydropyran, azepine and

Lh

morpholine;

K is selected from the group consisting of (Cy.3)alkyl, hydroxy, (Cy-3)alkoxy, halogen
and -NR*R?"; wherein said (C_¢)alkyl is optionally substituted with one to three
same or different halogens;

10

R, R? and R are selected from the group consisting of hydrogen and

(Crg)alkyl;

X 1s selected from the group consisting of NR*, O and S;
15
st, R* R? R® RY R®, R, R are independently selected from the group
consisting of hydrogen, (Ci¢)alkyl, (Ci¢)alkoxy, phenyl and heteroaryl; wherein said
(Cig)alkyl , phenyl, and heteroaryl are independently optionally substituted with one
to three same or different group J; heteroaryl is selected from the group consisting of
20  furanyl, thienyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl,
thiadiazolyl, pyrazolyl, tetrazolyl, triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and
pyrimidinyl; :

J 1s selected from the group consisting of (C).g)alkyl, phenyl, heteroaryl, hydroxy,

25  (Crs)alkoxy, halogen, benzyl, -NR*C(0)-(Cyg)alkyl, -NR**R*, morpholino, nitro,
-S(Cyg)alkyl, -SPh, NR¥S(0),- R**, piperazinyl, N-Me piperazinyl, (CH2),COOR*
and ~CONR™R™; wherein said (Cy.¢)alkyl, heteroaryl, or phenyl is optionally
substituted with one to three same or different halogens,amino, or methyl groups;
heteroaryl is selected from the group consisting of furanyl, thienyl, thiazolyl,

30  isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl, tﬁiadiazolyl, pyrazolyl,
tetrazolyl, triazolyl, pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl; and



R6 is O or does not exist; R7 is (CH2).R10; 5 nis 0-6; R10 is selected
fromthe group consisting of H (d _6)alkyl, -C(O-(d -6)al kyl,

C(O -phenyl and CONR'R12; 10 R' and R12 are each independently H,

(C1-6)al kyl or phenyl; - - represents a carbon-carbon bond or does not
exist; 15 Dis selected fromthe group consisting of hydro : | kyl,
(Cd ~)al kynyl, (C3_.6) cycloal kyl, hal ogen, cyano, - CO\IRSZRgg]OVPégﬁr%,
COR32, COORS, tetrahydrofuryl, pyrrolidinyl, phenyl and heteroaryl ;
wherein said (O _6)al kyl, (d _6)atkynyl, phenyl and heteroaryl are each

i ndependently optionally substituted with to three same or different
menbers selected fromthe group G 20 heterdaryl is selected fromthe
group consisting 3 t hi |,

i soxazolyl, imda olaf}#k o%% s oﬁ I?Hysf% %%%I}/otjlhe "J‘O‘Q“g{i %%h eé'tae?lg&z]%l yl,
triazolyl, pyridi(@lsalipyreerdiykaid (Iyltsl)aﬂa;zllmy;buonalm;dsqhymmwddmmdn,e tAthres same

sel ected fromthe Si sti of enyl and heteroaryl; wherein said
phenyl 25 and he?r%‘:’a‘%&t&a&lcgné% l’i‘ﬁég%‘egﬁ‘é‘@ﬁt |y optionally substituted
with one to three sane or different nenbers selected fromthe group K, and
heteroaryl is selected fromthe roup con5| sting of pyridinyl, pyrazinyl,
pyri dazinyl, pyridoli di}hWIPP‘?‘WFlé’ﬁ{jgmt LRGSR benzot hi enyl t hi azol yl,

i sot hi azol yl, oxazolyl, benzooxazolyl, isoxazolyl, inidazolyl,

benzoi mi dazol yl, 1Him.dazo =bl.pyridin-2-yl,

1H i m dazo[ 4, 5- c] pyrd di azol yl , th| adi azol yl, pyrazolyl,
tetrazolyl, tetrazziy dtrlazolyl with the proviso that
when mis | and Ais , 1H-im'dazo[45 b] pyri di n-2-yl or
1Hi m dazo[ 4, 5- c] pyr-idir HtSs not -H 3 Novenber 2006 294 R 5 R16
R17 R18R 9 R20, R21 R22 are each i ndependently selected fromthe group
consisting of H and (A -6)al kyl; wherein (Cl-6)al kyl is optionally
substituted w th Rrighydrogéhr ee sanme or different hal ogen, am no, OH, CN or
NC2;

10
- - represents a carbon-carbon bond; and
RS does not exist.

15 3. A compound of claim 2 wherein:

T e = ¥ -
K’ 18 fyarogen, and

R'S, R', R, R', R™®, R?, R?, R? are each independently H or methyl with the

20  proviso that a maximum of one of R-R* is methyl.
4. A compound of claim 3 wherein:

Q is a member selected from groups (A) and (B) consisting of:

25
(A)
R2 R? / 2
{ 3 X R® 7
R S > R | s R, Ay >
» R1 - / ‘\\ R1
REPPN 7 RN 4 g R 7 N
R4 R RS R an Ly i? v



5 Bis selected fromthe group consisting of (O _6)al kyl, (C3.6)cycloal kyl,
C(O NR23R24, phenyl and heteroaryl; wherein said (d-6)al kyl, phenyl and
het eroaryl are independently optionally substituted with one to three sane
or different halogens or fromone to three same or different substituents
selected fromF;, heteroaryl is selected fromthe group co StIE %
pyridinyl, pyrazinyl, pyridazinyl, pyrimdinyl, furanyl, ‘WF‘@ %‘2
benzot hi enyl, thiazolyl, isothiazolyl, oxazolyl, benzooxazolyl i soxazol yl
i m dazol yl, benzoi m dazolyl, 1H—inidazo[4 5- pyridin 2-yl, 1H4inidazo[4,5-

c] pyridin- 2. yl, oxadi.azalyl ,.  hi adi tetrazolyl
tetrazinyl, triazifiQ" 3 % gl é’%‘?aﬁﬁ %Tée“écr%’ é %{’Eﬁﬂpﬁﬁﬁf}ﬂ%‘%ﬁeﬁf"&t}p
consi sting of (Cl-6)alkyl, (C3.6)cycloal kyl cyano, phenyl, heteroaryl,
het eroal i cyclic, hydroxy, (d -6)al koxy, hal ogen, benzyl,

_NR25C( O - (d - 6) al Eyl -NR26R27, norpholino, nitro, -S(C -6)al kyl, -SPh,
NR25S(O) 2- R26 ni nerazi nvt_ N-Me ninerazi nvigs O H (CH2)"000RZS and

- CONR29R30; wherein said (Cl 6)al kyl, enoaryl , or phenyl is optionally
substituted with one to 20 three sanme or djfflerent' hal ogens or one to three
met hyl groups; heteroaryl is selected fr® & _group consisting of
furanyl, thienyl, thiazolyl, isothiazolyl, ekaﬁblyl i soxazol yl,

i m dazol yl, oxadiazolyl, thiadiazolyl, pyrazolyl, tetrazolyl, triazonI,
pyridinyl, pyrazinyl, pyrlda2|nyl and pyrlnldlnyl heteroalicyclic is

sel ected fron1thePHngﬂﬁithﬁﬁ@ﬁnngﬂbmﬂaxmahgmne azeti di ne, pyrrolidine,
pi perazi ne, N-nethyl piperazine, 25 piperidine, tetrahydrofuran,

t et rahydropyran, azepine and norpholine; Gis selected fromthe group
consi sting of (CLl5)al kylcompaBadgfayaihaabieydincyano, trinmethylsilyl, phenyl,
heteroaryl, heteroalicyc&c, hydroxy, (Cl.6)al koxy, hal ogen, benzyl,
-NR25C( O - (C1-6)al kyl, -NR26R27 - C( O NR26R27 norpholino, nitro, 30

-S(CL. 6) al kyl ,10- SPhis a NRAES Qéctddfom Riopey @2 (Y had 0¢) MengpitRe6RZi Nyl , (CH2)"
COOR25 and - CONR29R30; wherein said (Cl-6)alkyl, heteroaryl or phenyl is
optionally substituted with one to three same or different halogens or one
to three methyl gxpups; heteroaryl is selected fromthe group consisting
of furanyl, thienyl, thiazolyl, 3 hbvenber 2006 295 isothiazolyl,

oxazolyl, isoxazolyl, imdazolyl, o adagzolyl t hiraddi azol yl , pyrazolyl,

tetrazolyl, triazolyl, pyridinyﬁi 4 QXI LN *h _and pyrim di nyl;
het eroal i cyclic a6~ s AL A ;
ba R and A Lo W

15 provided R? is hydrogen, methoxy or halogen;

R3is hydrogen;
(B)
HB
re_h. X
REN N
20 | Rt R

provided R? and R are hydro gen; and

25




is selected fromthe group consisting of aziridine, azetidine, pyrrolidine,
pi perazi ne, N-nethyl piperazine, piperidine, tetrahydrofuran,

t et rahydropyran, azepine and 5 norpholine; Kis selected fromthe group
consisting of (O _3)al kyl, hydroxy, (CL.3)al koxy, halogen and -NR26R27;
wherein said (Cl-6)alkyl is optionally substituted with 023 0 LHres sane
or different halogens; 10 R8, R9 and R2$ are selected fro R egPsu

consi sting of hydrogen and (Cl-6)allc |; X% selected fromthe group
consisting of NR31, 0 and S; 15 R23, R2a, R25, R26, R27, R29, Rao R31 are

i ndependent |y sel{€tted fromthe group consisting of hydrogen, (G _6)alkyl,
(G -6)al koxy, phenyl and heteroaryl ; wherein said2 (Ca.6)al kyl , phenyl,
and heteroaryl are independently optiedal |y supstituied with one to three
same or different group J; het eros sel eBtedy t he group consisting
of 20 furanyl, thienyl, thiazolyl~Fso hlazolél |N oHyI; i soxazol yl,

IyIFl‘

i m dazol yl , oxadi azolyl, thiadiazgpkylhk’ pyraag ¢ tetrazolyl, triazolyl,
pyridinyl, pyrazinyl, pyridazinyl, and pyrimdinyl; J is selected fromthe
group consisting of (Cl.6)allyl, phenyl, heteroaryl, hydroxy, 25

(A _6) al koxy, hal oge n -NR32C(O -(C1{)al kyl, -NR32R33 norpholino,
nitro, -S(Cl-6) éjir(gvﬁ%d Igeéﬁﬁgdrﬁ\ﬁgﬁfé?}ﬂgr&%‘gg@’papéer azinyl, NM

pi perazinyl, 6CH2)" COOR2s and - CONR32R33; wherein said (Cr_6)al kyl,
heteroaryl, or p gé%ﬁhs ?g&jonally substituted with one to three sane or
di fferent hal ogers, nd® "SRt hyl groups; heteroaryl is selected from
the group consisting of furanyl, thienyl, thiazolyl, 30 isothiazolyl,
oxazol yl, isoxazaolyl, imdazolyl, .oxadiazolyl, thiadiazolyl, pyrazolyl,
tetrazolyl, triadolyl A Fnoupdhed claipA whemipl * pyridazinyl, and pyrimidinyl ;
and 3 Novenber 2006 296 R32 and R33 are independently selected fromthe
group consisting of hydrogen and (Cl1 )alkyl; wherein said (O _6)alkyl is
optional ly sUBstiQifted with one to three same or different hal ogen,

met hyl , or CF3 groups. R
3 >N
" [ \ R
RG,N = N
Rt R’

provided R%is hydrogen, methoxy or halogen;

R%is hydrogen; and

A is selected from the group consisting of phenyl and heteroaryl; wherein said phenyl
and heteroaryl are each independently optionally substituted with one fluorine,

hydroxy, methyl, or amino; and heteroaryl is selected from the group consisting of
pyridinyl, furanyl and thienyl.

7. A componnd of claim 4 wherein:
Qis
HS
pe N X
' = \\ R1
RS N




5 2. A compound of claiml wherein: Zis Rl is hydrogen; 10 - -
represents a carbon-carbon bond; and R6 does not exist. 15 3. A conpound
of claim2 wherein: x' is hydrogen; and R 5 R16, Rl7, R 8, R19, R2, R21,
R22 are each independently H or nethyl with the 20 proviso that a maxi num

of one of R5-R22 is nmethyl. 4. A conpound of claim3 V\,herg' : %is
menber sel ected fromgroups (A) and (B) consisting of: 25°(A&YC e‘i%jh? R3
| VR 3RRR N1 RMWNRINSI3 1 R R4 Rpfgs R7 and R R4 R~ 3 Novenber
2006 297 provided R and R3 are each independently hydrogen, nethoxy or

hal ogen; and (BF aR6R> Me FfdR3ed;: an2 R4 R7 5 provided R2 is hydrogen,
nmet hoxy or halogen. 5. A'conpound of claim4 wherein:

A is selected from the group cousisting of phenyl and heteroaryl; wherein said phenyl
and heteroaryl are each independently optionally substituted with one fluorine,

> hydroxy, methyl, or amino; and heteroaryl is selected from the group consisting of
pyrdinyl, furanyl and thienyl.

8. A compound of claim 4 wherein:

10 Qis

)
]

m&?
2/
/’ //\
=,

JJ'Z
~

R?is hydrogen, methoxy or halogen;
15 R*and R*are hydrogen; and

A is selected from the group consisting of phenyl and heteroaryl; wherein said phenyl

and heteroaryl are each independently optionally substituted with one fluorine,

hydroxy, methyl, or amino; and heteroaryl is selected from the group consisting of
20 pyridinyl, furanyl and thienyl.



10 Qis a nmenber selected fromgroups (A, (B) and (C) consisting of:

R R2 R3 I

\'VRRER7 R RBLNN1la*N R4 R and R5 R7 R4 15

provi ded R22 i s hydrogen, methoxy or halogen; R3 is hydrogen; (B) R6

R R31 / N20 R< provided R2 and R3 are hydrogen; and 25 3 Novenber
298 () 2 R RBR3, .. R \' Rl a NR®6 R7 and Ra R6 R7 q&ovi edzﬁg
hydrogen, methoxy or hal ogen; and 5 R3 and R4 are hydrogen.s November 2006
300
9. A compound of claim 3 wherein:
B is selected from the group consisting of ~C(O)NR*R>*, phenyl and hetercaryl;

wherein said phenyl or heteroaryl is optionally substituted with one to three same or

different halogens or from one to two same or different substituents selected from the

group F.
10. A compound of claim 5 wherein:

B is selected from the group consisting of -C(O)NR™R?, pheny! and heteroaryl;
wherein said phenvl or heteroarvl 1s optionallv substituted with one to three same or

diiferent halogens or from one to two same or different substituenis selected irom ine

group F.
11. A compound of claim 6 wherein:

B is selected from the proup consisting of —C(O)NRBR24, phenyl and heteroaryl;
wherein said phenyl or heteroaryl is optionally substituted with one to three same or

different halogens or from one to two same or different substituents selected from the

group F.
12, A compound of claim 7 wherein:

B is selected from the group consisting of -C(ONR™R?, phenyl and heteroaryl;
wherein said phenyl or heteroaryl is optionally substituted with one to three same or

(A)

R2 N
2006
i's



6. A conpound of claim4 wherein: 10 Qis R2 31 R R6.N/ N Ra R7
provided R2 is hydrogen, nethoxy or halogen; 15 R3 is hydrogen; and Ais
sel ected fromthe group consisting of phenyl and heteroaryl; wherein said
phenyl and heteroaryl are each independently optionally substituted with
one fluorine, hydroxy, nethyl, or am no; and heteroaryl i3steI ct gﬁ% rom
the group consisting of 20 pyridinyl, furanyl and thienyl." ¥R 6npbund
of claim4 whereini Qs R RN\ RL RS X1 N25 Ra R 3 Novenber 2006
299 R2 and R3 are hydrogen; and A is selected fromthe group consisting of
phenyl and heteroaryl; wherein said phenyl and heteroaryl are each

i ndependent|y optionally substituted with ofd fluorine, 5 hydroxy, nethyl,
or ami no; and heteroaryl is selected fromthe group consisting of
pyridinyl, fur anyiiffmhalh'g@nyt.ﬁo@.onﬁxtq:mmumrgfffeeqnamhsummp ¢qted frompthyy 5 2

3 group F.

13. A compound of claim 10 wherein:
B is -C(O)NR®R?,
14. A compound of claim 10 wherein:

B is heteroaryl; wherein said heteroaryl is optionally substituted with one to three

same or different halogens or from one to two same or different substituents selected

from the group F.

15. A compound of claim 11 wherein:
B is -C(O)NRPR*.

16. A compound of claim 11 wherem:

B is heteroaryl; wherein said heteroaryl is optionally substituted with one to three

same or different halogens or from one to two same or different substituents selected

from the group F.
17. A compound of claim 12 wherein:

B is -C(O)NRZPR*,



R RANNR6 R R2is hydrogen, nethoxy or halogen; 15 R3 and R4 are
hydrogen; and A is selected fromthe group consisting of phenyl and

het eroaryl ; wherein said phenyl and heteroaryl are each independently
optionally substituted with one fluorine, hydroxy, nethyl, or am no; and
heteroaryl is selected fromthe group consisting of 20 pyJj.di anyl
and thienyl. 3 Novenber 2006 300 9. A conpound of claim 3“768 ‘:rré?eﬁzfogg

sel ected fromthe group consisting of -C(O NR23R24, phenyl and heteroaryl,
wherein said phenyl or heteroaryl is optionally substituted with one to
three sane or different hal ogens or fromoone to two sane or different
substituents selected fromthe group F. P82 A conpound of claimb5 wherein:
B is selected fromthe group consisting of -C(O NR23R24, phenyl and

het er oaryl ; mﬁ@relHkgﬁFHmﬂﬁéﬁﬁa“%ﬂzﬁ@?%?barvI is optionally substituted
with one to three sane or different hal ogens or fron1one to two.sane or
different substitnents selected fromthe group A conpound of claim

6 wherein: B i B dickepail: Mheminsid lgf%wldﬁﬁgwﬂlmlbéwteé(@ ° phenyl
and heteroaryl o, Wheagtder? hitds PR P HbmUne ReERS %&Hrdﬁf@cr&ﬁ%ﬁl%ﬂﬁlahﬁé selected
substituted with one to three sane or different halogens or fromone to
two same or di fifam etgreyiStituents selected fromthe group F. 12. A
conmpound of claim?7 wherein: Bis selected fromthe group consisting of
-C(O NR23R24, phenyl and heteroaryl; wherein said phenyl or heteroaryl is
optional |l y subgbi t utfedompdund ofielaind 13 Wheeissane or 3 Novenber 2006 301

B is -C(O)NR*R*.
20. A compound of claim 13 wherein:

B is heteroaryl; wherein said heteroaryl is optionally substituted with one to three
same or different halogens or from one to two same or different substituents selected

from the group F.

21. A compound of claim 3 wherein:

D is selected from the group consisting of hydrogen, (Ci.s)alkyl, (Ci_g)alkynyl,
(Cs.¢) cycloalkyl, halogen, cyano, -CONR*?R?*?, -502 R¥, COR™, COORS,
tetrahydrofuryl, pyrolidinyl, phenyl and heteroaryl ; wherein said

(Cr.e)alkyl, (Cig)alkynyl, phenyl and heteroaryl are each independently optionally
substituted with one to three same or different members selected from the group G;



di fferent hal ogens or fromone to two sane or different substituents
selected fromthe group F. 13. A conpound of claim 10 wherein: Bis
-C(O NR23R24 14. A conpound of claim 10 wherein: B is heteroaryl; wherein
said heteroaryl is optionally substituted with one to three sane or

di fferent hal ogens or fromone to two sane or different sufgtltug %% 6
selected fromthe group F. 15. A conpound of claim1ll wh opem Q
-C(O NR2I R24. 16. A conpound of claim1l whggein: B is heteroaryl; wherein
said heteroaryl is optionally substituted wth one to three sane or

di fferent hal ogeRserifik cm,@ LEf |t ts

selected fromt heé%%dp?l?a .&&%%%prg%%gb%%d %Flfzgidr%n‘ﬂI %Eﬂg&gm&n &eiﬁmgl
-C(O) NRR24. 3 NdohiEpYethizzolyb isogdzzolg. OXAZCdEinbomdlybﬁmlﬂlamlm d}ﬂldwdaellylal n: B i s

het er oaryl ; wher o} subst i ty

three sane or g?@kppﬂ%ﬁle%éﬂom‘farnggn}léc%(ralp ¥%) as”%?ﬁ%‘ Hf‘g f%"cge;‘]l't

substituents selfe@né@ gﬂﬁummlktmgpf@updlﬂyl ﬁ}ﬁazmylmmpmﬂmd ail pelimidingd3and

wherein: B iss -C(O NR23R24. 20. A conpound of claim 13 wherein: Bis

het er oaryl ; wherel n said heteroaryl is optionally substituted with one to

three same or dbisfseleeted fival thgemap oonsistiogodptenyiant Woe®ARE, Werdth i€ pRAL

substituents sele om t npound of claim 3 wherein:

Dis selected fro%hf“ﬁ@aﬁ' Sﬁﬁa%b’ﬁgﬁ’psef“?‘?‘i‘&yﬁn‘?ﬁﬁ? é'ﬁt“te(léi"t’%‘}“&lﬂlwpne

(G _6)al kynyl, Hy@®x§)mayl Gankiys; anh8Le@eR iseyRRed froRNRB3R3GnsisBRoR32,

COR32, COCRs, o .
pyridinyl, furanyl and thienyl.

10

22. A compound of claim 5 wherein:

D is selected from the group consisting of hydrogen, (Cy_g)alkyl, {C1¢)alkynyl,
(Cs.6) cycloalkyl, halogen, cyano, -CONR¥R*, -502 R*2, COR®?, COORS,

15  tetrahydrofuryl, pyrrolidinyl phenyl and heteroaryl ; wherein said (Cpg)alkyl,
(Ci.)alkynyl, phenyl and heteroaryl are each independently optionally substituted
with one to three same or different members selected from tiie group G; heteroaryl is
(1) a five membered ring selected from the group consisting of faranyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl, thiadiazolyl,

20 pyrazolyl, tetrazolyl, and triazolyl or (2) a six membered ring selected from the group
consisting of pyridinyl, pyrazinyl, pyridazinyl, and pyrimidinyl; and

A is selected from the group consisting of phenyl and heteroaryl; wherein said phenyl
and heteroaryl are each independently optionally substituted with one flourine,

25 hydroxy, methyl, or amino; and heteroaryl is selected from the group consisting of
pyndinyl, furanyl and thienyl.

23, A compound of claim 25 wherein:

30 Dis (Cyg)alkyl, wherein said (Cy.g)alkyl is optionally substituted with one to three

same or different members selected from the group G.

24. A compound of claim 26 wherein:



tetrahydrofuryl, pyrrolidinyl, phenyl and heteroaryl ; wherein said
(a.6)al kyl, (C-6)al kynyl, phenyl and heteroaryl are each independently
optionally substituted with one to three sanme or different nenbers
selected fromthe group G 3 Novenber 2006 303 heteroaryl is (1) a five
menbered ring selected fromthe group consisting of furany. thie

t hi azolyl, isothiazolyl, oxazolyl, isoxazolyl, inidazolylf£§§§%$%?2¥9?,

t hi adi azol yl, pyrazolyl, tetrazolyl, and Bf#azolyl; or (2) a six nenbered
ring selected fromthe group consisting of pyridinyl, pyrazinyl, '
pyridazi nyl, ankd ip{urshillivliwherein smdl (Ciz)aloil & epibedtysdbititaed with oge mupree
consisting of p eroar.vi ; erej n_said phenyl and heteroaryl
are each i ndepen eﬁ#F@ﬁ%%Fg%ﬁg fxéﬁ Str Sh%ﬁnﬁf " one flourine, hydroxy,
met hyl, or amino; and heteroaryl is selected fromthe group consisting of
pyridinyl, furanyl apd thienyl., 10_.22. A conpound of claim5 wherein: Dis
sel ected from tfe gr ﬁ%mg%ﬁ@fﬁf?ﬂﬁzéﬁmﬁ§@rogen, (G -6)al kyl, (Cl.6)al kynyl,
(C3.6) cycl agal kyl, hal ogen, cyan, -CONR32R33, -SO2 R32, COR32, COOR8, 15

tetrahydrofuryl., . rolidin henyl| and heteroaryl ; wherein said
(a.e)alkyl, (& 1%%@16@%1*‘; %ﬂgﬁﬁi@ﬁdﬁqﬂ&w sepnfenabsuasiwed iR ganathel v
optional |y subsgblpized W th one to three same or different menbers
selected fromthe group G heteroaryl is (1) a five nenbered ring sel ected
fromthe group consisting of furanyl, thienyl, thiazolyl, isothiazolyl,
oxazol yl , isoxqulyLAc&ﬁ%g@agkwhmlgg@g&@%plyI, t hi adi azol yl, 20 pyrazolyl,
tetrazolyl, and triazolyl or (2) a six nenbered ring selected fromthe
group consi%ting of pyridinyl, pyrazinyl, pyridazinyl, and pyrrmidinyl;
and A is select i Skt f I :
wherein said pAE%V$ﬂ'an é?@%%gfgﬁqgféhgggﬁR?ﬁ%@%@%&%ﬁ?ﬁ§gg%§Fgﬁ%‘:gw
substituted w t#owne £l ourine, 25 hydroxy, methyl, or amino; and heteroaryl
is selected fromthe group consisting of pyridinyl, furanyl and thienyl.
23. A conpound of claim 25 wherein: 30 Dis (Cl.6)al kyl, wherein said

(A _6)allyl is23@pti dnedhpousdbftiatmupedhainh one to three

15
D 15 {Cs.6) cycloalkyl.

28. A compound of claim 26 wherein:

20 Dis-CONR*R¥.

29. A compound of claim 26 wherein:
Dis-SO2R™.

25
30. A compound of claim 26 wherein:
D is halogen.

30 31. A compound of claim 3 wherein:

D 1s phenyl wherein said phenyl is optionally substituted with one to three same or

different members selected from the group G.



sanme or different menbers selected fromthe group G 24. A conpound of
claim 26 wherein: 3 Novenber 2006 304 Dis (G .4)alkyl, wherein said
(Cl.)alkyl is optionally substituted with one to three sane or different
menbers selected fromthe group G 25. A conpound of claim25 wherein: 5 D
Is (G _6)al kynyl, wherein said (G -6)al kynyl is optionally bstit W th
one of the group G 26. A conpound of claim 26 wherein: 1%)%"?“3'1{)&%%8
(C1.6)al kynyl, wherein said (Cl. )alkynyl ggsoptionally substituted with
one of the group G . 27. A conmpound of claim26 wherein: 15 Dis (C3.6)

cycloal kyl . 28. # corpaumngued ottlains 2heralaer ein: 20 D is - CONR32R33 29. A
conpound of claim26 wherein: Dis -SO2 R32. 25 30. A conpound of claim26
wherein: D is halogen. 30 31. A conpound of claim3 wherein: D is phenyl

wherein said phanglphesy epbieanald phehlis bpdorb@Fsubhdtie8 Wethiae tNMESE s330E: OF

di fferent nenbers.selected fromthe group G_ 3 Novenber 2006 305 32. A
compound of cl ai‘“M'8® et selscied ARy BToWA&Y - ei n sai d phenyl is optionally
substituted with one to three sane or

33. A compound of claim 26 wherein:

D is phenyl wherein said phenyl is optionally substituted with one to three same or

different members selected from the group G.
34. A compound of claim 37 wherein:

D is phenyl wherein said phenyl is optionally substituted with one to two same or

different members selected from the group G; and

A is phenyl or pyridyl.

35. A compound of claim 38 wherein:

D is 3,5-difluoro phenyl.

36. A compound of claim 38 wherein:

D is 3 hydroxymethyl phenyl.

37. A compound of claim 38 wherein:

D is 3-methyl-phenyl where the methyl is substituted by a single heteroaryl ; wherein
said heteroaryl, is optionally substituted with one to three same or different halogens
or one to three methyl groups; heteroaryl is selected from the group consisting of
furanyl, thienyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, imidazolyl, oxadiazolyl,

thiadiazolyl, pyrazolyl, tetrazolyl, triazolyl, pyrdinyl, pyrazinyl, pyridazinyl, and
pyrimidinyl.




different nenbers selected fromthe group G 5 33. A conpound of claim 26
wherein: Dis phenyl wherein said phenyl is optionally substituted with one
to three same or different nenbers selected fromthe group G 10 34. A
conmpound of claim 37 wherein: Dis phenyl wherein said phenyl is optionally
substituted wwth one to two sanme or different nenbers self ted fr%&h he
group G and 15 A is phenyl or pyridyl. 35 A conpound of ©IArH%E rein
20 Dis 3,5-difluoro phenyl. 36. A conpouﬁﬁsof claim38 wherein: Dis 3
hydr oxynet hyl Bhenyl 25 37. A conpound_ of claim 38 wherein: Dis

3- net hyl - pheny Smhe#%CTW%mﬁgPﬁeﬁm? WOGBEY i tuted by a single heteroaryl
wherein said heteroaryl, is optionally substituted with one to three sane
or different halogens 30 aor one to three nmethyl groups; heteroaryl is

sel ected from thE R5faemsyicpferadlyisueptigred with ape to thyee samt or differeabinginbers

i sot hi azol yl , Qg@a@ﬁﬁbﬂnh§9%ﬁﬁgiy|, i m dazol yl, oxadiazolyl, thiadiazolyl,
pyrazolyl, tetrazolyl, tridzolyl, pyridinyl, pyrazinyl, pyridazinyl, and
pyrinidinyl5 3 Novenber 2006 306 38. A compound of claim3 wherein: Dis

het er oaryl Optﬁ@paluyaﬁﬁkﬁhﬁgp&gﬂlﬂggﬂﬁgﬁg to three same or different

menbers selected fromthe group G A conpound of claim 26 wherein: D
is heteroaryl optionally substituted with one to three sane or different

menber s D 1s heteroaryl optionally substituted with one to three same or different members

selected from the group G.

10
40. A compound of claim 43 wherein:
A is phenyl or pyridyl.

15 41, A compound of claim 6 wherein:

D 1s heteroaryl optionally substituted with one to three same or different members

selected from the group G.
20 42. A compound of claim 6 wherein:

D is heteroaryl optionally substituted with one to three same or different members

selected from the group G; and
25  Ais phenyl or pyridyl.
43, A compound of claim 7 wherein:

D is heteroaryl optionally substituted with one to three same or different members
30 selected from the group G.

44. A compound of claim 7 wherein:



selected fromthe group G 10 40. A conmpound of claim43 wherein: Ais
phenyl or pyridyl. 15 41. A conpound of claim6 wherein: D is heteroaryl
optionally substituted with one to three sane or different nenbers

selected fromthe group G 20 42. A conpound of claim®6 wherein: Dis

het eroaryl optionally substituted with one to three sane o iffﬁrezzr{)g6
menbers selected fromthe group G and 25 A is phenyl or :{) PYepPer 432 A
conmpound of claim7 wherein: Dis heteroaryl optionally substituted with
one to three sane or different nmenbers 30 selected fromthe group G 44. A
compound of claim7 wherein: 3 Novenber 2006 _ 307 A is phenyl or pyridyl.
45. A conpound of claim 8 wherein: Dis het%(??oaryl optionally substituted
with one to thre%issagrs r difdflerent menbers selected fromthe group G 46.
A conpound of cl &t MPATWREPE K heteroaryl is pyridyl is heteroaryl
optionally substituted with one to three sane or different nenbers sel ected
fromthe group G_47 - A conpound of claim43 wherein: D is oxadiazolyl ‘
i ndependent |y opttonafyPregEut sicipnd Wherinone to two sane or different
menbers selected fromthe group G 48. A conpound of claim44 wherein: Dis
oxadi azol yl independently optionally substituted with one to two sane or

di fferent nenber § € BrigRpilontogailt Hbsynedpvit onggo thicesemp oudidfersint niemibens 43

wher ei n: selected from the group G.
46. A compound of claim 43 whetein: heteroaryl is pyridy! is beteroaryl

optionally substituted with one to three same or different members selected from the

group 3.

47. A compound of claim 43 wherein:

D is oxadiazolyl independently optionally substituted with one to two same or
different members selected from the group G.

48. A compound of claim 44 wherein:

D> is oxadiazoly! independently optionally substituted with one to two same or

different members selected from the group G.

49. A compound of claim 43 wherein:



3 Novenber 2006 308 D is oxazolyl independently optionally substituted
with one to two sane or different nenbers selected fromthe group G 50. A
conmpound of claim44 wherein: 5 D is oxazolyl independently optionally
substituted with one to two sanme or different nenbers selected fromthe

group G 51. A conpound of claim43 wherein: 10 - Dis pyr I
i ndependent |y optionally substituted with one to two sane gﬁgﬁ%?P%Fgﬂ?

menbers sel ected fromthe group G 52. A3®8npound of claim44 wherein: - 15
D is pyrazolyl independently optionally substituted with one to two sane or
di fferent nﬁ’elﬁ oxagelyd mde@buﬂmﬂn apHenglysulpstiGitebRith ppeclortposaae of differinm 6

wher ei n: 19 3§%9 ently optionally substituted with one
hal ogen or ﬁl %?gbp |s p@??@?ﬁ or phenyl; and 25 B is heteroaryl

optionally substltuted with one or two groups F. 54. A conpound of claim®6
wherein: 30 D 0X azo de ntly optionally substituted with one
hal ogen or h§1 _ﬁqm (ﬂcp EE 3?“%? phenyl; and 3 Novenber 2006 309

Bis inidaZnyI prlazolyl pyrazolyl or tetrazolyl each i ndependently
optionally su SLE Iot ut Fy?m pendentl?! o%ﬁoﬁa‘ﬂf; sglg lI:JIPted with one to two same or different

members selected from the group G.

51. A compound of claim 43 wherein:
10
D is pyrazolyl independently optionally substituted with one to two same or different

members selected from the group G.

52. A compound of claim 44 wherein:
15
D is pyrazolyl independently optionally substituted with one to two same or different

members selected from the group G.

53. A compound of ciaim & wherein:
20 _
D is oxadiazolyl independently optionally substituted with one halogen or methyl

group;
A 15 pyridyl or phenyl; and

25
B is heteroaryl optionally substituted with one or two groups F.

54, A compound of claim 6 wherein:

30 Dis oxadiazolyl independently optionally substituted with one halogen or methyl
group;

A is pyridyl or phenyl; and



55. A conpound of claim44 wherein: 5 D is oxadiazolyl independently
optionally substituted with one to two sane or different nmenbers sel ected
fromthe group G 56. A conpound of claim5 wherein: 10 Bis

-C(O NH heteroaryl wherein said heteroaryl is optionally substituted with
one to two substituent selected fromthe group consistin h

(Cl-C6 alkyl), amino, -NHC(O-(Cl-C6 alkyl), -methoxy, gb@fﬂ"e‘%{&ﬁﬁ%

- CH3CH2000H, -NH(ClI-C6 alkyl) and -N(Cl-C63@d |l cyl)2. 15 57. A conpound of
claim6 wherein: Bis -C(ONH heteroaryl wherein said heteroaryl is
optional |y substh isitsdhzaiyt, Imazn@l p9razblVl) os1e b sol ;i LRtk ﬁldg;%@&ﬁl Gpfisamy t he
group consistin Bf hah Cl-C6 al kyl), am no, NHC?O}) (Cl C6

al kyl), -net hox?f ETOEPCH2O00H, - NH(Cl-C6 al kyl) and
-N(C1-C6 al kyl)2. 58 - A corrpound of claim?7 wherein: 25 Bis
-C(O NH het eroary wherein s(zg heteroaryl is optionally substituted wth
one to two substl “t udhtaEPd ot eyt +howherdia: gr oup consi sting of hal ogen,
(C-C6 alkyl)s, amno, -NHC(O-(Cl-C6 alkyl), -nethoxy, -COOH, -CH2O000H,
-CH2CH2COOH, -NH(C1-C6 al kyl) and -N(Cl-C6 al kyl)2. 3 Novenber 2006 310
59. A conpound df lscqxa@lﬁ%f%ylmp@dﬁnﬂy ptiogallysubytinmed vith off ©)tNPIGHEe 0160. A
conpound of Cla'dﬁﬁéeﬂﬁ%n%e&s&le&eﬁﬁom%@%?lgﬁ - (O NHCH3_ 61. A conpound
of claim?7 wherein Bis - HCH3. 62. A conpound of claim4
wherein: B is heteroaryl optionally substituted with one to two same or

different subst i%l“-'entAscompound of claim 5 wherein:

10
B is -C(O)NH-heteroaryl wherein said heteroaryl is optionally substituted with one to
two substituent selected from the group consisting of halogen, (C1-Cs alkyl), aming,
~-NHC(O)-(Cy-Cs alkyl), -methoxy, -COOH, ~CH,COOH, -CH,CH,COOH,
“NH(Cy-C alkyl) and -N(C;-Cg alkyl),. ' |

15

57. A compound of claim 6 wherein:

B is ~C(O)NH-heteroaryl wherein said heteroaryl is optionally substitnted with one to
two substituents selected from the group consisting of halogen, (C;-Cg alkyl), amino,

20 -NHC(O)«(C,-Cs alkyl), -methoxy, -COOH, -CH,COOH, -CH,CH,COOL,
-NH(C-Cs alkyl) and -N(C;-Cy alkyl),.

58. A compound of claim 7 wherein:

25 B is~C(O)NH-heteroaryl wherein said heteroaryl is optionally substituted with one to
two substituents selected from the group consisting of halogen, (C)-Ce alkyl), amino,
-NHC(0)-(C;-Cs alkyl), -methoxy, -COOH, -CH,COOH, -CH,CH,COOH,
-NH(C;-Cy alkyl) and -N(Cy-Cs alkyl),.



selected fromthe group consisting of hal ogen, hydroxy, C-C6 alkyl, C-C6
all coxy, C-C3 thioal koxy, amno, -C(OH -COON, -COOClI-C6 al kyl, -NHC(O
(Cl-C6 alkyl), -NHS(O 2-(Cl-C6 alkyl), -C(O-NT-12, C(O NHWe, C(O Nwe2,
triffuoronmethyl, -NR26R27, C(O NR29R30, -thiazolyl, yrrol yl, piperazi nyI ,
pyrrolidinyl and N-pyrrohdonyl, -CH2COOH, -CH, CHZCOO—l CI - Cﬁ%_? bé

and -N(Cl-C6 alkyl)2. 63. A corrpound of claimb5 wherein: P 006
311 Bis heteroaryl optionally substituted with one to two sane or
different substituents selected fromthe group consisting of hal ogen,

hydr oxy, Cl1-C6 al kyl, Ci1-C6 al koxy, Ci1-C33tchi oal koxy, am no, -C(OH,
-000H, -COOCl-C6 al kyl, -NHC(O) (CI-C6 alkyl), -NHS(O) 2-(Cl-C6 al kyl),
-C(O-NH2, C(ONHWe, C(ONWe2, 5 trifluoronmethyl, -NR26R27, C(O NR29R30,
-thiazolyl, pyrrolyl, piperazinyl, pyrrolidinyl and N-pyrrolidonyl,

- CH2COOH, - CH2RCOBHFommupdel dging kpbipinand - N(Cl - 06 -al kyl ) 2. 64. A
conpound of claim®6 wherein: 10 B is heteroaryl optionally substituted
with one to two sanme or different substituents selected fromthe group
consi sting of KdbogEANIyA-6XQ)NIIHECG al kyl, Cl- 06 al koxy, Cl1-C3

t hi oal koxy, amno, -C(OH, -000H, -COCCl-C6 alkyl, -NHC(O (C1-C6 al kyl),
-NHS(O) 2-(Cl-C6 al kyl), -C(O-NH2, C(O NHW, C(O Nwe2, 15 trifluoronethyl,
-NR26R27, C( O 9NR29R30Ompotind efaddiwl § whatemol yl , pi perazinyl, pyrrolidinyl
and N-pyrrolidonyl, -CH2O0OH, -CH2CH2COOH, -NH(Cl-C6 al kyl) and -N(Cl-C6
al kyl')2 65. A compound of claim7 wherein: 20 Bis heteroaryl optionally
substitut ed w Bhs o0@)NGI, tonoCEANNHON,. di fferent substituents selected from
the group consisting of hal ogen, hydroxy, Cl-C6 al kyl, Cl-C6 al koxy, C1-C3
t hi oal koxy, amno, -C(OH, -COON, -COCCl-C6 al kyl, -NHC(O (Cl-C6 alkyl),
- NHS( O) 2- ( C1- Cal klohmpodd Qi 7 ycilHVe,  C(O) Nnve2,

B is —C(O)NH; or --C(O)NHCHs.
62. A compound of claim 4 wherein:

B is heteroaryl optionally substituted with one to two same or different substituents
selected from the group consisting of halogen, hydroxy, C;-Cs alkyl, C;-Cg alkoxy,
C1-C; thioalkoxy, amino, -C(O}H, -COOH, -COOC;-Cs alkyl, -NHC(O)-

(C1-Cs alkyl), -NHS(0)2~(C1-Cs alkyl), -C(0)-NH,, C(O)NHMe, C(O)NMeZ,
trifluoromethyl, —NRZGRZT, (6(8)] NRZR®, -thiazolyl, pymrolyl, pi;;erzizinyl,
pyrrolidinyl and N-pyrrolidonyl, -CH,COOH, —CIJZCIIZCOOH, -NH(C-Cs alkyl) and
-N(C-Cg alkyl)s. '

63. A compound of clatm 5 wherein:



25 trifluoromethyl, -NR26R27, C(O NR29R30, -thiazolyl, pyrrolyl,
pi perazinyl, pyrrolidinyl and N-pyrrolidonyl, -CH2COOH, -CH2CH2COCH,
-NH(C1l-C6 al kyl) and -N(Cl-C6 al kyl)2 3 Novenber 2006 312 66. A conpound
of claim3 wherein: Bis heteroaryl selected fromthe group consisting of
t hi azol yl, pyridazinyl, pyrazinyl, pyrazolyl, isoxazolyl ot hi a
i m dazolyl, furyl, thienyl, oxazolyl, oxadiazolyl, thi ad|%§§}’ f’ 72%g
pyrimdinyl, pyrazolyl, triazinyl, triazolyl;, tetrazolyl and pyrl dyl ;
wherein said heteroaryl is optionally substituted with one to two sane or
different subst its&l@ﬂafcﬁrﬁﬁb@jh sufbk @it RAMIRYP ko SRS %&ﬂfé? Xy,
Cl-C6 al kyl, C - CfG al Cltagcg t hi oal koxyn am n% ol &t%&sﬁf}ﬁgﬁ@
-COo0Cl - G6 al kyl Sefect 1@) Fa mpurcEpnaisting of halogess hojpxy & 14@11-% alk@0) - NH2,
C(ON I Me, O OB 2nioalfd) NRAIRQ0) NRRIRI 0 2000H,
-NH(Cl - C6 aIkyI) -N(CI-Cgalk R:ig)heteroar 2(Qimé:tyzllny yrrolldlnyl
N- pyrrol i donyl (ants 8lkyhI- Wé(ﬁbt(ﬁypﬁ algyl), -ﬂ(@bﬁ%ﬁ@)b&ﬂﬂd: C(OINM&.wher ei n. B
is heteroaryk seglifft@fed: lomﬁ%l@z?gf of t azol L. pyridazinyl,
oth (@?sot hi azgﬁtlgy#gd Prh“&a‘{z’o”i‘%ﬁ“}'“%b

pyrazinyl, pyrazolyl, i soxazol y

t hi enyl, oxazol p¥rrolshesd ifﬂaizH’rPVHOhdfmm S A0 »CI@ﬂHzﬁi)!ﬂIﬂyNH(@ycaﬂmﬁyhnd
triazi nyI tri azlq{(yl ggl\%lhr azolyl and pyridyl; wherein said heteroaryl is
optionally substit Ut e th one to two sane or different substituents

selected fromthe group F consisting of hydroxy, Cl-C6 al kyl, Cl-C6 al koxy,
Cl - C3 t hi oal kox COOCI - C6 al kyl, -NHC(O-(Cl-C6
al kyl), - NHS( 0)§ (o %gmg?‘gi ‘%‘Wm‘ﬁmﬁﬁk C(O NHMVe, ~ C(O) NVe2,

-C(O) NR29R3D) - NR26R27, CHZOOOH CHZCHZOOC]—I -NH(ClI-C6 al kyl), -N(d -C6
allyl)2, heterogr. I lidinyl, N rrolidonyl and

tri ?‘/I Lor onet hyl - B %%d Iﬁ“@ﬁ?ﬁ%ﬂ é’ B‘f’ Wf%oﬂ%@r @Pﬁaﬂagokﬁiﬁé%bﬁ){m%@'@@ts 313 B
is het erloaryl selleeeiddbf mergtdub@ogmm@ommgeﬁt hiflo B, ¢ i, 3891, ¥ -, bk flazi nyl
pyrazi ny

Cy-(5 thicatkoxy, amino, -C(O)H, ~-COOH, -COOC;-C alkyl, -NHC(O)-
(C1-Cs alkyl), -NHS(O),-(C-Cs alkyl), -C(O)-NH;, C(OINHMe, C(O)NMe2,

15 triflucromethyl, -NR?R%, C(0) NR¥RY, ~thiazolyl, pyrrolyl, piperazinyl,
pyrrolidinyl and N-pyrrolidonyl, -CH>COOH, -CH>CH,COOH, -NH(C;-Cs alkyl) and
-N{(C-Cs alkyl),.

65. A compound of claim 7 wherein:

B is heteroaryl optionally substituted with one to two same or different substituents
selected from the group consisting of halogen, hydroxy, C;-Ce alkyl, C;-C; alkoxy,
Ci-Cs thicalkoxy, amino, -C(O)H, -COOH, -COOC;-C; alkyl, -NHC(O)-
(Cy-Cs alkyl), -NHS(0),~(C1-Cs alkyl), -C(0)-NH,, C(O)NHMe, C(O)NMe2,

25 tifluoromethyl, -NR*R¥, C(O) NR®R™, -thiazolyl, pyrrolyl, piperazinyl,
pyrrolidinyl and N-pyrrolidonyl, -CH,COOH, -CH,CH,COOH, -NH(C;-C alky!) and
~N(Cy-Cg alkyl),.




pyrazol yl, isoxazolyl, isothiazolyl, imdazolyl, furyl, thienyl, oxazolyl,
oxadi azol yl, thiadiazolyl, pyrimdinyl, pyrazolyl, triazinyl, triazolyl,
tetrazolyl and pyridyl; wherein said heteroaryl is optionally substituted
with one to two same or different 5 substituents selected fromthe group F
consi sting of hydroxy, C-C6 alkyl, Cl-C6 al koxy, Cl-C3 thjoal kox m no
_C(OH, -000H, -COOC-06 alkyl, -NHC(O-(C-06 alkyl), r\#@t"c‘j@b 2Po%s
alkyl), -C(O-NH2, C(O NHWMe, C(O NW2, -C(O NR29R30, -NR26R27, - CH2COCH,
-CH2CH2000H, -NH(Cl-C6 alkyl), -N(Cl-C6 al kyl)2, heteroaryl, piperazinyl,
pyrrolidinyl, N 10 pyrrolidonyl and trifl dd2omethyl. 69. A conpound of
claim®6 wherein: Bis heteroaryl selected fromthe group consisting of

t hiazol yl, pyridazinyl, pyrazinyl, 15 pyrazolyl, isoxazolyl, isothiazolyl,

i mdazolyl, furyl, thienyl, oxazolyl, oxadiazolyl, thiadiazolyl,
pyrim di nyl, zoIMI ﬁxﬁlzdf@’a'l 9t {,ﬁ&gig; yl, tetrazolyl and pyridyl;
wher ei n sald he‘groarﬁ? S optloﬁg1ly substituted with one to two sane or

di fferent substltuents sel ected fron1the group F consisting of hydroxy,

Cl-C6 al kyl, Q 0

- Co0Cl - 06 al kyl B%E‘&S‘ifgﬁ?‘-}‘éﬁsﬁ ('c(qfﬁ’&is ")‘ng‘ﬁﬁrbg( %ﬂﬂaz(‘)glogc%"d”i"‘ 8 ﬁ"amyl

(O -NH2, C( O)[NHM@lyl 1@@)@)&@!%280&3@@@)1 Mmaam falNRBGRBT, oxa QHACERA- azolyl,
- CH2CH200OH, - al.k 3 ’ QE Eﬁb 211 er q@%q erazi nyl ,
pyrrolidinyl, I\ER‘H 0155?%%%}/4‘ %TPH‘?(%Q i Skl %‘ﬁ%@’und of
clhai m I7 }A/ner ei rnghésemsmelb&mmﬁyé ot RInaIY ﬁﬁstllitﬁ&mﬁlhﬂm@lt@fﬂﬂ)l SRS rsllri]ﬁfeigltlof |
i dazol yi . T urPo s sced et e bibk ek ol Selarbiy
pyri mi di nyl, PYCACOA KXy, Uil(l?slﬂuﬂé{ﬁcmxﬁ kinde0loyHL ftocrlcboend, pyi, dyl ; 30
wherein sald heteroaryl is optionally substituted with one to two sane or

different subsTYHUERE1EepebedHY( Ghélgﬂ%ﬂb “H QL SHEHYE¥tE, hydr oxy,

Cl-C6 al kyl, C 0 29030 t 27 n H- 000H,
- COCl - C6 aIk |C&§N§%€éﬁﬁgﬁﬁ%6§% %%gﬁ'ﬁﬁgﬁ%géﬁ&[Q%%l§¥§&ﬁb

- NHS( O) 2- (C1- CGNEﬂ(Qy-IC)s alkyBy - OOz allw()@)fwﬁmryl p}p@mzﬂzpyrrc@@@mmég R30,
-NeR27, -GH2 ofidbig Pt ocomethyi.

A commnound of A wh
67- A oo "“"l_‘n": o~ -:\“—n s Df‘ﬂ.l"l

B is heteroary! selected from the group consisting of thiazolyl, pyrtdazinyl, pyrazinyl,
pyrazolyl, isoxazolyl, isothiazolyl, imidazolyl, furyl, thienyl, oxazolyl, oxadiazolyl,
thiadiazolyl, pyrimidinyi, pyrazolyl, triazinyl, friazolyl, tetrazolyl and pyridyl;
wherein said heteroaryl is optionally substituted with one to two same or different
substituents selected from the group F consisting of hydroxy, Ci-Cs alkyl,

C-Cs alkoxy, C;-C;5 thioalkoxy, amino, -C(O)}H, -COOH, -COOC,;-Cg alkyl,
-NHC{O)-(Cy-Cg alkyl), -NHS(O),-(Cy-Cs alkyl), -C(0)-NH;, C(O)NHMe,
C(O)NMe2, -C(ONRZ®RY, -NR™R*, -CH,COOH, -CH,CH,COOH,
-NH(C,-Cg alkyl), -N(C;-Cs alkyl),, heteroaryl, piperazinyl, pymrolidinyi, N-
pyrrolidonyl and trifluoromethyl.

68. A compound of claim 5 wherein:



-NH(C1-C6 al kyl), -N(A-C6 al kyl)2, heteroaryl, piperazinyl, pyrrolidinyl,
N pyrrolidonyl and trifluoronethyl. 71. Ac d O 'ui , w.r Bis
het eroaryl selected fromthe group consisting of thiazolyl, pyridazinyl,

pyrazinyl, pyrazolyl, isoxazolyl, isothiazolyl, imdazolyl, furyl,
t hi enyl, oxazolyl, oxadiazolyl, thiadiazolyl, pyrimdinyl ol b
triazinyl, triazolyl, tetrazolyl and pyridyl; wherein Sal%Nﬁé?Igﬁ o)t?’s ? S

optionally substituted with one to two samgi9r different substituents
selected fromthe group consisting of hal ogen, hydr oxy, CI-C6 alkyl,

am no, nethoxy, B NHE(®)ai(1Gile&Bd abiythd gr sHng @W%—i
-C(O) - NH2, C(O)NHIVE 1&9"'\"\% %tgj NR: 16 17O A corrpoE i

wherein: B is hdPerdaryi of @?Iﬂmfﬁlﬁwa@ﬂ’l dinryl sexang)ylobxyiyrzbivi, d| nyl ,

pyrazinyl, pyrazietiytolylf py@m@jnyl pyltag;maéﬁgmh @BQOIWE“’MIXB‘*“OE’E’%& ﬁf sai d

het eroaryl is opt,ional I¥ substituted with one to er ent
substituents sel"GEfaRsae Befpopal ’éP@HMYNdvémﬁérW@ﬂ@ﬁ to BEbsamangidsiiérag of

hal ogen, hydsoxyubsGheGl salekid fmﬁfﬂlmo E%%%%ﬂ&/@ '33@{36?, | I kyl),
- 000, - CH2000H,. - GHEOH20008 OO SN RS A - R 26r27
73. A conpound &t iqalkexy, Bminp, Het®Ho P QOHSs €@OCEd; hitpin t he group
consi sting of pymgq(by P |\l e 0 sal d
het eroaryl is o&gl onal { y] S{Jb%'flp tut g@%\n&ﬁh d‘%ﬁf &%’%N@Q%S r fferent
substituents sel&eihBdes. r@f@)ﬁ\ﬂ@ RyY.otiB ®0hsCHICOQHpICI@mgemy hydr oxy, 10
Cl-C6 al kyl, anmigc,E %58/ al k CH2 O0CH,
CH2CH, 000H, - C(O) - NF2 % r\fﬁw% &%{”&l\?& ﬁlﬂé%%hdlm Sonpound of
clai m 83 whéfei HYHOIQOBYhaad hetveromttyil. sel ect ed fromthe group consisting of
pyrazol yl; wherein said heteroaryl is optionally substituted with one to
two sane or different substituents selected fromthe group consisting of
hal ogen, hydroxgg. ClAComabdaylof chirh B@yhersi@t hoxy, - NHC(O) - (Cl - C6 al kyl ),
- COON, - CH2COOH, - CH2CH2COOH, - C(O) - NH2,  C(O) NHWVe, C(O) NMe2 and - NR26R27.

B is heteroaryl selected from the group consisting of thiazolyl, pyridazinyl, pyrazinyl,

15 pyrazolyl, isoxazolyl, isothiazolyl, imidazolyl, furyl, thienyl, oxazolyl, oxadiazolyl,

thiadiazolyl, pyrimidinyl, pyrazolyl, triazinyl, triazolyl, tetrazolyl and pyridyl;

wheretn said heteroaryl is optionally substituted with one to two same or different

substituents selected from the group I consisting of hydroxy, Cy-C alkyl, -

C1-Cs alkoxy, Ci-C; thioalkoxy, amine, -C(O)H, -COOH, -COOC,;-Cg alkyl,

20 -NHC(0)-(C1-Cs alkyl), -NHS(0),-(C1-Cs alkyl), -C(O)-NHa, C(O)NHMe,

C(O)NMe2, -C(O)NR™R™, -NR*R?, -CH,COOH, -CH,CH,COOH,

-NEH(C,-Cs alkyl), -N(Cy-Cs alkyl),, heteroaryl, piperazinyl, pyrrohdmyl N-

pyrroltdonyl and triflacromethyl.

25 70. A compound of claim 7 wherein:

B is heteroaryl selected from the group consisting of thiazolyl, pyridazinyl, pyrazinyl,
pyrazolyl, isoxazolyl, isothiazoly!, imidazolyl, furyl, thienyl, oxazolyl, oxadiazolyl,
- thiadiazolyl, pyrimidinyl, pyrazolyl, triazinyl, triazolyl, tetrazolyl and pyridyl;
30 wherein said heteroaryl is optionally substituted with one to two same or different
substituents selected from the group F consistin g of hydroxy, (i‘1~C5 allcyl,
C1-Gs alkoxy, C1-Cj thioalkoxy, amino, -C(O)H, -COOH, -COOC-Cg alkyl,



20 75. A conpound of claim 83 wherein: Bis heteroaryl selected fromthe
group consisting of triazolyl; wherein said heteroaryl is optionally
substituted with one to two sane or different substituents selected from
25 the group consisting of hal ogen, hydroxy, Cl-C6 al kyl, am no,

met hoxy, -NHC(O) (Cl-C6 al kyl), -000H, -CH2OO0H, -CH2CH2

C(ONHMe, C(ONMe2 and -NR bR27. 76 - A conpound of c|%g%ﬁ%?§10ﬁ6 30
B is heteroaryl selected fromthe group consisting of tetrazolyl; wherein
said heteroaryl is optionally substituted with one to two sane or
different substituents selected fromthe g,qup consi sting of hal ogen,

hydr oxy, 3 Novenber 2006 316 Cl1-C5 al kyl, "am no, nethoxy, - NHC(O) - ( C1- C6

227, 77, A comBInDLS A Al UM GO EALES, o0, -

fornul ati on whi cB(@Ne2, SEOINRRTD > «CHgODOHe-GHgORCQ8IH,a conpound of
Formula |, inclu p ta Ie sal.ts ther s cl ai ned
in any of C|aln§h§&§(21 HEE%H&%%%fhgﬁ%qgﬁﬁ ’ I%@ h;69$§$ 75-79,
81-87, and a phapyedridhyical tiflucaskeepaabl e carier. 79- The phar maceutica
formul ation of claim88, useful for treating infection by HV, which

additionally conprises an antiviral effective anbunt of an AIDS treatnent
agent selected fromthe group, conS|st|ng of: (a) an AIDS antiviral agent;

PR =

(b) an anti-infeétive dgrmpund @ Ciaagm 5 ¥asionodul ator; and (d) HV entry
inhibitors. 80. A nethod for treating manmals infected with a virus,
conprising admnistering to said mammal an antiviral effective anount of a
conpound of Fornﬁﬁahﬁmﬂm@t$%MEﬁghmmdm@ameubhﬁahmyﬁdamﬂéﬂtnmkbzmmﬂpﬁmzmyh

%g_e%g()f s O?S cl ai r?rgzolﬁ 50 yl 130311&01)& éﬂda%glyll%ryﬁgﬂlgﬂ%’l, 5% %Ql oRiaz8 1%71,

thiadiazolyl, pyrimidinyl, pyrazolyl, triazinyl, triazolyl, tetrazolyl and pyridyl;
wherein said heteroaryl is optionally substituted with one to two same or different
substituents selected from the group consisting of halogen, hydroxy, C;-Cs alkyl,
amino, methoxy, -NHC{O)-(C-C¢ alkyl), -COOH, , -CH,COOH, -CH>CH,COOH,
-C(0)-NH,, C(O)NHMe, C(O)NMe, and -NR>

72. A compound of claim 81 wherein:
B is heteroaryl selected from the group consisting of pyrimidinyl, pyrazinyl,

pyrazolyl, triazolyl, tetrazolyl and pyridyl; wherein said heteroaryl is optionally

substituted with one to two same or different substituents selected from the group



73, 75-79, 81-87. 81- The nethod of claim 90,
antiviral effective anount of a conmpound of Fornmula I in

said nmammal an

conprising admnistering to

conbination with an antiviral effective anount of an AIDS treatnent agent
selected fromthe group consisting of. an AIDS antiviral agent, an

anti-infective agent, an i munonodul ator and HV entry i 'tho S. 88.
met hod of claim90 wherein the virus is HYV. 3 Novenber 94 g@.
met hod of claim91 wherein the virus is HYV

10

15

25

30

315

consisting of halogen, hydroxy, C;-Cg alkyl, amino, methoxy,-NHC(O)-(C;-Cs alkyl),
-COOQH, -CH,COOH, -CH;CH,COOH,-C(0)-NH;, C(O)NHMe, C(O)NMe, and
_NR®RY

73. A compound of claim 82 wherein:

B 15 heteroary] selected from the group consisting of pyrazolyl, triazolyl, and
tetrazolyl; wherein said heteroaryl is optionally substituted with one to two same or
different substituents selected from the group consisting of halogen, hydroxy,
C1-Cs alkyl, amino, methoxy,-NHC(O)-(C;-Cs alkyl), -COOH, -CH,COOM,
-CH;CH;COOH, -C(0)-NH,, C(O)NHMe, C(O)NMe, and -NR?R?”,

74. A compound of claim 83 wherein:

B is heteroaryl selected from the group conststing of pyrazolyl; wherein said
heteroaryl is optionally substitated with one to two same or different substituents
selected from the group consisting of halogen, hydroxy, C,-Cg a].kﬂ, amino,
methoxy;NHC(O)-(Cl—CG' alkyl), -COOH, -CH,COOH, -CH,CH,COOH,-C(0)-NH,,
C(O)NHMe, C(O)NMe; and -NR™R?.

75. A compound of claim 83 wherein:

B is heteroaryl selected from the group consisting of triazolyl; wherein said heteroaryl
is optionally substifuted with one to two same or different substituents selected from
the group consisting of halogen, hydroxy, C;-Cs alkyl, amino, methoxy,-NHC(O)-
(C1-Cs alkyl), -COOH, -CHCOOH, -CH,CH;COOH,-C(0)-NH,, C(O)NHMe,
C(O)NMe; and -NR*R%,

76. A compound of claim 83 wherein:
B is heteroaryl selected from the group counsisting of tetrazolyl; wherein said

heteroaryl is optionally substituted with one to two same or different substituents

selected from the group consisting of halogen, hydroxy,

The

The
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C1-Cs alkyl, amino, methoxy,-NHC(O)-(C;-Cs alkyl), -coor_{', -CH,COOH,
-CH,CH,COOH,-C(0)-NH;, C(O)NHMe, C(O)NMe; and -NR*°R?’.

77. A compound sclected from Examples 1-121.

8. A pharmaceutical formulation which comprises an antiviral effective amount of a
compound of Formula I, including pharmaceutically acceptable salts thereof, as claimed in any of
claims 1-8, 10-13, 15-22, 25-50, 53, 64, 66-68, 70-73, 753-79, 81-87, and a pharmaceutically

acceptable carrier,

79.  The pharmaceutical formulation of claim 88, nseful for treating infection by
HIV, which additionally comprises an antiviral effective amount of an AIDS

treatment agent selected from the group consisting of:
(a) an AIDS antiviral agent;
O an anti-infective agent;
(©) an immunomodulator; and

(d) HIV entry inhibitors.

80. A method for treating marmmals infected with a virus, comprising administering to said
mammal an antiviral effective amount of a compound of Formula I, including pharmaceutically
acceptable salfs thereof, as claimed in any of claims 1-8, 10-13, 15-22, 25-50, 33, 64, 66-68, 70-
73, 75-79, 81-87.

8l.  The method of claim 90, comprising administering to said mammal an
antiviral effective amount of a compound of Formula I in combination with an
antiviral effective amount of an AIDS treatment agent selected from the group
consisting of: an AIDS antiviral agent, an anti-infective agent, an immunomodulator

and HIV enfry inhibitors.

82. The method of claim 90 wherein the virus is HIV.
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83. The method of claim 91 wherein the virus is HIV.



