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to bicyclic conmpounds that are inhibitors of

manmal i an Target O Rapanycin (nTOR) kinase (al so

known as FRAP, RAFT, RAPT, SEP). In particular, the

present invention is directed to fused bicyclic

conmpounds that are mIOR i nhibitors useful in the

treatment of canc Pat ent
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anal ogue, CCl-779 has shown nobdest anti-tunor activity
WO nooPloersa7 | | breast, renal carci noma and mant PET/T81006/044461

| ynphoma clinical trials. [5] The Tor genes were

originally identified in yeast as the targets of the

drug rapanycin. The structurally and functionally

conserved mammalian counter part of yeast TOR nilOR

was | ater discovered. mfTOR is a nenber of the
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often erkcp%,étrogﬁlx\xlgfsﬁé?telp F rt@nslqt}ﬂrj\gl regéﬁoxg cgp pverall

translation anmbay Df):rtllea«ﬁaBPl ,)anomeméll-shardbErBRﬂ.mT@R(lbﬂgeﬂ; acts as a translational
r‘39“38534,%5,;1/lbl gﬁ%%g%ﬁﬁlﬁlg%?hgg%}%; g%}xsl%]:i%n it tor 4Et QEIF 4E? which
recognigaj ity 3 ond ean ofgrkarzeticarRINAS tHhamh@ryleft@otoﬁﬁE@I (be!InFBFE) results ina

dlssoma\ﬁfeh SPYEBPE b JBSE, S reﬁ%gctﬁp in@ifbifdk R UE B 1ConHIRAS dependent
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thyroid, @51 tEHefddaaPhphdhed @Elbdg@nésﬁ;[éﬂﬂilhilme}?éﬁﬁessteh @&%{)ﬁﬁ {yﬁﬁ%é kinases and

i ndi cating that NTOR i ntegrates the regulation o
signals from growh factorx and nutrients.



[7] Signalling pathways that are upstream and

downstream of nmlTOR are often deregulated in variety
w@boocasoeTr s, i ncluding breast, |ung, kidney, pPOBUS1086/044461

bl ood, liver, ovarian, thyroid, G tract and

| ynphoma. Oncogenes i ncl udi ng overexpressed receptor

tyrosi ne kinases and 2_, WO 2007/061737

PCT/ US2006/ 044461 constitutively activated nutant

receptors activate P13K-ned|ated S|gnallng pathmays

o L0 AL 208 TSR Raiions
alterations pbihg PTH-STOR pRtwes oK chisets infludeRERSkuipi e 10 catalytic

subumtt)i"mid Rf3s oPPTEN bh&sphdesd st héwli bk 'OPRRTZ%I%S% TSC1 or

TSC2, and over expr ession or anplification of
TSC2, aggeycrepiession o applifigeien of clhdh er ¥k lg Bhiatipn Oﬁ}ossrs‘éfteamgoswy in
TSC1 alBTECIABEL difeh @vedisy 6o Tutouk Scldtebie (DIB) sHEABMSTST {s FREly associated

with e . GRS PRRTTLE TS o9 1Bk G Bl epaLegoer of clcar-cel

histologya |Aloragit inactivatiorcefS€l might it &ad tcmblignahiysieo kg gyregulation of this

pathwaﬂée&g U%l&h ﬁ)@%ﬁbé%énlcﬂgmq{ea%%%}ﬁgﬁ%aﬁﬁgs IT@@Q (%%%a ates VEGF

gnancy per re y seens
Pdeuctlﬂnd]érPagh 3 p%aﬁ*ﬁj’ﬁ%@éh@@ ~dndependen arappérng rral i gnanci es.
NOEH k@trsgen\/@%veﬁro@ G’#ﬁﬁa&&ﬂ idep&idert il EREBREBY mTOR2)

-ind th t.di
SR N N R
PK Co, ivhich pl&/p h aiaydrable Oxlﬂragiﬂ_fmﬂrﬁif a&%?%)todkbl&fal bfgamﬁamﬁtla@tbehared that

A TN T TCLE O
inhibitog,ywhogkebwd abmpletghninbidit itl@rfundtibn ofbdike h‘lT@RIdl 4ddabTORC2, is required
for brodd@xhdn*a' tHnglna fwtmgﬂlép?ﬁ' !:a%gl ﬁ¥rerv@ep%%ﬁtQhé (‘i’lso%@&ty o@!:hrect mTOR

her ef ore, I scover
kinase lPWHWB"P‘at"O‘?Wh e bswsmﬂbp EeghpAng oEYayiety it |cmqersrheclﬂ@m© brieast, lung,

kidney, @kosti@d, B10dH ARer, bvadih, IVFIRCST that an€ BhptRtha f éi’lﬁ oRiePBERAtions such as
i -tumgr activity and better efficac re we
chemafgiL i3S TR OIS SOYEES o anp R oA PTG soirosis and

immundsﬁj&prbﬂstonr s, which can be used in the treatnent of
i et e [ &k Rreast
E?ltr)st al%/eggrtt SF@&S &Sra\r/cg?'a b%lgél anQ' ? i) mhlb'éorq% th? r ag?1 Igtr%lNSCLC
and pmqmvnwth Gh:nwec’é“f fresthei tredfnasat omMLsumbatagnat it tseossitilotodievelop

selectiv khnBéd lhrnsltoﬂe F5FRhd QR YRR 81 cahE28S RIcRen E@@&é Ee]Qeral anti-
I BD, .nultiple sclerosis and _imunosuppression .
Pl! b?ancer

cancer ggpts mchglﬂrtgc‘%%%se hibtors, thyrpiis stilbgoniraying Reed fedmprae
drugs, dna it vidud bd’ @siriiiato dveldiShdviccomptlingy with béttee S@&ctivity, pbtency or with

reduced(%oxwl\é)b 11 ee% the treatnent of CM. indicate that it is
Pre d&Vel op sel ective kinase inhibitors for

t[h@ ef"ﬂev@,tlt isalesirablet tndentelapfcopmnarels shat AkHibioF Rt ihmibiion irgorder to
treat caﬁc%%ﬁz[tﬁhtsaﬁhftﬁer CRBk @(;m]%ﬁ&g ﬁa)l IEECJCH% ﬂg)ﬂ}fér ﬁ&gﬁ%s such as, for example,

bitors here is still contl nui ng nee
PI3K, Sir?r&% 2 a%fﬁc%ﬁ% grieast,d}oagglall Selijlung caqu;@), renal cell carcinoma,

mantle Sl mphdsa, te@dcdﬁaﬁem@ndagy\bmf@h ﬁh&ﬁﬁ&lﬂudiyhdﬂéﬁfeﬁ er ;
y or wit reduced toxicity or side
UNN%%Ye@{:?ﬂ]’i[%‘Tﬁ%tﬁ@? is desirable to devel op
dbﬁpoﬂrdspcﬂxhdircpvchsﬂbadtbymm(ﬂhi bition in order to
treat cancer patients. her $uch conmpounds may be
active in other Kkinases s c Q2 for exanmple, P13K
Src, KDR, to add efflc )'( ast, non-small cell
Iung cancer (NSCLQ), year cinoma, nantle
cell 1ynphoma, endorretm er% or other hamartoma

syndronmes. SUMVARY OF THEXZJ IC]\I [11] Conpounds
represented by Fornula (1)



NH2 ' XB NOL7/' Xs X. X0 X3 X4 R 3 W
2007/ 061737 PCT/ US2006/ 044461 w or a pharmaceutically
waeceepsabi e salt thereof, are inhibitors of nMIER/ARN06/044461
useful in the treatment of cancer. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 12] The conpounds of the
present invention are represented by Fornmula (1) H 2
QNX~X X5 1 X, X3x4 2 RB3 (I) f~ or a
pharmaceutically acceptable salt thereof, wherein: Xi,
and X2 are each independenthx N or C—(E‘)aa X5 is N,
C(E), or N(E).; X8, X4 6, and X7 are each
or a pharmaRsplératie ardeptaesplt theraf arecinhibisers pERTORARE vatulds thepepatment of
cancer. X0, X6a and X7 is independently Nor N-(E )aa; R3is
Co_1loal kyl, cycl oC3-1 oal kyl,
am nonet hyl cycl oC3. | oal kyl, bicycl 0C5-1o0al kyl, aryl,
DETAJDEDQHQEH&PTKBieEkMHEIMVEHTHHﬂaIkyI heterocyclyl or

cIo ny. IS ti
e PRsliegirs et Pt Rt ety R
substltuents Q is -AR Hﬁ(V%g1or B(G')nA(Y)m A and
B are respectlvely, 5 and| 6 negbered aromatic or

het er oaronmati c rings, X ether to forma
9- nenber ed het er oar onat)j £xcl udi ng
5-benzo[ b] furyl and 3-i ;> Xand  excl udi ng

2-indolyl, 2-benzoxazol e, 2-bengot hi azol e,

2- benzi m dazol yl , 4-am nopyrrolopyrimdin-5- yl, 4

-aninopyrrolopyrinidin 6-yl () and 7-deaza- 7- adenosi nyl
ora phaémac fé‘éa;l acee aﬁp sxl% thef'\?of wq-leraerme CH X3, X6 and X7 are

X,, and X, are each mdependently N or C—(E"aa;

X5 is N, C—(E")az, or N—(E")aa;

X, X4, Xs, and X7 are each independently N or C;
wherein at least one of X, X, Xs, Xs, and X;is independently N or N—(E'),.;

R’ is Co.0alkyl, cycloCs._yealkyl, aminomethylcycloCs.jalkyl, bicycloCs.joalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, heterocyclyl or heterobicycloCs.,palkyl any of which is optionally
substituted by one or more independent G'' substituents;

Q' is ~AR")B(W), or —B(G')hA (V)

A and B are respectively, 5 and 6 membered aromatic or heteroaromatic rings, fused
together to form a 9-membered heteroaromatic system excluding 5-benzo[b]furyl and 3-indolyl; and
excluding 2-indolyl, 2-benzoxazole, 2-benzothiazole, 2-benzimidazolyl, 4-aminopyrrolopyrimidin-5-
yl, 4 -aminopyrrolopyrimidin-6-yl, and 7-deaza-7-adenosinyl derivatives when X, and X; are CH, X,
X and X5 are C, and X; and X, are N;

or Q' is ~AR"RA(Y)m, wherein each A is the same or different 5-membered aromatic or
heteroaromatic ring, and the two are fused together to form an 8-membered heteroaromatic system;

R' is independently, hydrogen, —N(Cy.salkyl)(Co salkyl), hydroxyl, halogen, oxo,
aryl(optionally substituted with 1 or more R*' groups), hetaryl(optionally substituted with 1 or more
R* groups), C;.salkyl, —C, salkylCs_scycloalkyl, —~Cosalkyl-NR*''S(0),,R*?, —Cysalkyl-NR*!'S(O),.
JNRPZR® —Cy 5alkyl-S(0),NR* R | —Cy salkyl NR*"'COR??!, —C,.salkyl-NR*"'CO,R**', —C,.
salkyl-NR*'CONR**'R**! | —Cy_galkyl-CONR*'R**!, —_C, salkyl-CON(R*'")S(0)p..R**!,—Cy.salkyl-
COR*, -Cysalkyl-S(0)o..R*"!, —Co.salkyl-O-C, salkyl, —Cy.salkyl-O-Cy.salkylCs scycloalkyl, —Co.
galkyl-O-Co.galkylheterodyclyl, —Co.galkyl-O-Cyalkylaryl, —Co.salkylaryl, —Co galkylhetaryl, —Co.
galkylheterocyclyl, —Cy.galkyl-O-C, galkylhetaryl, —Cq galkyl-S-Cq galkyl, —~C, salkyl-S-Cy.galkylCs.



or Q is -A(R)mA(Y)m wherein each Ais the sanme or

different 5-nenbered aromatic or heteroaronmatic ring,
war@7ob3two are fused together to form an 8- neObEsMA6/044461

heteroaromatic system R is independently, hydrogen,

N( C0_8al kyl ) (CO_8al kyl ), hydroxyl, hal ogen, oxo,

aryl (optionally substituted with 1 or nore R31

groups), hetaryl (optionally substituted with 1 or nore

R31 groups), C1.6alkyl, -CO 8al kylC3 8cycl oal kyl ,

criot P LT A b

salkylheay i yCo. RSN %alky@vcgaﬂmlﬂ(nﬁé@i@@@m seycloglyl, ~Cosalkyl-
N(R’”)Qlal & lhé‘t@%é%%( i)?%i%ko“ﬁc(? h&)ﬁébqé}ﬁﬂk)ﬁ&ﬂk”‘) Cqsalkylhetaryl, —

2R321
Co. aalkylw*sg% - ST, ZROAIAN GO T QG AR Provided that Q' is mot

N-methy@n&@ NM&B&YQ%@)/&J No-adrikiltoxychzBonyl

gal Lxgél WP%%% E%‘}‘E%tn::ﬁ Mal%ﬁ%cg%i‘flﬂ’yr }éydy(fxyl , halogen, oxo, aryl

(optlonalmuBSaitdwd With &pymore KO group@ahd{a;#]ﬁeptmna]@ymjbyfcﬁtuted @idth 1 or more R

k l2 320, | 311
group 264 St X (R By %’L F@W@s o 05‘376)6% A 5O .
NR”'RS&F-/%%MWA'&?@E y@ﬂl@&p@{m )&p)MR ,—Co-salkyl-S(0)o,NR*’R*?, —
cMalkyﬂhinoﬁa@Oﬁ@Al lﬁ@’efw —Co_galkyl CONR’*PR*%, _C, salkyl-CO,R**2,

al | - | k
ot oRE S R B ke Y PR KL P sty
salkcyIhdurBBit)oaliyl, s € Jelid GO-Geatidybaylk yDpryl, Gl Sidltykpl-Co.salkyhetaryl, ~Co.

8a1ky1ar%% %%ga]l%rfegaal 11Ey Oggﬁﬁxh&%%‘é&é@l; _C iR Y atiyl, ~Cy salkyl-S-Co salkylCs.
seycloalkgy-Eaikgl-StGorgkalhetaioc sl WL salipil-S-Cosalkylaryl, —Co.qalkyl-S-Co.
salkylheft‘slyﬂ &bggéh%chllzﬁgﬂ% alrcﬁl{@.,%lh&ﬁwdnm) @%aﬁ@idgx&éhoawmco salkyl-

cR"zwmwﬁte@cmmww B PG A Sort RO e
salkyThdartyB L Cs. hmymmgn’gbf&i 8améh>§, B@qw gntle ¢N, oy rmgemeIFz;
. a r ox al ogen, oxo, ar
pr°“de’(§|8%?00hséf°|¥§})b§'ﬁf%w %5‘%‘8 %/h 1 gr nor e gR31 gr oups), Y
het a(rlyhndéwﬂcrolyahidw&ub@ﬁdwﬂedb(waamm lordraxl, dalkgdn, oxo,
aryl(opgsrglﬂg %}bstlﬁged%m(ly&r mor Hf;)éb (ﬁ@t’a.gﬁ%‘)gﬁ&}ﬁl ¥1Lbst1tuted with 1 or more

@)
R* gomﬂgﬂi—(ﬁ@ggﬂg yq)yc o-zR o galk_yl NR*"'S(0)e-

NR*Z'IEY. -@J & rm\KcR%WSL@)LWM(R@QS(O) R32‘ —Cos alkyl S(0)eNR*'R*, —

g ) G A s S AR o Al con

~Co. salksﬂB(CBadHiw —cct.:@laa-xz-cl sall@d), -&2kR $J-O). 3R E2ycloalkyl, —Co.galkyl-O- cm

salkylhét%&icgc%{igyl % %kﬁ %ﬁ sal 85%# cfo?lﬁﬁhé‘télxjyﬁlel,.}é'lkylaryl, —Co.

&ér oc ,
galkylhem@—ﬁaqulwlhe@r@yc]gbr—pykws c(HB 1-c0 salkyl-S-Co salkylCs.gcyctoalkyl, ~Co.

salkyl-S- ﬁggaﬂé}h%yéroc@clgakﬁal-@ygh 18y Igalky1ar§D-c§@hdywsAfoxhkylhetaryl ~Co.

N Bl Sl Bl e hin g o

sancylh&em&mdwI~coadnalwwcosana@aa&l kil @EY)eCnalidyihktaryl, -Co.

salkyl-N kyI h A é?l%n,%;ﬁ}_—%g'a@ép% #ﬂﬂ(%%@ 8%‘(1-%2, provided that Q' is not 2-

carboxy-GbegenlRifHione®s:12) - Co. 8al ky1C3_scycl oal kyl ,

- Q0. 2). 8 1] BIOC kg/l_

2 ng'llslgﬁdlo, oy&lg@% 0ER: %ifi“l ap@fl{ S C%Cé@ﬂ% C(O)Cs. 83cl321cl:$1ky1
—coz%cmglggl)cylcocozlhfzkwaf@wfm g aiosaﬂCN, &S@km&ﬁmﬂi R

e LB L s o a0 G5, (o

—C(—ODssR“znd@g ‘%mgﬂarziammr‘bgmmwwam&? 5 (B AR )SR”Z

—OC(= 0X 322 Q) h2( hy t2 dz
0c= 686% T (k))rc (bngr e. g;&%b(po?é%hé?%%r o%tl o%gkl%w R
substituted wth 1 or nore R31 groups) C0. 6al kyl ,
- CO Bal ky1C3. 3cycl oal kyl, -xo. 8al kyl - NR311S( O 0. 2R321
- C0. 8al kyl - NR311S( O) 0.
2NR321R331, ~aSal kyl - NR311CO2R321, - CO sal kyl - CON(R311) S
(0 0. 2R321, - Co 8al kyl -S(O Q 2NR31' R321,




Co_8al kyl - NR311COR321, Co_3al kyl - NR311CONR321R331, -CO
3al kyl - CONR311R321, - Co-sal kyl - CO2R31",
wo aw78el78Y| S(O) 0. 2R31, - C0. 8al kyl - O d - 8al kyl , PCT/US2006/044461
- CO 8al kyl - O C0. 8al ky1C3. 8cycl oal kyl , -CQ sal kyl - O CO.
sal kyl het erocycl oal kyl, --Co. Bal kyl - G- C0. 8al kyl aryl,
- C0. 8al kyl - O Co_8al kyl het aryl, -Co.Bal kylaryl, -Co..
8al kyl hetaryl, -CO. 8al kyl het erocycl yl,
- CO_sal kyl - S- CO. Bal kyl ,

. ao~gak kyl - S- € Kk .8C | kyl 5y -~
ey BB Sk s e o oo <
alkoxy(Znalkenkly+C Seatkex861- ity HCi-oalkylthioCy. palkyl, ~C.jealkylthioCs. ealkenyl, —

C.. man%m@czl waalnk% 1 §y£62:3 §§!§<§1¥L§&?&c§} It Mkenyl, CBycloC, salkylC, . oalkyl, —cycloCs.

galkenylcwa Wycquzgpglpﬂcmal yky-f@o%ﬂgpryéﬂ?%yqlkeny] —cycloCssalkylC,.

roalkynyl, C@yaabigélkeh&lsg ;?lﬁlkﬁﬁ.'l —&St:efﬂ'c’ﬂﬂt—@l; RaEl Rdrkdclyl-C,. ealkenyl, or —
heterocycéa—-% z}ggq'nyh(a%gi)' w]@eh gg%Rwaﬂétsg?syFuted with one or more independent halo,

oxo, —c%éllJQng NRSli%ZﬂJR“@Z’Satt@)W‘P c@&“gald@é@m:’”'ﬂ@? —1@% —CN,

_S(O)eAReR, Tﬁ% OQH ﬁ‘iﬂ Qgévc;)d MI%IBCMOR%F i Q@é)Nﬁ%R?zs
N-Rslss(%kgs | %)Ra?iﬂziﬁ,sm Q; ek Q_@hiqyb _NR323)0R333

313 8 Cl oal k 333 33 23 313
NRUCERRSRY RS ANEONRIR ,Nmzp@@f Rg@@c=0)0R ,

—P(O)ONRgéﬁ@( 2 NRN%le%st@eNgszz R332,
NR312S(0) 0. 2R3

&:)0?312 =0) SR312,
N%ﬁ@%@@»«»ﬂhéam 1ol 2= é&m@&x@h@s@rﬂ ~Co-soalkyl,

hetaryl ﬂ%@%%%ﬂ%&@l%%ky&r % Qlélé(%kl%yem%té 1%&??&&%@ ieft or
right as Y y.0B ErSTRYE VR 2%)%’/"9@1%’496‘?5“WW wytoraq gtoree zndependent halo,

—CFs, —OCF], 00/ LNRM#”%@QR*'M%O R, @@id}ﬁdwbkm ~NO,, ~CN, —S(O),.

313 QQJ szn 313 I'ko | oa y
R, R oA R N R SR ST g, 0
R323 C@S_)_Oﬁa? k—}d(id])SR@P _'t\ﬁapabﬁNst)NRassRuz NR313C(—NR323)OR333
313 1’Qa| K:Ml t hl OCZ 199' 531375323 313 313
-NR %INBOa]S%/ t HYCDI9BAT KW?O)I‘B/CIRO G3-QEFYFR™, —SC(=0)OR
—P(O)OR?/‘@d)R@?g_QBEIS@@@NRMF?V%h@s@%Ie‘ﬁ@l Koohigka ihaed K YA not zvcdﬁ 'd&ﬁ'when R?
4 ?nyl O _loal kyl, -cycloC3-sal kyl C2-1 oal kenyl
is -plpe fioc3 sal kenyl C2. 1 oal kenyl, -cycl oC3_sal kyl CZ
| oaRRyRY) R RCYCRBCREPG A ReR A, e J0H, RN, R, and R*2, in each
CO_| oal kyl, heterocyclyl -C2-1loal kenyl ,
instance, m't“’eeﬁg’?ero%ymw C2_1oal kynyl, any of which is
opt i orfalstipylophertally substitutddtvithoameryy hateypeyclyh delpgarglesnbstituent, or Co.

tgg u&%&ﬁy sut{;ﬁ%ted wil3e mdQ%i&é’ht halNgébl@%nqucMalkyl), -CO(Cs.

Q%E%I -0§e32 Nﬁﬁ%ﬂsz‘%“efqﬂmiybc&@m% -S(O)o-shetaryl, -S(O)o.
HIRBASEAyE B OF3L3 sl NRNGE SNy 3 Co salkyl YCON(Cy salkyl)(Co.
ﬁ*ﬁ%&%

aﬂ%ﬁ?%o”ﬁg@ﬁé? ééi“é%‘%?&z 'N(Co salkyl)CO,(C,.

salRE) SEOMNNECRP BRIES salk@LENE) SRBSKCo saﬁ@()r@mmwml )(Cs.

cg% Q}rlzgs%b'igcs: %yrg%?%?%igﬂpl? h@g%ﬁa@iﬁ?fbm@{q salkyl)(Cosalkyl),
34@6@%{1 )@ﬂN(Capcbe@Eylb@aww FN(Garatky! BRONE@ skycyallkcy1)(Co.

Bﬂtﬂx W@Qalkﬁﬁiwl(ba scydlt%‘l@'l)leﬁq@ dy@@!alkcﬁ d)g(CQscycloalkyl), S(O)..
PNt iCrcyAestill g POy hseudoqtfiih Lok Feslifpyl, ON, CF,,

@H whoptionally smpstitandbrylsubstitadntd; sichdhatieddh TER Bbvd @Y heterocyclyl,

h%%%;’agc%g@} é%ﬂg{lsgmu%gﬁla B%Eé ﬁ&%éxm'g'tﬁeg ]bgﬂltuted with —N(Co.

sty Go-salkyD Reyimxyl, GaloganRan® R hetalyRaL3elcAORRARG cyclyl, ~Co.salkyl—
NERARGHS salky, 3& 3 0 =
2%& C(Wms 1a3iéiﬁ§ %@@ o RREB 3yt k5%, Dty N(Cs.
- NR323C( =NR313) NR333R342 -\NR313c( =NR323) OR333,

- NR313C( =NR323) sR333, - OC(=0) OR 313, - OC(=0) NR

313R323, -0OC(=0) SR313, -SC(=0) OR313



, -P(O OR3130R323, or -SC(=0 NR3'3R323 substituents;
provided that G' is not NNCH2CO2H when R3 is

wdz2@rperBdi nyl ; R31, R32, R33, R311, R321, R33BCT/BSW86/044461
R322, R332, R341, R313, R323, R333, and R342, in each
i nstance, is independently Co_sal kyl optionally
substituted with an aryl, heterocyclyl or hetaryl
substituent, or Co- 8al kyl optionally substituted with
1-6 i ndependent hal o, -CON(Co_sal kyl) (CO sal kyl ),

-s@IRYIPC0(Co. ssmmwomam@@@mémmc r@%@f lkyl)'( hg k@/f)}’—co.?lkyl -Co-

2&&9 {‘ﬁf}&f’ A o, S‘?@j’%&sﬁ:ﬁiky zﬁ@rggltﬁf%t—( osaﬁw ), Co.

)spIRA-Q el keglkyl, —N(@ybﬁl-(%ydllk)ﬂ&al%ﬁ@_q&ﬂkkly@)dngﬂkylheterocyclyl —Co.

%%gfﬁld))csmg?{l%ﬁ}% iyl)ﬁc% E&Zﬁ% pgic-&(ge%l% Toge) M)—Co_galkyl S-Co.

yc QIN(-%ag%ﬂ @);a(llgx}heg,qpmly} —Co_galky] S-Co.galkylaryl, —Cp_galkyl-S-Co.
smaymaﬁ@) 1{:%@@@;&-?@&(3@(41 D-c§ 1-‘%%(‘5%41@)(@3@@1@@311 —Co.

al k ( cs 'S¢
%%@3%%‘:1%91%}?? r@ycgfi siklwl)-co salkylaryl, —Cysalkyl—-
%gglmyed @hdylgtary)l, C@Mlﬁallyﬁ@?éﬁéﬂlas)ﬁﬂ Clgrdz( @ﬁ?&ﬂ 0B, oCHF,,
CycCl Oa sa
- N( Co- Sé’lgég—@%ygooal kyl>/) Y
-N(C3 @egﬂélpéél fydalkabe ( C3 scycl oal kyl), S(O 1-
2N( Co g, i‘llﬂrl)ﬁ@sa'ﬁ%ﬂﬂbogikF
-NR'S cycl C25alkenl C2- 8al kynyl ,
CN, CI(:%“M@-ITS(QP 5 tﬁ‘?%ﬂa‘rrI? substi tut eé aryl ym
subst |lteteecn>ty| 8lyl mhaltﬁb?bstmwwﬂﬁl £ lmﬁd(?)QchléEt ?&g{iky] cyclyl, or
[ a or CycCl Ooa roups na
E‘g;sg&?e%y%aMs“bStr‘]t“%i‘gogndent|§ subst?/t ut ed z\nt% N(EO d
Eal lﬁyh)ee@anstaideyé l)ldephydkmi(yzilo -ttaflt;oge@a Ogmz l-NR\F'R” —-C(=O)R*,
- ne N AEH 2 32
CO;{ ((tgf aIIIEy’I O 02 2% %@S I\%{ R (_O¥R
DL HONEA e el o
-NR Cg‘g‘flﬁ’? 5 aﬁ((y{\!;@)&%@ LY U e e kre)
~OC(=0)8B'84], k @c(wmssase@hmwuemww% 6. ARKE] Jalkenyl, C,.
walkynyI —60 Q?%tl t‘f@y a-l ?(x iE%z/lmgﬁ(enyl —%; ,oalkoxyC2 walkynyl, —C,.

1oall(y1thl(&4(§gqy.kY@S(o@}(@lﬂﬂ.()@ﬁ@lﬂsa}’lkwolpﬁ.lk}’-lﬁﬂ)Cz malkynyl C}’CIOC3 galk}'l C}’CIOC:;-

salkenyl 8akélyC; g@l@l@ﬁ?&hl&l)’l—c G166, ﬁﬁérlé'cychng? —%91&%’53 gaM:y{éé roalkenyl, —

eyeloCs el eklemvars pgy(%/gl I Eg[dkgwlkyqycmlmﬂ@lohww

heterocyel@b-CBajakiyl, —BetGocRAIKY)  alkeaor SalikY
lfﬁ t:q%?rCo 8al kyI hlgperzc')(’glkgﬁ/l any of which s

| | k
optionally su éob%xtl.ﬁ{ci‘]vx%o%orggqsrg deqeyflent h@@, B8l k§F SOCHss —OR31 ~NR¥'R*,
~C(=0)RS4HO0,RYT aC&&lO)NR@R”S akloy -, C@fs"@' ey ):s@’NﬁﬂlkMﬁMC( ~O)R™,

31 1 3 |
—NR C(sg%ﬁa JC ;<y ﬁ@)lr»tﬁsf acé%§mwr —C(—O)SR3l
-NRY'CERRBERERP . NORY g&m@)@w )%1}(33 a%{ga S -
én

—OC(-O%%@% ﬁ% O) 3’8a| Ky Ig@%%wo}(llﬁﬁ (— ORIBER* substltuents
- CasH] #yhcHiRsiBrasGs ﬁaé detdently 89158, KMyt QP8 aKY Lt aryic,

8al ky | Co gal kyl'y
1oalkynyl, }%garg%ﬁlkgf gtg b—(‘@@a )Q,yqr he‘@ryl@legﬂgmyh Wbre the attachment point
is from et itterieft biyrightlas tirittett, heiel ah{ oﬂ-wﬂlch %%tgfmjﬁ}/oﬂe or

ub st t ue
more md%)é%{g :tH%l?a CE, @E# éggnoté]# f@z, HaOJR™ -ﬁgﬁ@gRSi ECER)NR*'R®,
~NO,, ~CIORB(0)hRY' | RED).. NE'RE), RRR?'C(=0)R?, ~NR*'C(=0)OR*,
—NR’'C(=0)NR¥R*, -NR*'S(0),.,R%, ~C(=S)OR?, —C(=0)SR*, -NR*'C(=NR**)NR**R*!

Al



-CO2R31, -CONR3IR32, _N2' -CN, -S(Oo_2R3',
-S(0O O 2NR3I R32, -NR31C(=0O)R32, -NR31C(=0) OR32,
WO bR3&(730) NR32R33, - NR31S(O) 0_2R32, - C(=S) OR3RCT/US2006/044461

C(=0) SR31, -NR31C(=NR32)NR33R31, -NR31C(=NR32)0OR33,

- NR31C(=NR31) SR31, -0OC(=0) OR31, -0OC(=0 NR3IR32,

_0OC(=0) SR31, -SC(=0) OR31, -SC(=0O) NR3'R32, (0.l oal kyl,

C2- | oal kenyl, C2 | oal kynyl - Cl- 10al koxyC1. 10al kyl ,
-Cl. 10aI koxyC2 10al kenyl, -C, _| Cal koxyC2_I Cal kynyl,

~NR*'C(= ﬁi{] é@%ﬁzggﬁﬁk‘,e (Jf(’-O)OR” ~OC(=O)NR*'R®, ~OC(=0)SR*,

—SC(—O)OR“L ma+8(§(i=ODNR’CR”Iso}adt1k15emyj cycl oC3-8al kyl, cycl oC3_

8al k Y 8 Ll ah iyl | 332R341 313y, 323

- cyCl %fjab%sa%kgr%?% ‘Fﬂ;% KR, NRRY, NREUR, and
NR”%%%Memﬁﬁe@arb Rﬁ:ﬁzREaaPRemyR”' R*"? and R*%, R and R**', R*" and R*®, and

R and_:féfljc g@? gaﬁ%%é%g%ﬁ%@ﬁlﬁ{% nitrogen atom to which they are attached to form a

3-10 memherddoa@Bragel kamsar@atefl cng;kwheydin said ring in each instance independently is
optlonaf‘)egﬁgtﬂﬁﬁég Iby lond6? IJIQI%'] Fmdeﬂeﬁ\ffégg‘iﬁ&f)wo sgigﬁ) q@hKLﬁW ilalogen 0x%o0,

t |yl
aryL, e Bl A T BRI I e oAy R Gt Y S GhesEi cfs —Co
salkyl-N1€). 2lkyDB(0),.:MHE sal kLR salkyDVWV-Cs DIRSILRBZ s Iky SO RAky1), -Co.

salkyl- c@é@é@nwg@gggﬁﬁmﬁ%w S&@qﬁe@ Rﬁcyl), —Co.salkyl-N(C.

salkyl)coaaa@@(yﬁqmmmcmmmlcgem sARF)(Co- saﬂ(}iﬁ)-%lk,yl-CON(Cu

8ancyl)(c% a]ka/l—%é %%@%}0 -{;‘%g&%malkyl ~Co.

salkyl-Q-@@(a OSFéz!’e —Co.@tipd-Q-ERalky héwmcsée@sylmkml-o -Co salkylaryl, -Oaryl,
-cMau@ubS(t:(LshllltsimEﬁryl chmgalkjrlf’s @@gﬁhkyi ﬂ@mﬁ@ﬁs@o ghll&ﬂe}; gREI8AId1Y—Cy salkyl-

S-Cuas A R g - SR TS EoraligAicieylyTCosaliol NCCo,
salkyl)-Gf salket, aCyallgP-N(CadakyhyC,, aalkiﬂéfs fytlbalkp! +EaRPRN(QQalkil)-Co.

o Ly Lyt X IR s,

—Cc»sanYhHé@eh]émH(Cohdkxl) G yL @aﬁﬂcynyldst@% CN.NFB1R8P;, or OCHF,
subshtuer@g Q)IB;?Em saidd ach {rbfafde 8;31%11’(1 ([%anll #:Nudes one or more
0 2R3, -3(0)0. 2NR3| R32 2453

heteroaioy tbeﬂé%‘z‘mge?NRslq =0) NR32R33 NR31S( O) 0- 2x32,

- (@3 OR32, or- (=0 SR31, NR31C(=NR32) NR33R31' 7 WO

2007/ %?:}1\% PCT/ US2006/ 044461 - NR31C(=NR32) OR33,

29'$R33, - OC(=0) ORB1, - OO( =O) NR31R32,
OOéa:l@))SR:B;Land -SC(=0) OR31, or -SC(=0 NR31R32
sub l,,ltdg@ﬁltaﬁgoﬂrﬁlgﬁgn&ases of -NR31R32" NR311R321'
2R322, N- R313R323, and NR323R333,

t he r éé"fﬁ‘éﬁ’r[rgv’@m\’@i (?aﬁblomsﬂzhym -1 ipgloR3 Dimgigact | gregpyrazin-3-

yl]cyc]o'ﬂg%ccaﬁﬁﬁ@haﬁtﬁd%4l R313 and R323, and R323 and R333

o wnir LRyt B B i e RRRa ca

ylleyclebatanecatbodylgracithsat urat ed ring; wherein said ring in

each ' ti DSt .
o IO e G 8 B4 >
yl}cyclﬂw%wboxyﬂrap@g@n oxo, aryl, hetaryl, Co.6alkyl,
- Co_galduyls sl1oaldylai o)phe -m i -a -3-
. gl k&y&qféoﬁﬁ’gallgls ,‘é(ds (g)héorz)ég né/l -1H-indol-2- d')l] imidazo[1,5-a]pyrazin-3
ylieye ‘&%?F‘WF”K\(  8eificyl ) S(0) a2N( 00. 8al kyI ) ( 0. 8al kyl ),
{3]_8aAdkyidiny tcan Eﬁﬁekydf)ﬂﬁlﬂés@ﬂ ifhadnkion, khe copounds are represented by

Formulzc' %ﬁr %gl%(rmlaéegfo 8)-}13 ?li%){%} ih%e’%é %{e%irlr %%lu'gd: X, are CH; X; and X; are N;

and X4, Xg@n@ X} kaplC; WaCthe othea WK}BM@@@(C@@ d8atiked dpove 0o FEahuitayl.
N( CO. Sal kyl ) CON( CO. 8al kyl ) ( Co. 8al kyl ),
- Co_sal kyl - CON(C0.  8al kyl ) (0. sal kyl ),
- Co. sal kyl - C2( Co. sal kyl ), _
-Co_8al kyl S(O) o_2(C0. 8al kylg, -C0.gal kyl -0 C0. 8al kyl,
--Co_ gal kyl - O C0. 8al kyl cycl yI ,
- Co. gal kyl - O Q0. 8al kyl het er ocycl oal kyl ,
-Co sal kyI O C0. 8a| kyI aryl Oaryl ,

~NON N ~N NN N o, ~N O~ 1 ~ NN O~ 1



S- C0. 8al kyl het erocycl oal kyl ,
- Co_sal kyl - S- Co_gal kyl aryl,
wo aw7gel7BY| - S- Co_gal kyl hetaryl , -C0. 8al kyl - N( QBCT/US2006/044461
8l kkyl ) - Co_8al kyl ,
- Co_8al kyl - N( Co_8al kyl ) - CO_eal ky1C3. 8cycl oal kyl ,
- Co. 8al kyl - N(C0. 8al kyl ) - CO_ 8a|ky|heterocyc|oa|ky|
- Co. 8al kyl - N( C0. 8alkyl) - CO. 8al kyl aryl, -Co. 8al kyl
N(Co 8al kyl ) - Co. sal kyl hetaryl,

ﬁb lﬁX Eﬁl’x%ﬂ%tﬁ%%ﬁ}{é %&% @E?As&u 11’%’1@%‘] 'ﬁ{%r&ﬂnpounds are

represe@%@x F w@ Isor aipterratcgutically aqoepigble faledensof, whermingk: and X, are CH;

X; and Xp@kems RAERT, |Xé aﬁ@m arat; | it NARIFERWO 8ndthe GBieLvariables are as

er than the nitrogen; mso0, 1, 2, or 3;
des"nb“ﬁlﬁgv °r$ g or 4, aais 0 or 1; and provided

et Aoanatha efnbb&mfeﬁt oftthia agpede-df &xeam:sﬁﬂx-lhventlon the compounds are

represerf&gb)g f&r&'ﬁpa ﬁorhaénq)agv{c nﬁailg g&le% é%%r %1& t[t‘?ereotZ wh[aregl X, and X; are CH;

razin OXYIT
X3 and K; are d; ped XniXzond X(, 7te(§]2;|Q) ie=B(G A (Y)m: and the other variables are as

descnbéd'ébb@éjﬁLFgrrﬁ{Jle)I m dazo[ 1, 5- a] pyr azi n- 3-

_y[ cycl obut anecar boxylic acid, trans-4- (8-am no-|
E -( 3In YelSpP Wn}lﬁqm of this; aﬁ?ﬁSF ofzhg,pl]eg;qaﬁ #s{on, the compounds are
represeﬂwch;aNmuam 6r-adphaythdceytidalifi @ecapaisla kA1Oyeb £ wleieth 0f and X, are CH;

X, and kr ?ﬁ agti %1, ?{Ham?%(ly 315 it pptionallbf substifpted gyl gpd the other variables
are as dﬁ.SCﬁb@q gpprafor RerBaulyl.} cycl ohexanecarboxylic acid. [13]
'f‘?ﬁor % @911 LR eﬁﬁ@cﬁﬁ&n tl'E)Q%pEJt%? ﬂ{g% s%?ﬂehﬁ& tﬁeh:%mpounds are

ngoun are represente
represerﬁ?f!a YERrEwE loen 4 RhageacepicaBy eccgaqable sHiethesspt, W\hPFé}ﬂeerﬁnX]?(z are CH;

X; and RD&ke KR afd R, GHandX, aRd; %? i6Riohklly RBshintdd béf@oﬁ%y%Zn@ﬂh@ other

ot her _var es are as descri bed aboveé for
"a“ableﬁa’ferﬁﬁl%ﬁscf‘ge‘bab\w %’66‘?‘1"@3&#37 PCT/ US2006/ 044461 [14] In
dmslentiodn ehtodiménttdfitlss &ppa of thefprdsbre upzfeﬁ&ﬁﬂ theicama\tﬂd@ e

represeﬁtEhe ﬁ&%%imd&l ﬁaé/h%m[n;ﬁzelrltfcig gcc%gt??lc Ci{ t%re?f wh rcm ,nangxz are CH;

r’rmaceutita accept a
X3 and Xn@FeX"IZ apg Xs, Ohaand X3 arg(gd Qlgs eptionally mmm«d be(ﬁmaddzo)ﬂ ad ¢he other

vanable@areq]sdk&n&ﬁbl)%iﬂ*b‘orm@gg the other variables are as
bed above for Formula I. I n anot her

cri
h@od iRantihe embafimentof his agpectiof bwmr%ﬁg@ﬁfwmﬁ% ¥ qoFpounds are
represerttétEb;CEﬁ‘ﬁﬂlﬂld&l aqfrﬁnnarcemicaggla Ektceﬁtlalkly sﬁ%&db@w\l;\;rcﬁlrxlahnd X, are CH;
r e t e Sa re er X
X3 and IQ % g %S &J 5(4 % ;gare%p @és op cm?\]I v SélE%‘lt% %oygﬁ@yp(?n%}hg other
varl?bleslare@s dpss‘«rlbg(a@b)'é ff Porpulahd the ot her variables are as
fHCr '[Q%grd?&qy & séc%ﬁd BBt dhe ﬁ} pr%s[all‘tQLvelnﬂoﬁ’ e c%ﬂ%ton&{s are represented

enbodl ment of this aspect o sent’ i nve
by Formyipel, ebﬁala?a%%eu%‘faé‘y a?@maé@éhlf Baregf s Keis (CH; &%, %: and X; are N;

and X,, Phand B¢ edid; aad thy ofRE Rtadlek ere&ah&scﬁis&ira%we fo¥REmRIT. X,
are N X4, X6 and X7 are

X2 are .. X3 ._.and X5
LR 8*6{%%%0; O ey et PPt instop e Spropnds are
represented byakirasla Iagre: permawsutidalie sccaftae sfloherk6f, WHérainl X, if CHE X,, X; and
X5 are N; r&nﬁ% l)k a‘%ﬁ@é 'a{%f C,; QE"QQ dkgig?:_p talrui ﬁ*te%ﬁpee(:t a%{es aga as described

present |nvent|on
above for Formula 1.

[22]  In another embodiment of the second aspect of the present invention, the compounds
are represented by Formula I, or a pharmaceutically acceptable salt thereof, wherein X; is CH; Xa, X

and X; are N; and Xy, X¢ and X; are C; Q' is —-B(G""),A(Y).; and the other variables are as described
above for Formula L.

[23] In yet another embodiment of the second aspect of the present invention, the

compounds are represented by Formula L, or a pharmaceutically acceptable salt thereof, wherein X, is
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represented by Fornmula |, or a pharnmaceutically

acceptable salt thereof, wherein X, and X2 are CH, X3
wana7X617aTe N, and X4, X6 and X7 are C, Q i s PCT/US2006/044461

optionally substituted benzothi enyl; and the other

vari abl es are as described above for Fornmula I. [18]

In an enbodi nent of this aspect of the present

i nvention, the conmpounds are represented by Fornul a

I, or a pharmaceutically acceptable salt thereof,

CH; X,, m%f@ D(Q ard N; 308 XXX A8 XiFre C,@ i@ Qgtlc%éll? Etﬁ)sNuteﬁ nﬁjdoi%’ anti8he other

nd are C. Q _iIs optionally substi
Va“able%%rﬁfﬁ ﬁ?sﬂ’é{lf(ﬁ]ﬁ\bf"’e fonberemia ot her~ vari abl es ar e as

pascr imbeadl zﬁbﬂiéﬁexﬁ]ﬂfduﬁﬁft B’ﬂtl"@fsécon[i AfHect OT 11/ 1RESRBY invention, the
pect _of t

compon G BFE TR O MRS SIS RS DL wer .
CH; Xa, phand&s exstN;eaf Ky, %c0d ptatd € Qs bptidnelie afbstitted bedzimidazolyl; and
the othem%&&%s Qtre%s gé_slcnbe]é?éb dﬂbst : ufa f\l and X4, X6 and X7 are

t1ona uted benzoxazolyl and the
Bher In rmthea Brnh%dlmré o&ﬁle@e@m.amt efifbs/present inFentivn the ¢ompounds

are repre{s&%d PEESHRidYort @p@ﬁ&%@ﬁ&llﬁa&%ﬁﬁb@fsaﬁ EreBf, %@féin X, is CH; X,, X,
vent | g the _co ds are represented by nul a

and X, “‘Fe oK s PR BT e:Qr rippae%aélertsatﬂh@t%dawzqwlébrnd the other
vanables/\hemeaéscbnpedraso%rwi’rmum and X5 are N, and X4, X6 and

éé& %et s or nu er elinf)of ; i)lta({f Iﬁ}%bs!,egc%ﬁga%}gqcﬁ%ﬁ{g egrggt{nhgrventlon the
compoug@m@p@gmby&ormh]e Loregbmtmacenteally aneptbtie satohgreofherberein X, is
CH; X,, X;@nd K¢ Qfe%%ml %}I Bank g gt Vﬁ- dé‘* is gﬁtx&aﬂ@ m&gﬁﬁﬁg%% I-Jléﬁal and the

acceptabl e 'salt there erern
other vagi@plegaze pg deéﬁﬂ’eg(ﬂb‘“’i@rdf?am)@? are C, QL is -A(R)n
BOY . The atvfpduas GXtthepredeat indditRs ilwieas des cr i bed

above—forFormta—— r’)’)1 l-n—-a nt_of the

second asfect of }he present ihvéntior], the conpo
are reprgsanted by Fornul a a pharmaceutic
salt thereof ,nunh n X 1§ CH X and

X7 jare C Q |s B ;
anqﬁ%re/@ther var ableéaer' descri he DovE hor
For . [23] Ip yet er enbodinent 0
seconeégzpect of fhe pres§E§&>nventior, the co unds
are represented by Fornul a or a phgrmaceutic

O \ A

acteptabte—sat—thereof—wheresnm—X—+5—9W0

2007/ 061737_PCT/ US2006/ 044461 /6H, X2,/ X3 and X5 are

N, and X6 and| X7 are C /t optlonally

substl i1 ndol yl ; andwd he her variables ar
d L . [24] 1In strII,@n

e bali"‘nt of thel second sp'ct of the present

¥m, the cpnpoun "ane represented b

venbi
In\ﬁf a pharnaceutlcally acegept abl e sglt thene
wher ei n X2, X3 aﬁﬁk’S are N, and X4, and

X7 are |s optlonally sulystituted benzi m dazdl yl ;
and the other varlables aremés descrilbed above for
Formuta—+— 25— p—another—enpotirent—of—the-seecond

aspect of Ahe pregent inventi t he qonpounds ar

repr esen sy Fofrmula I, or phar mageut i cal |y
acc$otﬂ salt thereof, eifn X, i§ CH X2, X3 d
X5 N and X4,| X6 andNWW FEHC, Q |is optlglna\yH
SiH £yt ed benzokazol yls~and the other varija are

at desc# bed above for Forfrujja 1. NP N
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[26] In yet still another enbodi nent of the second

aspect of the present invention, the conpounds are

wo ermerat ed by Fornula |, or a pharnaceuti cal PET/US2006/044461
acceptable salt thereof, wherein X, is CH X2, X3 and

X5 are N, and X4, X6 and X7 are C; Q is optionally
substituted benzothienyl; and the other variables are

as descri bed above for Formula |I. [27] The conpounds

of the present invention include: H\ I / ~1 / N~

NH—NHZRHZ NHZ s INN=—N—HIN R NN N2
N NN N- HO F | NH NH2 N NH2 N P1~ N N~
I'N N~ N 10 WJQ 2007/ 0617 CT/ US2(06/ 044461

CH3 N~ NH NH2} NH NH2 N J\INI\V~--NNNH£N\\|JN
NH2 WNH H\ NH NH2 NH §"
NF N N NZ = N
‘\/N\ /gN l\/N\Z/ g/N :/
NHy N\ NH N N\ NH NH, N\ NH

o

=
N /?N N’\/N\j/N K/N\ /EN
/ o}

H

a

N

Ngj |

[o

(o]
N, N\ N
NF ==
N
NG
N:

/

™
NHp N\ _NH ~
NFT N NHy \_-NH
\ N
NHz " NG NN
rif = K/N
N

/N
N
N
}




i NN N N /N-NLNN HOHOOH NH2 NH NH2 NH/ N

NI N'NNH2 NH

\/ N ~ iIiNN \NC ONN CH3 CH3 \

WO 200AR6BY N NH2 NH NH2 NH N N IN i ~N , N \\ NeQI/uB005/04461

H2N 11 WO 2007/ 061737 PCT/ US2006/ 044461

NH N2 NH N N\/ ~/NVN/NVN/NN O HNC HNO O S,

Hac 3C 'b H3C NH NH2 NH NH2 NH NH2

NH2 NH NH2

—= ==
Ny N\ NH NH, N\ NH NHy N\ NH
N N N TN N NZ =
N
K/N /" K/” 7 K/“é)
4 N
) / -
HN
. S -
HyG™™
o = N
HyC b
NH, \ NH NH, \ NH NHy A NH
N N=F NZ N=
“ N N
" N I\/N ¢ ‘\/" ¢
g/N Y
N
N EN
N )’\H S W
H O
NHz  N\NH NHp L NH NHp  J-NH
— = =
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NN N~/NtJ NNN N~ N)-HO\ NH HONH NH
NH2 NH NH2 NN N N N/NLNL.N/ N CH3 CH3 f,O0 _\
w®e007064737 O O O NH2 NH NH2 NH NH2 NH / i N N PCT/NS2000044461
N/ N/NNN3 NCHONH OOV CH3 OH3C 12 WO

2007/ 061737 PCT/ US2006/ 044461 NH2 NH NH2 NH NH N

NHZ NN\ N/ NLII / LN/N

4 N, NN
NH
NH» NN NH N\ _NH
N
= K/N ¢ = N

b
e)
%? )\< P
© N
MN~cr, b,

HaC N—g
e Hy
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N NON O/ ONCH3 NCH3 CH3 H3C HaC N-CH3 NH2
EiijHNH2 \INHNH2 NH f N /NI _ /NL~N/N1-1,N N
wW@2@70Q73NH2 NH NH2 NH NV NHZ NH 1/ , N N / Ned¥/UENoé/044461

NNNO N/ OHHIC NH2 NHNHZ \ NHNH2 NH NN 1/
NN i N/N~NN NNDN-~NCH3 01 Oo CH 13 WO
2007/ 061737 PCT/ US2006/ 044461 '|I NHz NH NH2 H NH2 NH
NNN/
NH; N\ NH N\

N N\ _NH
NHy N\ NH
NF N NP,
#
K/N /N K/N ¢ N = N
l\/N /
" N
N
o)\\ © )\N’CHS
Sy == o
\ /N h / CH3
NHp N\ NH
NH, N\ NH NH, N\ NH N
~ N N ‘\/N




LN/NLN/NN S F13C O OONH2 NH NHz NH NH2 NH N
NNN /N NNON~CH N -\ 10// NH2 NH NHz NH
wORBD7TMHABY f NN N/N NLN/NLN/NN NNp

CrCO/GS20054B44461
H3C CH3 NH2 NH NH2Z NHNH2 NH N i NN NN ~N/NL.N/N
N/N NOCH3 NONSCO O\'" CH3 O~ "-/S~ 14 W
2007/ 061737 PCT/ US2006/ 044461 NH ~ 4NH2'\' NH NHZ NH

NHp N\ NH =
N, N\ NH NH, N\ _NH
N
NF — N ‘\/N /N N — N
'\/Né g/N /
N ' 05 =0 N\
)\Q\ .0 o=
(8] N
7 \. H CHgy
o HoC 3
—
\\ = NH. \ NH
NHy NH N N\ N 2
= N
NZ N o NF N N N
K/N / ,\/N Y N AN
\ N N
=0 A\ =0 -0
o=X o™X o—on, o=
Hzc\o:
CHy
=
NHp N\ NH 7 =
= == . N2 e
N =
N N\__NH
. N / NH;

B [¢]
0//\‘0'4 /'\ \N /\ Q




NNINN -" N

H3C n\ NH2 NH NH2 /N NH NH2 NH N N !
\' 00 OO OCH3 0 H3C _O CH3 MNHUBL406/044461

L N,NNH2 \ NHN N
SAO i FOCH3 NHZ NH NHZ NH NHZ NH N

WORMN7/0&i7p7 Sl
N NHZ NH NI / i

~ONO0%NO 041-\ OCS NCH3 0 H3C
N NNNI / N

/N NN O

Nomi /N N VN

Np bHOQ pHr OOCHN\
M N\ NH = =
N N N\ NH NHy N\ NH
N N== N NP
V =
K/N\g N: 9. K\/N N
@ //" NHp O‘//\NH
I CH,
== _—=
Y




15 WD 2007/ 061737 PCT/ US2006/ 044461 NH2 NH N, r ~ \ \

NH2 NH NHZ NH VN NN N N/NONH/NH2 O/ ~NH\ O
W@RB7/068427 NH NH2 NH NHZ NH N N NN / N N PIMUSN06/044461

O NHHNHNC Oo o NHZ NH NH2 NH NH2 NH NV LN ~N

~NLNHNHVY O OO0 H3C 16 WO 2007/061737

PCT/ US2006/ 044461 PN NH2 NH2 \ NH 4H, NH N

N\_-NH =
AHa Ny N NH, N\ NH
&
L/N// N T N N N
= ‘\/N Y ‘\/N Y/

o

HN % /
° % P s
CHj [¢]
—
NH

N/ — N/ = N N/ —
K/N ¢ l\/N { K/N\ /SN

/S Cl
HN

/ 1
HN :
== HN/
8
¢ S ° ,\q Vi p
. N\

o
ci NH, N\ NH
\\ NHp N\_-NH N N==

N
NH, NH s k\/N 4
N
K/” ¢
\
05850

H3C\°

>
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N NN NNCH3 HN HN HNNCO CH3 O NH2 NH NH2 NH NH z

NH NNN ~/NNLNLNDbN HNC A HNO9ANOo NH"
wW@2007@51787 CI 1 NH2 NH NH2 NNHz NH ~N N N' N POUI/NSZobb/04461

SC ~ H3G_0 CQAQCCH3 17 WO 2007/061737

PCT/ US2006/ 044461 NHZ NH NH2 NH NH2 NH ~N NI ~N N N

N NO ~-0 G7NH O F HICFH NH2 NH 4NH2\ NH N)
NN NHZ

S == =
NHy N\ _NH NHe  \NH N N\ NH
NF N N h(/ = N NZ
NP = N% N
N ; >
N /\ =0
\ -0 o=




N\ NN HNN HOO 00C FNBf C NH2 NH NHZ
NHNH NH2 N N-lzz~-]l NNLN/NN~N LNNN \ N

w0 2040647318 WD 2007/ 061737 PCT/ US2006/ 044461 PCTMUBROBG/044461
.N DNN O-~0 ~OO CH3 \,N,CH3 or a
pharmaceutically acceptable salt thereof. [28] The
present invention includes a conposition conprising a

compound according to Formula I, or a
pharmaceutically acceptable salt thereof, and a
pharraceutieatyraceeptabte carrier— {29 The present

on conpfising a conpound
gding to Forrula I, or phar maceptical |y

3l e salt tlher eofy, 8N anti - peopl asti c,

unor, anti - an%L/ , or chenpt herapeutic

or a pharmaceutically acceptable salt thereof.

[28] The present invention includes a composition comprising a compound according to
Formula I, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

[29] The present invention includes a composition comprising a compound according to
Formula I, or a pharmaceutically acceptable salt thereof; and an anti-neoplastic, anti-tumor, anti-
angiogenic, or chemotherapeutic agent.

[30] The present invention includes a method of treatment of hyperproliferative disorder
comprising a step of administering an effective amount of a compound according to Formula I, or a
pharmaceutically acceptable salt thereof.

[31] The present invention includes a method of treatment of hyperproliferative disorder
comprising a step of administering an effective amount of a compound according to Formula 1, or a
pharmaceutically acceptable salt thereof, wherein the hyperproliferative disorder is breast cancer, lung
cancer, non-small cell lung cancer, kidney cancer, renal cell carcinoma, prostate cancer, cancer of the
blood, liver cancer, ovarian cancer, thyroid cancer, endometrial cancer, cancer of the GI tract,
lymphoma, renal cell carcinoma, mantle cell Iymphoma, or endometrial cancer.

[32] The present invention includes a method of treatment of rheumatoid arthritis,
hamartoma syndromes, transplant rejection, IBD, multiple sclerosis or immunosuppression diseases
comprising a step of administering an effective amount of the compound according to Formula I, or a
pharmaceutically acceptable sait thereof.

[33] The present invention includes intermediates useful in making the compounds of the

invention. Such intermediates include compounds represented by
| cl ] |

N7 == N7 == —

'\/mg Qe Qe

s B .
70 ey s

o HO HO
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[30] The present invention includes a nethod of

treatnment of hyperproliferative disorder conprising a
wa@t@p/0ef73adn ni steri ng an effective anount of BCT/US2006/044461

conmpound according to Fornula I, or a

pharmaceutically acceptable salt thereof. [31] The

present invention includes a nethod of treatnent of

hyperproliferative disorder conprising a step of

adm ni stering an effective anount of a conpound

acqara-ng—toFornuta—t,—or—a pharmaceuti cagly

ac ebt'ble sal tj thereqf, erein |t he 4kT/\
hzﬁe‘ﬁyoliferative diNgo is brieast can r,’ﬂmng

c non-smal | celN g cancef, kidney er,
renal | cardi noma, pr ostat e cancer, cancer t he
bl ood, ver cgncer, ovarign cancer, thyroid canger,
endomeudi al carjcer, cancer %f thel G tract, |ynphons,
___—Leng} ce!! car-gi-rora—rantte—eeH Iynphgﬁa, of
endgret ¥i al carcer.jigggéThe present inyént¥on
iﬁﬁ%Mﬁé& a nmetHod &f YFaat nent of|rhe ﬁ%ﬂﬁ%ﬂ
ar%*ww i's, harart owe’“s¢ndr ones, trangbkﬁ rejection,
| BD, i pl e gcl erosi s//8r i Mmunopuppr essi di seases
conpri sing a stlep of adnf.npistering an effecyiye anount
of the conpound accordityg to Fornula |, orHa
phatgaeetuti-ecathy accepiabhe—satt—thereof {331 Th

S
pregenty i nventijon inclLudeg internedi ates userul{in

-

. . HN
e conpounds lof [the invehtion. SiGh ¥ »

i ntef i ates i|ncl ude ¥onmjounds represent ed By N
11 N NN NN/ O 19| WO 2007/ 06173

PCT/ US2006/ 044461 NH2 | I G NN- - NN I /N" N
[LN~-N~N HO O C Br A-1--4N Br NH2 Br N~ i N
NNJ:~N/ ~NQHOH® NH2 NH2 0 |N--y HN ~' N N

1
M N HN™ 7~ "NH

l\\N’N { k\,NO N
pS 0 Or%

o)
o
] N
‘s B 4 P ,k
o N o N H,N" N O
H H . O
cl T

_0
O
o o o
HN)H% HN/U\K( HNM
N N N
/) . / . N4
H,N '\N,N HZN/L§N N N
i~ ~0 7~0
o) O\ o) \ o) \
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NN OO HNNHN NHNH2 NH N1 fl N NON ON I|vV~

N-~N so OB/ NNH ONOHHNNNOC iOO0 00O
WO 204 EBIN HNN - H2NNN H2ZN) N, N NN O _O 0//-0 CCT/0s206/044461

WO 2007/ 061737 PCT/ US2006/ 044461 NH2 N 1,1 NjrO O

\ or a pharmaceutically acceptable salt thereof. [34]

In all of the above circunstances forbidden or

unst abl e val ences, NS, N hal ogen bonds are excl uded.

[35] As used herein, unless stated otherw se, "al kyl"
groups havimg the  prefix —al K*such
as| ¥ o , al koxy, al kanyl, jal kenyl, al kynyl,
%Ed l'ike, ans carbon chains| which may be |inear

n¥-ched or conbi nations thereof. Exanples of alkyl
groupsyinclude jmrethyl, ethyl, propyl, isopropyl,
but yl c- and tert-butyl, pentyll, hexyl, heptyl and
the |ikes "Al kenyl ", ™"alkynyl" ampd other |ike terns
include‘;@ bon [chai ns having at | east one unsaturated
carbon<narépn bond. [36] As usedjherein, "Co.4alkyl"
for exanple is used to nean an- al kyl having 0-4
or a phagwachaitrglly adckgstéble salt theredf, 2, 3, or 4 carbons in a

o T . .
S e e A R

bonds argegelpdedAn al kyl having no carbon is a direct bond when

tfﬁ? As used herein, unless stated otherwise, “alkyl” as well as other groups having the

exanpl g

prefix “alk” such as, for example, alkoxy, alkanyl, alkenyl, alkynyl, and the like, means carbon chains
which may be linear or branched or combinations thereof. Examples of alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, sec- and tert-butyl, pentyl, hexyl, heptyl and the like. “Alkenyl”,
“alkynyl” and other like terms include carbon chains having at least one unsaturated carbon-carbon
bond.

[36] Asused herein, “Cy4alkyl” for example is used to mean an alkyl having 0-4 carbons —
that is, 0, 1, 2, 3, or 4 carbons in a straight or branched configuration. An alkyl having no carbon is
hydrogen when the alkyl is a terminal group. An alkyl having no carbon is a direct bond when the
alkyl is a bridging (connecting) group.

[37] The terms “cycloalkyl”, “carbocyclic ring”, cyclic”, or “cyclyl” mean 3-10 membered
mono or polycyclic aromatic, partially aromatic or non-aromatic ring carbocycles containing no
heteroatoms, and include mono-, bi-, and tricyclic saturated carbocycles, as well as fused and bridged
systems. Such fused ring systems can include one ring that is partially or fully unsaturated, such as a
benzene ring, to form fused ring systems, such as benzofused carbocycles. Cycloalkyl includes such
fused ring systems as spirofused ring systems. Examples of cycloalkyl and carbocyclic rings include
Cs_seycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and decahydronaphthalene,
adamantane, indanyl, 1,2,3 4-tetrahydronaphthalene and the like.

{38] The term “halogen” includes fluorine, chlorine, bromine, and iodine atoms.

[39] The term “carbamoyl” unless specifically described otherwise means -C(O)-NH- or -
NH-C(O)-.

[40]  The term “aryl” is well known to chemists. The preferred aryl groups are phenyl and
naphthyl.

[41]  The term “hetaryl” is well known to chemists. The term includes 5- or 6-membered
heteroary] rings containing 1-4 heteroatoms chosen from oxygen, sulfur, and nitrogen in which
oxygen and sulfur are not next to each other. Examples of such heteroaryl rings are furyl, thienyl,

pyrrolyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl,
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al kyl is a bridging (connecting) group. [37] The terns

"cycl oal kyl ", "carbocyclic ring", cyclic", or "cyclyl"
wore@n/08t730 nmenbered nono or pol ycyclic ar omat PCT/US2006/044461

partially aromatic or non-aromatic ring carbocycles

contai ning no heteroatons, and include nono-, bi-,

and tricyclic saturated carbocycles, as well as fused

and bridged systens. Such fused ring systens can

include one ring that is partially or fully

thladlazoﬂn St@ﬁ-&roﬁll Sfriasl uﬁﬁuﬁ%m pRENESHE phiahih 1 bRd ifrﬁ{:lﬂi'lf Uheebrm “hetaryl”

ng_ systems, such benzofused car ocgc es.

includes hg/fe%ravwﬂh sl SR e RN YT Wi By Elar folly unsaturated, such
as a benz8R ﬁﬁ’é 4 fofthm fal R flzoTiyss ﬁ&Bryl ER(&@luﬁﬂe dfenﬁyﬁdaﬁalle}(t}dnzcaﬁd)le,

cC ri.n c oaI uch as
benzoml%’g?iﬁ 8#8%? o q%‘?%frgbﬁ?%m&gflc u(‘)nﬁ’é{%l e d@%*l%% exyl, and
[d2L ah;Jdlesxmperisalstated the mﬂﬁhﬂtaq@clw ringihn Vheterocycle” “heterocyclic”,
and “het%rbcyc%{,l’él'arte% &ﬁt«ﬁgrg,ra%pu e + ki g}n:qjic %Efalio éf)ﬁtalrls 38 o rh@re atoms

I NC uor i ori ne brom ne
chosen ingegerdeuiibnEomh % and 3¢qnd N eed foxidan berrpigied sugh derdwtives exhibit
appropr1§t9 %f(f:% fihga b%l%rbcf@,_sr Thé féﬁ% plchas W—@ﬁwﬂiﬁ@n@& sat@@.@):l tiNgk codkaining one or
-. he erm

o heoRsAESen 18} GRER oHBG - A OReB FEIpIes SHTEg=S s inlude

azetidind) aﬁehﬁlh:y Jceh‘alﬁy@idfuﬁh &eﬁrz&iyﬂiophﬁh,afx)tbanej &ousle| thicmethiagolidine,
St.s

oxazolid%b %)faget}dnfe P azo%rdme ngxa%c()jl? ne 1s291|}1az?h£§m&xraﬁ dr th1 ghene,

gs cohtarnrng FOAL Ol Ch
tetrahydfotigopywary Qrewans mlhlf’cmne aamﬂmn, pyerjiskne pipgidieh az&mvg arPcanfy
(1, 3]d10)ﬁalllludk5zcﬁfd eNBherfad, hbRoFBé: az19$ I?ﬁfrpho@ﬁ@ rmxloﬁr%rﬂt)hﬁé«' GhY the like.

eroaryl rings are fu yl,
Other exgyples of kﬁteroq;)fﬁlg HBgs 1§;||:ludeo%g gquypd fqrglég 5’5 Flyﬁlr-contammg rings. Thus,
tetrahydfdthiggihy1 voxi&%ﬁa}@aﬂitbﬁbphehé-ll ﬁZ(Bb)Wie, tin¥cipadlileyl-oxidd, WO

thlomorqzk@?l 33,«5%71 P%ﬁ/ g r(c))t?n(s/ 9{% 2‘?"&?/‘7 Ptrﬁ y)Fdargtg{d%ﬁfa{l 1,1-dioxide,

thiazolidinyd- B-pkidy] and ahxdzdlrdnraazi hryliomd'éhes ztlﬂrqmglﬂe'b@mﬁff ‘hetergrytlirgings. The
term “hete(::‘r%%rc}/w” .'«Ilg éuéé\érstfpg P‘Hi%ﬁq s(’f&ﬁsb %Yu%l Cﬁgche{ h(ﬁghs%ﬁ %sm LAdan include

sat ar at e sSuc benzene
a carbocwplngmg tbatﬂ@pw:ailm rf\zlbf WnseigratReh gHol ps 2 PezeRsaiity FOefOHn benzofused

heterocykéfe@ Zipg Sasplees, 4 b(ﬂﬂ)zd?&fl Z0bezodiBERT BuldhRESq Snoline,
benzof uran, qui nol |8 |squ|noI|ne qui noxal i ne, and
tetrahydgqigoquingline, ESR*Z‘]dol&Trﬂ wddhelifCer wi se stated, the terms

T‘hﬁt e rGlﬁiMﬁ)hhd& Jekdﬂ@ed hérbiatnely@oy@ining of hﬂte&fspmmh'lcmémers and may
thus glV? 8Fe l&fg?s eéeqon}g{s %Id ogffjl T i %gl%rsv aIlhg gl;e’senq quehf?’onﬁ%lh&% QH d8ch rFossmle

Lal ns on

diasterepmel® pe ek as hyir facmCMmXOHeSaﬁr@lr sulgstantialhhrurgregplgedsznantiomers, all

posmbleo%nggﬁ')c'lso%e%/ bgﬁ&aﬁﬂ&féu%ﬁlfy VadebMBR sﬁ@h&b&f The above Formula I is
ropriate and stabl e val encies. Th e terns i ncl ude

shown vl ARENES SEROGPATIERD B4 SSEEn @atitiensniThe Pisaet gpPentigpgeludes al

stereoisGat® R)@ BbaMBa Fdﬁﬁ%ﬁﬂ’nfaﬁﬁﬁcﬂlsyzgﬁépta‘tﬁéﬁaﬂtbl theredN OFutiter, @@etres of

sercoisS B o0 B DG LRSSl R o BE s cous o

synthetiopa@adhees ushd et;acm!re fulch egropowdils er m witgradeirdiatien or epimerization

bAbfoE be a mixture of
procedu? G}éﬁ%’vgg% fﬁ%r&fz &Mfeﬁiﬁg{th're ghnﬁ? git’o%?&ggﬁfe%#e, i) edures can be a mixture o
StereOwP'@lPIiSahydrothlopyran thiepane t hi ocane, azetidine,

Qéﬂ r ol Tl iRfentiOh ASY ér@bﬁﬁass&&ﬁﬂﬁﬂﬁace@t?dip@ﬂﬁ)osntmn that is comprised of a

di oxane, azol i di |pera2| Ippi er azi ne,
compowsro.s#ewwel R CRPOTBIGHEIT AEb R R b ERBER RT-
gAsIND | Befeaiblybé esmomsition ds <l$dnf]ijf§ed st plﬁﬁndcbﬁm@bly slicggable carrier and

for of. the I [ ri
« hersne 0B St B o2 PORRARE oF Porhlpbes LB soove o
pharmatewticalky ategptabis shorep¢rd)-i ne- | - oxi de,
t hi onor phol i ne- 1, | - di oxi de,
t etrahydrot hi opyran-1I -oxi de, tetrahydrothiopyran- 1, 1
- di oxi de, 22




t hi azol i di ne-I-oxi de, and thiazolidine-1,I-dioxide are
al so considered to be heterocyclic rings. The term
wO b@resodycl i c” al so i ncludes fused ring syst ePET/US2006/044461
i ncludi ng het-het fused systens, and can include a
carbocyclic ring that is partially or fully
unsaturated, such as a benzene ring, to form
benzof used heterocycles. For exanpl e,
3,4, -di hydro-1, 4- benzodi oxi ne, tetrahydroquinoline,
%O} F ajelE RS miﬂﬁi 'p&@erréd%ﬁ'lb@@ﬂ{ehp eheAReLntibe eﬂc'okﬁassésda'g]

mpounds” déscri bed herei n_may contain one_or
pharmacguiFat ROMmogitier mréb%ﬁeamnﬁaﬁﬂﬁqafﬁ}g/ ighipision o5 Tep comprising =
pharmac@itRSILERSPRBIS carties zﬁhﬁtal noaltoxiS theRpsuticdiee ficteedihiount of compound of

ntLo ncl ude Suc 0SS astereoners as
formula t\éﬁ ‘?es Bﬁ%?‘fe (Plé?: acﬁ’f‘?(‘iaﬂ}' Qccemtaﬁlg gt gllu G5Stantial |y
[@at e HhsuﬁméﬂhanmnmhamEmsmpabhsﬂpﬁs@khhesgﬁwﬁwm@dﬁom
L. SORI | . ..
pharmac?ﬁtécg}e?%%?ce%ﬁ ngOV 2 Hés o? g'l:lt:ly M&? te%g’xlngn ltﬁxﬁ C())E fhe gresent mvention 18

acidic, itd errgspondieg sltcae b@mmrmmly paqpateérﬁtom PhapwadentieaHy acoppigble non-

toxic badeb Q§&ﬂ<§m% ﬂ%@éﬁ&ﬁcq{zisds Rfd SIG8Sc BAsks. S8 BN AT Sich inorganic bases
For mul a

%rwaceutlcally acc&%% Ele sgt%
include §BIUEY SRR Faloiy PRPEUIGAT Uple foilf STFAMFS Hilmygpgnesium,
manganéss (ic:ad aﬁ@pbmaamf $odiudi, 2ine ahd thawiks s#lfse Pattisalailynplefetked are the

ammonn?run calcqm% r%a%%lsjlqn%e%cg 'tum andsééﬁ] lt.nlﬁ% ak ST 85%5% #ﬁuggnatcgutlcaﬂy

prepare suc S, I'n using racem zatio
acceptaté@ongemp non-taxic bapquomé@ﬂ?rselés frPoiRTY, Seqondars anl itqriiary ajnjpes, as well as

cyclic aﬁlﬂl@s Md sub%tﬂ@te@ hAREE§iRn 8¢ na‘iﬁ’rﬁl’}}r 9&9&%@%5@ §yrﬁ1?é31z@@ su'%stltuted amines.

m xture o st er eoi soner s he i nventjon al
Other Pfé’ﬁ%‘i?ﬁﬁ%%‘é@%@ﬁ‘ﬁ?%&fﬂppﬁ%w Eﬁﬁbﬁgﬁnﬁw‘ plingar; b Tormed include
jon excHa@EPIehifeshchlas, For dx@mpleliginhik, hedifg) bafdind, EhaliagN et i on

dlbenzylfgp'greélf:gg%s{e{]ﬁ &u%l Cals# ﬁeg‘ﬁ? noeg}%nr S;r | e%{xyla&nnolthanol
ethanolqpiiad, rtybnt dieaineyNathybpirplsilive, Adethy ipipeaidihe, glucamine, glucosamine,

hisﬁdin%%?&r@?aq}ﬁ‘dé Q?Jpg%)gfﬁ% CéJs{’ﬁg mgﬁ\cﬁﬁln@ ﬁ&ﬂﬂﬁﬂng dplﬁgrazme piperidine,

Cri above phar maceut | cal
polyamize £as{ps il Peainga Perinehdhesoping zﬂwlmw trénethylamine, mpropylamme

nomﬂhggméu§gggq&g44461 [461 Moreover, within this
referred enmbodi nent, the |nvent|on nconpass
E‘H%ir et aeh E%E SPmRQIRR GETE PEETE BRVeRtRD 15 g*é%& ﬁgﬁ‘tma?m?‘mg salt can be

convemd:htﬁﬁ;&S;ﬁhrhyfrbrﬁ li)hhh'fabdmﬁcﬂ]fy antieptableQ@AIORiS beids, including inorganic and
organic ?ﬁlgg n@uc%l'ell.tcldg %ci&ée ?Jh@ﬁl Seeli@ ) ﬁz% es@ﬁgm@ He 0‘% Q&&orsulfomc

erapeutic €’ anount nmpoun
citric, ethamesulifenis, fa@arm ghlﬁtprb‘e ahé%@véyelmbnamsﬂmdrmb’@l}t: j igeghipnjc, lactic,

maleic, %ﬁ@ %ﬁﬂ%ﬁc,%@tﬁm&ﬁ%ﬁ@ fn}ucli ﬂ‘l?l]lc, -'phﬁofc eﬁdﬂothemc, phothonc, succinic,
arnaceutlcally accept ab &@ ts" 5%?8 to salt

sulfurc SREi Brlo RS 1S % s RlE PR S G grobromic
hydrocHI&&® fnaliic, @ﬁbsﬂssondl\hefimb bﬁd mﬁﬁf;ﬁmbﬁms of t he present

i.nyentjion.is aci

ég%ven SRSy EHsa gfrcé) gops %‘r’ﬁs oﬁgh% csgrlﬁt I'c aﬁ%&ox@gp %T%ound
represemtedby fopmiilka Iﬁmaﬂnmmuﬁdllmgswmlg Al therbof} esarpastfve ingredient, 2
pharma@é'ugéﬂiaﬁacbaﬁﬁﬁe canderafid SftlohMB othdrMRrLehe iInBRaRARIOE a&}@\%ﬁ& The

I nclu ["um num amopni um™ cal ci um  copper (|c and
composgpgy incjuge CPEDOTans SHEDIEI P Grfl TPt tigiediandparchigidnfiuine

subcutatiédiis Sififlar@uhlar, RAA ﬁ;&ﬁvmems) adelinismatic, anh@@d tHeliRost suitable route in any
Partlcularl rre are.t

| t.
siven R AT B4 0 NN SORT B AT cL iy g vwhich he
active 1dgea‘imeds beingaduinaistwrede UThe pleringceutical eqahpttsitwnmngnhe conveniently
present&?iﬁ l}ﬂ gaf? §§rﬁisandg>%pgg8 bag'ﬁ of tﬁé mg{ho 4 h’f’o%qg of pharmacy.

terti am n CyCl1 C am nes an
d6ist | hnrwlcarﬁlfms@pgar&i r%tgeﬁ%% by Fpyude ks g phapgacgpiically acceptable

salts the°r¥6it HER1sA8-NEMPShIbe UbBBinadAsBS activEAd}eddient in intimate admixture with a
phar maceutical |y acceptabl e organic non-toxi c bases
fromwhich salts can be forsed include




I on exchange resins such as, for exanple, arginine,

bet ai ne, caffeine, choline, N ,N -
waleiengyBet hyl enedi am ne, di et hyl am ne, PCT/US2006/044461

2-di et hyl am noet hanol , 2-di net hyl am noet hanol ,

et hanol am ne, ethyl enedi am ne, N-ethyl nor phol i ne,

N- et hyl pi peri di ne, glucam ne, glucosam ne, histidine,

hydr abam ne, i sopropyl am ne, |ysine, nethylglucan ne,

nor phol i ne, pi perazine, piperidine, polyanne resins,

harmacteEQaq %]atﬁlgf ao%&rdlu{ﬁetg ’coxgxl%ﬁ p&{ Péﬁaﬁﬁace&ﬁéa?é&ﬂﬁcﬁ%hg ?echmques The

amne, tripro ronetham né and 't he
carrier mw n&e a m;]vawwr?f fores @emébaﬁ an dfe for ofprerasption; desiesdioon

administlafiorP 3%, Qn‘al lo Bar&:REaPEGRANSH Gt Shbusy. aDth?the @aﬂz[ﬁtﬁwuﬁédl ly

pr epar ed rom‘phar nmaceut | calelﬁ%ﬂ cceg Qagg f10 ];:]
compositigns a%thc PRSP TR IHBP G5 RTSESTS 55%‘ S
administ@tibisuch a¢ tapdaies, bathedatupless, ea&cmumlng)epmdﬁemuhédgamqupt of the
active mgruﬂ;gr?c gurtgﬁr%g %’Q@H&ﬁ%ﬂ% éar’r%l bg%lreﬁéljggd %seat O&)%§ lﬁL Ex%ﬂﬁlgs as a solution,
as a suspbnsitmae khh equeoys figud, hs ) nprcaqqea@thqwd asa @l-m-wﬁaﬂ gngulsion, or as a

water-in-0f} n‘lﬂﬁlldlegﬂulér&{ %QS&H&J Brﬁl&conm'&s‘d &bsaé&' forhsCset &ﬁle%&; the compound
ant'ot heni ¢, phosphoric,_ succ

ul fu
represented Py RpFr b of BPLRHBSTHIFA AECCRISDE Sals eF9a Tidjalso be administered by
controlleB@¢1kds6 Heahd anafr Gélﬁfefﬁdiavﬁéﬁ THetcbm@osi it madyr Hbmrépared by any of the

rochl or.i c, oric, Ssu . ;
metnoas LS S S48 ooROERRPAL B B B drppi e s
ingrediemfwithithe prraerahdt cpmgms apR o mYeTiesessay tnpngsidents] In general, the

composﬂ?x&@. a%rtsé'gﬁgaggd l§>/u 1&%&[}9 Lntﬁ&&el?a&&ﬁ{n@ﬁﬁeeé&'vg ﬁlgl’eyilent w1th liquid

as an active |ngred|en
carriers wfmelmhved@cl 9l [cgrTigEscas ﬂ?t’ bTae proApgtapn WSy b%ﬁquswafrtwhaped into the

desired L3RG tSAer apeutic i ngredients or adjuvants. The
conposi tigns_ include co osltlo ﬁPSU|tabIe for gkal,

Bkt aft s BisiPbaTmace it FRPRRTE O iHEY ToR grey el

pharmac‘éutbﬁl]j( aneptlle carmier fmhmuipamnd (&Bd)hamnapwt&n]dbua)zeptabh? salt of Formula
1. The chﬁén 1 Idg’E) t | ol T, 8‘1: ;%qag'ga% gﬁy ?}%Ita‘rﬁy Ldi@ %e Jf oéé leb Be included in

Pcase’ W e particul
pharmacaumahmmanﬂm%m@matl% ‘(ﬁﬁh ©1pcoT BRnTel pﬂap@tﬁgrap%qtlcw a@hve

conmou&#@ active ingredient is belng adm ni stered. The
armaceut i cal conp03|t|ons be convenjently

2 s efhegharmachifical qaEistRT o¥ethodm B, frrexamely 3 V‘ﬂn&ﬂ“&ﬂ% or gas.
Exampldsit? soRt J&ﬁ‘i’&s welulde liaBQ)MJ terfd altagsiRfdse, Qﬁlcm’éﬁﬁw pk&i] adaéha,

t t ed b F
s et B R AR5 BESSSP o . i
oil, and ivatee nNExapmplesari gb@ommmclaée Qahlmnammd%andngtrtmﬁne nt in
gés}_ / @gﬁg Ec?m]ygsfh%nsafor 6ral X@ageq%% Oa@l}z:ggvement pharmaceutical

461 pharmaceuti cal “carrief according to
media may by emplayedh| Festearmelectatereslycds oo aleahels faxeting aggris, preservatives,

coloring Jk@nts Gl eAfke FRYY Healk&d 1B Mxﬂ&aM&{uﬁcﬁﬁr}ép&ﬁth@ &ﬁ‘ﬂh as suspensmns, elixirs
ng on the form.of aratlo esi Fg 1
an s, R oo . P b el g wamiing
agents, lubhdsa'm/sebxad&) distinegrating rgeph andrtedikt neglbe usaitp deit cpr@lrsghd
preparat(lnons 31 ,‘gr o0 gfrts clfagr Jg:tah{f &bﬁgsn Bt(?:ga\.{g ftﬁgﬁr gge aﬂﬁiﬁﬁfr?&oﬁ, tablets

tS Sul ora mni s I ON SucC as
and caps&m s prqfqmdetrel dopage abitsovkerebychlid prrapdfuHep] garriers are employed.

Ophona‘?lgl elgﬁtz@ 51(5?@)@ QoA {tarRbrddA8eoud 6t hoRqhddds REGhBaes.

he conpositions ¢can be presented as a
;56%1 e rA taplot gfrrgmng &he cqupgsities) ofthi wventggﬂ ERATE R SR
comprebslibna:ﬁ} n&ﬂ&&ﬁ@ lb%tlbxhﬂlylviith 0A8 oAMBR IR Y uﬁgrédlmul ot adﬁiSarm’J
Nn-,0i

Compregfﬁﬁll t%‘qq?}ﬁmay he Bffa?rf’? g% b?naprfﬁ,?lélgegmﬁzﬁ)a% chm the a(q;ﬁ"ve 1{1gred1ent ina

free-flowirtg fatmoweh at hewdowp gandes, ppipmelemixed With a:lunm,l labncan‘rmnert diluent,
surface @ctRJ%3>§ HB'P&E%% g%g lt Y& %ﬁ:@' tﬁa rllxacfer})?rlﬁﬁfim Y siAh5e machine, a
ste nb control rel easé nmeans and/ or
delivery devices. The COﬁpG$ItI0nS may be prepared by
any of the nethods of pharnacy. In general, such
nmet hods i nclude a step of bringing into association
the active.




ingredient with the carrier that constitutes one or

nore necessary ingredients. In general, the
w@oimpo6i78T ons are prepared by uniformy and i NnPCTEHE0§044461

adm xi ng the active ingredient with liquid carriers

or finely divided solid carriers or both. The product

can then be conveniently shaped into the desired

presentation. [51] Thus, the pharnaceutica

conposi tions of this invention may include a

mixture mﬁé PEGRId &%hh&ﬁ&%@h@b&ﬁx &iPinbre Bhuid Afluch. cpfaaqama @erferably
phar maceutically ac e salt of Fornula

contains @ar?p%?ahb%o%’fg teFPRtHSS qf thec?f’“ﬁw‘&ﬁ‘ﬁ%’éﬁj’f‘fi E45hy %?C%FE 8%‘&?%{’6‘? %fefefably

containirfpptrérf abdue 0 O6ing tCadUBS S6f theadtive ngekaiibnt.n  phar naceut i cal

@%E‘p g%r&.ltxgrgg 1' %/nfo?ggﬁo t}(gnaltn egﬁ%lga%] P e oraF g%ru Elt?ono'}o %rrnans may
contain fodrarbal 8 dtrigtakbawfg PEactizapdeot compamdbwith an amenmteeand a
convenien? Lr'n{;}glt L)f Qi g material drhich M ﬁ%moafboét%l bdb&ia o5 'p@lrcént of the total

I ncl | actose, terra al ba, sucrose, talc, gelatl
composifigr r Unipdesegeformagwill @nera}hag%@n beveesiipmekout 4ms te 9@# ggof the

active ingfeldfint, HHRATY $m@fSokighWche 800+h& BE0RE, HOBHIA00%, Bmg, $00mg, or
1000mgpeanut oil, olive oil, and water. Exanples of gaseous

varriers include carbon dioxide and nitrogen. [53] In
pogpa Pharglatdmaca:l (oufpmﬁom p§the presan alveokieyaatle fonpa@migral

adrmmst?ag{t% %Pag%g kaét%gl%ﬁ "8 qﬁ'& ng %1' sus#;@ngf QT Oﬁ% ?cglvg P@Jng $ mﬁ%{ter A

yco , , oring
suitable agéqqtast capn’oeg@iuﬂa@ puchas, fox:mamplengy@g@m@ylcah‘dmh @lmer@@ns can

also be PFEPArd¥En g@e&oi qufug rpmygf}@iené glgeum 2R BRahRS IHeRSf MUFR. BSrther, a
suspensit ons elixirs sol utlons while carriers

preservadiyg fane ingluged f.Rrevery, 5&@ imental gropiiy 9%frl}°r9?égae€msu | ose,
(57l ue Ph&rmagsuliBallcainb SgtionR G the Presbnit iivefitddH ssutal’ae ttde;n] 8ctable use

intude fi5 7k R TR B Rt R R ot FUMRBIORS Comp g form of
sterile pawders fob HetesterBewaerss pofpatation of sagls el lraehﬂalm srilytaping gtrﬂISpersionS-
In all caEe@ bt.'h@ bifial i Ek%ab‘f@fb%'n%%t B QerhiD Sn bl BE Eﬁgcti%lg'ﬂu‘i’cpﬁﬁ Bfsy

sol1d phar maceut1 cal carrier are
syrmgatéhspﬂ g‘y@gharmwpp@h acpqlgps1ttoabm§§t§e ﬁﬁ?leb’@d@d}éﬁ g@dﬁyns of manufacture
and stor§§eaﬂ'ﬁi§1 rp@ef@x@ﬂ?@ﬂ&ll@ﬁe PRERCHAQRHISstIRCIMALatiRRing h&4dn Amicroorganisms
Blet nt a t he conpo |t|o§fof this lnventlon f
such as fiierigand it L SH7ier G R AOLBA P i PRSI IRG b SO AR
examplejwhter,@thandf paipsl €e.a.c g!esaolu; yropyigmeeglycmh tusd ]mmchpblyntbmtﬁ glycol),
vegetablgooi ra%ﬁ \gabfe %ﬁ&é tﬂg‘ fbe prepared by conpr essing, in

e mac e active ingredient in a
{5r8ée fﬂhmanfglw@rme@horéyf fewngesentanvegtieeands in a form suitable for

topical éﬁ@‘éﬁéﬁ%l foy eﬁh‘:?fed atMhdrfsoR chiafd gi‘htmén‘ﬂ 1064 G2 Bsting B&rv&er or the like.
| uent, ur %Ce aftl ve. or di Sp erS|€§% agent .

Further,ttlaqﬁog%@s%?s BB Ot SH’& blf ih@uqedn F% Aevishsc Hﬁ?‘f‘@
fonnula&onsZﬂay\:f@ p?ﬂﬁ?dd@ﬁilm mﬁi&mﬁe%ﬁe@ﬁ@ Foiinlall be tHJ)sf intdn€ion, or a

pharmazge }ngl acc ulng}er o% St Al onve na proce 1negrnt1et s an example, a
e or a CORT AP n1ab Gt

cream of o@Engpt tsmr@bmsitbyagmﬁnz hneir«amlmmatemaj pedivetat, teagthepwithabout Swit%

to aboutcﬁﬁsl?%tof e oRPSME tooggrg(ﬁlﬁk aRtedm dr QAL INAGng L ARiRA Qbﬂmstcncy
to about 5g the active iIngredient.

é§<9é nan’é‘a"%?cF‘H’r"ﬁll.ﬂ°aipi°8ﬁ°‘Fsrﬂf SHYBYCTION Cihke Bradfprm iable for rectal
admnlsadﬁamﬁarélatuewntee ishissBa STt wcfeﬁa«an:ttaa\tmha‘ thixfire kRt uhit 8658

suppomé‘)ﬁxﬁ 0%1; ar?&%r&an(l: glé% gm?a éraeﬁ@ O u nd eegigl'\émlp%ngp%nly used in the art.
He suppusitaies alay bwhcrwhmnuyy foamgd By finst ssllooxing thetcompbitidn Wih the softened or

QSF . I L idoRR: Unit dosage forns
melted %& %ﬁ%&gépgi%g%‘gP%g%gR%e rom about | ng to about

2ePlof In hédltlmloﬁbeeafpwg}eemr@ﬁpmwpgr@a‘lemy the phprmE@pical formulations
describedddaBe maPRH0Ede, 30 @i oprid) 3Be orﬁg&ﬁﬁddlﬁ&ﬁﬂ&mgkqg&gdleﬁ§ such as

25,




1000mg. [56] Pharmaceutical conpositions of the
present invention suitable for parentera
w@din7/68T ati on may be prepared as sol uti ons 0OPCT/US2006/044461
suspensi ons of the active conpounds in water. A
sui tabl e surfactant can be included such as, for
exanpl e, hydroxypropyl cel | ul ose. Dispersions can also
be prepared in glycerol, liquid polyethylene glycols,
and m xtures thereof in oils. Further, a preservative

diluents, bufi‘{érsbgavo%% Q%:g\gs t?sg:? e-dchife Qé;‘ehfs! m&&ks ﬁibﬁh“drﬁ Qfeservatlves

armaceut i cal Si t
(mcludmg :mgu (pqi@gl@h and th¢ B RQrepther F@qunltﬁ ng$g B}chl%ﬁti%) render the
formulatlbrpﬁl)tHﬁil% with@hd h18oPSIBOIhEenGed tebipAs @ﬂm}(ﬂs&pﬂs‘ @intairgng a compound

t th t b f
s S n s o SRR SRk A i et o v

or liquid &ohGént&testoich.e i nj ect abl e sol utions or dispersions. In

[ ses, th f I
B, 855 LB 3 A e S . e
of cancerd bthp baastﬂuw !qdoaal' pmtqm Slaof diver.pyariang yegidy Eﬁéraams?fymphoma-

The compol?lg £ald Q.ﬂt? Qfarém%i ALhAL @anc&ﬁ‘ ﬂwﬁ&lﬂfg&ﬁﬁsmﬁn 0&ll lung cancer
sri rab S lﬂ reserve ai_nst

avscLCh mbmﬂwaqcm@aa@mt}w TR G G = gy e, he
compounB§&iddonipodifishslasngseful 1 Tf?@eaﬁag biher indiastidne swchae khesmbtogt arthritis,
hamartonéelt s}sygﬁ{ﬂ%{eg,%e 411[{:' rgégcglgnal qilltzr:i«glr)%\r& dbsre%segglﬁe g%&%{_)slcleg)rsll and
1mmunosiupﬂm;sﬁbnpol yet hyl ene glycol), vegetable oils, and

[g%l‘TpOSI eral X&olé geeﬁﬁ“}éi‘se&ﬁﬁfg ordeP &t frdrh 25JTR6 @%(%@ lto about 150mg/kg of

e pr esent i nvention can {n 1
body weighi pey Idasearﬁ Gwﬁltleﬁieéfgﬁmse&@@b%#%%"“dﬂ‘&?e‘lé&% PR °raaﬁ‘ema vely

about 0. Sﬁlﬁg Bsagl)ut 76 pEFsRtieipet 83N Eor bRinpld) pard:dﬁtolf &g bpensr] Bing, lodney,
he

prosiae, g iE Toioh S I CRETRP oR T eRR D e
administf06AYf b @BSut DY td e()rpg eptae edmparnid tpmzhh:gram ¢fdhegdp waight per day, or

presented. b i.s invention, or a
altema“ﬁ%?‘??&&@%?’ﬁ & % P§ gru SB%I pélh* ? thereof, via

[GONV e Dbiaga kdvels o0 @;}mdm@f fromrebet 0.langdke toehons| 1 §0mg(ke of body

weight pelr (? g@rg pseft gxttﬂgﬁgatfngnblyf SBALRL E’éﬁ IQQ%E%E&QNBEQCP ) Rétial el

wat er toget er wth t& bOUtabout7
carcinonieQmantlo¢elltvepkomnp BifrndomsTiat AL %4 a‘(’i‘?"é"é‘r’ff O R &
per patied¥dr iy ATKS ThayQRd tafRa wt}mymmétﬁﬁbn Bhaomabeu0iodab 50mg of the

nmposi tion this ent i £3.5 tient
compouspEIPE=R DY SE PRENOA L E T G psf 3t out 3 5¢ por paten
perday.carrier is a solid. It is preferablethat the m xture

f&a :!(1% 14RR%n B/ RRGS J%Lﬁﬁmt SHhgRL & HBLT 158Mm$/kg of body

coa butter an er materials comon used 1
weight pen dame geeful in the ugmgtsqftrbeqn&m%vhrgg ]aaélixf\ritgma SHRY émes, transplant

rej ectlori Ql?-ﬁ'ﬁﬁje Mei hikSike @Qfﬂ) Jhigple Eﬁetb@lminirhlﬁfd)swﬁd%smﬂnen alternatively
t ened nel t ed carr

about 0. gﬂng tQ h‘%?b‘? F@pqr ﬁatﬁeﬁxit el {"'6%]? tﬁgyalaeatre[a? \gﬁg tﬂbé/ z%dﬁ'rfrlnlstlre{ﬁ%g of from about
0.01 to afrﬂg eﬂ‘tﬂmdmpwdd pakilbgrami afdpodyliveighisper tie opdlterativey 8bus P-5Sme to
tlons descri bed above nmay include, as

about?’gﬁlgfrd’ﬁ erdagne or nore additional carrier
L6811 o1t isnbesrsionh hawev2s, thanehexpesifpdusp depel for any particular patient will

depend Eg)l;( a%%%el{] %404§1Jnclumrlgqg@£g%; bﬁ}*fvife@glﬁ geﬁéré‘l\&ﬁﬁlltlfn dex, diet, time of

ders, surface-active %Bents t hi ck

e
adminifratior, e of MUPVRLEROBIP O TR STHE FRPLIRTPRART S Lsyiey of the
pamculmsgag@lﬂdbﬂgemglﬁwdﬂyernore ot her adjuvants can be

included to r der raul ation isotonic with the
Biochemyicah Asspy f?'h‘é‘hf &‘éﬁ?&%ﬁﬁ"é‘ . Conpositions

q66it ai Theruilay aOmppoents td éhitii thethTOR Hoaseradtivity wagdetermined in an
in vitro g{ﬂg’un &'egcli'éﬁaﬁglll tﬂ‘) Bhse I%Eﬁ? |u§in% ?écBﬁbi‘hQ@M%%Fl SBYsuBitae. N%e assay

owder or |i QUI concentrate form




[61] The conpounds and conpositions of the present
invention are useful in the treatnment of cancers of

wo b@7lo6wast, | ung, ki dney, prostate, blood, | iREr/PS2006/044461
ovarian, thyroid, G tract and |ynphoma. The
conmpounds and conpositions are useful against cancers
i ncl udi ng non-snmall cell lung cancer (NSCLC), rena
cell carcinoma, nmantle cell |ynphoma, and endonetri al
cancers. Further, the conpounds and conpositions are

determmléﬁ &k lﬁ‘oﬂftf‘oit Jo%tﬂuﬂﬂ t@ﬁlﬁﬁ)‘it hB&Hh6Aid:RADs SEHP1 %Savell-known

eunmat o1 d arrartormgé%/ndr omes transp

physiologigpleubstesie oﬁm?@%ﬁeemmaPW% PSR froy L@Peéls I Incubated

with varﬁ,ﬁé EdREhtfatioRof cbﬂﬁ&ﬁﬂs H:ﬂpﬂﬁ&sg OP-BP[1 6= kinéRnedagt bliffer prior to addition
osa | evel s

of ATP (05 IRa GG K01 ThG bty p S ey o BB Py e i

tag 4E-RPds tapaatdens Nokeltdhelatlpdate ovandiightodt 6. Gthn ghesphethreomine content of

4E-BP1 gsl thgr{ Igg}sh%glugmg gﬂ%gﬂo—QE %ﬁ éﬁ' ﬁ@q%&%agbg arRﬁBg)P Q{d' C%H'E ﬁgﬁémg anti

ancers ng,
rabbit Iggy BP g0 uga@q:d@ mondam@wbt’@v ape &??O“Q%X/ ?reﬂbedy @S%tr?mr eliryme (eg.
horseradléiﬁrfﬁmmsm %m?aﬁéfnﬁ? taﬂébﬂlacy sﬁé}ﬁtﬂﬁtﬂ;ﬁ!nd?ryg Jﬂiﬁlmary antlbody to

nlstratlong from abou ng d
Ph“sph"é%‘%ﬁﬁ?? P Rt FSPLRRC SRt HOV Y s gpe agpunt secondary
antibodyethdu@d Radt| TR ymainool seCondany ahtibaly@aih bS8 ddemmdd tyahdubstion with an

3] Dosage |l evels on the order of from about
appmp“gt%(ﬁlg@y‘fysg?qo about 150ng/ kg of body weight per day

Thestoa{magw5ubemmeah®%wsat ment of non-small cell |ung
Ce“lysf; {: (NSCLC) renal cell carcinoma, mantle cell
é&/? and endonetri al cancers, or alternativel )
Bt 40 YIRS crgtainges | SRmVENECln BV T ATy segium

pyropho@ﬁha&er @@hﬁ@! A ydefphaaatal sotrhimt so@fnPftudride, . fRMIEodinddank@ate and

of the conpound per kil ogram of body wei ght per
03%0%%&/), or alternatively about 0.5ng to about 3.5g per
Comple]?ahihﬁrEDT&ﬂfeeciﬁytea{eﬁﬂimEoﬁe(geb cievdafyfm1]§h§1'gwam; of )

0 o about 150ng/ kg o ody wei ght
HeLac?}L?%g graegoﬂg%%dfw the treatnment of rheumatoid
Proteind¥ ténted platesHemimmhenmpreypithtiome P ience.oatalesitiS13Dej ect i on,
mTOR (A1 FRRRPPNDQWRkib Gy ¢osita e'r@p)momrtowglyecamh%#&slsag)an d

I nmunosuppr essi on,” or alternatively about 5mg to
IP WashBapfer7g per patient per day. They nay be treated by
48 adwi MSLERRS, 9H 708 cdntaih@ bsiinM NaOll t o 50mg of the

. onmpound per kllogram of body wei ght per day, or
K“‘aseg“?%’r' ‘natively about 0.5ng to about 3.5g per patient
H69] d2p.mMEBEPES, pHS Jiemhrising bQ mM dipsii2 4, mMhidnCR2hE0 mM b-

mercap%gtﬁgﬂog La SiGu k&u&h vfar%rd?t@ YRR Lo Gl ;ﬁgagp atient will

n a vari et fac ors including the age,

0
Recombigeyt 4 BFA ek BRAP ) (GRipeiemm. SHRIOEHBESTS | o of
qeoni N ﬁlﬂﬁt@hEml stoRk { Em@mIAD Hiinfe lirfkih4¥8 asshpbefféd fo obtain a
excr ethgg ﬂg g@‘sﬁl nation and the severity of the
concentration 0 PEFICS &R nder goi ng t herapy. Bi ocheni cal
ATPSdIaﬂay for | nh| bition of mMlfOR Activity: [66] The

"tlyrgs %ﬁ%sstscglﬁ phLRidueipe nTOR ki nase

ermned inan invitro
Ni-chelatﬁﬂln@;ﬂ’t@cwppatabg6!157(4[3)3) ki nase assay using

Antibo&gﬁﬁﬂﬁbﬂ RakeAE- BP1 as a substrate. The assay 26 WO
/061737 PCT/ US2006/ 044461 determnes the ability

d72lc onbB%h aetaiging A % Mkosphoryl ati on of 4E-BP 1 a
PhOSPWE—BPmmMQMimH@:gI cal substrate of nTOR The

ub af Z@oud’lﬁumr% s?pqm.e-@( Bf’f &@7%5‘ Eeiln'a%ody (cCellls&gnalmg Technology,

catalog # 9459) in antibody dilution buffer
Donkey anti rabbit IgG, HRP conjugated
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wi th various concentrations of conpounds and Hi s-tag

4E-BP 1 in kinase assay buffer prior to addition of
WQ@IP706e173T art the reaction at RT. The reacti onPCEHUS2006/044461

stopped after 30 m ns and the phosphorylated Hi s- tag

4E-BPl1 is captured on a Nickel-chelate plate overni ght

at 4C. The phosphot hreoni ne content of 4E-BPl is then

nmeasur ed usi ng phospho-4E-BP1 (T37/46) prinary

anti body and corresponding anti rabbit 1gG HRP

EﬁgJ U9abHRBo aftGRAFahY m?&*t !(gz?ﬁm) cl;ﬁaﬁéég&mwgwm@m | Ry

a reporter enzyne hor seradi sh™ per oxi dase,
NA934) fipgmtibedy; dilwien by et t ached, such that binding of primary

HRpsugaHtpody to phosphoryl at ed 4E— BPI can be determ ned

nt| atjvely which i s unt secondary
g‘ ﬁ‘BSCFB“F?gemT' Hfg%gsgﬁérgndary ant i body
AssayPeﬂBc(hE det erm ned by incubation with an appropriate

MLk el G Sﬁ%%%dﬁ%ﬁﬁf%‘é%g@%ﬂ%%ngéfo{?ﬁ LA com. o
cell lysquadfmmd\ta@l centtrifgEbAIA 2,000rpmfos éemlnlnifhfp‘}lpamhmm was twlsferred
to fresh ['m{la (a:l}iq%ty& %ﬁféﬁﬁ%‘&@@&ﬁ sté@d MS@W%@ uoride, 1.5 nM

sodi um vanadat € and npl et e

m ni
EistA- Frofem G ma@gs%w%mlm tsd’r’%?h‘(%@ﬁ &lthdﬁe%r"é@r andpOghef diluted
mTOR ahfifod}0d hddetied eachalll, Hfdllih@ibsted BB GRIBOBOASE Mkl E8)g of HeLa cell

e LB SR SR Bk RSB 4 g s
for 2-3h( $asntaw&mmoﬁtdmaahmih1@ gas wastted Ivogl ¥9pL obdgplete l?/siMsffer for3

times. ﬁl; afla% %ai ﬁxﬁlxer i‘ﬁﬁgsajutlp gbo g&tséit WaElngfﬁP D¥¥ed 4E-BP1

I nase

(substratey) israged tﬁgaWWnWe}J Zﬂe@ompmﬁl@r?re eﬂgecgm \@nous concentrations in
5L to dXBK Gt DRS diaR BdncamehtidRdvaridll SO oMy RNar all e ThéViak® DMSES h

SO EIAR I N R M R ————

no ATPSblutién (vis atgedrb)t ids2éhdtlis pe 8f kifaski Ibﬂﬂ'&@va&;&hﬂdgd thgfréaetiod was started by

addmoné:ot}'tAalli}n nd S[IJ;gn g PtGI Cglf‘lceegtga\.)tl%;l o&l&ﬁl&? gf 1okt of Iﬂe e:ilg eklcl'epfoh egative control

st ock |n I nas
wells. Thefréastion Nas mcml@ fer|3qmén ¢t Te rBen, Sad-f thy r#@ggmm)xture was

transferi%@tté) Rex gl}{elaa: H{e' 220 nﬁﬂfaaft&f ove{'nz%]t atl: 5@1- ’I@)@ ‘Ha@é ﬂéé’\gasﬁe@ &J&é With
4E- BP1 Anti b

antibodysion GHASH rangis0sk ﬁsdlltéedsﬂ*fsq@ﬁr% saitbosk o a(tde% o cach well, and
incubatéd 4 Rl for) oh. TE@RMBE §BYE wasGadshddDtideOHBIOTBE N aadi$0ubad Wiluted anti-

rabbit s??n(lilatril grﬂlboH{r t)vgg acB%H lt(oeélacl‘ell nlta{e, an%}%ncutba!eg G{ R’F"fp‘ Ir 159 %g glaIeG{gas washed

4 times with 100pL of TBST. To each well, S0puL of Pierce Femto chemiluminescent reagent was

added and the chemiluminescence was measured using victor machine.

[78] Comparison of the assay signals obtained in the presence of compound with those of
positive and negative conirols, allows the degree of inhibiton of phospho-4E-BP1 phosphorylation to
be determined over a range of compound concentrations. These inhibiton values were fitted to a
sigmoidal dose-response inhibition curve to determine the ICs, values (i.e. the concentration of the
compound that inhibits phosphorylation of 4E-BP1 by 50%).
mTOR Cell-based Mechanistic Assay to Measure the Inhibition of Phosphorylation of 4E-BP1
(T37/46)

[79] MDA-MB-231 cells were plated in 96 well plates at 2x10% cells/well in 90 ul of
complete growth medium and incubated at 37°C O/N in a CO, incubator. Cells were treated with
various compounds in a dose response manner for 3h at 37°C in a CO, incubator before making cell
lysates to measure inhibition of phosphorylation of 4E-BP1 at T37/46. Cell lysates were transferred to
a 96-well plate coated with 4E-BP1 antibodies to capture phospho-4E-BP1 (T37/46) and incubated
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WO 2007/ 061737 PCT/ US2006/ 044461 [74] 1:10,000

dilution of anti rabbit 1gG HRP conjugated (CGE
woleaobioar e, Catal og# NA934) in anti body dil up€DHS2006/044461

buffer HRP substrate: [75] Chem | um nescent reagents

(Pierce, catal og# 37074) Assay Protocol: [76] HelLa

cell lysate was prepared in bul k by honogeni zi ng 25g

of cell pellet in 60nL of <cell lysis buffer and then,

centrifuged at 12, 000rpm for 30m n. The cl ear

O/N at @@p@w@h@m oﬂmsgﬂoa@faﬂ s@&ch ey ﬁﬁﬁertméa@re@w ﬁu@aﬁﬂg the wells
Use.

gu ro St at -80C unti
witn i plosehosBEPed e e Puppcigsant 8 coRRt st i Robi 16
conjugatey $0 HRBUAeuniaofd 0 presdnt i dath @€l ismldaRradby balﬁbfmhﬁnnescence
method,%ﬂ'gc% &83)%§L$snﬁemﬁxount ci%g%pgé-g a ngg %%céx dweé{ ? é/%g%s were fleterrmned
ugngaﬁﬂ°@0@$@ﬁ$ﬂ¥@¢§Mﬁ@ffer and incubated at 4Cin a cold

Bmchexﬁfesarnseﬁmrimm{on qucﬂrﬁ!&mh ate was renoved and the
E ate_was_washed wth L of co | ete lysis buffer

B 3IGFlRerhibiipe wap é‘i%é tYTOFREPasRASHE HsiDe pyrified GST fusion

protein stntaiiddfBe cybplRdngib kiakd doMashotiiiaanGF IR d:kb&.dse’cl% BRlLells. This assay
to each well in 30

s carif 8}¥B§tagﬁg‘élem“ée St sofuaGang b oms eertia T spesifiogptivioy in

an Immiilon-2 36 weliglldte (THRANGILbthy Si0M©§IE-EtltddoMith Maweatof @Bgﬂa&qmy-glu-tyr
to 0.1M The final DVMBO concentration was 1% Only

(4:1 ratlmvB@mnaSsblé@d 6@mM Hepes, pHVed, ¢ 2imVaTaCls4ngV Mgl nagfdiNInGl,, 1%
wells, —no ATP solution was added but |nstead
elyceroly S0 NRaVﬁ%vs@ldb%wMé?%Eh%maﬁq Teetion 4ee¢ frafipteghley addition of ATP

at a finaS&Rbe R of DOEM | h@lrér lcutliBn hiYodm kerhraukithao mmutes the plates

conce, tr tion, of M to rest of ghe wel | s _excep
were Waﬁ]%"éla‘i” ‘?aéf“e Fred salipg avith D02 Sprepsel- Jhen Pﬂeala&was
mcubatedeﬁxtIBﬁxﬁl-phoﬁihoﬁfosm’Ehﬁcﬁhse ffohodiénal A@ibo@RpYi20Rofflugited RithVAGrse radish

perox1dase R )e C{aﬁ) C{cilirgj\l at.ll%gn%ﬁn&_,tdél% tine B\ﬁgﬁ éenbg#%getc%g{nhe (PBS) containing

3% bovaua tsﬂ:rbmdjbuchuh (B On0L5%W Tmeneﬂ@obnﬂ @DOjovt N.bEVOI foal 2 hours at room

o AE-BR ody S dded to eac
mpers 0 MR8 3 S AL B o BB S @ corctea by
incubatibn mith 100 ;.tlhve]lBET&ﬂdlﬂ&@ldrd & Ptﬂh'yl Tuube, dnoahfolr 30 hﬁ!ln.bestat room

C dar antib ad to
rempershfiE B8 Pt e e B 2 80 8 OGP R o B e
phosphagyroéing @pendentdigniB87s mémusddly apddié readdlat 475/P0emee Fe rrt 0
‘f@ﬁ m 'ﬂ@h@@éﬁ?ﬂks T AAE e MRS deﬁmteﬁ ijlegsta Gne of the following:

chém | um nescence was neasured using victor I ne.
(823] &pikitedehespiorylgtionefAEBR] hnimmunspaniiraeé bumﬁl mRER as
determifdddf ﬂﬁ@o&fenﬁ%@%&o%ﬁﬂlbmﬁ %F maforR RQﬁ’vitt* Wah a0y values between

o001, BT KA @aiont o B vaiose Vra 1 ol aror

advantagequa Hgethe 1Cs¢ vaipeshectbeton C.émvir Zveomsre allhasgzebid) tHeiICg values be less
han 0.0M es were fitted to a signoidal dose-response
than 0. ﬁtybltlon curve to deternmine the I C50 values (i.e.

t[$?é c dhdenbiteditheophogpharplationcaf HERBMIK(TBAEE) inrthe HOR Cell-based

MechaﬂkkﬂS&J}Qi Wi OOalﬁés téla’ﬁwﬁﬁ’oﬁwby 50% . nTOR Cel | - based

Mechanisti c Measure the I nhibition of
B¥s p A8} W@etm@m GFz!B ipthe Bipglpmigad Aspayoffor fapibition2£ IGF-1R
Actnwtf’@itﬁ fCSWIE‘esﬁéSQEﬁq 1'5[11\/96 vel | plates at 2x104
I s/well in 90 ul conpl ete grow h nedi um and
|ncubated at 37C CYN |n a CX2 incubator. Cells were
EXPERBVIEINTAL h  vari ous conpounds in a dose response
ner. fgr 3h at.37C in a ubat bef

or
| ollowing schemes, intermediates an exampﬁ:s serve to £mon§ra?e%ow to

synthes1ze compounds of this invention, but in no way limit the invention. Additionally, the
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| ysates to neasure inhibition of phosphorylation of
4E-BP 1 at T37/46. Cell lysates were transferred to a
wQ@omeb173pl at e coated with 4E-BP1 anti bodi es tPCT/ES1006/@44461

phospho-4E BPlI (T37/46) and i ncubated 28 WO

2007/ 061737 PCT/ US2006/ 044461 O N at 4C. The anount

of phospho-4E-BP 1 in each well is further neasured by

i ncubating the wells wth anti-rabbit phospho-4E- BP1
(T37/46) antibodi es and a correspondi ng goat

followin, Qﬂﬁrexﬂ@c@% Lre Iugéa l\g‘iQ ’fﬂrmﬁﬁ Oty egl@? iAo %t)pljd% n-Bu for n-

resent 1n each I'S nmeasure

butyl, t-Bi Eriatihitede @)ﬁé%ﬁtyln%hl F%@he%%}kl’é@r f"é“é}é’érfﬂfs“ tijorgrpmyl. 4Me-Ph
or (4Me)Ph fENREBIAOAEYBRE-CHBHBE for\WahtthodyphéhyY, 3 MER)Me o p-nitrophenyl,

anr-2h R R drotientond o i (AT G Ty i Fippbpon, DMAT

for 4-(difn8thylahBio)dRidinehDOIC foo h 3wy clohenyicaitmdimider BECHer k{3nase

dlmethylgﬁrﬁ%robﬁgg% I%Hgarﬁc%dﬁlgg%g%%?%&lgg I-E(B]Q{ t%l' F—&Q_&?@eﬂiﬁuole HOAt
for l-hymissr-é%@anzomasﬂb EMIP| for tetrprnethylpiparjding, o-Rud s foragbusylithiyn, CDI for
1 1’-car1ﬁ\m§1dnﬂ.hdamé %@Apffoxaﬁetaymmléarm}@mel pé@@nw&g@@e@e&neg

on the specific activity) in _an_Immulon-4 %\%L
mphenywa%pémeﬂﬁw amm@ﬂ@%arﬁ% D6 fopdusopiepy! agpiiedr porgfate, DBAD
for di-tes-BHsA m&mmekyaatg,l HMIPE for high pkrfofhdnog flash clitonisdrdplif/ f 1€ br RT for

TOOm ten’(\xﬁ]earp\%e, T?yet%f R Iy éer, }Oll%br 1e2 :avlnﬂgla %&yl ﬂ%ﬂg%éﬁﬁlgi%mum hydride.

B0} y mceardinglacthe ollowdns draicomnpauads thyt aeldiefil aningfrmediptes in the

formatioftlof TOR Bhivhe Vg of 100M After i ncubati on at
roomtenperatuire for 30 ninutes, ;Hfl ates were

Bdih ea”hwqrwvzmlﬂ ofograyla L ef B’Eﬁ‘f‘@*’é‘ﬂ“ the, itegmediatgs peeghin the
synthesid Y188 c&@pouﬁw thib @rvihtRirBw 8 Brephred vtk 1ithdfollowing methods.

ant i hot rosi ne nou noc anti body pY-20
Method &t e RRAITVHRRG POBPRigY o Db dibace. (1P
(Cal bi ochem) at 167ng/nl di bl i n phosphate buffered
sal i ne (PBS) contai ning ,ne serum al bum n
(BSA), 0.5% Tween-20 and 2'§=0M\l&la3vo4 for 2 hours at
room tenperature. Follow ng 3)<z 250L washes, the bound
anti - phosphot yr osi ne anti bod{*was det ect ed by
as shown helowat Scremwil:h 1001 / wel | ABTS (Kirkegaard & Perry
MetIﬁa 3[ Inc.) for 30 mnutes at room tenperature. The
reacti on was stopped by the addition of 1004l /well 1%
SDS, and the phosphot yrostohemgdpendent signal was
measured by a plate gieader at 405/»490Qr|m (81] The
EXAMPLES of this |n on dﬁ d at | east one
of the follow ng: I\a( b| le osphoryl ation
of 4E BPI by i nmunocapt Uy ed human det er m ned
in the Biochem cal Assay for Inhibifja on of nroR
Activity with 1650 val ues between 0.001 Mand 11. 00M
[§8]i s WligedQtang &o ate asigfingdaevyiesly fornpareroupdof Kaymulaan
gB AOM@A %rpmaf %epéﬁﬁ@ﬂf@@ﬁ@&&d‘é Betortf ILAR & Mpb&Boffrmula I was

reacted B&L oj\ggg)mat% 8 AU %f%? %ult%:}] ﬁq%:fjsgfpf vtésg%e }Ilingcsabo%%)lrocess included,

but werqi)hmshphtadyd athesuaif asét&dePﬂro@iFﬁ (1415, dglymé,haad thEQRe;

dlmethy%l 1ar ﬁ%ﬁi}’%ﬁnaﬁyl Lff&l&s@)ff@:ta%&én%ﬁ)% %ﬁl %)GI‘SS S ﬁ a? e hanol,

brtion | OC em Ca
ethanol Aswa;pan@r mﬂn@rpbfhm%rﬂné fthey 1de; arR chigeinpigd sofveptst such &5@ethylene

chlondev(@lﬂéﬁ) SRR BN (dl@dyk). ﬁk(ﬁ)éﬁtem&t&es of these solvents were used, however,

the preferred solvents were isopropanol and a mixture of THF and isopropanol. The above process

was carried out at temperatures between about -78°C and about 120°C. Preferably, the reaction was

carried out between 80°C and about 120°C. The above process to produce compounds of the present
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[85] The follow ng schenes, internedi ates and exanpl es
serve to denonstrate how to synthesize conpounds of
WO ko0g/06118ENt i on, but in no way linmt the i nvenPCDOS2006/044461
Additionally, the 29, WO 2007/061737 PCT/ US2006/ 044461
foll owi ng abbreviations are used: Me for nethyl, Et
for ethyl, iPr or iPr for isopropyl, n-Bu for n-
butyl, t-Bu for tert-butyl, Ac for acetyl, Ph for
phenyl, 4Cl-Ph or (4C)Ph for 4-chlorophenyl, 4Me-Ph
mvcntlolp‘&/ag ?%@'ﬁlﬂl éa@ﬁed“ln %Ezhé/d I@E@i’&ﬂ Ivessél%u%@u?ﬁotflﬁglted to a thick walled
hoxyph eny sgﬁe or p- ni trophe Br - Ph
glass reaatron(wsﬁe} Pip ftgpless. An gxqepsampsngf %9@%@7@%%?% was

preferab@ﬁsedfl uoromst hyl phenyl DI\/AP for

[% Ofgd | am Ogcfg% %'? F{ﬁqf ggggxg%%(;vfegerprﬁ_ga(@_as shown below in

Scheme @i net hyI am nopropyl ) - 3-et hyl car bodi i m de

hydr ochl ori de, HOBt for 1§3¥g{1?§ybenzotri azol e, HOAt
for 1-hydroxy-7-azabenzotriazo TWP for

t et ranet hyl pi peri 'neQ n BULI for n-ut f [ithium CDI
for 1,1 -carbony di et hyl
azodi car boxyl at e |\ P% PlﬁhB for pol y&gywe(re

tri phenyl phosphi ne DI EA for diisopropylethyl am ne,
DI AD for diisopropyl w#zodi carboxylateh DBAD for

where d Lm&#l%‘&re Qy&e}f#ﬁeééﬁwoﬁﬂ ﬁﬁ)&x ?&Lﬁﬁ O'f'%rgl(;mjlgf hi gh

or mance romat ogr a RT for room
Hipelng titcal prEpprgtion ofp ﬁ‘eFFEOUHﬁ of Epropyda H, angptefrpgdiate of Formula IT

was treaté@%th BO FGr l’héﬁofa@ard Wll&lﬂhl@f@aﬂ:}’ {'@AS#’%ME(UZLQ € a kfRble solvent ata

e e ionilte G ALLN 00 S8 CQmRURtS, IRl 208 bt ere

limited ﬁoﬂé\hé?s hich@s XAl ditran [(BHF), Elyenec arbel likks acdtonfipilayahdicHlorinated
solvents 3 suc ! hs rﬁetiéyq\é?eenc:h odide gelq?é)tl,ﬁ JLe ﬁ%r%t% qefnd(tﬂ(ﬁé k’isdce?ﬁrevc\lbmlxn%es of these

0 I's* 1 NVt
solventsmapmeé or ac miveublt wgs uwdt ke preferredsolgentsintlodisl methieteadilofide and

acetomt)@ﬁs Tﬂé ?%J\)éﬁf)?&e&rv@a@ %Enlri@g oﬁwgﬁmgg bét:\%emélb@ut -78Q6 awg‘oout

as shown belowin Sch

120°C. g@ﬁ%ﬁlﬁy,th reNpEleas Kerried gpbefyeen RO anﬂ aRPLFQ@S‘CR' The| apove process to
produce |cm‘hﬁour{d8 Bl thehpadsent Qivedtivh Wi pRéferaBly cdefed pacht pb&i bdutSpheric pressure
although hlgher or DQ}\l’JCQ grcggurel:s%rferrrylllscd if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were used if desired.

[92] The compounds of Formula IIT of Scheme 2 were prepared as shown below in
Scheme 3:

Scheme 3

where Q' and R® are as defined previously for compound of Formula I and A' = OH, alkoxy, or a
leaving group such as a halogen or imidazole.

[93] In a typical preparation, of a compound of Formula III, a compound of Formula IV
and compound of Formula V were reacted under suitable amide coupling conditions. Suitable
conditions include but are not limited to treating compounds of Formula IV and V (when A' = OH)
with coupling reagents such as DCC or EDC in conjunction with DMAP, HOBt, HOAt and the like.

Suitable solvents for use in the above process included, but were not limited to, ethers such as
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[89] In a typical preparation of conpounds of Fornmula

| - AA, conmpound of Fornmula Il was reacted with anmmoni a
w0 nooa/o6118T abl e sol vent. Suitable solvents for BPEEUSIW06/044461

t he above process included, but were not limted to,

ethers such as tetrahydrofuran (THF), glyne, and the

i ke; dinmethylformam de (DWF); dinethyl sulfoxide

(DMSO); acetonitrile; alcohols such as nethanol,

et hanol , isopropanol, trifluoroethanol, and the |iKke;

tetrahydﬁglaércg-lle-m)j glﬁlﬁ'xﬁ,;jan&@;éflﬂ&t, &nﬁﬂf{%fo&&ﬂﬂ&g ey gim&ﬁghg{uk&@de (DMSO);
. 0 or of or . esired, mxtures.
scconit . TE{pRe o o R e U0 WREFS CHiep Paidepixures of
these solygityemesised hewewo firegpefrodd sahenia wetedhethglend chlddideand DMF. The
above pljtoiégp{vgpé’a'ﬁ%d Ol% Q@teﬁlg%\égléeg rbg&_%% %)OWCC%H [ﬂ)&% fgg lé}‘gferably, the

. rrper.at ur es et we out and abo
reaction pageaaTigthpuf at ghout yte Zbe ahoie nregess tapreflucg compoinds pbthn pRE@L

' iofivds grubiylePled Gt ARAY i
ot 35 S SO T

f _the present . 4461
were “S‘?%ﬁf/iﬁﬁir ?@g rﬁl\?@é@nfpﬁléffe@l“gtﬂlay apgys elrepqiants wergPerderpldy usadgithough

higher oviessedmaue was ubsdif daired. | Altdredively, conigdutids FFolea IV and V (where
Al =F, %lhﬁgi \;vgr% %alc%la r?\{/l%o Sa%%shsgcr:h aas ttsltta)lﬁl?rl’mengf?ﬁ% §1§51i5({$2c£pryla?rgrr£0 and the like

) ’Ahéxcess arnou teact
n conjupstioh sithdINARad the18@] STitablecoinsots fiersisefn thismpnedess ihdluded, but were

not limit§§:tb,e BBerd sWBY £ tﬁaﬂ%@/ﬁﬁl?alrﬁa I—ﬁl\?la%“%é? gﬁﬁﬂe 'll\llﬂtl:Q d%_ﬁ%kﬁﬁ?o mide (DMF);

. Scheme 6@& 1, | / Y
dimethy] yaffonde (SO gectapirilrchalpsenzies GBS sephys ehlosfemyortragthylene

chloride C IR SHEA0mD{turE® 6NMEsR sbivedtObrehBe@hdWilet Ble pRIFERAT Bive Was
an i nternediate

thv] of %onﬁgungl of Formula |] of .
methylene Ghlgridg. Tpg aboyg Prqepssatas qeied AUtBHSTRCTures Retwes |2y ¢20°C and
about 40°C/] Pisfapaldy, thatebction GASEarddBdid beRvesdh 090and 250(C.t T fbove process to

i r i t erature. Suitahle
o S5 ShsEsEh 6ySESHOR, OB B By e
although figher polower prgpgueay were used Halesiredy Shbstantialdyt equiryelpdmouats of

compoukd5HdF Forntthy I an @0 ¢wh&e Al Hee c1, 358t QR sk b si®Bchiometric amounts of
chl ori_nat ed <1)I vents such as nethyl ene chloride

S
DMAP yspprefosgoly psedlpeahdpshe] eHesreamauntsquss pse if depizac idglitionally,
other suitdbld refgien cotliN@RfEr s vEISRE 004 cotfpdial bERErmMBSIVH&Gompound of

e efterred sol.vents .i ncl uded t hyl.ene chlarid nd .
Formula MG PR Kt B 4Ru RO5, coplibte RhieesFRrtratipns fnd o wiley
and Song: eNpe Yatlul 89, pptldtetd®bout - 78C and about 120C.

fe ' ' .

LAt A S R R S e
Schemed; { he present invention was preferably carried out at

about at nospheri c pressur &chaht Bough hi gher or | ower

pressures were used i,f desired. Substantially

equi nol ar anount ' off reactants wer 'pr @ erably used

al t hough hi gheg r amount,s fQui f desired.
[ 92} The corrpodﬁj;,\, of Forrmula 111 %/ hene 2 were
prepared as sho bel ow in Schene 3
|
v

where Q' is as defined previously for compound of Formula I and A? = phthalimido or N.

[95] Ina typical preparation, of a compound of Formula IV, a compound of Formula VI is
reacted under suitable reaction conditions in a suitable solvent. When A? = phthalimido, suitable
conditions include treatment of compound of Formula VI with hydrazine in a suitable solvent.
Suitable solvents for use in the above process included, but were not limited to, ethers such as
tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF); dimethyl sulfoxide (DMSO);

acetonitrile; halogenated solvents such as chloroform or methylene chloride; alcoholic solvents such
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Scheme 3 01 @ I Q 0 AR NI NH2 VNHN'K R
NLN IVIII where Q and R3 are as defined previously
wo oso7oerpound of Formula | and A' = OH, al kKoxyPCDUSH06/044461

| eavi ng group such as a hal ogen or imdazole. [93] In

a typical preparation, of a conmpound of Forrmula IIl, a
conpound of Formula IV and conpound of Formula V were
react ed under suitable am de coupling conditions.

Suitable conditions include but are not limted to

as metha{nﬁ)f:‘ﬁ{d' SMANSI0TPALNES nkuFRIoMHese doMeRil %ay b@WE‘&f‘ héwever Selbreferred
coupli agﬁ)reagents such as DCC or E

DC. i
solvent Eﬁﬁ’ﬁﬂﬂﬁ?e I"lalﬁ qurm:pwamed qqmteramatpﬁé thivqg%n about 0°C and about
80°C. Phufierhlsp)the attioants cheited waeat about b2Ca h'(h‘é AbMeQR&SSs to produce

B

higher of oMy pregflugaspveravagd tifdesirgd éfubsiamﬂh ydllﬁmphawnwt( ®Ivedciants were
preferabqj)!' 5@3& Qmjlouﬁﬁl Hgﬂ%ﬁ" 48, \(f nts w@&erQJ‘ﬁ il él#eﬁ gﬂ@ g&g&&ﬁr%ﬂm of

sol vents such_as chl orof orm or ene
compoupgef Fespprulan{Ltp By &i§ Ao Ny thes anesthilicd i ﬁle\nérvxﬁp%@eogmze that typical

azide reB@iBY Eéndititas Poad B¢ E:aplos&d, ﬁﬂfhﬂﬁlg\bﬁf fot Matitey kePeh, Ghé Ghietsr

ove Qrogc i ed out at
rydroscfiigdt B BBE S DEHLLARONT . ST B0C
P¥@f eThbkympdunds of Baolaovi ofSshang 4 ivert mefaretitas about baldw in
Schemed!€ above process to produce conpounds of the present
invention was preferably carried out at about
at nospheric pressure alt ho¥femeiSgher or | ower
pressures were djsedyif desired. Substantgally

equi nol ar anount of reactants were prefefably used
al though hig r..amunts if
desired. Alterhqati eI y, conpounds of Fgymula IV and V

(where A = F, , Br, 1) were reactdd with bases
such as triethylan¥lhe or ethyl diisoprofl am ne and the

where d” %& dehﬂedcﬁ%%w fo? @oxﬁf:&lﬁd MR ARG atnP 2L O[h\ ali§h‘&c¥ 6'}% e

nts for use Int rocess I nc

:li%?t] | i wipal prepapdiear of ascemow of Eormaty bn‘l 6%9% < miahmldo) a
compough MﬂFomﬁIthII hes kdak®Rd “dmmhﬁilﬁmelmﬂérdfplém idsunobu conditions in a
|

sul f oxi de . tonitr hal ogenat ed
sutabis GV the BITSFIeR S B GPRF SN PEHl of 3 P aboreproses

included| ®at wad notiiritedrieSetkdrs §uth aetegaiiydesfinan V\HEE‘), plye, arldokeNe:
dlmeth}IitESneg&gg @%l{élgg d?rgé:%glgstrulrmg gﬂ?&@%’ ?J%gmer a{}{I S0 b-gti]onnated solvents

such as gistylene OO T o RO ToTP(GRERR HF fesireheminamestdtdise solvents

were usé@ fﬁoﬁéfef I{Rpreférel SS1VER N2 FHRN Guititie reddiSnt&RO VS rtl%%& process

oduce conpounds of the sent invention
mclude‘é; but @?ra B iriZee piP b RbpsPA 6 dRS e s e AR e2qghcadonylate (DIAD,

DEAD, ZB AT (the Ipraféresd resctdndywére 8 SYIpIRSpMRs & ressbordd tnphenylphosphme
' S stantlall i ol ar. o
(PS-PP 6$ %h% ??#JP& %Fv%oﬁra p{?c(a V@ﬂm Sfl’lae )&amed lr;)u’cr%l em;ﬁra%nﬁ ge(%vqg nbarl])out -78°C
and abogh P08 bBreteedtbily thet neaation el pargeddut aBIMaRt 208€ e The elfoevp afsicyss to
produce%%%oﬂés Q@Hﬁ%r&h&hﬁengsn vaé'\ﬁEfe W{:Q%—Fed\éﬁ{ & aHélﬁQtﬂ'x(tsphenc pressure

desired. Additiona her suil't reaction
although BWB?rtquPEﬁSS‘FWeW‘?ES H@f‘é‘ﬂ%ﬁkéﬁc%fsllast@m% aaimetar ppyRls ef reactants

were préforably Lﬂ&&ﬂfﬂﬂﬁé»lﬂﬁ*gﬁkfr or lower amounts were used if desired. Generally, one
equivalent or a slight excess, 1.1 equivalents, of triphenylphosphine, DIAD and phthalimide was used
per equivalent of compound of Formula VII. Additionally, compound of Formula VII can be reacted
with Ts,0, Ms,0, Tf,0, TsCl, MsCl, or SOCI, in which the hydroxy group is converted to a leaving
group such as its respective tosylate, mesylate, triflate, or halogen such as chloro and subsequently

reacted with an amine equivalent such as NH(Boc),, phthalimide, potassium phthalimide, or sodium
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Formula Il can be found in Larock, R C.
Conpr ehensi ve Organi c Transformations, 2nd ed.; Wley
w@na78617137 New Yor k, 1999, pp 1941-1949. [941 A¢EUS2006/044461

conmpounds of Fornula N of Schene 3 were prepared as
shown below in Schene 4: Schenme 4 Q | Q@ NAZ
--------------- NNH2 “zzz~- NINVI IV where QL is
as defined previously for conmpound of Fornmula | and AZ

= phthalimdo or N3. [95] In a typical preparation, of

azide. (}bn(i&ﬁbﬁ) oNtle BfinERERNAIBNtE Wy h&)\ﬁﬁﬁ'@lﬁbﬂh@u&ﬁ asﬁﬁ/’&'@dﬁfi’g Mdet scidic

n i t.abl action_conditions
conditiof il Boe 5 uidras g (BRI i arr i Seomad Pagie
triphenyltpbnshhirieOvegeri(aeide) d\ell tffedttheddsiral antioeRodhben of Sﬂamwd a Vi
ot h ' t Sui ta 1

?oﬁ ve%ggﬁ&ﬁgée&lfﬁn?'#e ﬁgotsseig?gge“é%e HE ude%lrrl als{shydes Q-CHO
and a 2-¢iderepyrating VH ascdfowp belowrin Scheme§t as  t et r ahydr of ur an

(THF), glyme, and the |ikejngdi,ggt hy! formam de (DVF);

di methyl sul foxide (DMSO); acetonitrile; hal ogenated

sol vents such as | or of orm or met §y1 eRe chlori de;
al coholic sol ve uch 8208 20 61737,

PCT/ US2006/ 0444 s nmettamnmor and et hanol | f
desired, m xtureSe! these sol ven&/ﬁlay be used,

however the pref Q,rlred sol vent was ewhanol. The above

S car d out tures bet ween about
where QOE agﬁafsréegg’ﬁ?vmué or W@Féﬁ#%’%% reacti on was
O ri &da typtcahtrepﬂnﬂwh @2 oniphenddfFoemyis VIE & Soinpoynid@d Boenula VI

was reac‘fm(agx’(}sqﬁalﬁé retaa‘ﬁgl oﬁ& ﬁ{)] 1{1 D\ |?atbie W 1vesewi ef(fen% aokl)mé( Hf Formula Q'-

carri out nosp herl C pressure a
CHO. Shitgjfegonditionginetudert ous syeremot \lmfed uste@nng ccdmmun@bf Formula VIO with

a base s&lﬁkﬁ liMrh flohdhe@SHpigtRkRe (BOPVRY ﬁ)ll%eé BPRLANE Hith&bfpounds of

.used al though hi gher or |ower anpunts were

Formuta Y SEICE b e PRt F2¥ P REEPRGR bl feacingiplupritngpiperidine
with n-bEtyllft‘hllhﬂl avl-78°Q ah¥/ wahﬁméﬁp%’o 0. Subisle HMEnSKol 4RGN the abB& process

cluded ble AR Bt oy bl Bt B R U, gpd o k. Pota
solvents|sighi 4sdwxanetiBptRspirvdarmise (aBﬂVIBA), 13 dinegeyiha 4 oietahidie-2(1H)- .
pynnndﬁﬁﬁesmlp fan(?th@?‘c@lna9 @% Q&%ﬁtlf %U%Qﬁgslf%géd‘eﬁd&%rei gfql%se solvents

he compaounds of  Formu Wet e prepare
were use&shw‘d\ﬁh ﬂk?é?r%fﬁrr?dwsol‘sehyﬁ%TIéF Tearbre Brogiss @ay berrzamed Pt at

temperafulés N@&veelv lﬂiouvj—s 0°W3ﬁﬂ Sbcgt 20‘@ @@efgﬁfalz NGE rddbEOh W hdtieh Qht at —78°C
of For alimdo or 9

to 0°C. ?ﬁ n%%l{lfg Bﬁog%ﬁs t%?rgg%ﬁe gPpBﬂungF o%th& Bﬁ‘ﬁ% Ha'engonry%ﬁs mfga y cllrned out
at about @igvsphediz presplre hltiqugh tigher @ love ppsaunek vodre kexdiideairdd. | Substantially
equlmolgpa%qg ; @Q)tf ?éic%t% lave?e &Qﬁteﬂl%i}} J&Qﬁm‘&ﬂg‘?ﬁlgﬂéﬁ %& Po%sler Mm%&n VQ’QI% used if

| ONS 1IN
desired.

[100] The compounds of Formula I of this invention and the intermediates used in the
synthesis of the compounds of this invention were also prepared according to the following methods.

Method AA was used when preparing compounds of Formula I-AA from compound of Formula I-
AAA as shown below in Scheme 7:

Method AA:
Scheme 7
NH, A" NH, @q
N — N Q1-8(0OR), NZ = N
————t e
kx”\( NG
g <
1-AAA I-AA
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suitabl e solvent in the presence of suitable

reactants. Suitable solvents for use in the above
w@e@emes37 i ncl uded, but were not |imted to, ePtIBUS2006/044461

such as tetrahydrofuran (THF), glyrne, and the I|ike;

di met hyl f ormam de (DMF); di net hyl sul foxide (DMVSO);

acetonitrile (CH3CN); chlorinated solvents such as

net hyl ene -chl ori de (CH2C12) or chloroform (CHC13). If

desired, m xtures of these solvents were used,

where QMENE e od ABiNBA BlGOEEH £63 RbHBRIndWRT orila 1, 311 £ Aben such as CI, Br,
reactants for use in the above process included, but

or 1and BEOR), Fuitplleborapfc pejd/ester. pheny| phosphi ne and the I i ke,
B0d] amh 2&pialseRSatiohdf CorfpouAll of HinARla IDBAIE))mpErm of Formula I-
L SR BT ELS  CE

Suzuki cabyging pre@dwss $migblesolgants for dsain theatboveprpoessa inghudsd, but were not

limited tp eettl){@se %ﬁﬂ%?ﬁéﬁf&éﬁmgw}&) tg’%’ftfi ﬁ,%‘ﬁ,r %be{t)l'}éne, agg the like;

dlmethyléw@@@sée (MF ) disenties selémmids PSS QX aqekanitpiles slephold swolke g nethanol,
ethanol, m&o@mﬁ afidRbrvethaiol, 288 e Uike 2ind 3RRHhated SIERRQNEEAs methylene

chloride Q?Eﬁacgl al%l tho ugﬁ-ﬁ@?)g qu é}:sggﬂa lp%%ﬁ %r A eBt\g\eNrcse u%gc? q‘nowever
the prefdma @bl&éms;vas \ianehgpiyethaicabdtst. The dba}etplmwgiwm ogh&ﬂ oQf at temperatures

between agx\@tr a?’ lijlﬁtagodﬁif’cu %’Feqexjaélédtﬁg l'efgtfon Vges%grr% °¥f5 be?vg?een 60°C and

about IQOFGD pﬁlema,hoyh DROPEHS maprommlgman@mgh ohithe pm@é lnmalsthmévea; prgfembly
carried &l@lyd a\sahteﬂ&ogfﬁw&oﬁ@gumu%ugﬁ%gn& & 1¥br dprégsyeg we&%séwlf desired.

npound of "Fornula VII can reacte Ts2
S“bsmnq\?éllc?quﬂ’?% ampypys of Foggtpnts wremrzbwsm@ﬁugwsw 8’? 'GWr amounts

wereus@ﬁﬂ&@nrb& convert ed to a | eaving gr oup such as its
eq S r . hal
L ﬂ as CE'WS‘? 61yt§na!$ ’évblgg) ec1att tl'hat algreléngg rget\%loc%shmaar am)hcable for
preparing goinpeyngs bf E@rmmladsAMﬂ(oBob;xAA pfmrhaamm dempfwtdazfi'pumla I-AAA

A o T

typical SitgicouplgtPsoasfurkhown met hods such as by tr eat | ng under
@Bl TThe Q@l‘ﬁﬂbﬂrﬂd@ bfF &Hﬁ(a&%)of S¥éhduke ﬁ&g{e%pﬁr‘a@d as shown below in
Schemet

ht hal i m de) as shown in Schene 4, or with
i phenyl phosphi ne/water (azide) will afford the
desired am ne as shown in Sshlesw® 4. [ 98] The conpounds
of Formula VII of heng, I 5 were pragared«from
al dehydes Q -CHO apd 2-chl oropyr zine VIIl as shown
bel ow i n Schene 6Nz§¢ﬁ?‘ﬁ 6”@@ JCHO N | N
OH ~-N~N VI V e is a *&ed previ ousl y
for conmpound of Fornul a‘ds. [99] In a typecal
preparation, of a comgound of FormuliaaXl !, a conpound
of Fornmula VII11 was reacted under sui tﬂabl e reaction
WhereRcéﬁr?dldeB‘H’sprPY%"%f‘l%@F epprond of Frmuladiand Ay T Batpemsycivgs CL Br,or L
Faaiulma a@mcaq:bl@parahud dhbpeaiddvf Fanfld IEDQAAd&dnﬂibuhd wﬁFcﬁmula -z

| t .o t f E l.La, Vi
was rea ich Fofriepida o Bl e PR RSA s e b
included, b weve doblymiterdetal atiegs such hs ©rapdufen GFHPY glyme sand theJike;
dlmethyﬁ-ﬂom g o am%&l@hﬁ@fl&@%ﬁ@S@?%C&&l%@ Qﬁ(}ﬁ&is ?&{;h as methanol,

react |"p1_per i
ethanol, isopropanol, trifluoroethanol, and the like; and chlorinated solvents such as methylene

chloride (CH,Cl,) or chloroform (CHCI;). If desired, mixtures of these solvents were used, however,
the preferred solvents were isopropanol and a mixture of THF and isopropanol. The above process
was carried out at temperatures between about -78°C and about 120°C. Preferably, the reaction was

carried out between 80°C and about 120°C. The above process to produce compounds of the present
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with n-butyllithiumat -78C and warm ng up to OC.
Suitabl e solvents for use in the above process
w0 p@ea7 but were not |imted to, ethers suchCEHES2006/044461
tetrahydrofuran (THF), glyne, and the |ike. Polar
sol vents such as hexanet hyl phosphoram de (HWVPA),
1,3-dinethyl -3,4,5, 6-tetrahydro-2(1H)- pyrim di none
(DWPU), and the |ike may be added if necessary. If
desired, mxtures of these solvents were used,
inventiof) Q‘A@Hr@fera‘tﬁﬁ@arﬁé@ﬁl%rséﬁgd R 168 RbsskassicH i but I@ﬂnﬂr@l’l\t@ a thick walled
process_may be carried out at erat ur bet ween
glass reaa‘b‘a’u‘fesseée"c? strileshiienl Parpeomipy ap sr%ﬁ efe & LERFiRRnATRenia, was
preferablalséd. ed out at -78C to 0OC. The above process to

f th r vention .
8K o B AR e TP OB ER bt B teum v n
Schemealthough hi gher or Iovver pressures wer e used |f
desired. Substantially eqy gr amounts of reactants

were preferably used althoug |gher or | ower anounts
vvea_';p used i fQ desired. [100] fhe conpounds of For@lla A"

th|S|n entlon andth nter dlates used in|the
onpoupdN 6t nventron ntion wene a
rep red &tcordr ng to the ol | rret hods. W
a

used when preparing oun s of Fornul
from corrpound of Formula |- AAA as Rhown below in
Schene’ Met hod AA: Schene 7 sA" NHZ Q N i -z
QlL- B(OR'b‘ZNN----r- N ~N~ N--K R R I-AAA |-aA

where R3#,as Wﬁix%a(b?é\@&ibmzr Elﬁﬂobﬁ?@ﬂﬁfxﬂélﬁélﬁid Ahhehflogdn sarflfthS Br,or L

&r{)g]__airég gaécﬁfgﬁg [ St\é”gro a chgPound ?EF E%Hg F? r 1a (3 Ih’ 7 was
converteglitp tarbp@mid of HommlabiZl/ ésermedlatem I]DmlurlaIIi#pvarsateated with POCl; in a
suitable BOIVER tcl% é&ﬁbl@freéeﬁ&m%gém?é AL bR vdritd e u&qmgv@srocess

ormula I- was reacted wth a suitable boronic

included; bpigrere petrhml@gdts(msze)ucrl s tatrahyprofipe (SET)y giime,gny the like;
acetomthrépaﬁaaémor&%a kblveRyRlch agmempreﬁedaﬂ&are (@%ogmrehmﬁ@mamh) If

desired, Fquﬁu?eé g)f fh&sg %ﬁ‘f?é‘ rosgvyegﬁ gﬁet ;ér]eg: @acﬁwém 15ﬂu%%¥3tﬂ}ﬂene chloride

and acet@hiyite, THE gbosa @rocd&sm‘% hmﬁyemhanempanadxrésl‘lﬁtd/eek @bout —78°C and about

o th ul f o O
120°C. BieBRRplache B s e srie e APl Bt M Fbove prosess o
producei conprapiadthe preseit inentiet havrmbferablyobatrhd olut Kaboutptinospheric pressure

"Weldl t
althougl?%ﬁgér o?ji’r;vgég pié%%\%?%%%? rﬁnéé%lgf_@lré)? Si%gt%g;ﬁ;lll?f gg'l!u&mag %Srr)lxen;s of reactanis

were preferablyaised alfoygtnhigharer lowss ROuItOWRG eped if fgaredrthy qagyersion of
compoufi® bvlecsﬁnuwm Aitgrat D 0 teblb aﬂeéeﬁaﬁ@rageﬁtheerab@weblﬂ m&ﬁﬁﬁ limited to,

t e er at. ur n. ab
Brs, L, Qv DB S D e PR freor AP r SR e AP prgtprred
halogenatirig dpettyveasiV- Gﬂ@swcmhmdb O3itable @lecﬁfhbr abowmehgaborepmcdse included,

but werpra&g,%%dq@ fmemghgéte&mmeee@f 3 gr%ya% WASce;

carried out bout ’hel‘l C pr essur e

dlmethyéﬂ'opﬁ@'grgﬁ (Jé]\@h,é}lmgﬁwl sy%@pd?,f[@\g§g} @getmﬁ@e,@g‘@aolp puch as methanol,

ethanol,qgoﬁirépﬁgol trifluoroethanol, and the like; and chlorinated solvents such as methylene

chloride (CH;Cl,) or chloroform (CHCl;). If desired, mixtures of these solvents were used, however,

the preferred solvent was DMF. The above process was carried out at temperatures between about -
78°C and about 120°C. Preferably, the reaction was carried out between 40°C and about 75°C. The
above process to produce compounds of the present invention was preferably carried out at about
atmospheric pressure although higher or lower pressures were used if desired. Substantially
equimolar amounts of reactants were preferably used although higher or lower amounts were used if

desired.
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Substantially equi nol ar anpbunts of reactants were
preferably used although higher or |ower anobunts were
wais@d/osf3desi red. [102] One skilled in the artP@i/iUB2006/044461

appreci ate that alternative nmethods maybe applicabl e

for preparing conpounds of Formula |I-AA froml-AAA

For exanpl e, conpound of Formula |-AAA could be

reacted with a suitable organotin reagent Q -SnBu3 or

the like in a suitable solvent via typical Stille

nompl ThgcqnmuedustIormphiB]Z offS2hemep aentisrefired-6 shitv@below in
AAA of Schene 7 were prepared as shown bel ow in

S°"e“‘e§cherre 8. Schenme 8 ~ ANH2 A N NH3 N~ N L~ /N ~N
N ( RRR3 11-Z1-AAA wWBetemeR® i s as defi ned
previously for compound of gFornmula I and A" = hal ogen
such as d, Br,cor I. [10 I na tepi cal @reparation
of corrpounds of){(u(ul a IA SA{A;E cogko‘g/ud Formul a
11-Z was readfedw thza ia iN ajsui Nabl® sol vent .
Suitabl e sol veRtsNfor use in the e process

i ncl uded, but were not linmted to, et hers such as

t et rahydr of ur an ('YI—?F), gl yne, and the £ ke;
where R isrﬁeﬂhﬁ/deﬂ (pfdv&iﬁs@@o( édtpoindibfRirAylh Iahd AdxIOHE a{MEQr a leaving
cohol s such as nethanol, ethanol,
"%l uor oet hanol, and the Ilke; and

EﬂIQISbr ilrnab'ewablubmm@, sﬁmn@sumt}?pheuie <Zh k epmpeund of Formula IV-
Z and c&ﬂd%&l gt)FcQ{nuﬁN’ %féf r@&c@gd(u%% sﬁﬁablé ztmlqg §6Jpﬁlgg cgﬁ%l(tﬁo%g C8uitable

hese sol vents were use

°°ndm°§%1|neléﬁ? Lut e not figdisd iy aseens smpoRndn of FarenlafV AR (yvhen A'=OH)

with coupfif@feagaitiiuch 1B CED BB Pih @6868cti oW@&thTNIAPEHOBI @At and the like.
tures ﬁetween about gggand abo

0C.
suitableis SR i o RC P us B O MRAec BaT PPE GO P e mpts
tetrahydenfigtam (THIE), Ig0€, antfihike bikeo dimeptybioassnitio (Im'/fmj uitreethyirnspifanidts(DMSO);
'clcetonltquf Ml%e%t&?%en%%}pc]y\gbﬁpoggf{o% 9517 %Zmﬁgﬂ C c%g /IP é]'esu% rn1xtures of

reac
these sovglsts slereqisedh hawem ﬁhmcfetwdﬁoh@dt was raethﬂmm@mvaidlee dhe above process

was carrSHdbuB att&RSdrhtes BENIEH atdut RCHHhALI L BECS IFEkraBRY the PAMon was
An excess anmpunt of the reactant, ammoni a, Wwas

carried Quit afabPUIAC-y LRREOYS BISFesT HPredies GomBungs ofhp RiFsept fnvention was
preferabdf cafifdiiesne an&bwmwpaaw ebsa® aRAGUAA h@kOsY 1bWer pred@8Ewe used if

desired. %Cubstantla?ly equlmogr amounts of rcz’a\é%a%tstclare yreferably used although higher or lower

group sucﬁ & &'f%ro or mld'ta o ll

amounts were used if desired. Additionally, if compound of Formula IV-Z was a salt or bis-salt, a
suitable base was required and included, but was not limited to, diisopropylethylamine or
triethylamine. Alternatively, compounds of Formula IV-Z and V (where A' =F, Cl, Br, I were
reacted with bases such as triethylamine or ethyldiisopropylamine and the like in cbnjunction with
DMAP and the like. Suitable solvents for use in this process included, but were not limited to, ethers
such as tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF); dimethyl sulfoxide
(DMSO); acetonitrile; halogenated solvents such as chloroform or methylene chloride. If desired,
mixtures of these solvents were used, however the preferred solvent was methylene chloride. The
above process was carried out at temperatures between about ~20°C and about 40°C. Preferably, the
reaction was carried out between 0°C and 25°C. The above process to produce compounds of the
present invention was preferably carried out at about atmospheric pressure although higher or lower
pressures were used if desired. Substantially equimolar amounts of compounds of Formula IV-Z and
V (where A' =F, Cl, Br, I) and base and substochiometric amounts of DMAP were preferably used
although higher or lower amounts were used if desired. Additionally, other suitable reaction

conditions for the conversion of an amine (compound of Formula IV-Z) to an amide (compound of
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NNH30I NN NN RR I1lI-Z11-2Z" 11-Z where R3 is
as defined previously for conpound of Fornula I and
W@\2007/61731 ogen such as C, Br, or |I. [106] | NP@r/US2006/044461

typi cal preparation of a conmpound of Formula H Z,
internediate Il11-Z was converted to conpound of

Formula 11-Z". Internediate of Forrmula Il1-Z was

treated with POC13 in a suitable solvent at a

suitabl e reaction tenperature. Suitable solvents for

Formula %? t:ﬂrc#ehfgurﬁﬂg Grddk 3¢, QZ?] %onip?&ietﬂgﬁgﬁa rgg Wik T‘Pﬁm@%nﬁ%ons, 2nd ed.;

ers 'such as tet furan (T
Wiley angISynfe Nem¥otkh 8999 Re1941ak%Poni tri | e: and chl ori nat ed

[$6Yv eﬂ{csco%Q@mﬁ%f PEhiyd BNg of Bt iR WéklRfdpded @5 shown below in
chIorofornr(CHCl ). If desired, mxtures of these
Scheme 1| yents were used. The preferred sol vent s i ncl uded

met hyl ene chloride and amﬂkﬁﬁunrlle The above
process was carrded out at tenperatyes between about
-78C and about 120C Preferably, t e reacti on was
carried out b SC and—about ,above
process to conpounds of t present i nvention
was preferably carried out at about atnospheric
pressure al t hougM-%i gher or | ower pressures were used
gﬁﬁ red bstantially equi nol ar anmounts of
Wh“eAr@Q ‘e preferably used al t hough hi gher or
100 Irenypictlpreperationsdd compoasl of Fdrmyln IV Hea eoppand pHormula
VI-Z is rgiﬁtedctﬁwﬂgplpieaa%%hcﬂnbﬁs it 4 shifhbld sofvent. S\Mhém =ephthahrmdo,

enating agent were used, but were not linmtedt

suitable gyglitionginclode treatment|of perspRuEr of Feawla Xi-rgidydeeite a‘éfable
solvent. Fuithblt SHAHHCHE et B8R abdVtpridess BEILEsH, bﬁt&‘:@@ﬁé’t&hﬁt’é@ to, ethers such

e A 00 ST 6P M B PRl i

(DMSOI acet@fitnidd; &alsysnhteasdvertts sueh ds cflorofomm(oT Hiethylagk ghierida ntj:ohohc

f
e TR, AR BB g e
the prefmeldankybqt vias ofpepafibé 2bove Pracessmae CAEABPUt 3 IFERPETRETES Yebween about

0°C and? 5Lt G4 rl*r@f@laggl SR rdLhlSwilGhiASulRiBykene:. T &B{/ed}ﬁ'ocess to
aZz) or ch orofornr(C}EJ%). | f de ired, mxtur

produce sppAESE OLIBF VRIS IEF T AT MR FEIed Of FAl St PR pressure

althougrf'ﬁL’H& R 10428 plobdores Wege adaa Vﬁieﬁfddc SﬁBStMﬁﬁllﬁ amiﬂne]dr atidungs of reactants
eratur 20C.

S
were proseap gt Y HoVR IR 0y BT (et B et aeen 40C
and) abide conp@indT 6iF ormblovd-5H pbi@smetlé w@ﬂ@n@ecbmp@um bejow in
Schmnef the present invention was preferably carried out at
out at nospheri c pressure aIthough hi gher or | ower
pressures were used if deschemelLypstantially
equi nol ar anount g of reactants were eferably used

al t hough hi gher I r anpunts werg.u
desired. 36 WONJOO)7 069%37—PEFrUS2086/ 44461 [ 107]
The conpounds drmula 111-2Z of é@heﬁe 9 were

prepared as shomn Q@Iow in Schene 10: \pghene 10 O C
A/ "R3B C NI
where A? = phthalimido or N3

[112] In a typical preparation of a compound of Formula VI-Z (when A? = phthalimido), a
compound of Formula VII-Z was reacted with a phthalimide under typical Mitsunobu conditions in a
suitable solvent in the presence of suitable reactants. Suitable solvents for use in the above process
included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMF); dimethyl sulfoxide (DMSO); acetonitrile (CH;CN); chlorinated solvents
such as methylene chloride (CH;Cl) or chloroform (CHCl,). If desired, mixtures of these solvents
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~NIVZ111Z where R3 is as defined previously for

conpound of Formula | and A' = OH, al koxy, or a
WO e@viosg37 gr oup such as chloro or imdazole. [ROBPS1006/644461
typi cal preparation, of a conpound of Formula Ill-Z, a

conpound of Forrmula IV- Z and conpound of Formula V
were reacted under suitable am de coupling conditions.
Suitable conditions include but are not limted to
treati ng conpounds of Formula IV-Z and V (when A =

were use@Rowe il the %Mméd%glvéﬂ%ﬁtlﬁ" SHEHb18 Seablafits or LEDQ th&labove process

con unction wt HOBt, HOAt and the i

included Gyt poges ot SF g i @phaw‘lrd@éphlw acnﬁéhf‘ala}@v@d@@@é%dggmboxylate (DIAD,

DEAD, HBADY! ﬂtﬂe pﬂfeﬁtremam{t@weiel mpﬁeagilph@sphek efesinsBoahd Biphenylphosphine
t et rahydr O ur.an

|
Ps-Prh i BRYDT SPRaTa e B SR P SIS e PR ot 78°C

and abouawd"cn IPHfbﬂaEly, thai‘e@gﬁmaﬁaedzaﬁﬁﬂ berdtabait ah"casrrelabarequxren to

produce %%TIR/ FQ/ ofs\tg e%r%shenp 1avenﬁlon was gx%? abq% bar{ger ot g ? gbo Ven%)&%%ﬁc pressure
althoughrhighey belowecpresnics| were Tised Jékimdp smmllmmammn@ ©f reactants
were pre?etrab?)e[{&ﬁ ﬁflwtgﬁ %léﬂglt &@&Qer%%%ts Q\grea&gd ﬁ%’sﬁieds %nerally, 1.0o0ri.1

reactron was carried out at abou

equivalenty of triphen ings BEAR énd phipplizeide &ag Bie SemRAYIvaIent crféompound of
Formula Meze mdditrmm c&Bpoas of Pérefull VIl cmdderbRebdauth BLO,2MOW TH,0,

re al t hough hi gher |.oner
o0, MG e et e B xaRa fanveled i f epp Pl By such o s
respecmeqmymé &icsﬁﬂtﬁ;.lﬁﬂﬁte,&fr halegat such as vidoe apd edtaeqibht)y t¢seel with an

e S, B SR S L,
Conversignof e agrindgqivglents byc’&no‘sm Wﬁbﬁ%swhgebmgamg ¢oder egidig ﬁendmons
(NH(BoéJr)C{vﬂﬂ ‘ﬁ?dragﬂé %3 WAALRARE) dd SKbivE th §@heme 4, or with triphenylphosphine/water

soprop 'am ne or _triethyl am ne.
(azide) VﬂlltaéfPWFg%ﬁlrﬁd a@@ﬁﬁ%ﬂ}?&@%ﬁcm la 1V-Z and V (where

A13F fhe Q)mpcﬁhds df)FoﬁﬁlElE VII-B € Selknvd 12 whra pRparsd Gomas

r et hyl.di i propylamne and the like in
Chlomp%?nzﬁ’j‘euﬂ@?s ﬂowﬂ/ﬁ'lgl S%?Zﬁt he 1ike. Suitable solvents

for use in thls process i Schemgkcl but were not limted
to, ethers such %tetrahydrofura i (THF), glynme, and

the |ike; dinmethylf ormam de (DWVF); Idi net hyl sul foxide
(DMSO) ; acet oni tNT| hal ogengt edy*%offvenPd such as

chl orof orm or ne ene chl ori de.'J.f Ndesi red,

m xt ures of these sol vents were usedw owever the
preferred sol venthas nethyl ene chloride. The above

plrmj: €38 a Wpcal B pdrafdnOstia @tnpbm@frmxumes/mg; yeRkpoadot Formula

nd, about. 40C., Preferably,
VIl wasSeprip s e B SRR AR o e TG BRBYECEete conditons
included) boichuere netdimicedriel sreatingt doenpoprds s Fbroy Wik M):h abas: such as lithium

teﬂametg#;l?{?gltléliﬁé KL C@djr; fgﬁovg mﬁeaﬁx?%g gv&t?télgg %Qtecroh&n dy{ afc%%ﬁo%yl
equlvaleeie@allp@ad bsub@maﬁwn@l q syltelquée@ag agenb Ukthivrp tetpmetbyipingsidide may
be prepa@éd PleltR tét}ém%gﬁﬂﬂpen\{m@%ﬁrrﬂblﬁylhﬁufm ag-78°@5nd Vla“rﬁ(@lp to 0°C.

ase and substochionetri¢ anp
S“‘tableﬁP]é’F’é‘F £9§1u5e tBgiaboxe PRGERS Ff“ﬁr 1131” yerey ‘t%uﬁP§S Hepas
tetrahydecetdn i(THEE glyhrefandAbkdilte. ot hg’lverﬁi firh a§thhﬁhbﬂh91ph&@B$1’aﬁi’ﬂe
(HMPA?quHjI ¢ Ieg-'yil’!of OSr(? eltjrgh %Qngﬁli_ﬁl Onm%mon& (Q&I@? f{r@g}? RN mayobe added if

necessaxzzo @ﬂd@ﬁid? ﬁXWP%%@QYV@m %1_'@ USF@) howkeer] the Pererl@é molipent was THF.
Su1tab1 1' J&ul‘v@feﬂﬁjéageﬁs &md@%ﬂ? 51%%9 ﬁﬁﬁ‘c@d g) dcs such Es DMF or

Tr ansformat i ons, W Yor
suitable phiggpformate h aq_ggrtgyl b fﬁ)gj Chf‘PFQf‘E’é‘ﬁﬁSo M@gac@mqnmf #he| sgitable carbonyl
equivaldnVredg, tRCRENRN1LcHuEEE with PRI Hrodis sSINEWBudIaSs BMt hék limited to,
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Schenme 11: Schene 11 & - A2 NNH2 rIN VI-z IV-Z

where A2 is phthalimdo or N3. [110] Ina typical
w@e@pasasi on, of a conpound of Formula WZ, a POIpS2006044461

of Formula VI-Z is reacted under suitable reaction

conditions in a suitable solvent. Wen A2 =

pht hal i m do, suitable conditions include treatnent of

compound of Formula VI-Z with hydrazine in a suitable

solvent. Suitable solvents for use in the above

methanolg)rr o h§§(§ fblw&qﬁr%ea%t w'ﬁﬁ g mﬂﬁt)le ré(mctr%ciigtnﬁasuﬁ'ﬁ f8b&umuch

t et r ahydrof uran ( THF

borohydriferrdBIPTS mff%?ﬁfsa%aymwed it fme?ag‘a]ef e a%eﬁlvé&)c and about

20°C. Pr@l@ﬁb@ntﬂe rbdcBon Rad @@edaiaiueat -FtVBICS. The hbas pfd&bss ﬁ@f)mﬂme
ne chl ori

nt
comonn TR R SO e IR o VP B tnsh
higher ordowatqméssurenyeteaisedsié d¢suh®mxbstantlalb@qpm§mmnts of seeqtents were
preferably VWSS aﬁtﬂ?\tﬁ% hlgl'gep§ 1%@91\/ ﬁ'%cg%l%%%egé u%ggéf &%ﬁ&i ed out at

ween a out 80C.

[IPl5éf eFlarioppotuids of FarmiloX -2 -CHO) o€ Schsme Gyversprpered agshown
below in SoferdPP¥.€ Process to produce conpounds of the present

invention was preferably carried out at about

at nospheric pressure al t$868% i gher or | ower

pressures were usw-{EHde&-r_ed- ybsga@m i al ly

equi nol ar amounts of reactants we preferably used

al t hough hi gher or IXoder anmount s w@f@ used if desired.

Z of Schene 11 vvere
Wherte 153]5]:??% S S sﬁowg ci%opv(\)/ﬁllq eiameI 12: Scheme 12 C
[ma;ﬂ >InN\ypicalyprenqrasion, of avpmzouqméﬁeﬂméa X-5 R M 3d‘t9ﬂeﬂ°“nd of

FormulatR-4 &?ZéHL)‘Wastr}é&'téa%ﬂM éﬁﬂﬁﬂ@ﬁk@ﬁmﬁ%g@ntﬁﬂﬂﬁ@ﬂ%lcﬂfeactlon
Formula VI-Z (when A2 tgthallm ou (?
conditionsy Siyfphie WIF‘ZZ‘%?“? sl By e 59 fedtpriv e Hhﬂﬁ%’? c. Suitable
reaction bordliteaak fdvluis6 e bbowe Prbicéss Grittuded, tait wetd o hinged©| Metitg 2 mixture of
RL esgnee of t abl ent

S t
seleniung ¢ cg?x‘u% IR “fpr?gmiasﬁ’g \&/: 8"“‘?1% CEs 3& i c nedagg t &b%bgugaéggo\f%m slich a3, but
not limitkd to, tlddrobenzert dsresubhslamq s abexernapsedy mﬁwbawn(len-qmy at temperatures
between%%!ﬁ “Sf%(ilgﬁgn)l'sb‘% #i‘éfﬁ:%ﬁlkl}’dhfe %a@%ﬂ 98 aRR)our 81983 l165°C.

acetonitrile (CH3CN); chlorinated
The abomrvefﬁf tp predien C%P%fih?/ﬁtb%@eiem ’6‘?"?&@“("@5@5{@3"1& parried out at about

atmosphBi¢ el amh()@é‘im er of TowdESrbdstrds widtorlsbd ﬁ‘ﬂeﬁfedt Pas®ably, 1-1.5¢q.
| vents 2007/ 061737 PCT/ US2006/ 044.
seeniun Qg BURiPER SITCHER HERF e o8t SEPTR P rel £

compoufi®aftEdaiz IKaZ (Q’S—@Hiﬁ‘wﬁsl‘reacw(ﬁra thm&enatmglagdé @nd :bu!ﬁlcal
initiator %%e% sHi?atoleJ £@u‘o§ QOﬁdQ?ong H %%@t%%% Q&gékﬁ I@(’) Eﬁe Q@gm&nﬁd Iof #&mula Q-

tively, a

AN azodicar box
CH,—Hal (wherein Hal = Cl or Br) that was then further reacted with DMSO and a base under suitable

reaction conditions to give a compound of Formula X-Z (Q'-CHO). Suitable halogenating agents
included, but were not limited to, bromine, N-bromosuccinimide, and chlorine. Preferably, N-
bromosuccinimide was used. Suitable radical initiators included, but were not limited to, 2,2°-
azobisisobutyronitrile (AIBN) and UV light. Preferably, AIBN was used. Preferably, carbon
tetrachloride was used as solvent for the halogenation step, although other halogenated solvents may
be added. The halogenation may be carried out at temperatures between about 60°C and about 100°C.
Preferably, the reaction was carried out at about 80°C. Suitable bases included, but were not limited
to, sodium hydrogencarbonate, sodium dihydrogenphosphate, disodium hydrogenphosphate, and
collidine. Preferably, sodium hydrogencarbonate was used. DMSO was preferably used as solvent
although other solvents may be added. The second step may be carried out at temperatures between
about 40°C and about 140°C. Preferably, the reaction was carried out at about 90°C. Additionally,
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DEAD, DBAD). The preferred reactants were
tri phenyl phosphi ne or resin-bound triphenyl phosphi ne
w(@ B®B7BR13) and DI AD. The above process nmay be PEr/DE®d6/044461
out at tenperatures between about -78C and about
100C. Preferably, the reaction was carried out at
about 22C. The above process to produce conpounds of
the present invention was preferably carried out at
about atnospheric pressure although higher or |ower

other suﬂQ{)le reacii(?nscom{tlgnyﬁ)?g} cfonge?sﬂn{ &fb -&Qﬁ; @n-tdl-ﬁb !:z% be found in Larock,

anount s reactants vvererg{JreferabI

R.C. Comb!tehwgﬁ Oy Traprforreations, dndeht WilgepRd Jnsg Ney '%%. 1P pp 1205-
1207an@@§rﬁbhy’ 1.0 or 1.1 equivalents of

tri phenyl phosphine, DI AD used

P s BT PO T S5y WE BB
shown bWl it §émedlel1y; conpound of Fornula VII-Z can be reacted

with Ts20, Ms20, Tf20, Ts@l Cl, or SCCl12 in which

the hydroxy group is conveft PRSP0 a | eavi ng group such
as its respectiv@-podyl ate—resPaBEOR)ri fl ate, or

hal ogen such as ¢ o and subseq y reacted with
an am ne equi val gﬁ'?zguch as NH( B?g%k pht hal i m de,
where QPRELAGSH LRI 5 Chenplindsttoriulal Ale. = OCoBVIRI SR Buchfas Cl, Br,

the am ne equi val ents by known nethods such as by
OrIandHCé%)tzrﬁglt%Wf‘g@wfgﬁﬁﬂ &%®onditions (NH(Boc)2), with

nyelr ag m@pl(:ﬂmr dtidihsiﬁf)a caﬁ‘lp&hﬂ\lm' Fofimfe XEWEZ Q' B(OR).), I

compourbcg%t‘[:q}) Xlg m?ggn?{] was reac%: Z&%aHf fg"]rtil%hglytstha%d a suitable

boronatmg)am:oumnﬂsr wiitalfle rengtien Qﬁnﬂmznsa fSusebie metal patplestagpteipelpdad, but were
not hnuti@ %'ngq?ﬁﬁcgzl 19%}%45%&@&' M- ﬁlg(Z%sdlﬁﬁﬁ‘ﬁP{/Fﬁén?mdlﬁaz%ﬁm QRloride.

VI - 4
Suitable baregatingrigents inshudpdroat Wi noblimiedds iy ainacdrodBormst §wtlble
reacnon\{bﬁan«Bls @oﬁ@é@?ﬂ@ dbsk pg&f:miﬁcﬂude}ﬂ Yult w&&&lolé tingte @b, hle'aflﬁg a mixture of
e reactl o | v.en
raoAcky | ¢ diEoideraralprEnH AT e ik fio hipporanc n
suitable klWdrit €thtas, but héetdinhiteg t6,HIO UTTdsibofe FFogensinay b ¢drried quhaty
temperaglﬁsebgtsvyegg 6gloutt Eb@éﬂ%r&o&tqbﬁ%ﬁ%&wa kptﬁg lrgl'cg&x \(/Jfé ca;l\éﬁ)out at 60°C to

t containing a
80°C. Tha alwnwocesqm pxpdumﬁomp@mdmédwmyesmtewmﬁm woi qrpfegpbly carried out at

about atﬁ'i%kﬁk@-ﬁ!: ﬁregsﬁ%{h@g 1R or lolwety &Me@ We%@E@W&blﬂﬁr pebféebly, 2—
e prepared by reacti ng th g %éln?%

3eq. KOS -hsesull 9‘1?’}’1‘1‘?‘?1?%“5{" Graes ZHDAde fre g OB

dllsopréwbhéﬁl)ﬁnlaﬁioﬁﬁﬁtcﬂakfrﬂé Wd:ﬁe&xsbdlaltﬂtb&g}ahgﬁe& op lad@e 8Sounts were used if

desired. t %ﬁ#lg g}( o‘}ﬂﬂﬁ’ gﬁﬁa(b%_‘ﬁ ction Ic:ondtitlons tf(a' t olgggrgloﬁ %E& 9a ¢ Q'-B(OR),

can be &mid\ne tiediteramie which ewahveta Wyﬂhqzm Qéﬁh@\f amvr d’é’Vh?tFm)hahdeS anda -
variety %fﬁ%ﬂ%)h%t(%olgﬁn ié Ma&ﬁ%ﬂ@l&%ﬁé Taktddd) 20080 19128} AV EBiooganic &

ed i f necessaré( | f
MedicingbEheraigtry hetiers 2@%3 dﬁ(lﬁhé%" é%\r:%ﬁlt Corpprcafioa( smrdge, UK,

2003, 28! 029@& fsrynth*eélﬁ 2[0023f1t7r 3350d; AfdvRnAlte WASmEHRterTutichallEd 2002, 41(16),
l Va e e .
s SR S A OGS A o B 0,50
Tetrahediohp200f ;ﬂ’?r(rﬁ)ﬁ&@phua&l ofrgyic Cheraistry,| 2000 65 0f trdndouenal of Organic
Af t some
Chemis tré 1%57 ab‘if'@h' (91'38 ofou;nlg?ofsf?pggrﬁogllreall%aépe%ﬂyfgy lgﬁbyﬂbf 389) In

e reaction r protic
cases, comboes ofFrrtrulesX 71 Q') e XI¥Z (Q-BEORI P soTPGeriatly pvailable

or synﬂF%éd—&%&gﬁ{gQé fittBabure procedures. In cases where neither are available, compounds of
Formula XIII-Z (Q'-A'"") and XIV-Z (Q'-B(OR),) were synthesized via procedures described in the

experimental section herein.
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nmet hanol or ethanol followed by treatnment with a

sui tabl e reduci ng agent such as sodi um borohydri de.
wab@7abose process nmay be carried out at tenpePEl/USHO6/044461

bet ween about -80C and about 20C. Preferably, the

reaction was carried out at -78C to OC. The above

process to produce conpounds of the present invention

was preferably carried out at about atnospheric

pressure although higher or |ower pressures were used

['1 iQ]d e84t R an Y PRIHAOLdRb dubd SENETRl BEreATR lskm'lé in@fances contain
reactants were preferably used althou Ia her or
functiong] gps WHRBS MiirEraEaet. fawuidhe aPPT‘%S’ ed i dhose Skilled in the ar
that suchGRAARRIHNAS o funbfdraligraups oén bEaccohip)istell wahikepintémetiates or with late

s oy, TSR 08 TR s TRy e st

16-26 aspveti\is OLtht yxpfetdmentahypotioribu refio nowap meant[td ligift thexscape of such

transforna%%l %_ﬁﬁho%@%%éo%%anﬂ%y sﬁ%or o QFI Xp %6-?@ EJH'QIQ) BE Véghed to

compounds a€ -4 ikt aadél:lli abl e oxi di zi ng agent under sui tabl e

feect mongp%ﬁmstdf%ﬁnu@m @l%somg 8t ZdrAflad e infhere R® = Z—
but were not limte sel eni um di oxi de.

CONR™ Q%?Hﬁqeé’reﬂa@gé?ﬁﬂ’f‘”b%‘b‘ﬂq §ﬁlf§“‘|°&? use in the above

. process included, but werscheate 16 mMited to, heating a
m xture of selen um di oxi de and ygonmppunds of Formul a
I X-Z (Q - CH3) leat@or in a suitad & gol vent such as,
but not Iimy chl or ohenz¢heTot sul phol ane. The
above processyy ® carried oﬁ&a enper at ur es
bet ween about 120C\and about 180C. Preferably, the
reaction was carris eg “put at 150C to 1625?‘: The above

process to producé Cofrpounds of the pr bnvention
was preferably carri ui at about at ﬁerl c
pressure al though hi ePor | over pnes(sureithswere used

if desired. Preferably, 1-1.5eq. seleniumdioxi de
where QNER’E ati R ab ashdrfighd priegivesly or chmpemdarfBomiuda IerdeA Usikedirogen or

I.f delr ternatively, a conpound of Forrmula I X-Z
alkylsu‘ﬁlwsmglgl-@ t\}/1\95{}2 reacted first with a hal ogenatjng agent

7] a In atyipisal prepanationaf gempevad of Eormull-4, whacA] oalkyl and R*?and
R*# Wﬂ%%ﬁf thﬁ%él—l' I[Eaého%tﬂlf'i:% &n@%?@x@ﬁu]i ﬁ-!g (c\Sﬁlpaurﬁﬁ BP B8k 10 where R

or.mul erein
= Z—COpfh With PEIOMIAB 4 SHRAD W‘%‘ﬁnbﬂgﬁdfé\%‘”%?%% @Bfﬁﬁ%m-f* "Slitabie
solventsSdt s h Bie ab®@GrdoRss iac10ded, biitvgerd fot@imied fo, ethepGucitasaétrahydrofuran

(THF), gl%%g gé_lgﬁ;g %%@%@arﬁhe&ﬁ?\dﬁ), tAie‘nl'le nl?l%o}ﬂ& %)5 acetonitrile;
alcohold\bubh ermefiol, reihaheleisopmpanch Ihuﬂuomeﬂiam]e#@'téb like; apg chlorinated
solventpgugFP%H%ﬁg'l%&erQh%d\é@éHL@ﬁ% cﬁUfJf&m @ﬁ(ﬁg' @ﬁiesﬁr&i tiAnRE 8F these

wer e no% flﬁl ted )
solventsayerp HesdsBANEY S Biiprateired WNGBN)W%@"R‘JQP@PW a mixture of

1soprop51{o@f[ﬁi: alhy abotk BN URSvddeadied Bﬁﬁft %@éfﬂurem\b@:ﬁ about -78°C and about

. trachl ori de, was used .as s n
120°C. FFaffabig POt P A PR RS RrAS @@Jf B ¥bb R prosess o
produceadbtiedundt o€ the kg imtention wwprb@rabhmarr@d optidt ahout atmospheric pressure

althoug&g@glr 0?5(;?‘“;& %{egs.&w& ﬁpe%lﬂ' FRvey %@s%%‘ﬂ% i‘tgglg]b amounts of reactants

e reac I oON wWas carri e
were préfgiablybised aiﬁlge@ Tnigladr gdl baver pmpunivereend if flopired dAd‘ilaona“ya ina

typical ﬁx@ﬂér%anfQBrﬂﬂcﬁﬁﬁ%ﬁ' PORANLI-ASQHpHihd biW aBanANKSER AE € H) was
dr ogenﬁgos phate, and_ .colli dine.

rencted ROV, g 7 R DY e a BHEO s el = Byigies coupling
procedubBsSas m@ﬁemhlsyhuﬁed (&mv&sion eNCO,. 1A Ed GOChHa aksakent with SOC), or

| vent be added. 812 d e e ided .
oaty! S PR Y Srrpee Vi ek Sasarabe Cort GRG0 ith BOC or
DCC inRogjusetivin| with DIMAP; BQRT, @nHMS agdithe llibe) ware emplopdsongtaffoGithe
Addi tionally,
2



40 WD 2007/ 061737 PCT/ US2006/ 044461 ot her suitable
reaction conditions for the conversion of Q-CH3 to
w@reozi7ean be found in Larock, R C. ConprehP@BEUSE06/044461

Organic Transformations, 2nd ed.; WIley and Sons: New

York, 1999, pp 1205- 1207 and 1222-1224. [117] The

conpounds of Fornmula XIV-Z (Q -B(OR)2) of Schene 7

were prepared as shown below in Schene 15: Schene 15

Ql- A111 30 QI-B(OR)2 wii-z xiv-z where Q is as
transforméﬁ]CI nte a (haptfo?( il@é{:‘ﬁ% agqu’nlg@ V‘Wﬁ&f‘.ﬁb QfalkaJu@WLsamét hylAr ethyl, treatment

e n such =
of the estsrwtﬂabl@RB'oR onpfforded avré@’tsan o PPJ%é] to RN, pi&c at %“bseq“e‘“
treatmentA%RIPAhAbAIQ Bffordba @orﬁ‘{ibﬁﬂmoﬁﬁmuﬁ(ﬂm| a XlV-Z ( Q

[ié@ct@lf C\ﬁquﬂ’ﬂcoggg}g?rgﬁ’l?ael ﬁe{cﬁpp@é’{)ggl i; ?mgilgdl A sul ge)a I e

CO,A%) daa mna(doﬁ@omgle of Foranher I-A i wizid B’ + EacCOHD veonplepdrethas shown

ta netal catal yst agents included, but were not
bel°“’m§°h’? ii’? Pd(OAc)2 in the presence of

1, 3- bi s(2, 6-dii sopr opy| ph%qh}m)eilﬁi dazol i um chl ori de.
Sui tabl e boronating agegts included, bugnwege not

limted tf0, s(pl nacol at%) ¢i bor on. SUI abl reaction
condi ti use i nNFh ve moceiw’t clwyded, but
were nok_ | iaised to, Heat a m xtur d( QAc) 2,

1, 3-bis(Z; 6%@ sopr opyl phen )| m dazol i um chl.Qri de,
KOAc, and bi g(phnacol ) borang | N a suitabl g goT vent
such as, butimet! linited to

,,___THF The above-pkbcess
may be carri ed" ut at terrpera ures between abyput 20C
and about 100C. oher abl Y, r@act i on yas Jfar ed

out at 60CMA» ©80C. The aUd\/e process to produce

where Qc %Fgrg I‘&e A l})?&tvg%lgﬁ' o%?%?f%ﬁ%ﬁ@ 1 WRSATE Sik@rsab ¥ methyl or ethyl.
pneri1c pressure al t

H2ghein @)rymcexmpapef%% Pergpayerle Fawtiia FAqaeppeugd of Rrmula 114
was reac?crde\fvﬁ{ AlY¥nia Z1 a K8EbIC K6Went. $uﬂab‘fxe@1vebls§6rplsél actht Ytnoe preess

inctudedg Py OB EHTh D1 R ERTBP L o £ g the tke
dimethyBbinnig (DN} etmeliyl Isalfexidea@DS0); avatonitriles eldolidfs such as methanol,
ethanol, dm&{p?g%@ﬂg%r%&ﬁ” 3 |a¥1d the IH(%r arﬁl'&;n o%mxt@d goq@éﬁts Heh as(n(lje%h}élene

e ‘conversion
chlorided@RLOk) drodivdofomn (CRCR). 16 depirgd, aniwirestof rhﬁ'éﬁoﬂﬁ@nta WeEg fsgflyhowever,

the pref edJoTvert wasisopfo g@ﬁ(ﬁl "[’h@ﬁlﬁfv@%e LRalds desied bt adtemiparahts/between
condi t1ons anic & Med

| t .
about 7|§ét? frd aboublF%C. I]_rg Ys tl}fdﬁalctlog:w%% g%ﬂ?‘gh Lg(gét%g%n%/ EOO C Iand about
120°C. FheRbS L pYock&ltd Efoﬂuce?darﬁﬁ»puﬂd% (of &)e, pr&6ft Inveatianwasgireferably carried out

at abouwwglggcggrks%b%? t] T.lr;% hé%%ébr 1%)3%5%%%3’ Weé‘?h'sedzx? aésared In most cases,
the reacliofisaweratinon alsediefl tube (ﬁ)@stamlﬁ(ﬂl/@}lmm% BGOWEa?Tﬁ%ﬂta%ﬁ’r werg referably

used altﬁE(Fg(H ]:ﬁ%[é g\ggbrgﬂxb %%&E ¥sed 2080iredl %@%ﬁﬂy, 39 @xcegﬂ' &&ﬂhﬁoma was

., Tetrahedrgn,
used an@ gieeaction Maamopifor )glé:miqf t@atésmestpq,tyddlgwé)op 36@'("1‘)13 Oltg%l gster moiety

did not 968k fRdn & re@agla Rk@ent. AudMably, in 4 §9ial édatfipn 064&EHyound of Formula
I-A”’ C%l%§§lﬂl% %gxawgg? gg'gt% raelacteg urgt}g %ma{ Qép,on]hg 98a|§1bn ?{Etﬂ% t?ns such as NaOH
in THF(I-I;DMeOH Snﬂa% Qél%n(s@p mmpbm@r@:@mlgded[ byt were not limited to,
ethers sagﬁa:l:lsl tgtrahé/ H N #\fqm@ d«m@‘ﬁ?eolﬁﬁl &%efh?lfl)ﬂrﬁaﬁ i@d q‘ﬁl\ﬁF), dimethyl

roce ere nelther aré aval

sulfoxideo(iidoO gcq'gcpmmm p}?gbqis gqcp;azm(e@an%, etl}analn Hsop@owl (t@]uoroethanol and
the hkchmrEam\Aﬁﬁ oS8 HiRB b AEthyicde PHIOSRAUIES], Y8 ShlotdTkh (THCL). If

desued mlxtures of these solvents were used, however, the preferred solvent was a mixture of

THF/H,0/MeOH. The above process was carried out at temperatures between about -78°C and about

120°C. Preferably, the reaction was carried out between rt and about 60°C. The above process to
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experinmental section herein. 41 WO 2007/061737
PCT/ US2006/ 044461 [119] Both R3 and QL in the

W@ oivpoen1ds descri bed herein in sone instances PONUSI06/044461
functional groups that can be further manipulated. It
woul d be appreciated by those skilled in the art that
such mani pul ati on of functional groups can be
acconplished with key internediates or with late
st age conpounds Such functional group transformations

produce con‘rplotemc?srg% tl'!l dn%@m? 1Hvetnggn &'94 +rgf@ﬁ‘2m)9_y é?m% at a%gut%ﬁn@sﬁhenc pressure

e experi nment section but are i n no way
although higher orllow e BHUTEECTS weRdet dsired; cHbetRRYRlY GAVE]a5 AIounts Of reactants

were pref%%l}l %s@&‘ QIItﬂoYlgh Méﬁer‘btﬁ RVt Eﬁl&‘ur&b%fé uséd ﬁﬁm s 16-26 can

e appl |e ds of _

(il Theopplppimmiie’ EormougL CorP gl Btk T EhrBonmd—CH:0m
and I-B (&ﬁm;FdithMbﬂ?drmﬂA e beld®R® = Z—OBGDIR3 w2fi3@aradens ghown below in
Sch ﬁiepared as shown below in Scheme 17: Schenme 16 QL NH2
CHCMC AR NAN \ N~N~ 8312 ~NII-A 0 I-A 0 R 122 where

Q, R312 and R322 are as Mmqéé previously for

conpognd f For mul a I = hydrogen or nugl gyl such
as mef hyl jor ethyl. a typ| cal prepg ratijon of
Eﬁ(&, Fornul a , A3 =_al kyl Nind 2 and
Zbot h equal t actl on of co Y
For mul a | x4 (conmpounds of la Il where R3,)

Z- - C02A3)¢{ \@th ammonia in af szutabl e sol vent, afzf()rded
compound df-—formula |-A Suitallle solvents for 4Se in
t he above pr}k s included, but Le not limted OH
et her s saichp’as tetrahydroflmaan (THF), gI yne, H8Bnd t he

| i ke; di methylformam de di neth ul f oxi de
where Q( PvBdffinedFEt et IPY f@mpoa%%f orguiz depd ?Ré‘irﬁ%%qf alkyl such as
methyl oegﬂ,@pol [ sopr opanol trifluoroethanol, and the |ike;

orin nts su et | ene chi ox
?égb CE?? tyB} WF%aIT cc(r@_?efg)of l":l QrymuL el';ly coglpournl th l-ﬂog'gula 1I-A is
treated vaifh 4 duitslele rslbing aget wh @s Uithaun alhoimwpekydridein pruithlde Fféﬁﬂnt such as
THF to %ﬁ?&r& @ é \0{3{? Wﬁﬁ@ rg?lllta\?ig gol@exﬁ@. 26t HdeSn &e above process included,

I SOpro bove process was carried out at

but were rmﬂrﬂmﬂad i ethelssucheas @%bb@?fwmfgﬂrcglﬁ% apd the Jiles,
d1methyﬁaﬁéa%é@tmﬂ §: RENRA GLIFAINBBISDY: a¢e@cdmﬁl& alba{dmeh 80Gethanol,

NN s g TR R T

chlondeC(GHQCE)inﬁmtorﬁbrrmC(CIHIEI;)atIﬁMpHE migtupeEs eﬁ'eha&’esolvahts h@u:ghed The
er or r 0
prefcrre%a(%g r\ﬁais g#—l?’ ea gllaoﬁ/% %g({cgs;& n\%& ?rn%& ?gt At Eerr aﬁa{ttfsrgs%etween about -78°C
and aboptr 0¥ abbﬁcrabéne theabackioutyhs Acterut b?tWIeen/\%“P aafabat $0%e ride above
process mgdﬁcfe Cgﬁlﬁbl&ﬁg of A giekdr RAkhton Wdd p?eferﬁMp le&dikad out at about
preparation of ound of Formula |1-A lé

atmospheFe RIASHIrg g_lt}puglwqgher A8 owe}:'))reﬁ%lges \Yeéeé%s[eg &' dﬁ]r% ubstantlally
equlmolia"'\Bﬁ&&Meafcwnksdeﬂ@krmmﬁed although hiphért a@ Ddveer amourenvere used if

desired Vg]uqascquent h'eatmen¥ gi‘ go%pouné’l &l FotBula I1-B under previously described

ammonolysis conditions (ammonia in isopropanol in a sealed tube at 120°C), afforded compound of
Formula I-B.
[126] The compounds of Formula II-C (compounds of Formula IT where R®=Z—CH,A",
II-D (compounds of Formula II where R® = Z—CH,AS(R**)(R*?),,), I-B (compounds of Formula I-
AA where R® = Z—CH,0OH) and I-C (compounds of Formula I-AA where RP=Z—
CH,A’(R*")(R*®),,) were prepared as shown below in Scheme 19:
Scheme 19
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procedures as described in Scheme 3 (conversion of
CO2H to COClI via treatnent with SOC12 or oxalyl

wa@ kooasde7 f ol | owed by reaction with HR3' 2R322 PCT/US2006/044461
treatment of CO2H and HR3' 2R322 with EDC or DCC in
conjunction wth DVAP, HOBT, or HOAt and the Iike)
were enployed to afford the 42 WO 2007/ 061737
PCT/ US2006/ 044461 transformation of a carboxylic acid
to an am de. Wien A3 = al kyl such as nethyl or ethyl,
treatment of the egtergwith Al (NR312R322) afforded
conversi on of CO2A31t o CCXNR312R322) Subsequent
treat ment with amt’b h@tfor d corrpounds of Formul a

[122‘]&9/ of For : (conpounds of
For where R3 =7~ CO02A3) andl |I-A" (conpounds
| - AA where R3Z-‘ Z- CO2H) Mepared as
sholﬂ@/N% ow i n Schene I7\ Scheme 1'%% NH2 Q NH2

N~ N Al ] ‘Z ~-0n) OH 11-A 0
I-A 0 I-Af) Mhere Q is as defined preV| Quzsly for

corrpounds of Formula | and A3 = al kyl Buch as net hyl

or et yI ] In a typical preparat Ao O R ths
of FormulaI-A, conpound of Fornula I-A vvas react ed

wi th anmoni a s, agsuitable solmg:n » Suitable solvents
for use int above process g uded, but were not
limted to, Nehr such st yrofuran (THF),

glyme, and t di nmet h m de (DVF);
di met hyl sul fOXI d (DI\/SO) acet on; Tile; alcohols such
as net hanol, et haﬁol i sopropanot.Z t’rl fl uor oet hanol ,

and the like; and éhl\orl nated sol ven{s such. as.
methyl ene chlortale (G2C12) or thior of\or% ("%H@ 3). If

where Qd %'3 ra%g ’R3mal‘(=,t éércﬁﬁn&i‘ prbRERE BPLHYBuRd EﬁFcﬁmb&&ﬂﬂA" = sultable leaving
ver, fplre erred sol vent Was lsop% ﬁ N OorS.
group sualb @ﬁ/@Tia rQM% %T velshatouph ePhifne: bagme.©

ahout fra/ %cﬁ]’lﬁ'e@gﬁi&l ol?&?(;mi?d of Euralnlayi:C, tthzhyde‘athr@m of
T ! ¢ s, or
compou%%f\}:c ?rﬂpllsjlgéo uais é:oxg\?e 0a squglg ﬁ E‘E gx#yu{) A‘ Qgh ag_ &f:‘or OTs, OM

e conp oun resent
OTf, by rdavitsit withnSQEE op MefOs MebDyor J&Cr ioeadfowtomp&tlnctammula I-C. Reaction

of compounrtrioo%%hgnulg e %&%(ﬁ'ggﬁuﬂ rhf@r@&% Buﬂmrmula II-D

pressures were us |red In nDSt C%iﬁ? q
Subsequpetaeztcrlem of seaproupd af Fomglad bR usdermgydoushy dssg F’EFPW ysis
condltloﬁgéﬂ" BonpSREdbSF d?lfnufa&iﬁ}t@dliﬁonwy &oﬁp&ir&lr of E‘bt;tnulalﬁéﬁ was

converteﬁytg Eg;pq%glog%gwg%gé ag es Q‘%v%%ﬁ in Sléﬁegg e Iﬁ.}?&&r C%QVersmn of

compouﬁ@ aﬂtdrﬂma\/m toEomgoandolf Hormala d€r wiscaceorspiisbed hafollowmg the
prevmu%% gl LL ongltlom%pme%rrg\%rsgcplebf %éﬁu&%xél%&' ?Eﬁfnul&lh-(h ﬁ%mpound of

G RN appr ecl ab tionally, in
Formuld E§1 ayell thtpfuetbalr C@W@iﬁw@ pf eommpevnshef Hormua rlhﬁlt%c‘mllpoﬂnd Ot Formula I-D

(in the r&P&R@ nOF dfp{oWkI@”:)Glm3)aa\)\’a§urﬂﬁﬁﬁ&8 Cotipdend dfHerfiath 11-B can be

saponitication conditions_such as

dircty PRPRHEEMEEIROVES, o HBaIe JoP P e sringted ff Foffguia fgh gith various
alkylauﬁ)g %ﬁﬁ& vhﬂﬁihd:d&ld viabhd Miveurebinteactianrto hffekdtcompowids Emsnula II-D

(compogfif Lﬁ? ﬁaﬂ? Rt ‘5[9?}2( 999*%5% WAl A5hEo ) dak8), and R* =

alkyl or aryl).

[128] The compounds of Formula I-C’ (compounds of Formula I-AA where R® =Z—
CH,—A?), I-C*’ (compounds of Formula I-AA where R® = Z—CH,—NH,), and I-C’*’ (compounds
of Formula I-AA where R® = Z—CH,—N(R>*)(R**)) were prepared as shown below in Scheme 20:

Scheme 20
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sul foxi de (DMSO); acetonitrile; alcohols such as
nmet hanol , et hanol, isopropanol, trifluoroethanol, and
wo b@7l06e7 and chl ori nated sol vents such as nePtyUS2066/044461
chloride (CH2Cl 2) or chloroform (CHC13). If desired,
m xtures of these solvents were used, however, the
preferred solvent was a m xture of THF/ H20/ MeOH. The
above process was carried out at tenperatures between
about -78C and about 120C. Preferably, the reaction
was carrigg, out. between g and about @AC. gThe above
pr ocess tg’%is;%j 2007/ oafs)\%;d/ US2046/ 0 §4461
pr Qg Guhes_of _t W& pre nw@}al onNwas
pre erabl 4ied out "ergut at no 8r&c pressure
al though hi ghep~-qr | ower pressyres were used, if

desired. Subst ant] ally equi r(mta,r anount s on r'eact ants

wer e preferabl‘y sed al t hough—Xi gher or | OV anount s

were used if,glesi¥es [ 124].¢The mn;pound.& -of RPIKFE)

I'1-B (conpounds of Fornula Il where = Z-CH20H) and_ .
where Q') RE’, eudRPfvamas d@ﬁneﬁcprqmuamformn\m\éﬂde)f ﬁermulz I engb &y phthalimido

orN, Vere prepared as shovvn beI ow in Scheme 18: Schene 18
Tl Ol QL NH2 Q N~ .
(125841 T pieh! PredsafioBobRBIauRSE of Lo bE T i 5‘?@6. ourdpghydroxy
group of E&h cﬁxﬁﬂ”ﬁppdmmﬁ I-Bavasigbivettedtody’Adllowingdhoprevedores ab &gsbnbed in

Scheme %?cg cgfl}/%?f&g %og{%)&na é% Fcer}llzaa}H lo coﬁﬁpéxxp Sﬂl“ ogl,rllﬁlg \{)If Reaction of
compound@if Fuitnguld I-CAuider conditidne dessiibdd in Schemexrh aféornd enpeynd of Formula I-

c”. Rea %ncgf cg}ﬁggﬁ?zoﬁlﬂomﬁlu M Wi, DR Yidlited & %ﬁ‘lo@s ﬁ@lﬁﬁ@ dPents,

Eto afford corrpound For nul a W
various aildehBies/sEﬁOp%ﬁoméersrsﬂlefeﬁ? §mF’8'F°‘1f§’€ iHAnY HE1oS a%!atmgoaé%‘&% suchas

acetic anhtrldd dRezoy1 bhnbn&@r 6r Wit carboXyliestidsin tietpieeacesaf HDGer DCC with

h
on bl b ek s B 200 SRS i gmonce o

FormuladQe O Foi 6>dahtple il £tybizhprepacttion sf crmvandd of Foenhlahé]”’’, a compound

of Formr;}{lafgl E eﬁad \évg l&}fgllfl]l a?iesau %ﬁ&%igﬁgﬂﬁﬁr ;d?gsehéz:ér?ﬁ' grslﬁﬁ'gule base ina
suitable §aBrDCIRitable sglvbms mrmsmn(tnﬁmgq prop<fss inshided put wesengt lirgited to,
ethers su\%Ng §§ !%Eégldﬁ_ f)f?neuaciﬁdche l-fltée ancp&ﬂ’(frﬁ{afe%@oﬁ’@ﬁty 8ith as methylene

] above Ir0cess. was te ) dh
chloride{(€Hyfdr) &‘iﬂé’é’f‘ﬁéi Jadbipsiredy S@‘t“réﬁa Eﬂﬁff’ Vf’f‘ﬁ gvere used, however,
the prefe}?feﬁ kewat Iv@ﬁg Slébﬁ)_tl_‘dts]ﬁa (ﬁbuﬂ@bie bass fmiusd iadhcoabovdptopese inch@ed, but were
e above s
s R0 T B BLGRER, y PSRA SO
trialkylagt suchats IPSSIPIEEY. | Thegrefswed savahBIHIEN fhide cate hsiadhe suitable

acylatin é%S &%sea?beé{\@&-ﬂl%ﬁﬁgéj tﬂe coggéél&ggf coé:iﬂblﬁ{dakﬂ'tﬁoﬁhul}{ I-C” to compound of

ano reactants were_ pref

e ed
Formulagl-€ howigie R gﬁé{ argt R G PCH 338 P@om}l@eas g’ge gtrove process was carried
out at teHBSla B beHRA GEIR DTS CaB@ANTRNT209C. PRI dhdfeadtivhiak aarried out

- B under _previou . .
between 0°C and about Z(l)q’C. The alS)O\ye pqgcsegsrtlo k}’)?o%uce compounds of the present invention was

preferably carried out at about atmospheric pressure although higher or lower pressures were used if
desired. Substantially equimolar amounts of reactants were preferably used although higher or lower
amounts were used if desired.

[130] The compounds of Formula I-D (compounds of Formula I-AA where R? = (CH,),—
7%_H and Z? is a heterocyclyl ring containing a nitrogen atom connected to ¥) and I-E (compounds
of Formula I-AA where R? = (CH,),—Z>—R>' and Z? is a heterocyclyl ring containing a nitrogen
atom connected to R*') were prepared as shown below in Scheme 21:

Scheme 21
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amonol ysi s conditions (anmonia in isopropanol in a
seal ed tube at 120C), afforded conpound of Fornula

wo 287/0p726] The conpounds of Formula 11-C ( conpOUOERN0€©644461
Formula Il where R3 = Z-CH2A), 11-D (conpounds of
Formula R where R3 = Z- CH2A5(R313) (R323)aQ, |-B
(conpounds of Formula |- AA where R3 = Z-CH2OH) and
| -C (conmpounds of Formula I-AA where R3 = Z
CH2A5( R313) (p323).) were prepared as shown below in
Sche 19; |l ~~~~ Scheng, 19.44 WO 2007/ O[3 7y
PCT/ PS2006/ 044461 IQ,N2~/ Z.i N| LN/ ~N/ N

\INE ~ Z_ ' 0l-D —= AV 1/:>M(R323)w
2 }%ZN/I-B(}H-C

N N 9, N NN
(R313) ( a,,\WMere Q, R318.4dnd R323 are as fined
previ ous y if 8¢/ conpound of Fornﬁ¥@.l; Ad = SU|tableN
| eavi Mg group\such as OTs?  OMs, yf, or haﬂﬁ such ag"
chloro, bromo, ¥¥ iodo; d = 0 or 1; and A5 = N, O or

where Q %nd REed As deﬂae& MBhS@dly w&e&aﬁcahu QOF@inut:oNPEAICED)A° or CO,A, n
%& t ﬁ Eydroxy group of conpound of Fornula
"OS‘mqﬁ-B b 3By to a suitable |eaving group,
[81gh s tﬁwanpreﬁﬁsnommcmounmwonwal Eacsomnipt Forimula I is
treated Fm%Ploe rﬁg%%g ?_.éxg%qyf cgﬂve%%%—%”aw QL Gy &Qﬂﬁ%ﬁﬂe &fford compound

nggund of Formul g, |
of Formulti . FRGHREDE) (RORS): 24 cempeynd e RFR B 01 © COsBn)

under prelvloalggl de S%Hh%%%olfﬁ@&inﬂ&ﬂnﬁdlg@mnﬁént RemrashéentrhtedHCI and

previously described a diti
s suitableepig ek P BABBLAETSNAEOF FTHAI0. CHIBT PY AR THIS P can e
subj ectecPtB Wﬁd}lﬁd:oﬁkﬁh&&ﬁﬁﬂ]hcﬂné butBovsitedcto mpmwmlmmm@wﬂﬁﬂm@f and

ar(hetar)*_la?ctnﬁ,eafld ggﬁatéorng go gf‘t; I? pn%gdeg ru?eals oéﬁﬁ#lﬁ EQ cﬁ%gﬁﬁ@s liﬁocarbamates,
sulphonaﬁmlqsmmﬂd'antbusﬁmuhmmw n@oggsadég@@mffogm@g nB‘f"P‘&P"F‘S‘O\PW to NR>.
[tll.;a]ﬁ The compounds of Formula II-G (compounds of Formula II where R} =Z7—OH), 1I-
H (compounds of Formula I where R* = Z—A(R**)(R**)z.), I-F (compounds of Formula I-AA
where R® = Z—OH), and I-G (compounds of Formula I-AA where R® = Z—ASRPP)RP),,) were
prepared as shown below in Scheme 22:
Scheme 22

l ‘ :Ik(( /K[/t
NT = NZ = = N

N — y/
K/N\< K/N\< N\<

{z} { z } {z )
R s o

-F o] 6 OH -F

A

‘\_.‘4'

1
5
“~_,,\

AS_( R:l‘lEl)R:iZS)aa AS_(R:H 3)R323)aa

H-H I

where Q', R*?, and R*® are as defined previously for compound of Formula I; aa= 0 or 1; and A=
N, O or S. '
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previ ously described conditions for the conversion of

conpound of Formula 11-B to conpound of Fornula 11-C
w73t urt her conversi on of conpound of ForPai/as10b6/@4461

to conpound of Formula 11-D (in the net conversion of

OH to A5(R313) (R323)aa) Furthernore, conpound of

Formula I1-B can be directly converted to conpound of

Forrmula 11-D by treating conpound of Forrmula I1-B with

various alkylating agent or with phenols via the

[ ﬁ)s Yne %&ma??r%éﬁ:&mm] ¢ c?{n{:&f d of @Hpﬁlﬂ{‘ﬂf o ®L-BUHNR fdllowkhg

wher e
transform@hﬁls@cﬂg'(e@g ggmp@@@f gg)mqﬂﬁ %Wéhre)d\?;ced vgth aa%utablg)redgﬂﬂg agentina

suitable s@érﬁ Such 8 éﬁ\ﬁ unPbordtiyikite id IﬁﬁhW&ﬂ affoh@cafrgand BﬂEorﬁnilla II-G.

la I-C npounds of . Far | - AA wh
Comporngag Fapmuls T wGE BHFSUHIAS POYIoRGY RS SAPHDE 0Hof o affrd
compouanﬁ#Mh‘Q])—F Additibnally, copfponiisiat Bermad IO carubearehctalwith various

amines “‘lv% B‘i%“?th"e%ﬁ’éa 2%“%%3 c?{&%’%} %@%%‘%’b /0617331{95@1(@)“3

where d =REIA5USEO£1@/K?EM6 R*> piiens grevigusty @escribgd for compeung oBFogrpuie

afford coxN %%lg{q E%é-g% élrlééc a= (pA5 \féN '%g% 5{3 l%ré% N;?aerk |ag)mevmusly c(i;escmbed
for compeymsh4f gprylaj[ 0$uh§%ﬂ\’ﬁ6tlfﬁ%f“8? Omnilﬁ?rl% sjof & ﬁamﬂé compoun s of
Formula ﬁmﬁé?é R g0 AQR* DR, 1R Bdre - @ A° N Gl RPY epdREt drons prieviously

descnbeq..t;pa Frgggpq;% ggﬁm 8'.1'[}:] 86%‘180u8]fy%ﬁ%cn%e(? arlxlfxlgréol%aé a)%ditions afforded

compound® BFEsrhith 1G. Biithehobepwimpgudsef Fooodd Urks fomdI-Geand di® fgm I-F
O anERFIR RS of II-B
can be syfhesiZEd ElBaibe 8 e A LM UEADTO K thetar BT
to II-D amﬁ I—Bdo [ 508 er—swec@velzmder condi ti ons described in Schenme 4
4por WWP%&QI—@”" feohmpofinds oREaGHUIORABf where R® = Z—
3;‘3&1 of Formula |I-C'" with, ti)g t limted to
CH—N{R &remretaeraSé’@%W Gelow i $¢ i dehydes/ ket ones
under reductive an nati onSémeagi23i ons, var i ous

acyl ating agents such ag.etr Cc anhyq 8 benzoyl
chl ori de$! orQ W th car% acids i presence of

EDC or Kt h HOBTNGT , or wiN honyl at i ng
agents guc Ts20 OWQ Tf'or@e,dN ﬁ‘pounds of
Formula T<C'"\ For exanple, M- a typical preparation
of conpoundsy o’f For mul a I-C‘ ) a corrpound zot For mul a
|-C' is treat. V\/lthasmtab cylatlnga nt in the
presence of a g\u t abl e base i nSuitabl e selyggnt.

Suitabl e sojyents for usemisn the above pmocess

i ncl uded, but were not limted to, ethers such as
tetrahydrofuran (THF), glyne, and the like; and
chlorinated sol \Né'l nt z‘such as met hyl"¢he Q'chl ori de

(CH2C12) or ch| rm (CHC13). |{~= ed, m xtures
of these-s-or'vei%? neite used, FTovveVer{ e preferred
sol vent was chl oform Suitable b es use in the

fffff

above process includédy but were not }i ted t o,
trial kyl ani nes suchk o7r Jdi | sopropyl et hyfam ne,
triethylamne, or resiy bound trialkyl am\nes such as
PS- DI EA. The pr eferd’ ed bdse was PS- DI & In MR Eae
where the suitable

where Q', R, and R* are as defined previously for compound of Formula I and A® = suitable’

leaving group such as Cl, OTs, OMs or OTT.
[135] Ina typical preparation of compound of Formula I-C*>* (compounds of Formula I-AA

where R® = Z——CHZ——N(R”?‘)(Rm)), the following transformations occurred: Compounds of

Formula II-J (compounds of Formula II where R? = Z=CH,) were reacted with a suitable

hydroborating agent such as diborane, 9-borabicyclo[3.3.1]nonane (9-BBN), catecholborane and the
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acyl ati ng agent was acetic anhydride, the conversion
of conpound of Formula I-C'" to conpound of Fornul a
w0 2@7/06mBEr e R313 = H and R323 = COCH3 was PCT/US2006/044461

acconpl i shed. The above process was carried out at

t enper at ures between about -78C and about 120C.
Preferably, the reaction was carried out between 0C

and about 20C. The above process to produce conpounds

of the present invention was preferably carried out

like, ina sg{t@gg gﬁljxtéeél?t I‘IB @E Eg& a‘ cl cFv)\[ %3)8 Sltlrrege E %&%9{' \mtaglg %Fnd%né :«%‘é@crsuch as
hydrogen Pétokid® irﬂ]iiasﬂmqutmus sadtionea NaBREL AP efqud@pgmgtmdy of Eqrgpula II-B.
Further re%céliog% (E%gie 5£F%¥mlélg\fh§% y&%?%@&%&%&aﬁélg _%ﬁilrdoflolySlS Cond%:ons
afforded cofnpPardnel aonmm -Rh&hehyzoxy grewpgf compounds of 80122‘ qrggg gras then
convertedi6h @ﬁl%YCClL%M}In %B&b ABNLEH OTHIDMs, rUrU'IQ‘Q@ﬁeﬁnﬁﬁmm e gy, GO, or

u of_ _Fo
TEO, resectih 1795983 EORFRImBR0 orme it IS r 19 CEBRp s O Fprmula
I-H with BN @G8what BRI asieiEereds frevilBly dwedbegfepampdurls of Fonnula I

afforded %@Pﬁt&égﬁ%%fﬁﬂﬁigﬁh?wq‘mwm R A RIS

N(R313)(R323))VNNNN 22 Z2 | [1-E, '"-\ I-D_‘..NHI-E
1'36% NRte 35U 6F leorgulaq[lctc ﬁﬁ@ofiﬁorﬂﬁfalmﬁd where R* =Z—
VI OUS or conp ound

OH(CH,; ))@EAgomwunds Q. Fsurmtgﬁ &%W ergggy—l —Cgr )ﬂ"? fl% r(cogx?cpgrn% |0§ Formula
-AA whdrd 81 L 24 D> ey P edte ﬁéﬁﬁﬁia&tsh@ﬂn béloedmPehentt 28f  For rrul a

| -E, conpound of Fornula | treated with

sui tabl e reagents capable o? convertlng N—G992 to N-H
and therefore ford conpou Formul § 1-®. For
exanpl e, treaf LA of conp FornuLa E (when
09 IShB&H&F‘ rn——tm er \R s{ribed
amonol ysi s co Itions follo treatnen Wit h

Pnts
- .

concentrated HC aﬂd \a SU|tabIedP asi c workup, affords
conmpound of For mul 8.4 Conpound_g@f For nul a~ LKD can
be subjected to“xarﬁauchondlmﬂon i ncl udimg butr’ot
limted to reducti ve am nations, al kyl ations “Bmd
ar(hetar)yl awfons, and acylations to afford am ges,
ureas, gugpidjnes, cargamges, thiocarpagates,

sul phonanii e and vagﬂg¥§{y substi t U ed nitrogen
adduct sNToYathord _thd’ne QnVELSL “NN t .

[ 132] THQ/@oﬂgounds 0 11-G H ounds of
Formula I'l wherge R3 II- H (conp unds of
Formula |1 wher¢ R3 ZAS(R3,13)(R323) )4 8 AF
(conpounds of™ ﬁ@fﬁula | - AA™®here R3 = Z- CP%_ and 1-G
(compounds +of Forffll a |- whBre R3 = -y

As(R313) (R323)aa) were prepared as shown Belom1|n
[ahe mevhe: Q'S B2 are as defined previously for compound of Formula I.

[138] In a typical preparation of compound of Formula I-J (compounds of Formula I-AA

where R® = Z—OH(CH,OH)), I-K (compounds of Formula I-AA where R® = Z=0), and I-L
(compounds of Formula I-AA where R® = Z—NR*“ZR*?2) compound of Formula II-J was treated
under (compounds of Formula II where R® = Z=CH,) was reacted with a suitable dihydroxylating
agent such as osmium tetraoxide in the presence of NMO in a suitable solvent such as THF to afford
compound of Formula II-K (compounds of Formula IT where R® = Z—OH(CH,OH)) as a mixture of
cis and trans isomers. Compounds of Formula TI-K (compounds of Formula II where R* = Z—
OH(CH,OH)) were treated with a suitable oxidizing agent, such as but not limited to, NalOs,
converting the diolinto a ketone moiety, affording compound of Formula II-L (compounds of

Formula IT where R? = Z=0). Compound of Formula H-L (compounds of Formula II where R® =
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' I QNH2 N~ N" N N-~-~N( VNZ N N~ Zii Zi
i 1I-FOII-GOHIF NH2 Q NN CNRC NN - - N
wa207m6w3* H A5_(R3' 3) R323),, |-G A5_( R313) R323pEHUSLIE6/@14461

QlL, R313, and R323 are as defined previously for

conmpound of Formula I; as = 0 or 1; and AS = N, 0 or

S. 47 WD 2007/061737 PCT/ US2006/ 044461 [133] Ina

typi cal preparation of conmpound of Formula I-F and

-G the followi ng transformati ons occurred: Conpound

2=0) was; {hen efﬂu | &dell tarﬁc%? Jcﬁgfglﬁﬂamnt J?)n@ltlﬁﬁg h@mvﬁg r88 810 8mine,

vent such as so

HNRmRi% arc;msmtmle reducingegeahshchas ba pejlignied ﬁﬁaé{aﬁal(gﬁc)xaf NaRHCN):,
affordinglcbiBound HHRAHAS TN (EhFBEhas b FdamURIT HHE REE@——NRmRm)
previ ousl éﬁdescr I bed ammno{#f g %@dli iz 3@2 afag ea . under

Compourdsrrgionme JrVHGRTRAEA SHECTRAMT PBTER ¥ Z-CoRndtnd £2%
ammonoly§ik Bbdtidnk, dmrid@iia i@sdpegahedn uAstahnasastm bsmb anl 19€°E, torafiord

reduc nati o di 4 o
compoungt RoPPlt K s 20 e PR VREERE S O lcbver
compound rodt F%ﬁﬂa Hrle (camppurels jof Beinmula B sdherdR'd- Zv@fé@ﬁb@ﬂhhw%ﬁtrcatcd
under the; %:H‘gllo‘?y&gs) coﬁlﬁhoﬁf (%Qd'rﬁl)e& ngm@qg gﬁox@fcm’r:@&\ﬂi'dloﬁf“éﬂqﬂﬁ IM"@Bﬁlpounds of

nd R323 are as pre B .
Formula Mng‘éa{ —on-rOéI@ﬁngFﬁa ag p NERFR AL, ésanersS&g)g@ cﬁ? ormula I-J
(compouﬁ@sa&tl'*'o%ulﬁfl AZOWRaY RS f OFRCALOHE))IWas Itefted #fib d Raigablef oxidizing
agent, suglg gsr_rby%%otlall v%éi gNaffﬁﬁ c%?ég%r glgl)o B?oea\:;’llzegounglmmgtg a(}fordlg%capmpound
of Formtflﬂl—KCI@mﬁmimds of Faranlah A Wherei R+ &r@» ivdich Ivgas teated ymsisgthe typical
reductive amEIl)lzrl]t%l) iGNl 20 sk 95&%@ co&ﬁ&% WRgSmRfla FP "(é'ﬂa‘xll;%unds of

erm)re corrpoun ormula I'l-H from 1l -
Fonnulazlmwh@efﬂt TE+NRPRED- be synt hesi zed according to the

gfh ThObin bR dfFethmilg I-SF(IES oukds f)ﬂForfnhﬁ I-AA where R® = Z—
rgnsf,ormati ons -of 11-B g I-BtoI-C,
OH(CH:NEs pgct» pereyprenaied A7 shaya lteg‘ﬁ’bglﬁf EOEESEor mula |- C'
(conpounds of Formula |-ASciwie2s R3 = Z- CHZ
N( R313) &5323)) wer e prep%r e%,as shown bejgw jn Scheme

23: Sch 3QIQNH2 2
NZ /N N7 P N\

O s i

l'l h !"‘ ..l‘
“\__?_ a) \\i,/’ OH "\NZ_ S
CH I-M EA‘

[140] where @', R*>, and R*® are as defined previously for compound of Formula I; At=
suitable leaving group such as OTs, OMs, or OTf.

{141] In a typical preparation of compounds of Formula I-N (compounds of Formula I-AA
where R® = Z—OH(CH,NR>®R*?)), the primary hydroxyl group of compound of Formula I-J
(compounds of Formula I-AA where R® = Z—OH(CH,0H)) was converted to a suitable leaving
group, A%, such as OTs, OMs, or OTT, by reaction with Ts,0, Ms,0, or Tf,0 in the presence of a
suitable base such as diisopropylamine or pyridine and solvent such as THF or methylene chloride to
afford compound of Formula I-M (compounds of Formula I-AA where R® = Z—OH(CHZA")).
Reaction of compound of Formula I-M (compounds of Formula I-AA where R*= Z—OH(CH,A%)
with HN(R*®*)(R*®) in a suitable solvent such as THF or methylene chloride afforded compound of
Formula I-N (compounds of Formula I where R® = Z—OH(CH,NR*"R*®)),

[142] The compounds of Formula I-O (compounds of Formula I where R?=Z7>—0OH(G"))
were prepared as shown below in Scheme 26:
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, Ni NN '"~N N/N~ N 12 Zi 4i OGHOH 11-J

[1-B1-B NHZ NH2 Q N~ N-- N ZZi \-A+ --=
wWORR30B)76R323) where @, R313, and R323 are aRCTESi0€014461

previously for compound of Fornmula | and A4 = suitable

| eavi ng group such as d, OIs, Ovw or OIf. [135] Ina

typi cal preparation of conpound of Fornula I-C

(conpounds of Formula |I-AA where R3 = Z-CHZ

N(R313) (R323)), the follow ng transformations

occurred: Conpounds of Sehdid #% | | -J (conpounds of

Formula 11 where R3 Z=CH2) were reacted with a

suitabl e hydrobo htl g agent h®as di borane, 9
bor abi cycl of 3. 3. ne (9-
the 48 \MB‘Zﬁ@T/l%G/l Q(NPCTTU

h

t echol borane and

4761 I'*%ke, in a
sui tabl e sol vent as THE fol |l owed by treatnment
with an suitable oxidi |pg agent sugh\as hydr ogen
peroxi de in basic aqueo iplutlon ~0k—NgBC3- H20 to
af f ord Ttonmpounds of Forﬁgﬁé I1-B FumHher reacti on of
conpounds of FormulamnN -B with prevumusly descri bed

ann?npl onditions. afford ds of Formul a
where Q' jang ' ‘?F 8‘2?}86? {i%fo&-fcomgou ourf{gg ééj ormul a | -B was
ISAmI @ oypieil pegartioreofsompaipide of Berwivirgl-@ (esmpounds, of Sigerpula I

where R3Tf -—O%@}’” ) eQLfone m(né't}eg? uM &tﬁ?’o;ﬁglg H—Mc?o%pogﬁds of Formula II

|ve npounds of For mul
where R*’|= Z#O}:wqrh%atedr\@m $1@t|qb]g pu@wgmageﬁsu%?s[mp%@{ or'_MeLl ina

suitable s¥{vieR SibY iﬁaﬁd@ (o%%ﬁ)ga dd’ﬂfitﬁfuﬂd R@ﬁ&nﬁ&d[—ﬁ%&nﬁd\ﬁdﬁsf Formula II where
rev 1OUS Yy esCr e coO 1

T B S e RS UL - o0re™

was reacte@ idbr amknoAdly Vil esr@litkéds, amieniGnAsdifqpaid 3) ¥@8injess jteel bomb at
o 6], The c nd 11

110°C, t%;%t% F%mPouRinP\Aﬁgrmu‘?aFg{) ig(%l[l%ﬁs é}%}'&l Q m&{@?{z gﬁtf_p?l?n (;fG ).
Additionailly, Bomparind of FaynulhkPdcqrepoundyef@ormulp d where K’
prepared%& & %ﬁ%&g’ne;rohn&@f MgLE 108 &conéom%é E@x%ﬁr)la MGWIKH%@RE‘E QQO) with

ow I n Schene Schene 24 gn ? ﬂ%
a sultablequle(ophxﬂlc repgent puchas MeNgBr or MeLiina suitable solven such a3'T

[144] The conversion of compounds of Formula I-PP’ and I-P’ to compounds of Formula I-

RR an I-R, respectively may be accomplished by reaction with a boronic acid ester using so-called
] jebeskind-Srogl” conditions such as those described in Organic Letters, (2002), 4(6), 979 or
Synlett, (2002), (3), 447.

[145] A compound of Formula I-AB is equal to compound of Formula I wherein X; = CH,
X,, X4 and Xs = N, and X, Xs and X; = C; Q' is as defined for a compound of Formula I; R?is Cq.
Joalkyl, cycloCsealkyl, aminomethylcycloCs.iealkyl, bicycloCs.joalkyl, aryl, heteroaryl, aralkyl,
heteroaralkyl, heterocyclyl, heterobicycloCs joalkyl, spiroalkyl, or heterospiroalkyl, any of which is
optionally substituted by one or more independent G'' substituents; and G"! is as defined for a

compound of Formula I
NH, q'

N* N
NT N
R
1-AB
[146] Method AB was used when preparing compounds of Formula I-AB as shown below
in Scheme 28:
Method AB:

Scheme 28



\ NN OH, -° - 3,2 1I-K"-CHIIlI-L 011-My22 NR

R NHZQ NHZQ NHZ Q N~ N~-NN~N N/ LNA- -OH
wo 281861787 J |-K O I-L ,,, NNR R [137] where (@CT/BSH86/044461

and R322 are as defined previously for conpound of

Formula I. [138] In a typical preparation of conmpound
of Formula |I-J (conpounds of Formula I-AA where R3 =
Z- OH(CH20H) ), |- K (conpounds, of Formula I-AA where R3
= Z=0), and I-L (conpounds of Fornula |I-AA where R3 =
Z- NR3' 2R322) ngn’p und of Forrmula I1-J NAS tyeat ed
under (conpo nds pf Formula Il where = 4=CH2) was
reacted wt ' tabl e dPhg@Rey| at iNAQ
osmumtetr AMn the PLRSENCE of a suitable
sol vent such Ms to affor con‘pounaI of rmul a

I'l-K (compounds,gf Fornula Il where R3 5 8 - OH(CH20H))
as a mxture of cis and trans i soners. Corrpounds of
where Q' kfd Rilhra aideﬂﬁe@ penjoosin der comppardmflEarnyla kA, & '3 halogen such as Cl,

Br,or], Oa‘@%@iﬂj& éﬁo@@xglggm%gtg' a sui tabl e oxidizing

ut not Timted to \Ia104 Con‘&fﬁ%f[ﬂé’ffgll‘
[147& di eltyrigst Bfeaark‘étﬂcﬂféo’i‘?ﬁ?‘éld?° AR EREE ua
ABA waﬁeww »%oﬂl 3 S\htaﬂale Q?H)%Mﬁ/&felr J()meulaadv—zgnéra@m) in a suitable
ound_of Fo a unds. o
colvent vie S RiH SEARSC PSR TP SUIoHE B RI08) 3 TR Drdtess
included, Fafvereast litidd tb) @ixtreshch nsieialiydpifoah (T8 elyimgeand the like;
dlmethyI%m nat hg]g%ﬁ"g dg:lngéhgl&ﬁlfo éé 8%1%1569 aBetSitiia k%llc%hélgb&h%aas methanol,

uci ng age suc |
ethanol, isgropanni, tré@o{o@thamggmfi@q; @al)sglvent%ﬁurcg flﬂplﬁg;y ene
chloride (ﬁﬁﬁﬁ’# chﬂéroﬁ%$h@1 | I‘fMasﬁﬁ:Q mﬂﬁéﬁf@ﬁesgwmﬂs&vé& used, however,

f.F la |-
e oo stcor wier T Sl i DR R o b A fgobs W saied vt
temperatﬁﬂe@ﬁétﬁ'gedm% 20°@ Hﬂi‘ﬂ)@ﬂﬁhy K308C.c Piafhratily) niss, reaation maacqrned out between
a St ai n
o i3 Ry S S AR ey v
preferablly-c&ﬁqedlhetr 2t abBit atniosPiesit PRIQRY althvpglebtgngqr or lowesrptrsTgesrere used if
desired. Eu%%ﬁ%ﬁn&ﬁom?&ﬂ%dﬁ r&fctabR I %efekab‘fy‘@dé@ alibugh higher or lower

treated wunder the anmonol ysis
amounts ovsrrivsefl difissitrds cr i bed above to afford conpound of

ggg:u ORe Eklﬂedlﬁ Wﬂh&pﬁfema@&hﬁﬂdlt&niﬂv&héﬂt&ls enalRBe applicable for
preparmggprmugdq (|)_t|) JF) ﬁ’pﬁl rlceﬁlg.&b o0 mexrnisale g %%H@ Q%erula I-ABA
could bezeé&d(dGHﬁa-Bu)taM/as@n@anemgm QhSanrtﬂgﬁjlil@ ngg p@{Fab]erﬁglvent via

typwalﬁec%up@g%m% Qut not limted to, NalO4, converting

ket one noi et af f.ar.di_ng conpo
[149] The compounds of Formula I-ABA ¥>v erein R Q is Cy. galkylngyc%la.malkyl

bicycloCs.jealkyl, aralkyl, heteroaralkyl, heterocyclyl, heterobicycloCs.joalkyl, spiroalkyl, or
heterospiroalkyl, any of which is optionally substituted by one or more independent G'! substituents,

of Scheme 28 were prepared as shown below in Scheme 29:

Scheme 29
NH, A" NH, A"
Z R3-OH z
I% N \N N
N N s
I-ABB I-ABA

where R? is Cy.j0alkyl, cycloCs.jealkyl, bicycloCs.jealkyl, aralkyl, heteroaralkyl, heterocyclyl,
heterobicycloCs_jalkyl, spiroalkyl, or heterospiroalkyl, any of which is optionally substituted by one



of Formula I-K (conpounds of Fornula |-AA where R3 =

Z=0), which was treated under the typical reductive
w@edoiasi7’en condi ti ons descri bed above to af f orBCT/US2006/044461

conmpound of Formula I-L (conpounds of Fornula I-AA

where R3 = Z-NR312R322) [139] The conpounds of Fornul a

I -N (conmpounds of Fornula I-AA where R3 = Z-

OH( CH2NR3' 3R323)) were prepared as shown below in

Schenme 25: Schenme 25 NHZ Q@ NHZ Q NHZ Q@ N NNNN

or more in{geécpifrxllﬁc%z%kgﬁlt%:&bs] G\‘/\‘IhﬁeS rge_!iegneéi'kggv1§us'1 &%E%dng‘rbg g;{;ﬁulM, and
A'! = halogef suchds @r 8vicwds|ly for conpound of For mula |; Ad--

1381, ot ﬁPA @g ?%‘{éﬂagan% QHR cSHsduna s ElisnuldMEBAO4 céilifounfl bARGrmula I-
ABB was (:@gﬁé @g,th@g a}gphqigﬂ?-:é}t-llaxgger’o&fﬂncmgsu n«%\ fﬁdiﬁggsq}lj la%.li kbl solvent in
the presencgc?f SGHANRR 2 Rae 33itable kel vients faruge inyttle aboyk prpcess pnadiided, but were

not 11m1tem pgxlélqgguc?hfaz':or é‘g | J(T\;\-fal:g %ignﬁ ) él?? thgfhkg OJlM?ifAm{é\ﬁhde (DME);
dimethyl h&ﬂ)&ﬁdﬂ OMFOYLHoetorinile QGH];CP&)S clgFenatg\golvenis sv@b?alg Ir:ﬁt,l'nylene chloride
(CH,CL) of cﬁ-ﬁorgf%%n‘@gglgbg a%ﬁesgl% 2Qixt@bs TR kdlvdrewae ﬁﬁeﬁnﬁ(ﬁveﬁﬁr ﬂxe

s di | sopropyl am ne or
preferred gqiwm mas SHENQ Salgabiq.ﬂgaqﬁmtﬁg{r H§ﬂ 1@.1'%3 qpﬂywroaegs F‘%{udg‘(iA ?)Bt were not
limited to o }mFe%HM{eaﬂde Md(zﬁ‘a(hﬁ&ﬁwﬂﬁb(ymie EIAPUDEAD, BBAD). The
preferred p:?ﬁcmﬁs rere tm)]e WN&? o&resr_no %P nqh%%&?vd%glm&d%m The
above pr&e@ﬂﬁwﬁrﬁed out 4t hﬂngbﬁ(m@ouﬁ‘H&%mdt abpytd 00°C. Preferably,
the reactleg%%g%%rde o(fu een :1’1%08{ ?\lﬁea'hﬁ &k@ erH%%Q\F r_&@ce@éc tﬁ)%&ﬁl@e compounds

ormu ounds of Fornul a |
of the preRentnvEniEH(vGHDNFEBREIRT 2T e o[n;m g]nour RENQSBRESIS PRSI D filthough Elgher or

lower prt% &tha_ liseg if £LHRO UEStamf a1l @ iitHoRr bmdies 6f B tants were preferably
wer e

wsed althpush TGheTES DECTOBERITE PR EFSB) (RTARLS: e aeaIgTor
tnphenyl%}lloswge,%IAD, émdlll"‘—bH'NaSVMeﬂ Yei dqhivalentlofikompoun-of Fornpulgl4ABB.

[I51] Alternatively, the compounds of Formula I-ABA may be prepared by alkylating
compounds of Formula I-ABB with an alkylating agent R>-LG, wherein LG is a leaving group
including, but not limited to, chloride, bromide, iodide, tosylate, mesylate, trifluoromethanesulfonate,
under typical alkylation conditions known to someone skilled in the art.

[152] Preferably, in compounds of Formula I-ABB, A'' =Br and I. These compounds are
known (A" = I: H. B. Cottam et al., J. Med. Chem. 1993, 36(22), 3424-3430; A'=Br: T.S.
Leonova et al., Khim. Geterotsikl. Soedin. 1982, (7), 982-984).

[153] Compound of Formula 1-AC is equal to compound of Formula I wherein X; and X; =
CH, X, and X, =N, and X;, X and X; = C; Q! is as defined for a compound of Formula I; R*is Co
10alkyl, cycloCs.jpalkyl, bicycloCs.y oalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, heterocyclyl,
heterobicycloCs.iealkyl, spiroalkyl, or heterospiroalkyl, any of which is optionally substituted by one

or more independent G"! substituents; and G'" is as defined for a compound of Formula I
NH, Q'

1
\N N\
RS
I-AC
[154] Method AC was used when preparing compounds of Formula I-AB as shown below
in Scheme 30:

Method AC:
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[1-N 1-0 where QL and G' are as defined previously
for conpound of Fornmula |I. 1 a typical preparation of
wa@orpoentds of Fornula 1-0 (conpounds of For nul BCT/US2006/044461

where R3 = Z-OH(Gl)), the ketone noiety of conmpound of

Formul a 11-L (conpounds of Forrmula Il where R3 = Z=0

was reacted with a suitable nucleophilic reagent such

as MeMgBr or MeLi in a suitable solvent such as THE

to afford conmpound of Formula Il-N (conmpounds of

Formula Il where R3 :Szc'hgfl%% )). Conpound of

Formula 11-N (conpounds 0 ormula I] where R3 =

Z-0H(G")) rédct ed under anmonol Y4 s®ondi ti ons,

anmoni a i ni | panol icg-gomt ai nl | el bonb at

110C, to affor npou mul 8. 1- onpounds of

Formula | whefe '3, = z-g('&z)). Ad\Ntioéglly,

compound of Formfa 1-0 (conpounds of Farnula | where

R3 =2Z-OH G T)‘SAWas prepared by reacting conpound of
where Q' bfd lﬁ%&ra ad déﬁné@lpmuﬂlg %r%m{ﬁ&ﬁfﬂdf@oﬂmtﬂd\l—%ﬁﬁ A -RBalogefis@h as Cl,

P sui t nucl eaphi li c reagent such as MeMyBr
Br, or Tand OpB(§RE 8 Sﬁ@’&‘?e?%ﬁ“%a?%@@m such as THF. [144] The

[I56hV du 8 iypitabirepuatinounf ¢smpunp piiraula 1P, copgopndef Hognula I-

ACA wascrgme%%ﬁis%&fi a@g bEIshR alcfd/é:s‘)@x iy 1z L HORNPFE 4 Hialle BBlYeliQia

acconplished by reaction wth a baorognic acid este
typical Susskisguelinegapceatres. S iable SRIVHIIS SF Ut In (EGRATS TRORS Lsiod but were
not limitdd R SeheFAQ8 EH dsiEiehhy BroQirg@ (WHF)| giineraad tHea082)imethlyBprmanide (DMF);

, or._ Syn| 2002).. (3), .447. [1 0
R T e W T g
triffuoroethansl, £3id,the ;2 andicherthadés! solvbhts vt aXBiethyBne pljoride (CHECLIpr

LS efg d. 4 9F rﬂéécﬁh!) ‘%3,&1. referred solvent
chlorofo%( Cﬁ;ﬁ)}s’ Eflc d%g]?eg(:%mftglggg ?ééggl_vg%ts E,tgllr’tl:yl S \ge 7 epre Irr’e solven
ms e st a W K q@H m 1y tur
systems vogre L EIE er|ap pm/, atgFy he W@P@W? Was earmg t ?.t temperatures

between MRLESPE Ak Kddue 18PES PRG¥EbIY] the RAEIRIIGHRIs CXigie® Cot Hebadeli80°C and
spiroal kyl, or heterospiroal kc}/l

..any of which is

about 1058 {Tonabavy PERTSS P PLAIES TRPISHRASSHE g erert ARt prgferably
carried o3 8bdult bedEStieria petséare hishoagh Highédrive thweo pressurasorrpoused ibfesired.

Fornul.a 1: NH2 NN N - 46 i hofleAR 190S Dt
substanty e FNAR BRI TR B oo i Bt A 118 amon
were useliéf degired. n Schenme 28: Method AB: Schenme 28 51 WO

[ég é/( %ﬁ%&kdﬁgﬂe}%%@%%éﬁﬁm e nAive Mdér JdS iy be bpplicable for

- |

preparing compounds of formula I-AC from I-ACA. For example, compound of Formula I-ACA
could be reacted with a suitable organotin reagent Q'-SnBuj or the like in a suitable solvent via
typical Stille coupling procedures.

[157] The compounds of Formula I-ACA of Scheme 30 were prepared as shown below in
Scheme 31:

Scheme 31
] A" NH, A"
‘% N k\ N
N \ N \
R’ R
Xv 1-ACA

where R? is as defined previously for compound of Formula I-AC, and A!! = halogen such as Cl, Br,
orl.

[158] In a typical preparation of compounds of Formula I-ACA, compound of Formula XV
was reacted with ammonia in a suitable solvent. Suitable solvents for use in the above process

included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
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\NIV XIV-Z'"NR R 1-ABA 1-AB where Q and R3 are

as defined previously for conpound of Fornula I-AB, A"
we20valoegen such as A, Br, or 1, and Q - B( OR) PCHUS2006/044461

sui tabl e boronic acid/ester. [147] In a typica

preparati on of compounds of Formula |-AB, conpound of

Formula |- ABA was reacted with a suitable boronic

acid/ester of Formula XIV-Z (Q-B(OR)2) in a suitable

sol vent via typical Suzuki coupling procedures.

dlmethylfosrlflna[n?%l (g)l\'ﬁ@l X%{yﬂﬁrl ELﬁf‘oxHﬁ?DMﬁ h&eﬁﬁ@?ﬂ@ Qﬁ%&%ﬁch as methanol,

enot limte et her s

ethanol, isoproparieys dmﬂy.fqﬂaq;]p]an()tppp} the é‘k?/’ ﬁxﬁd c}&ﬁ]ﬂnatteﬁleso veﬂté sucﬁl as methylene
chloride (GHIAHRY LhIBf AR ﬁdﬁ{(ﬁ@'\/@ desiddBivhites siithésexbltrents DB@sed, however,

acetonitrile; such as net han

h
the proferiod s B ISOPROPR | PRS- KR LA 71 AR glres boeen
about —78&d) htﬁf dbﬂﬁﬁ ed°G OPr‘e&ﬁIhday shearbaction wes ¢aytiehat betieen 8Qf€ and about

o arried ou
100°C. Tﬁ? ab(oH 1)8cess foc LRl] g&%gt@ tﬁ%lgregefnt %%ﬁt{(ﬁ%as@réféﬂdﬁl?% d out

ALS wer wever , he preferred
in a glass prksnentubs gt Beislesstas] WmﬁprahwdaW?m ayumotiagyas used.

3 dVBERdrRALTI8A Eorﬂﬁounas%mhﬂﬁl'd E8 obSdhenR 31
[a gut gg@ﬁan about 120C. Pref L% the r blon M@§
wherein T dr € etliod iy ci9G el DEYEOGre SRsEToRE L pesraey ey
heterobici18GE S8yl QpREANA L&t HeRPFRPRicHIS/1, Qlﬁy bhehiph ésetibnallnsgbdtitged by one
or more 1%&831-&% rteé‘e F%ﬁ%%\%ts \xr/el:rg greggrted ?st haRR Yo RLTRERANGE 3L

ower pressures were used
i f deS| red. Subst anti aBtheneefZ nol ar anounts of
reactants mere preferably used al t houglp hi gher or

| ower anopnts re used i f desired. [148] e skilled

in the \\appreC|atB'fH$t alte t hods
may be a%g igabl for ~preparing co For mul a
| - AB fromN“ABA For exanpl e, conpoundNf Fovnul a

| -ABA could béireacted with a suitable orgafotin
reagent Q -8WwBu3 or the |ike |n a sui t abK¥Asol vent via

2B b SR SRR Ak ey
he‘“""”f“‘???“"a‘f”f’?"*“““”‘ °2‘1i%°*‘°“’@““”‘°“w'Wh“é”af““séfféy ety
or morelg ?qea ﬁ?ﬂ S}ﬂe)ﬁtl SLeG y&é i %FQB%E}; ﬁ)‘t‘o ? 14 QRd ula I; and

eteros oAl which is
—}mbgaiﬂmhhéglBubsﬁltuted by one or nore independent G'

@g@g t int 'préHarag_%H %ﬁ? c&&:o\&ﬁd 8f IrRRRNEUA 88 c@h@idnd of Formula

XVI waqwe@ctﬁ \;qrt]h:\ancqlsqiggm%ﬂx empé %ﬁgsqngﬁtﬁ Hﬁﬁ‘é’f‘ﬁ% a sult%_|e !c,\elvent in

the presé?x)f@ Bpsﬁaaﬂl@@h&yﬁts Bihitaphl solsbnth fort lukeyin tharbmzkyﬂopess included, but were
not 11m1t§ng ?rtﬁ gi:lc ag Fetli?§¥(§?%g C(IrI%l!g %}Fr? t gllicptl?le ?ixglﬁgéhyl%gﬁﬁlde (DMF);
dxmethyb@ﬂomna (DMSONbsetonigile ﬁcmﬁmn@ﬂwam solygrvt ok g methylene chloride

(CHZCb%%TJhH?&QQﬁ /(@Aéflﬁ e desired, mixtures of these solvents were used, however, the
preferred solvent was THF. Suitable reactants for use in the above process included, but were not
limited to, triphenylphosphine and the like, and an azodicarboxylate (DIAD, DEAD, DBAD). The
preferred reactants were triphenylphosphine or resin-bound triphenylphosphine and DIAD. The

above process may be carried out at temperatures between about —78°C and about 100°C. Preferably,
the reaction was carried out between about 0°C and 25°C. The above process to produce compounds
of the present invention was preferably carried out at about atmospheric pressure although higher or
lower pressures were used if desired. Substantially equimolar amounts of reactants were preferably
used although higher or lower amounts were used if desired. Generally, one equivalent of

triphenylphosphine, DIAD, and R®*-OH was used per equivalent of compound of Formula XVL
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or nore independent G 1 substituents; G' is as

defined previously for conpound of Fornmula I, and A"
we20valoegen such as G, Br, or |I. [150] Ina typPCHIUS2006/044461

preparation of a conpound of Fornmula I-ABA, a conpound

of Formula |- ABB was reacted with an al cohol R3-OH

under typical Mtsunobu conditions in a suitable

solvent in the presence of suitable reactants.

Sui tabl e solvents for use in the above process

U?Efr %ﬁed”‘ DY el %ﬂ s o kiﬁ&‘i’n’ixﬁgxﬁf% ; Y Mrépa'iétp@ Aflating

ran he |ik
compound$qufﬁblhlylﬂ'tf xwmﬁh@e alkphating age@t%s&ﬁ%whgﬁrnr‘o‘ﬁ |1509eletmf“1’
1nclud1ng,%‘?ﬁ@cﬁﬁﬁl{eh he cﬁ%@@‘om@@ liSdiid) @Js?ﬁtexﬁa eyt SrifuebméBanesul fonate,

I'ene chloride CH2C1% ?‘Q) ﬁ roform(CHC13) | f
under typt?é‘sﬁ“fyéﬂlon pPRditipns dngwn 19R0mg oIS, Wef'e used,

[fﬁvaevmé cothftfndP6fF @R\ ksmnﬁpona@s SFEermSa\abl Seheme 31
wherein %vé? %ryﬁ%thete{'ooahfl ) %o?ﬁlyt st Qcy l)% &L §e inﬁ&le&‘ EiTey ‘QHEs’utuents)

r|p en Ine and the |ike
were prepated aashoandgicvaintfishyina8d: ( DI AD, DEAD DBAD). The

preferred reactants wer g.dehidd3eny! phosphi ne or

- resin-bound triphenyl phosphine and DIAD. The above
process may fe c Tied out at tenperal urey between
about -78Cap out 100C-B(PHRT er abjy e reaction

was carrie t ween apbout OC and. 2 he above
process to produfje conpounds of the %reseﬁi i nventi on
was preferably carried out at about at pheric
pressure alth bh hi gher or lower pre Eres wer e used

where RAif ar 5t HeRebaryPldptioadtyl @b&tuutaqw ol o&ﬁnoaémlldaﬁendﬂft G'! substituents, G

reactants were bl ,al h ror
is as defineg ViRt %"‘V&"‘EE ﬁég‘a”% d%r% th %én er a?ﬂqp 2! BQ L
[Qal]l Vla|a3fﬁlcaoﬁ)rephﬂ‘ahmeﬁy>hmhmﬂsf¢lfﬁe‘mm AYB, a‘m’!PCF'\th d‘F qrayla XVI

was reac{ea gvit]he%htag)(ﬂeub rom éld %E‘ ﬁ&%ﬁpd%m gﬁ%tl‘) oL %{a@le soRBR-via typical

rhat rvef € CO Formul a | - ABA
copper(Iﬁﬂgedb@edmoepimge@onglmgs k%l@blp ﬁglverg%fpﬁ @m§heoafbopebprﬁfﬁs%lmcluded but

were not hiRR t(ymethgrsgﬂc}?ism!&a@ﬁﬂﬁ%ﬁgﬁm YRy hés 1,4M0i0%k fieNarldEhd lkea

dlmethy@m)\éyla{]cgé%{\rg%o%,%%gylg ' ?,%Bwn? égb?}?)aftlonﬂ%gnsfotl\{ehts such as methylene
chloride YCHId]BOHQféﬁHal@ﬁﬁ&t\Heﬁ onmése solvemsietretugel, bawewk,ktiyd prefemed solvent

was metﬁgﬁ HQBHV (ﬁ% Orgrlﬁlg)aa)&rz msggcg & s'S:t%lr' lrlriﬁqg tkie%k\%%%r@écgs_ leJx@&]l but were

= Br and

not limitkd to] beper(Fpavpata(@s(QAe)-), karoewill) tnflate (Cu(QTDzB angthedikey 2pg 2 base

&ho 4 idine A'The-atibive ss to
(pyndmel, an%th‘ga htgfﬁ e gpe? ed]rg%kltsﬁr@n&g Ge% ez?égtgs Idilfygl imne € ¢ proce

produce t88poun(y yf thoBzs8 nyventiors@f PESSPRY ARTieE ORoY RO oioglerig pressure
under aif #Rdugh ﬁlgﬁmqw& padssirey cmuld‘i)el used i ﬂesm&dXPreﬁﬂd)lXEhe:reactlon was

carried (aléfu‘l ahay ZTZO(I‘, éerbeé%ogg%q S ? écigg e{q aesg Df élg_lr% & 2eq. of
boronic béid bRFérmubyRA-BE3H), oadrdcyded peri myxyp?g@s’f |cg@pq1y1d of Fpsppula XVI.

Eleeé“gr %@f %mé’Pa‘t%l (1lf mlh?k@& Q@rﬁbw Im th ﬁe@ét@&)(@’ "W L.B. Townsend

I roal
et oL,/ BétdoCbep 109 3y To84a8%) B Wi €h I 4 3BvResA et 3> Med. Chem. 1988,
31, 2085—%%)' &)k@f@rgbl?yA%eBr 438 LOr € | ndependent G 1
bst'i tuent s G is as Eﬁ‘dhfor e S%Q%é%tam
Fﬁkﬁ5ﬂmIB¢§’ﬂ} R ?{Hﬁ Q“ ﬁN~°°Nm\md§ e‘i"“ TIBH
function4$ g:@ulmﬁe{t chfi BPRkthagmatppaed o wohldfe appreciated }:\Btmge skilledgin the art
that sucB mampula{wn c?f: g}n%ng’l gro%tcmg bé‘gécomphshed with key intermediates or with
late stage compounds. Such functional group transformations are exemplified in the following

Schemes 34-35 as well as in the experimental section but are in no way meant to limit the scope of

such transformations.
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53 WD 2007/ 061737 PCT/ US2006/ 044461 Schenme 30 NH2 111
NHZ Q INIT Q-B(OR2 NNXIV-Z N3 R R I1-ACA I
wo 2@7mbiese Q@ and R3 are as defined previ ousl yPEDUS2006/044461

conmpound of Formula I-AC, A" = hal ogen such as O,

Br, or I and Q-B(OR)2 = suitable boronic acid/ester

[155] In a typical preparation of conpounds of Formnula

| - AC, conpound of Formula |- ACA was reacted with a

sui tabl e boronic acid/ester XIV-Z (Q-B(OR)2) in a

[13#']'; 2&]‘3 SO fr«‘() 1&’1%@;9%‘— ?H?&Uﬁ'ds Sﬁt{mnhm-ACA where R® =

vent's use in the l?ﬁfg:{: la XV
Z—CONRI’B&8)ogere pmbmé drontnmpmrr@ of Reymulg XVt Sgeqmapoupy grmula

whereR3§%—QXﬁz§}#fstéh@w(%ﬁﬂw'iﬁ%@h&ﬂ_éﬁ glyne, and the like;
di et hy

or mam de ggthyl sul f oxi de (DVSO ;
acetonitrile; alcohols % ﬂw met hanol , et hanol

i sopropanol ¢ trjifl uoroethanol -Nian
chl ori nat ed jsol vents such as h
(CH2C12)

of these s ver, the preferred
sol vent sys ens\mere THE/mater ang” EWF/mater The
above process mmszcarrred out at teﬂberatures bet ween

about 20C and abeut’ 120C. Preferabl Vit he R"gact i on was
carri ed out betmegéeﬁgg and about 10 NThe above

process to prggduceg’conpounds of.Adre 9reseﬁf i nvention
was preferably carried out at about atnos

eagn ey f has Cl
where R3t?raed B{7? ereal dbfmegiprévigpsbyforrompayre offiosauig s RPOBERBEN 25~
Br,or zlnd Aiesljl td?c%en olskmﬁtsﬁm ésgr#étﬂyl%ﬂ&hﬂm ar anmounts of
S were pre era (0] DI_ 312
(1 lr nartBuis SrerABREr BLRTPPIAISoFS lf%%;%} YRELALL el agd R
and R*2 WRreltth ﬁfhﬁl tWIH, lread i Woﬁb&uﬁdl‘tﬁﬁ’oﬂil\twmatwmh@nmmpdgg suitable
sovrt, PRI PRl a0 B SATRRBE S 8 b ATl occss
included) bubere rmnuhﬁtedbm emanstse@ amtettrahrgrlrgﬁr-rqnaigﬁg) g6 814 ﬁe like;
0 ! &Hitﬁl@bzh@b}ﬁal%' Vi€t ds mvdtizanol,
dlmethyltﬁg)—gg 4 (gtMﬁ ? Jlﬁ?:d‘e (%glgga 3 %; %ﬁ?\gﬁg ls; o
ethanol, &opyepanot 31'1@#01'%?%9[) ang tha, s éuc a8 me Y Cf’
. chloride ?éi_g%]q\w cﬂ%l‘o@c‘ﬁ‘ni {\CIH(SIQ)h Qﬂ'ﬂ%sfﬁéﬂ, nﬁahemaf tBéseIso]Aiﬁts Nb@ upg!d however,

the prefqsred gplyerd Ws fsepm@m oi%%ab(gf'e ESF?%ISJ IWgs faﬁ%i out @ﬁe&ﬁ&hﬁfég between
about —738¢ AYLIboGLII0 @S Pieteratiy, the reaction was carried out between 80°C and about

100°C. The above process to produce compounds of the present invention was preferably carried out

"the |ike; and
ene phloride

in a glass pressure tube or a stainless steel reactor. Preferably, an excess of ammonia was used.
Additionally, in a typical preparation of compound of Formula I-ACA’ (compounds of Formula I-
ACA where R® = Z—CONR?*2R*?), compound of Formula XV’ (compounds of Formula XV’ where
R’= Z—CO,A®) was reacted with HNR*"’R** followed by ammonia in a suitable solvent. When A® =
H, typical coupling procedures (such as conversion of -CO.H to —COCl via treatment with SOCI; or
oxalyl chloride followed by reaction with HNRR?Z or treatment of —CO,H and HNR*"*R*? with
EDC or DCC in conjunction with DMAP, HOBT, or HOAt and the like) were employed to afford the
transformation of a carboxylic acid to an amide. When A2 = alkyl such as methyl or ethyl, treatment
of the ester with AI(NR>?R*??) afforded conversion of —CO,A® to —COMNR®?R). Subsequent
treatment with ammonia afforded compounds of Formula I-ACA’.

[168] The chemistry shown in Scheme 34 can also be applied to compounds with Q' in
place of A'.

[169] The compounds of Formula XVIII (compounds of Formula XV, [F-ACA, or I-AC
where R® = Z—CH,OH), XIX (compounds of Formula XV, I-ACA, or I-AC where R* = Z—CH,LG),
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or |. [158] Ina typical preparation of conpounds of

Formula |- ACA, conpound of Fornula XV was reacted
wowdao/oeaTabni a in a suitable solvent. Suitabl e BO/WEIWI&044461

for use in the above process included, but were not

limted to, ethers such as tetrahydrofuran (THF),

glyme, and the like; 54 WO 2007/061737

PCT/ US2006/ 044461 di et hyl f or mam de (DMF); di net hyl

sul foxi de (DMSO); acetonitrile; alcohols such as

and XX (B&LARN of Fo%htﬂ@')@l' I1-AGR R 2RaNGhere RP 2 LOHORIREN ). Yrebre
the |ike; and chlorinated sol vents such as nethyl ene

Preparedé%f’rh@WP(y’éfo(”CPIM?)‘eﬁ chl orof orm (CHC13). If desired,
m xtures of these solvestkene3s used, however, the
preferred solvent was Lsoprgpanol The abgwe pr,ocess
vvasAcart‘\l ed out at te era ures between boug* - 78C

t 120C. Pref X, the reactiom arried
out\\ bet ween 80C and on y'100C. The abdye cess to
prodluce con‘pouﬁa—’of t Ne pr\esent iTvent i off was, .
preferab y carried out |n gl ass pressure tuge or a
stai nl es$ _steel reactor. Prgferably, an excess. ¢
anmoni a wa g;\ed [ 159] The gg unds of For nul Sai\XVA
(co Formul a XV c me 31 whergin R3

ggﬁky? cycl oC3_| oal F?)'/ \gl cycl o%_loyﬁ(

aralkyl het eroaral kyl , het cyclayl , a®
heterobicycIoCS_IoaIkyI, spi r oal r

het er ospi roal kyl, any of which i's o ti naIIy
substituted by one or nore inde G'
substituents) were prepared as shomn b tQw i n Scheme
32: Schenme 32 C A" C A" I N NN NZH’RB XVl XVA

where R3 is O _1flalkyl, cycloC3. 18%i kyt\\
bi cycl 0Cs toaI kyl, aral kyl, heteroaral kyl;

r heteroblc cI 0Cs | oal k oal ky
where Qh@%’g,r é{; @gg qu:}e in e%?lyswbqul@ua %r/% Fo(ﬁm%' E& sultalacie leaving

group suSNDsﬁtbé}HétE afleshite) &ﬁluoﬁﬁneﬂﬁﬁ&ulf&%i) 61‘1]&%&& tudb'as chloro bromo, or iodo; aa

(ﬁ‘ %:,d%:#ﬁe 1P alkﬁqns bR R met%ﬁ thdlh Rglﬁ \éhﬁg%ené.lého% (ﬁoﬁﬁp gff] dz=cy
or NH;; AYGOA" lon &' iqnpmé&#Nmep&r ation of a conpound of For mul a
é\/@% h ?’Pg @B%%@g }rfd%gly thg reans W@@ve&? aeld FéMntdQ offformulas

t sunobu condifions in a
XVI-XZuAl’apl ecammopads of Fermylpgl- ﬁ?e‘séﬁéeaQﬁW uinddbt e
Ao ant s, owt D& SOl VENITS T Ol USEqudl té NE above
g:f:’ulpr ocess WRRTPRRG= buta“ﬂléﬁsg not Fosmaad.to, ebherelnR
XV SUCIT as éetranyororuugn (THF), gkyne, and thezlcegs’®
di met hyl f or mam de (DNF) dineth% sul f oxi de %%@gg@
XVIL acet oni tTH: e (CHICN) ; AChl ori nat el&6t vent s su
xvi methyl eneghl ori de  (@H2C12) or EWCor of or m ( CEEIRA® | f
desired, ,m xtures of fihese sol ve wer e used
XVII however, & preferﬁ%d sol vent &%2 THF. - SUFTgE#HJ
XVII reactantﬁﬂior use in Afe above pFé&dss incl udédCHYRE
xvio Wer e notyy I|n1ted to,qt ri phenyl phagphi ne and theniole,
and an azodlcarboxylat§ (DI AD, DEAD, DBAD) . 2433LG
XIX preferre@ reactants vre trlphen§pbhosph|ne 0 2
Xx resin-bonpg triphenylghosphi ne andhdd AD. The ZabBykG

rocess be carried, out at te atures be
XX %%y \ ?2&‘ 2RELG

about 2and about t00C. Prefe .
XX Al Z-CHA’R(R")q
XX NH, Al I-ACA Z-CH,A’R’(RYa
XX NH, Q' -AC ’ Z-CHAR* R4




the reaction was carried out between about 0C and 25C.
The above process to produce conpounds of the present

WO pvesi76n was preferably carried out at aboutPCT/US2006/044461
at nospheric pressure although higher or | ower
pressures were used if desired. Substantially
equi nol ar anounts of reactants were preferably used
al t hough hi gher or |ower amounts were used if desired.
General ly, one equivalent of triphenyl phosphi ne,

[17 e u% lof BeMNAKEMII (Cmpd aﬂ:@mﬂ Foknofia XV,
I-ACA, or %@J_Tvig:%\z %@yz 9;8%1@8 6 1%&@{{%/ %@6/ 044 Formula XV,

1-ACA, or iTREE%ha% Qila ﬁJ Ed-d@)éA5)| 1i<tféaftﬁdl »vng: canpbleneBicing aE@n,rsgﬂaaS)mlpmm
an_a

I
aluminum pysgide ﬁ@d@spgw &nﬁ g}"ﬂ’ﬁi %ﬁz&‘f@?oﬁ@énp sgéﬁ dssﬂ-ﬁ? or methylene
chloride, tdHd2d bétBpound 0 Forgnuld XU It eln attmsyalapr@araﬁgg of Qﬂn@ound of Formula

trifl ro n |.f W m;jy@ i a1 P I@Bhd
XX (compusidg P#?%Tﬁg‘?ﬁ(%@ Fi# & glcr)llarrégn ehésl,lg |ﬁl led | tnﬁ?he a)lgi A y o
group of cArhgpud whBemuda BVIEyeHelnye o g suitablRsHiRESTa P, (Sir’

tosylate, n?%'lfgfz P HYENE b3 FeachbtEN R BOB@ Jr Ts, Wis,Of ort i@ tooifoyd gompound of

onal 'y su stltuted on in ' ton o
Formula )@K[ﬁgqrmqyg%st éﬁ%‘} &4 ? gsg{, S\:ﬁ%{l\%e[{ b egb—\%{‘:‘f? %%2 }ﬁgi tion of
compoundaﬁ' Fohl® m%t}mAﬁknf)(ﬁ”)u SforfiedRbniBEak] of Formul XK. N urfhermore,
compoundscﬁ~ B*‘gfrfnﬁa ?@ghbc rszge dlrec"talgl xl)m}a{techﬁ c%ﬁﬁ&@ﬁﬁd of l‘?)%\hl@ xad lb)ytreatmg

nore I n epen ent b "
compouncﬁdf%fmﬁlu SOV IH, wigh variogs dlsyl@rg’fg ageRfs pr @\ﬁebgg}(;?l jjsunobu reaction

a Qorﬁaoundmﬂmmmamh-m @r I-AC, where
cond1t10nsépnﬁg clom Tg o[f?hlgndl Xiﬁgal un 3at|
z—@zm3ﬁﬂgajwc§]1 w@%ﬁ%ﬁpﬁﬂ agF 0 o2 ;Egg%{;&&j%mned in

the art ml%llicl?)s@tlh% %Js?&ﬂp?opbﬁfe@fﬂge dl&ﬁigdh@ieqﬁﬁmﬁﬂhfaﬂrﬂg-&g{i@aﬁ 36 forpopvert A'
éUlta e SOolLV

=Clto A G\ q,egie Mc §me§ + conYOR RET L Wh) 5 NEUL @t Sliescribed in

e solvents for use in the
Schmmeg@bgﬁgmnﬁsﬁess i ncl uded, but were not limted to,
ers ch Fanuladl AO® shown in Scheme 36.
[?ﬁ éﬁwﬁa%g@%%ﬂmﬂﬁw%ﬂgHonmmde(MH
N net hyl pyrrol i di none (Rmieme 34, | ori nated sol vents such
as nethylene chloride (CH2A 2). If desj@ed, m xtures
of these salyeénts were o d, however @ @referred

sol vent nerhyrEne C orld‘_TCFQC12) QU|tabIe

reactants for use in the above process inclBded, but
were not bhixmited to, copper(ll) acetaﬁ%“(Cu(OAc)Z)

copper(11) triflate (Cu(CWf)Z) ang the |ike, and a
base (pyridine, angcthe@'ike). Th br erred

reactants were Cu( OAc \ nd pyri gt e above
process to “produgs unds of [t helpr €sent invention
was preferably car?led|gut at abouN atHDspherlc
pressure under air, al®hough higher or R ower

pressures coul d be uskxivi f desi red. I-A% ef erably, the
sl S5, S PSR B R LR b wr s
Br, or 1. 2€0. of boronic acid of Fornula R3-B(CH)2 were used

PS5 eHHL Yah SO be S AIRRUBH iy FeqirPikdd 20 aldehydes Q'-CHO (see
Scheme 14 for their preparation) by addition of methyllithium or a methyl Grignard reagent, followed
by oxidation of the resulting alcohol to the ketone of Formula XXI. Other compounds are

commercially available or can be prepared by methods well known to someone skilled in the art, see:

g Cl or

Larock, R. C. Comprehensive Organic Transformations, 2™ ed.; Wiley and Sons: New York, 1999,

1197ff. Reaction of compounds of Formula XXI under typical halogenation conditions with typical
11

halogenating agents including, but not limited to, Br,, NBS, pyridinium perbromide, or CuBr, (for A
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[164] Al conmpounds of Formula XVI are known in the
literature (A" =1: L. B. Townsend et al., J. Med.
w@he@moe 7990, 33, 1984-92; Al = Br, d: L. B. Teemssmwde/044461
et al., J. Med. Chem 1988, 31, 2086-2092).
Preferably, A" = Br and |I. [165] Both R3 and Q@ in the
conpounds descri bed herein in sone instances contain
functional groups that can be further manipulated. It
woul d be appreciated by those skilled in the art that

= Br), or NEE S $5,00 r@‘{'p Q@lpélvécsulﬁ&&dnﬁﬁaﬂldsgff G‘UﬁﬁulEKDﬂIﬁ ’]belr reaction with
’ accorrpl i S nt er

amines of Fpigda Mlﬁﬂﬁs“t e’ﬁ?&i‘fvﬂ"l?efﬁsst? nglnugr oup m ans‘foor redidns
ammocyarﬁib?rr&l)éeﬂﬂdrﬁahhm byheadtion vathi H@Ol‘l@di‘lmgemﬂg gorngltions.

S oo vestn
Finally, reﬁgjgﬁto? %mP?unQ% ﬁdgn%gfgmd%?‘gféfcgﬁ Pl‘&auél{ SonliftioROgi e

transformati ons.
compoundé‘@f POGANOBAT3 TordiTibniSROMEY ©yglizetien incluge:| butrrs ne %‘&ﬁ‘ﬁﬁé‘eaﬂng

with form; lde Q%%%ﬁg amide h@ ma%ﬂﬂsseqﬁmﬁermhaedt WAGA tIEyIe

vvere prepare fromg nds of
orthoformﬁfgy rnenix\and (a-ba% Fﬁﬂ@ﬂﬁ’é treptm fgrmani \RRE?A; onia.
[IZWuléiﬁe Wht&ﬁ:ly&ﬂbsle RkiSedrithe azethas@rseme siBrhitidyis, a substituent
A"

that is 1de(1tg?§om Iﬂé: S%li Eeagﬁxatyﬁgﬁ%.\%%onal groalg fvxlfhr}]ce c}mag béen’/i\%ltlie% 1}1 one of the

revi ous
above proeaﬁmwnﬂhﬁé td-aadergogprotectibh fcﬂldwki@g@lnplgt;ghonatg affprd thquiesn'ed

product am{ VO, &Fl% del?é!a@{,&&e rAlQl:naﬁ{/éW | anSthehbrase prEdeBssk dé&:nbed within
?1 %‘ typi cal prepar at| on olfzgrconp%un £ suitabl
this invenfion mgy he pm, ed m\,gﬁ@qq tonayoid an% Ctll_-?gli ounsy Bl ;Qles of suitable

protechn%%ﬁpsbdgh Bnittas lforttl%lﬂ'éddftﬁﬁ Ghd fhowhl rﬁ@rmumdi inftheHolionsing
amonja_in _a_sujtahl Ivent %QJhwﬂe
referenceg ¢ ﬁﬁg&gﬂbe gfoupaprf.mgguf S eses sl Y\/agv V en s, Jonn Y

s ‘for ‘use
and Sons) 198bhe above process incl uded but vvere not limted

(i RSGing BE RS AR NE HoRo e borihy Pher s, ~ O

i met hyl sul f oxi de
Xa, X5 ang DIYSOY; Xaéﬂ’eiamdﬁivﬁqiendhﬂfbmi‘éﬂis such as net hanol ,

et hanol , isopropanol, trifiywogoet hanol, and the |ike;

and chl orinated sol vents as nethylene chloride
(CH2C12) or chl oroform(/ﬂi@k N If desired, mxtures

of these solvents were {ise¥, however, the preferred

sol vent was i sopropanol . Thﬁmabove process was carried

out at te at ur et wee

50 M AhBr ot Ko ERer s o npaad BT 3R thoym below

out Dbetween
in Schen®)¥7:and about 100C. The above process to produce

ounds of the present invention was preferabl
Method Q$p| ed out in a glass pressure tube oP a stai nl)/ess
steel reactor. PreferablSFhema32xcess of ammoni a was
used. Addi tigqpal hy, in a typi cal prepamit,i om'of
conpound of Fof a | - ACR-B@®Rpounds of) Forjula |-

ACA where R312R3XN-£ cogpmﬁ‘il;/o ’F’(}N'rul a Xv
conpounds la XV' where _N
R3 .

-Q 1-AQ
where Q' and R® are as defined previously for compound of Formula I, A" = halogen such as Cl, Br,
or I; B(OR), = suitable boronic acid/ester and J=H or NH,.

[177] In a typical preparation of compounds of Formula I-AQ, compound of Formula II-Q
was reacted with a suitable boronic acid/ester (Q'-B(OR),) in a suitable solvent via typical Suzuki
coupling procedures. Suitable solvents for use in the above process included, but were not limited to,
water, ethers such as tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF);
dimethyl sulfoxide (DMSO); acetonitrile; alcohols such as methanol, ethanol, isopropanol,
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R3= Z- CO2A3) was reacted with HNR3' 2R322 fol | owed by
anmmonia in a suitable solvent. Wien A3 = H, typical
wa@omplos11g7 pr ocedur es (such as conversion of - QE2ZHUSH06/044461

-LOClI via treatnment with SOC12 or oxalyl chloride

foll owed by reaction with HNR312R322 or treatnent of
-CO2H and HNR312R322 with EDC or DCC in conjunction

wi th DVAP, HOBT, or HOAt and the |ike) were enpl oyed

to afford the transformation of a carboxylic acid to

mﬂuoroetl‘;’!a';]loﬁ Dh e h‘!é\bea’ﬂd ’ei%oﬂna?éd%iveﬁt@ Gichass nistiylione chloriéd (GHLCL,) or

tment of the est r Wt NR312R322
chloroforr@(g}ﬂ@lp)sllgﬁesgf:d mlwlg\g 'thsse se&éﬁﬁ%v g%l \VEUQDS eg rﬁg?e%ed solvent
was glymet/x‘raﬁé\xt N tabbel frocsd Wk carrgtfoor aiednmtp@ahﬁjwe@f abp@tr -A8fCzand about

120°C. Prgﬁegagﬁb gwa{ﬁ%? %ggfg%a RGNS bérke ahf‘a@)‘ﬁb goteC 3‘ﬂ’hé§ﬁﬂ>ve process to

0 conmpoun S pl ace of
produce ccﬁrﬁlﬁﬁzhdél' bithe prepmtinsention vap pwﬁﬁrwlmmlfd ?@@h?h?ﬂhﬂ@oﬁﬂhem pressure

although 11(\%1161‘ or r%“)Q/ pre% u@%'ereq{sed it ’agsuewh gﬁ‘@staﬁaalﬁ e@u%%ou?ﬂs%f reactants

ormul a XV, , E'gner e R3 =
were Prcf@abl@@@@)thougwlam fzdwmefwe‘fi’ W%éﬁf@%‘f 14461 and
[ % ( DREHEES (R arFRIIMaphAcR thit-aAGAat @ mdthAE mlydeepRBable for
A5

i i BT B s S S GRS R covt

reacted with a NitablN drgafrotih Nagent Q'#$nRu; &F the likeZinja sujzable/sotyqnt-vip typical Stille
ﬂ%ﬁ XVI1T 0 XVII1 XIX Al12 A13 "N Z XX . ~-A5
coupling RrpEEfdieR3o3) aa where Q, R313, and R323 are as defin
[178%V Thesbypdunds ofiqyouladl-Gfof Seheme &7 yereprgpared g5 shagmebe S in
Schemesteaw ng group such as tosyl ate nmesyl at e,
trifluoromethanesul fonat e, hal o such as chl oro,
brono, or iodo; as =0 f)'}e“f‘ 383 = hydrogen or al kyl

such as net hyb or £t hyI A' = hal ogensiclp™as C, Br,
or |I; Al2 = NH2; AlﬁH—AIIor : dAs:N,O
;at ds

or S. [170]"Nrhe (or\i owi ngtable i ndil Me

rel ations ¥n4 he conpounds of yFOTNTUI XVI | - XX,
A12, Al13, compound®&’of Formul as I-AC, |- ACR’ and XV,
and W Conpoun®-®f wherein A 2 = and A= . . is equal

where R*iQad W@ &d PreAusty fdr Qbmipthiad of Fopmumal and. A" = halogen suchas Cl, Br,or I;
and J=H or NH..

[180] In a typical preparation of compounds of Formula I-Q, compound of Formula IM-~-Q
was reacted with phosphorus oxychloride (POCl;) and triazole, and pyridine followed by ammonia
(NHS>) in a suitable solvent. Suitable solvents for use in the above process included, but were not
limited to, ethers such as tetrahydrofuran (THF), glyme, and the like; dimethylformamide (DMF);
dimethyl sulfoxide (DMSO); acetonitrile; alcohols such as methanol, ethanol, isopropanol,
trifluoroethanol, and the like; and chlorinated solvents such as methylene chloride (CHxCl») or
chloroform (CHCI,). If desired, mixtures of these solvents were used, however, the preferred solvent
was isopropanol. The above process was carried out at temperatures between about -20°C and about
50°C. Preferably, the reaction was carried out between 0°C and about 25°C. The above process to
produce compounds of the present invention was preferably carried out at about atmospheric pressure
although higher or lower pressures were used if desired. Substantially equimolar amounts of reactants
were preferably used although higher or lower amounts were used if desired.

[181] The compounds of Formula III-Q of Scheme 38 were prepared as shown below in
Scheme 39.

Scheme 39
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XVII A A XV Z-C02A XVII NH2 Al 1-ACA Z-C02A3 XV
- Il
NH2 Q [-AC Z-C02A3 XVIII A Al XV Z-CH20H XV |

I
WORB7Ab1731 - ACA Z-CH2OH XVIIT1T NH2 Q |-AC Z- CHACHUS2006{044461

a Al XV Z-CH2LG XIX NH2 All 1-ACA Z-CH2LG Xl

- X NH2
Q I1-AC Z-CH2LG XX O Al XV Z-CH2ASR2(R4)d XX NH2
Al 1-ACA Z-CH2ASR2(RA)d XX NH2 Q I-AC

Z- CH2ASR2(R4) d 58 WD 2007/ 061737 PCT/ US2006/ 044461

[171] Ina typical preparation of conpound of Fornmnula
XVHI (cgnmpounds of For mul aoXV | - ACA, or lo AC amwhere
R3 = Z- )J\cqrrpound of la XVII unds of

For muing N - ACA__or, I™NAC, /ere__Rs.. 2A
is
treaS,elsk wNth a suitabl eJ/rJ‘éd V\pg agent 4-s \cél

lithium al umi num hydride or diRsobutyl al uni nuf
hydri de, v a suitable sol V&, such as THE"8r

where R® 581 ‘{L}Hns‘?gyewsmbom dGmpdi@daf oS RO Rilogd shelr ltlaBr, or I and
. a typical prepar ation of compound of Formula
orNH},O( (conpounds of Formula XV, |-ACA or |-AC, where R3

(182 B3 icphiaRon ) Bcmpotuhd o fEatmoleyll- (g,nm@pnqﬂate V-Q was
converted F%%xi?g%gg p{)lﬁ)gr%ulrﬁrgla% ><l\éherm %e%? ?r&%hﬁ} ¢} Qvaﬁﬁééiéd\aﬂ Fhosphorus

0os
oxychlondéf(PDOlgﬁ ired eijtatily solemt &t ayitelple rpagmltgmec%/ratpgez ’éa‘ult azefﬁlve&ts for use

in the aboY_e o?rgc%sg i fdgc{ d mgp H&riﬁim%fd to, et dush & t&rz‘k@ﬂmﬂlﬁuﬂﬂ (B10)f glyme,

and the hldéeddomx@tpd(splvel@tg) mgb @géxeg]fy epé £ Tléee(@(:w ?r c orc|>‘fG )m (CHCl;), and
acetommlE!Aﬁ(cﬁg'ﬁle%) (33439 sanab E&Kf&ﬁﬂw&@m rthe pfeférordrenlvantydas acetonitrile.

The abovejproegss Fn?nggagﬁ%qu[t rEEg:)ti'{gereta,)xres ll:)e:tw(ﬁ:e ?b(%y 7I81’ Qxﬁpabgﬁt 120°C. Preferably,
the reactu;nr @@J dafiied cuobgreeendiotd arﬁtﬁhq:ui 3°R\/The alwvg ﬁrog%ﬁs rubm'gduce compounds
of the preﬁeélﬁé ?1%%)%8 2 %ger%e%r?bl? EarHQ&jglEt at Mu@ ﬁho%ﬂeﬁbl Bﬁbshhref fmotightiigher or

npounds of FormJ

lower pre§sugsspaucagsd qﬂ‘deﬁmdn@mg-rrxqaatq fopFormuly [I-Q xyas P{‘,ﬁl{gll‘,eg by ﬁ?ctmg
1ntermed1é§%?%A§1(lﬁgﬂ\s Maﬁt@ﬁb helopétiatihg Afent Shitabls haloggnabmgiagents

included, hut were W@bg@tqq?frg, }%é S CA’p gpcg:g(}rpg%ccsé&(nn?dg % %{%mog&@mﬂﬁlhe or N-

urin
1odosucc1§1ﬁﬂﬂd€ NERe SERWEd hdlogoakeiegai Neivdysuceinigide. Suitgple gojvents for use

in the abqyf@r;ceglgl-_lnzlflb eﬂdlg.lsf (\:vrel bneo 11m3te§ &) g@@rg%&ch a@%ah?dr@ﬁﬂ%ﬁﬁ‘HF), glyme,
and the lidPlimethlfermaideZPME; dilmegyh gﬁlfoa(gle ﬁpm)aﬁe@ﬁltﬂlf alcofhols such as
methanolsgt]ggnolf ng% %anﬁoﬂx@m&%eﬁmﬂ? dnd t8 19N arid chiveineted s@Gents such as

methylene chloride (CH,Cl,) or chloroform (CHCL;). If desired, mixtures of these solvents were used,

however, the preferred solvent was DMF. The above process was carried out at temperatures between
about -78°C and about 120°C. Preferably, the reaction was carried out between 40°C and about 75°C.
The above process to produce compounds of the present invention was preferably carried out at about
atmospheric pressure although higher or lower pressures were used if desired. Substantially

equimolar amounts of reactants were preferably used although higher or lower amounts were used if
desired.

[183] Compounds of Formulae IV-Q and II-Q where J=NH, can be respectively converted
into the compounds of Formulae IV-Q and II-Q where J=H, by diazotisation procedures known to
those skilled in the art. A typical procedure includes the treatment of a compound of Formula IV-Q or
1I-Q where J=NH, with tert-butylnitrite in a suitable solvent such a THF or DMF.

[184] The compounds of Formula V-Q of Scheme 39 were prepared as shown below in
Scheme 40:

Scheme 40



" AI1 R XXI XXIT XXITIT NCQNH2 QU H2ZN NN R3 R
XXIV I-AC where Q and R3 are as defined previously
wo evo7oertpound of Fornula |; and A" = hal ogen SPCHUS®06/044461
ad, Br, or I. [173] The conpounds of Formrula XXl
maybe prepared from al dehydes Q -CHO (see Schene 14
for their preparation) by addition of nethyllithium or
a methyl Grignard reagent, followed by oxidation of
the resulting al cohol to the ketone of Formula XXI.
O her conpounds are connErC|aIIy avai | abl e or can be

pr epar ed by @ret hods mell nown t o someon skllled in
the art, 9H\ELar ck, AR 6 ConﬂLgFen§f @ gani c
Tr ansf or i orjB, d ed. : IeVNand So Rew Yor k;
1999, 1] F'“Reactlon of co of Formula XX
under typlca

%Logenatlon cond|t|0n§ W th typica
hal ogenati ng agenhts i ncl udi ng, but not limted to

where R! iBa2defNBSprepipnslg faricamppardmidieiroda I 2 OBy gkgypPr zﬂea‘ggg group
such as ch&zo{ﬂ/%@ﬂ%?%\d JFL%I/ )06/ 044461 = Br), or NCS or

'Ves the conpou d or -~
[18X) | In ameqcal reRRTPBIPLAicPRPOUH 41 ETBHA M ‘s’rﬁﬁ%’l’ﬁ%‘i‘r&u‘?@ ormula VI
Q and con%o‘(xﬁ& of ﬂg’nﬁm\ﬁ%ﬁtr@«{b%ﬂ @Eeﬂ:snlrtmlé ﬂ;xﬁé(l-dohplﬂdgaionémms Suitable
converted to npcyanopyrrol es, of-F iy
conditions 88817 B SATERLFOTTET 1RSI SRt (O fhen A" = OFD
with couth@fﬁakébts sfue‘lﬂﬁID@ﬂ oﬁEDCbtrponjmoofWﬂﬁd?MﬂPaHWF V@ the like,

M 1uEBRUES n&flimited
or reageniigixllp(ﬁ_gg %%ols#tsftgﬂgée 1% ?ﬁ?ﬁ?te ;%?/?Eél"i?g tuI 0 BWHCF fn“:; e1
to, cthers busth aamatmtroﬁamn(wmgtquqe@é thp dfkes dirpet hylfrmamiad tethy
sulfoxide Qﬁﬁ@% c\éfoh%lf:%a‘f%@hﬁ@d M&n&ms&hloﬁﬁﬂmeﬂﬁmahylene chloride. If

INIRTITAI SN . PO 7 ) ol {m@ﬂn RBRSchloride.
desired, mixpzesef tl'@gcﬁygvﬁpqs Ayerg lllsgg,t ever, eilﬂ'e#eg?é% lyeqt @tgy
The abové Emgslsavas bdviéd olttat t&ﬁi]:bbﬁtu.b& t&p/‘flﬁ’ee ebaut 6% g th@isﬂ@"c Preferably, the

reaction \gwf l?léﬂatttagcflﬁ g% - g Iat bb e pr & I:é &feﬁﬁnsc’)gﬂn%s of the present

invention’ \eﬁqﬁeﬁnably ctupied ofitLan gbdud n‘@llosghe@llg [PT“-W’Hr e P’N“?ﬂ%h gl or lower pressures
were usegﬁgigsn'e%d Su ta%ﬂ? )péquirnﬁa zﬁ@&x\‘@s JTrOQCRAS YRre Mﬂfe{abl’}a)éed hlthough

0" protecti‘on owed by dep rotectlo to

higher of[lh*eerdae:g]upfe dverep.psg@ ifdesizgd g AlteEia] vcﬂm d:gglp? ula and A\
(where A e'qEUl G81SY) wRkd Radied dviﬂ@ba)/sss ﬁﬁﬁhhefeﬂ'@fantlﬂireorpthyhhsgm'gpylamme and

the like 1g g%g]arllqkt)lgg gygﬁ)&vﬂg_g ﬁybfg{hls llﬁlgn ;/ glﬁgatlbpe%o@l){ts Po? u@éml tﬂi¥ Sld.)céé% included,

roups. Exanples
but were%t Bité @8] @herpsush es teiralgy dgoforap STHRY g}ymeh:mgghef W t hei r

dditi itk trle N6 @ nated solvents
dnnethy %Qgﬁﬂspr %{g&&?&l% k?ﬁl\/fSQﬂn'g:eioH grﬁll ip}lfg}(g,n tc es{g@ Zde hS(:Never
such as cTﬂoer@oeentéylamcmDﬂdG IMCSVW’( §“X%F| ﬁfWSIeé9 R G TSR °b
the prefe}%ﬁ Qivint (2% DVATPEINERS prEéHsWh@cah‘m‘aQult 8t tefpiahtuted between about —
20°C and:abqu? ;Jé]fré R@feﬁglﬁglilygrelmteng{zﬂ%lcguéﬂ 8Pt W%Elﬁeen %520 an%&?QSa@ drRPabove

process to produce compounds of the present invention was preferably carried out at about

atmospheric pressure although higher or lower pressures were used if desired. Substantially
equimolar amounts of compounds of Formula VI-Q and V (where A' =F, Cl, Br, I) and base and
substochiometric amounts of DMAP were preferably used although higher or lower amounts were
used if desired. Additionally, other suitable reaction conditions for the conversion of an amine
{compound of Formula VI-Q) to an amide (compound of Formula V-Q) can be found in Larock, R. C.
Comprehensive Organic Transformations, 2™ ed.; Wiley and Sons: New York, 1999, pp 1941-1949.
[186] The compounds of Formula VI-Q of Scheme 40 where J=H were prepared as shown

below in Scheme 41:

Scheme 41
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NH2 Q@ N~ ~NJ~-NN\ n R 1-AQ[176] Method AQ

was used when preparing conpounds of Formula |I-AQ as
wabamoctse ow in Schene 37: Method AQ Schene BFT/NEIR0R044461

NHE Q@ Q-B(OR)z Ni i XIV-Z NN J~-N-N\N NN~ 3

RRII-QI-AQ where QL and R3 are as defined

previously for conmpound of Formula I, A" = hal ogen

such as d, Br, or |I; B(OR2 = suitable boronic

acid/ester and J=H or NH2. [177] In a typical

preparation gf conmpaynds of Formnul aol -AQ conpound of

Fornmula 11 - gacted with a suj Fporonlc
acid/esterHN(Q|B( 2 'nasuudﬁ‘f ent via

t ypi cal Suzlﬁﬁ '. procedure Nzéw tabl e sol vents
for use in the above process i ncluded, but were not

limted to, wa{gp ethers such as teta ahydrofuran
(THF), glyme, and the like; dinethylformanide
[&7ire fihy typeal properation( efvsomponrdefdiorprla V-Q.& °€8ﬁ81“$d %fi}*eﬁnula

- | SRR R aReble BReMO sEAthlé Qﬁlhﬁﬁ)?ns include
VI-Qis r%%%&%%ﬁﬂ%%mt?ﬁlﬁuorloet hanoel ; the. lik

weatment of pompyaq SEFSEFORIS b IS R PTG B o e Sovent
Suitable sQ)Qlehtl 283ke ﬁlrthe s80ve prces indda o3} weldefnodBmitedeid, ethérx sushes

tetrahydr%ftﬁag éﬁﬁs &&Sﬁ’ ent g & grrge%%ﬁfoprgm%:é: r(Dl\/ﬁ‘Jg-ediBEt&gl%ﬁg)gde (DMSO);
acetonltnlbahﬁlb@ﬁatﬁdl tsolﬂdnti e es aﬂm*pﬁmbetrwewhnabldgmde, Figohaiggolvents such

as metharbo t':m(l eth.'}nég g‘f 2 b ShARk oé’%lté@e o@@‘fﬁs‘ Y veaRed; ?15&'&\%@ tHereferred

a’bout e above process
solvents Yo gthawol @cﬁﬁe@ﬁ&ee elfloﬁl‘if‘e B\eéé‘e‘ﬁ"tpf?cﬁ%‘ﬁﬁ “Gﬂ“\ﬂé’gt &t temperatures

between 950%{ el Yo KA BOICE ChrofdtabBl tha h@idtionnlviinapidrducatpibest2Qt@ The above
ough hi gher %‘ | ower. ‘%r essures?%eﬁs,c egoufatabout
process t@lé@ﬂl‘“@c?"“@&ﬂ?ﬁé?m CRFISERLARTIHEY WhS BRI URD <201 Ceat ant s
atmosphetRipRespire biticabh Yigtaad laldriposgiveshivgh esedaf ddsivede rSubstertinlly
. .were ysed if desired. [
eaimolsfarpoit o et e B hod A M el b ndbhls were used i
desired. appl i cabl e for preparing conpounds of Fornula I-AQ

[Lgé)jm b&m&ugﬁé){)f FRIRNLQ %@unﬂﬂ[ tHay 50 prgphdd hdcofdigDielthe
a suitable organotl n reagent Q - SnBu3
procedures dasprébedlji.& Hiehy Cée@u[1t9§61 &L/ vent via typical Stille

[189] The compounds of Formula VII-Q of Scheme 41 were prepared as shown below in

Scheme 42:

Scheme 42
0 o) 0 O
HN/“\‘/\N HN)]\”/\N
)\ /1N k\ /N
S N (o) N (o)
H
Vvill-Q vil-Q

[190] In a typical preparation of a compound of Formula VII-Q, a compound of Formula
VIII-Q was reacted with Raney Nickel in a suitable solvent. Suitable solvents for use in the above
process included, but were not limited to, ethers such as tetrahydrofuran (THF), glyme, and the like;
dimethylformamide (DMF); dimethyl sulfoxide (DMSO); acetonitrile (CH;CN); alcohols such as
methanol, ethanol, isopropanol, trifluoroethanol, and the like; chlorinated solvents such as methylene
chloride (CH,Cl,) or chloroform (CHCls). If desired, mixtures of these solvents were used, however,
the preferred solvent was ethanol. The above process may be carried out at temperatures between
about rt and about 100°C. Preferably, the reaction was carried out at about 80°C. The above process

to produce compounds of the present invention was preferably carried out at about atmospheric
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coupling procedures. [179] The conpounds of Fornmul a

I1-Q of Schene 37 were prepared as shown below in
w®edenel1738. Schenme 38 0 ANH2 A" HN NH3 N N NeGI/UBR006/044461

J>-NNRR 111-Q11-Q where R3 is as defined

previously for conmpound of Fornmula I and A" = hal ogen
such as d, Br, or |I; and J=H or NH2. [180] Ina
typi cal preparation of compounds of Fornula I1-Q
conpound of Forrmula I11-Q was reacted wi th phosphorus

pressure effi’%bf&é?xl }ﬁ’éﬁeg 6r 16@%39511&8 referu ds@dzif lgesirean S%‘tlﬁycihtlﬁil}fﬁlulmolar amounts of
n a suitable

et PR S o Ao L g, adsomany
compoundl BEFaERA:, VI cande @rapaied bly renctierh ctompoawefl@r@uwlﬂsQ with a

suitable Oé}drl%l?q’]h%lﬁgrtgl{l %Q%Qaa{e SE)B% qﬁl ngEble %Erlji ﬁ%ﬁﬁ%ﬁ%ﬁ?@ludes but 1cs))not limited to
hydrogenaestxlei(H:P).8-chidre phoksbeserin acid (REPBAhwId thelike rr"cwtable solvents for

use in the' eﬁ)gpé ﬁgl?égpincludécf bIltI WAGE ﬁ&tlm&gltm cdafh subi€ad Tllﬂe,,gl Jand the like;
'ori nated sol vents such _as rreth leacggq?hl ori

DMF; DNIEPR@HIN:Ghd JEmUBsrTY EEAR Friot Raigr e 7Bl Ui 35 GHAGL: o
CHC, If@bsileN afiR & of @itk Ssodanes wléiedsedhmm\i&t the ipheferprdash Bentarhs DMA.

he s gt S O BRSO AU B 0 P, oy,
reaction wixatried DOCat aBsweriep ABIG, Théabove protess to méuceapmp@mde gf the present
invention wasgqi?t%nraglg C%@d ggtoag %b&ﬁ gtmo-gi;fen@ ?ﬁa\éﬁmp Liffotg hltgﬁer or lower pressures

mpoun e present 1nvention
were use@ Halegredh SybssatipienugnelaamaB i rHeHBS SifeT I?refeBPévs%Sa? gthough

hlgheroﬁb&zM%g)hmgl“%ﬁ?ﬁse&{fdhﬁmr pressures were used if
desire ubst ant.j a t f
e e s e

Scheme ¥®re used if desired. [181] The conpounds of Formula

I11-Q of Schene 38 were d as shown below in
Scheme 39. Schene 39 Gﬁ&%ﬂgggw 061737

PCT/ US2006/944461 S0 0O 00 A HN(H)LR§ HN NN N N J'

dN?\I \dA\o 4 R3 is as
efi ned previ I 1=
hal ogen such asoT @

IX-Q vill-Q

[192] In a typical preparation of a compound of Formula VIII-Q, a compound of Formula
IX-Q was reacted with thiosemicarbazide and a suitable base in a suitable solvent, Suitable bases
include, but were not limited to triethylamine, ethyldiisopropylamine and the like. Suitable solvents
for use in the above process included, but were not limited to, ethers such as tetrahydrofuran (THF),
glyme, and the like; dimethylformamide (DMF); dimethylacetamide (DMA); dimethyl sulfoxide
(DMSO0); acetonitrile (CH;CN); alcohols such as methanol, ethanol, isopropanol, trifluoroethanol, and
the like; chlorinated solvents such as methylene chloride (CH,Cl) or chloroform (CHCls). If desired,
mixtures of these solvents were used, however, the preferred solvent was ethanol: The above process
may be carried out at temperatures between about rt and about 100°C. Preferably, the reaction was
carried out between about 40°C and 80°C. The above process to produce compounds of the present
invention was preferably carried out at about atmospheric pressure although higher or lower pressures
were used if desired. Substantially equimolar amounts of reactants were preferably used although
higher or lower amounts were used if desired. Compound of Formula IX-Q can be prepared
according to literature procedures Knutsen, Lars J. S. et. al., J. Chem. Soc. Perkin Trans 1: Organic

and Bio-Organic Chemistry (1972-1999), 1984, 229-238.



J=H or NH2. [182] Ina typical preparation of a
conpound of Formula I11-Q internediate V-Q was

we@eowest’ed t o conpound of Fornmula |IV-Q | nternedi/as®oebsdscl
Formula V-Q was treated with phosphorus oxychloride
(POC13) in a suitable solvent at a suitable reaction
tenperature. Suitable solvents for use in the above
process included, but were not Iimted to, ethers such
as tetrahydrofuran (THF), glynme, and the I|ike,
[@Beslor It m&tbesambkeeiateﬂ byulsdie sllleEih e 2NBatdh kehé §iﬁ1at10ns, a substituent

‘s oraf.orm itrile
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and chl ori nat ﬁ%s I vent s such as nethyl eneRchI oride
(cH2C12) or dM%roform (CHCL3). 1f desi¥&d, mixtures
where QbindiRi@scassiinaIirsviv@lefod S&pount 8RN BII1a I B A g}ﬁf(fggrgsuch as Cl,
Br, or L. sol vent was DWVF. The above process was carried out at
t enperatures between about -78C and about 120C.
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Scheme 45
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HN NH2 V HN H R J~N-N J-J'Z~ -NA VI-0 V-Q where R

is as defined previously for conpound of Formula I; A
We20A06EBkoxy, or a | eaving group such as chlBCDUSI006/044461

i mdazole; and J = Hor N112 [1851 Ina typical

preparation, of a conmpound of Formula V-Q a conpound

of Formula VI- Q and conpound of Fornmula V were

react ed under suitable am de -coupling conditions.

Suitable conditions include but are not limted to
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such as DCC or EDC ifn
t and t henF1 7 \WOr
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Transformations, 2nd ed.; WIley and Sons: New York,
1999, pp 1941-1949. [186] The compounds of Fornul a
VI - Q of Scheme 40 where J=H were prepared as shown
bel ow i n Schenme 41: Scheme 41 63
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WO 2007/ 061737 PCT/ US2006/ 044461 O O O HN( N HNNH2
~NNN~N~N O VII-QWVI-Q [187] In a typical

w@e@pasest on, of a compound of Forrmula VI-Q aPCDDRIO6IGH4461
of Formula WVII-Qis reacted under suitable reaction
conditions in a suitable solvent. Suitable conditions
i nclude treatnment of conpound of Fornmula VII-Qwth
hydrazi ne or nmethyl hydrazine in a suitable solvent.
Sui tabl e solvents for use in the above process
i ncl uded, but were not limted t et hers such as
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Scheme 0. [oapglindsiof Fermuds VI-oVerregneparddsronecenprsieds mﬂ‘Formula VI-W. A
typical p{,?gg’ urree E)r tﬂe%%x%l rs(i‘grrl.rgp g%%urﬁfs oE ﬁ&%ﬂl-ﬁv iﬂWQo \é&ﬁﬁ&n& gh%rmula VI-

prepared accor cedures describ

W involyien su‘b_] qqgng a Mmund(of g gm)u?a Yﬁ[—Wﬁ\glpere F(T 8’9?21% &o @gwgmons

such as, but ngpﬁrﬂyéd"’ko,\éalta‘lgicq{gd BSiBn thle NBEBle BSICRA LELsUAEDL1S F¥tion

elow 1 n Schene cheme 42 0.0 O HNN HNN.. S~NN
temperatgye. Spitahlealvents for yse thbma]JO\Q prTCf%]‘lcl}l(]‘ng Pg;meéeayot llmlted to, ethers
such as t@&eﬂl@%ﬂiﬂn@(’[‘l—ﬁb dymo)and tirdikef alfudiblitibdvedts su@l) asamebanpb ethdnol and
L
were usedb (I‘hepreﬁamd sslyeits wlerechtiy] adstate andrmeethrmol. | Thejabeve precess was carried

out at teﬁnpggtlﬁises gl e :ﬁ?lfc}u?tfi;a@ tg:{ eﬁ.)ﬁ)h‘tr 1@6"(( Tﬁgberabw Yi¥eacBBS whil€rried out

formam ), . dinethy SU|fOXId
between(m abawlct5dhi The phove @‘B@N}O prgqhg;a ﬁBlll‘lgOLgl&E At the present invention was

preferabfﬁaﬂ%@ut at%bb&%hosph&ﬂﬁfr&@&ﬁ @lthoulgh hightosraev eranabyresawete used if
desired. éﬁtplallal {z}gy (\&8399% %@ﬁd ﬁﬁo ¥l§2? tgx? Fﬂs g Ca%e%%s”?%?%ndﬁy 9I—W could be
achlevedrby(ﬁ'éﬂtrﬁ&xt ofa bohﬁfuﬁmﬂ olff Yenntuda VIBYW mﬁeﬂwhmgwékylphosmes in the
presenc(gofe wa%errru? d at%?alb¥ eﬁive nagltrngbt%%?léascugeﬁvu\%gﬁ‘(ﬁe PEQEERIoRBMs for use in
the above process 1ncluded but were not limited to, ethers such as tetrahydrofuran (THF), dioxane
and the like, alcoholic solvents such as methanol, ethanol and the like, esters such as ethyl acetate,
methyl acetate and the like, DMF, acetonitrile, and pyridine. If desired, mixtures of these solvents
were used. The preferred solvents were THF and acetonitrile. The above process was carried out at
temperatures between about -78°C and about 120°C. Preferably, the reaction was carried out between
40°C and about 95°C. The above process to produce compounds of the present invention was
preferably carried out at about atmospheric pressure although higher or lower pressures were used if
desired.

[200] Where X'? = mono- or di-protected amino, the deprotection could be effected by the
procedures known to those skilled in the art and as disclosed in: “Protective Groups in Organic

Syntheses”, T. W. Greene and P. G. M. Wuts, John Wiley and Sons, 1989.
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about rt and about 100C. Preferably, the reaction was
carried out at about 80C. The above process to
w@e@docE3Ttonpounds of the present invention WaBCT/US2006/044461
preferably carried out at about atnospheric 64 WO
2007/ 061737 PCT/ US2006/ 044461 pressure al t hough
hi gher or | ower pressures were used if desired.
Substantially equi nol ar anpbunts of reactants were
preferably used al though higher or |ower anobunts were
[zmed THe cdmpoureld of Polgiila YHaW |of Sehenexotpoern drephrefas sholwa below in
Scheme -Q can be prepared by reacting a conpound of
orrrula VITI-Qwith a suitable oxidizing agent in a
suitabl e solvent. A sui tSahtme #ki di zi ng agent incl udes,
but is.not limted to- hydrogen peroxide (H202),

3-chl or @ peroxybenzoi c Gici d (nCPBA) and the |ike.
Suita vents forN)uWﬂt he abovey X 2

i ncl udgd, llput —were nof_lilmited to—et he%s] ch as THF,
gl yne, the Iike; DVMSO, CH3CN;

di nmet hyg(%et am de (DWA).; | | ori nated solv, g,s such as
CcH2d 2 6F" CHC13 If de \”’ m xt ures of se

where R;90 hs/defined previeusts &8 compoedert Foinlﬂf}a pet sns é@ﬁr&d [farentompasnd of
a2z d C
romia 0 SISUE RERE OB TBARE SESHSE A gy
[tzﬁ’é Inadynital prapsxation of ¢ eampoynd of FormulatVIEW pherege ‘"#hlée

compomﬁb\ﬁﬂewmé%‘}ga%%dtv@it}pi%’&esaﬁ QERPANASuR or kB8R RSRE 'BI suitable solvent
I nvention was preferably carried out at about

ata sultaa{eﬁgpocg%yep@erﬁpgg Sopitablel SPH'SIU‘:@ Fpr Hﬁeglﬂé]ile a(ylovcl: BW@?SS included, but were
not limitgd ©58E6h8EHC soMants duske as éthandE Sutansl. ancsmasmca,rastead duyh as ethyl acetate,
methyl agﬁw% %%gt#}g Lh?a,l %,ta%ﬁt%{ug&gfa%éﬁrg% nmmr g sHe é-r?i?c es o%‘t:“hese solvents
were usede $he peiferfed Sdlyentheercanponervid DME.FEhaabiose Mobdss @apfarried out at
tempera%%E gén%e%’ab\gﬁ% -%%‘Qf %g.iﬁld’baﬂlt 1?@‘;\(? r%@%ra?&&%r%ﬂﬁo%?&(?rr&l?bm between
40°C and gbopt 23°C{ Thepgbovp grocgssite aredprecparpatids A b PEFSERApGETRD Bs
preferably@afél dutdt bbouatnfosEREFRGHELEure faltl’fd&@ﬂﬁigﬁeﬂ o}('kaéﬁ@Sesﬁtﬁ‘ad?\b&d used if

with thios bazi de apd a sujtable base
aesived. Sfppatyrl SHRSR: = Rt S B S, PR Of Pl VIILW
were reatitoll whth Buitablt); frotetted etnh;els svibiera ghe ebdthstingi grapps cigyskmsrich éhat the
nucleOpﬁPcdn&as of tn ﬁmdpggﬁ h%%sr 201 B! @Tcré %ayﬁeeeahgnéeﬁ% %Qa‘éﬁ%n ofa

FoCcess | nc were not limted to, ethefs suc
reagent :algh g b@hﬁpﬁﬁf qjcplggql l(n ﬂ}qpa}'t mllg;cyg@ze gzﬁbsup]h Brofqciipg groups include, but

e A0S S B il S,

FMOC. 3] cohol s such as nethanol, ethanol, i sopr opanol ,
[208f | QompeirdaBodFornuldV. T-MEwhirk Az hdlogeinnaé @ﬁbpsmtl fient ®mpounds

of Forml?lé?_@:]'}g)sln h legpo%cémle Oc%lrng)?ur{dg_lglg mgu}] Ok ‘Wur qrgixtgc[ mth halogenatmg

ures o ese soO vents
reagentsisggiths bluonm\hemted thd-ipdeshermwiles¥ibyangsugumimade Morosrih@mmlde

mcmoro@;s@ya%uﬂs REEIEN - E@ydla%nw:r aﬁ@tr%mydahmhesmﬁmwa @stline, preferably

tween about” rt”and about Pref erab h
in the er@aeet RS fporecadipd] eaBE HEAsA o BRToX o @ ahigisayyronitile or

light in s_-[lktﬁblé'l BVt Y Ou@stsle E&cf%ﬂéhﬁ&aﬁfﬁ'@ﬁﬂﬂé scﬂfrenleﬂﬁr Pdedf eatabove
process F S Y4 BPOLR o A RGR ST ecaps FiRgtowachloride
dichloroffe@fafid] o6, a-trifluorotoluene and the like, esters such as methyl formate methyl acetate
and the like, DMF, acetonitrile. If desired, mixtures of these solvents were used. The preferred
solvents were carbon tetrachloride and o, o, c-trifluorotoluene. The above process was carried out at
temperatures between about -78°C and about 120°C. Preferably, the reaction was carried out between

40°C and about 95°C. The above process to produce compounds of the present invention was
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were used if desired. Substantially equirnolar anounts
of reactants were preferably used al though higher or
wo omeneerapunt s were used if desired. Conpound BET/US2006/044461
Formul a |1 X-Q can be prepared according to literature
procedures Knutsen, Lars J. S. et. al., J. Chem Soc.
Perkin Trans 1. Organic and Bio-Organic Chemstry (19
72-1999), 1984, 229-238. 65, WD 2007/061737
PCT/ US2006/ 044461 [193] It would be appreciated by
preferablyl R65&1 &k bt dbedl atodpheiaprsstuiealthbughdigier eilowatpresssres gere used if
substituent that is identical or has the sane
reactivity to a functional group which has been
[2081i fAllethativelpeemppurds of F Vm—&éwb@eé Tasylatepy epyjate were
prepared Hﬁg%g&goﬂdggpﬁ&*ngﬁ > &/ |a9¥l%‘dmtl¥ SeIMOfse et 4 %mﬁﬁ)r@;ﬁafr&foﬂ ofa

I red roduct and avoi d undesired

compoung efFermuksVIIAW: a perapeupdioy Fommrlt KW v reaied p’f‘@ae%%fagyla“ng reagent
such as n{éﬁﬁﬁésb@&@l ¥hibide br pttbluénésﬁlf&fy‘l blﬂ&ndﬁﬁ ﬂh&x&ﬂ&e@f @dasesuch as, but

o g PSPPSR SR o0 B SR AT s
solvents tafldsetm €2 aBonk reeinoN mcluday Hutewém onatllinhitedt th,ecmmriawsqlgents such as
dichloron:ﬁc%fl SfchloPore gﬁ%&ﬂd éﬁe GG H@érs s{?chQ“ﬁﬁ %&hﬁéﬁﬂ&hﬁ& &% like, DMF

eene an and_ Sons,
and acetopidglg. If dpsizd, mtwsﬂof&v@wglvamtg afewg@%ﬁ \m@rw?f?fé?ﬁa%(’i‘ﬁgts were THF

and dichlSRNRAMAL STIRf 26604 Sﬁwée@s hs @rﬁ@d Sl OB R RRWb LIV eSE BINE-78°C and
: t hod AW h

about 120°Eralarab RS oo RPIA G PGS 4@’5 angop e T above
process tél ﬁxfddﬂ&dzoﬂibﬁwc@ @S thy pf‘éaéntdmmﬁd:mdaﬁreﬂéﬁbmﬁaaleﬂ oubgiGbAlt =

amospherslr; é)rs%F\gF oug?lsugoer‘ or low T pr S es \Lé]t‘? gleldllf_q%sﬁéﬁ)l cal

desired.

oun or mu ound of -
Fornmula I11-W was reacte%bhAmHSammm ain asuitable
sql vent. Sui tabLe sol vents for\use in the abo

prgcess include but were not§linmited to, et hers

S tetrah Hh (THR) ,N/)g\l\gﬁ%,OHand t hen A"
l I

al\co ol § such Qs t hanol , anol |sopropabg

trlN’I uor oet hanol N and t he I i ke; Nand chl ori nat ed‘l

sobgnt s such asxwret hyl ene chI o¢wde (CH2C12) oan-w
chl orof orm O—%é%l I%gg bures of e
la XI-W. In

20l eﬁ?@pWé’&% ula V\&?’ée pr pr R ed di‘%ﬁ‘s e .
typical pmsransmaﬂ'mmpohnd ditkerableve W racwo&@gunm Formyld &V ies ggacted with
a reduci Jg? %BP%:PIK &b QR ¥eaty AP QHiud bordRgh:RB, QHﬁlu&QQrohydnde or llthlum

ng % Y, %e reacti on was carri ed out at ag g
aluminumidadsoint S sonyret afi9chiably a8 TRPeHgay SKit R dor use in
the abov@freauikﬁa ﬂélﬁ&&nt)utlvfw@mtnmﬁtem& ekeafsacatily, diahﬁetﬁfi amdtthedike, and

about at nps I ressur.e ggf({‘l f&r 0, é Ivent
tconols e RS BB oo e g 190 R syl B o sotvens
were usedi(] th@fewrrearmluatts wofe THR atdanttbanab rﬁlembe‘f@ra@sywelsm’led out at
temperatglléetgrb? en Qbo%lp 8C Lnd &OYf lﬁﬁ@.uplte%réw, @16%&%011\ {vas carried out between
40°C and about 95°C The above process to produce compounds of the present invention was
preferably carried out at about atmospheric pressure although higher or lower pressures were used if
desired.

[206] Compounds of Formula XI-W were prepared from compounds of Formula XI-W. In a
typical preparation of 2 compound of Formula XI-W, a compound of Formula IX-W was reacted with
an oxidizing reagent such as, but not limited to, selenium dioxide, manganese dioxide, potassium
permanganate and the like, in a suitable solvent at a suitable reaction temperature. Suitable solvents
for use in the above reaction included, but were not limited to, chlorinated solvents such as

dichloromethane, 1,2-dichloroethane and the like, water, acetic acid and sulfolane. If desired, mixtures
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[196] The conpounds of Formula Il11-Wof Schene 44 were
prepared as shown below in Schenme 45. Schene 45 |66
wO\E»0200i78061737 PCT/ US2006/ 044461 O 0 A N~R3 PCMUSDM06/044461

"NNNN~,NNN R RV-WIV-WIII-W where R3 is as
defined previously for conpound of Formula | and A" =
hal ogen such as d, Br, or I. [197] Ina typica
preparation of a conmpound of Forrmula Ill-W conpound
V-Wwas converted to conmpound of Formula |IV-W

of these s6l96He wiatk bd. FOleabb @ plodbsyvass dantat @d avieinperpiocs phtweersabout -78°C

s e

process t¢ padtdecnmpernie ofithe peeserdiniventitrewasaireferably crpied gykatighowthe
atmosphe?lg ﬁﬁle%s&é Qﬁlﬁﬁlgh h&ﬁértbg @fbver IBl‘gssM@sr\ﬁerQ 9§ed it de@lr&f“ dto,

suc raﬂ&drofuran ﬂ%@ é}
[2Q7|le Theks¢ @isailqsiafléhf%fdv @ﬁ?@mgt%wagmp Nl Féﬁ’éml?ﬁ?% @B be made
by routes(diddifed2in tRE litthRE Q&Qz&ﬂinﬁ%ilﬁﬁulleﬁﬂ de acSdcivid Chivdigue de France,

é&f% I'f desired, mxtures of these solvents were
(1973), € o2 - preferred sol vent was acetonitrile. The

[ahrqv eCanpuagsofemelaliAQ and/auheinpretuesmpemay be ebidsted e vgrious
func’nona‘ffl ou% 1nter%81\%ps n§ ng L’Aegu%qg:accp £sesfo ?Erlc‘ﬁonél#@s ﬁﬁﬁﬁ&)} tgﬂ be

et ween bove
mtroducqglrdy@e%!saq &feﬂﬁmfu@@meﬁﬁiﬁﬁhms'f@?s ?ﬁ@“@)‘?%%féﬁ‘t’h f'-‘ﬂ?rt&‘?f‘]i gauP
manipulalfBSs agpiiSdvie @Ql)ﬁﬁp&ﬁfdg bEForla 1BAQARE Hlelrfﬁé'mfsbﬁ%d dimilar, but not

pressure althou her or geures
limited 14, thosg deFore in &S 7wt it e e SRR A
LP,LP’bygnaaqhh@gmﬁﬂnpound of Fornula IV-Wwith a suitable

hal ogenati ng agen Sui.t a al o en ting agents
i ncl uded, but vvereEmetmI"leﬂ‘*a‘jﬁofe ?2 121 Cl2,

s-cmord\lsrdsvblab@@unﬁidatm,deqpﬁaﬁnermsucci ni mide, or

N-i odosucci ni m de. The prgferred hal ogenating agent
was N-i odosucci nin de. Sqﬁ%gQIe solvents for use in

t he above process incl “d@; 1t
r

NNt were not  limted to,
ethers such as tetrahydroturan (THF), glyne, and the

i ke; dinmethylformam de (DWW di met hyl sul f oxi de
(DMSO); acetonitrile; alcoholsS such as nethano

POBAN Ghis comPOHARAR %’epareﬁ haksihfz Bﬂfc Q&i‘ébaiﬁﬁ)llogoﬁ nél tHahdbsbmHeﬂ for trans-

methyl %&g@%l;_rlgglg{]z% lc.‘ﬂfzﬁ%\é%- -yl %g%i—'l ane beoaé Fene (i:ts %E?rgc?r trans-methyl
4-({[(3 -cﬂflcfrbﬁﬁsﬂn—s@Il)nmﬂm]amnecanls@'d})cfmwm@marbwlm afiggr ed
solvent .. LibbEFicQlg. at
et B0l 3 Bl IR RORIS B SA SRS LR
Preferably, the reaction was carried out between 40C

&cm.@!ﬁ%ﬁh{ﬂﬁbﬁ%o.ﬁhmmﬂa,ﬁ&m&ss to produce conpounds

t'he priesent invention s preferably carried out at

about at nospheric pressurg aljhough higher or |ower
pressures were used if [ Substantial ly

equi nol ar amounts of re Yver e preferably used
al t hough hi gher or | ower anmouits were used if desired.
[198] The conmpounds of For nul -Wof Schenme 45 were

prepared as shown below in Schene 46.
[210] 8-Chloro-3-cyclobutylimidazo[1,5-a]pyrazine (1058mg, 5.1mmol) and NIS

(1146mg, 5.1mmol) in anh DMF (10mL) were stirred at 60°C under Ar for 6h. The reaction was
diluted with DCM (~400mL), washed (H;0, brine), dried (Na;SO,) and concentrated under reduced
pressure. Purification of the crude material by flash chromatography on silica gel (50g cartridge, 10:1
— 8:1- 7:1 — 6:1 hexanes:EtOAc) afforded the title compound as a pale yellow solid; "H NMR (400
MHz, CDCl5) 3 7.51 (d, J = 4.8 Hz, 1H), 7.26 (d, J = 4.8 Hz, 1H), 3.75 (quintetd, J = 1.2 Hz, 8.4 Hz,
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Scheme 46 67 WD 2007/ 061737 PCT/ US2006/ 044461 0 0 O

,ARZI0O NX,2 NNH2 VNI HIJR3 '"--N NANIIN -~
wO dboRloM7B7 WVIM V -Wwhere R3 is as defined preoi/ossigo044461
for conpound of Formula I, X12 = azido, or nono- or

di -protected amno and At = OH, al koxy or a |eaving
group such as chloro or imdazole. [199] Ina typical
preparation of a conmpound of Formula V-W conpound
VI-Wwas reacted with conmpound V under suitable am de
1H), 2.62204RH, anR 2o bé aAs2H)SMIst @ nzo3Ed.¢ (100)MIEN]) HREC: it 3.38 min
- are not limted to those described for the conversion
(OpenLyryys PIR3BHY XI 11 to conpound XI| as shown in Schene
10. Conpounds of Formula VI-Wwere prepared from

0 \Y typi cal procedure for
3- Cycl"bl‘WEHE?S ﬁggﬂ’gg%%gnys of Fornula VI1-Wto
corrpounds of Formul a VI - vol ves subjecting a
conmpound of Formula VI |N re X12 = azido, to

catal yti c hydrogenation in a)suitable solvent at a
suitabl e reaction tenperat Sui t abl e sol vents for

use i n_the above proce : ut. wer.e
234 A Bagr 8°meﬁﬂ@ﬁl’§lng§@iprg-g -ctycLéJlPElgﬂb }odf)hnrng%zop%ﬁ pyrazine
(759mg, YBER]) i MPIA { T0nil)lves satrath olithNEGEMenmingg 61 then scaled and heated
at 115°C g%é?ﬁt il-xé %{:t?o%n othur s t{’ngxe é)ln%%ﬁ'a eﬁ%h&é'ﬁ?cﬁﬁgd"pr@s%ur%t ]‘.tMlthIled

ace a e an i red
between DICM (ROOmLY find H@ (50s3)) wedhexsraciad Wath TXQM. (SGTHE)- (frqphined ogganic

fractions %\%Le $hed %%mﬁ& I?i}‘lled @@a%@@}) GndESh BBt Rler iR e@Pr@¥are to provide
process was carrlg out at te eraturesggs &glgaﬁgurmud ;

th title dorpOIHS AR SOHSOE NVRLAIMHFDCRS 135

— 5.2 HL P, 158 (BU by, bt ﬁlﬂte@@mgiﬂamm{z%q 25be.38l(ey eH), 2.20-1.90
process to roduc conpo %g Eg }; i nyen mHB

(. 250008 (oS o R 500 LR RS s 1 b SR LFRE Ll PG

pressure al t hough hi gher or Iomer pressures were used

X12 = azido, the
7'Cy°l°'f"é‘€1hg E‘%?Z%h%@a}d‘gy ‘(‘J-\rl\,grrﬁ A VI-Wcoul d be
achi eved by treatnment of Né\“'zc npound of Fornmula VII-W
with triaryl- or trialk phines in the presence
of water in a suitable imv t at a suitable reaction
tenperature. Suitable solven for use in the above
process included, but were limted to, ethers such
as tetrahydrofuran (THF), dioxane and the I|ike,
Toa susﬁér&ﬁhcdf i1~ 52 g mdol: (§ ECQ‘QQawl)rmtangmle QB aes adigd drogwise

phospho% é:g oly]lﬁg k irﬁLs(%ﬁ/dgnﬁﬁ) 4l E}Yéthﬁé}lﬁhé‘tﬁm at9qe H@ttﬁs mixture was

, acetoni tri w hgg nd the
added 7-melphexgll- 5 iedeimidees ol X hadkriazn-4GEDone (Eme ‘r‘ﬂ%
resultmé’fnﬁft@r% FEthxS@ bV Riht. W&)olgﬁﬁlﬂtﬂfb wiahandguenéted withlvgcess NH; in
Qve roces e ou €.
o B DR VLA s s
filtrate Wakcofiéantrhted imDuicud eddyweified U,f)ébramgtogﬂgpm owgs eilicarged elytipg, with 2%
McOH ﬁaﬂéﬁﬁ f grd} ?5’ ‘égﬁo&%gs%ﬁ&ﬁu@i‘zo %shﬁj] prr f&]%‘fdzxﬂilxﬁﬁtel EHNMR (400

arri e

phe
MHz — pmms)es b4 hdt?df(“*ﬁ‘&ﬂeﬁ 1o 318wy 1H) és@d%% L84 (5D 842 (bs,
1H):; M% &Iqasn%?&ﬁ 88k 01 A96) ey BPYE2s, = ITNRin @peALyrit pilacs ath).

e deprotection coulg be effected by the

reduci ng conditions SU&E/%bUt not limted to,

7-Cyclohexyl-5-iodoimidazo[5,1-f] [1,2,4]triazin-4(3H)-one
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procedures known to those skilled in the art and as
di sclosed in: "Protective Goups in Organic
wepwheses”, T. W Geene and P. G M Wits, JptmuSiheys4461
and Sons, 1989. 68 WD 2007/061737 PCT/ US2006/ 044461
[201] The conpounds of Formula VII-Wof Schene 46 were
prepared as shown below in Schene 47: Schenme 47 O O O
N N/Az NX,x NNNNINIx-wV11l1l-w vu-w where R3
is as defined previously for conpound of Fornula I
X12 is as defined for a cpnpound of Formula VII-Wand
A" 2 = iodo, brono, chl e, yl ate, nesylate or other
| eavi ng group. [202] Inla typital preparation of a
compound of Formula VI I-Wwhete X12 = azide, conmpound
VIII-Wwas reacted with an a salt, such as lithium
or sodium azide in suitable ent at a suitable
reaction tenperature. Suitable solvents for use in the

B8 e Torrselsien phéryrehexylpatabt /] hof ringifEdDioge (130me,
0. 6mmo@I i6 DIVDF (0C61810) Wa HdGe NG odscoRiiiB @700 0 80Bhol Bkl théiRaction

th { at t.h
i g SR e BuEUY e EAR S R WS GO0
extracted @gthBt0Ac ¥ x #0mby e drfppsecxgradty wrtesvashet withywer (4HWImL), treated
with socﬁﬁrﬁft}ﬁ&ruﬁgtesaﬂ!l Bﬁﬁ’@ WP Efer ﬁgfgd) Qr?d @JﬁgeMed z;[ b@cu@ Q@Xf?ord 7-

process was carried out at rat ures between

cyclohexy/iéeoému%@ﬁétl flfzig?d]trﬁzefﬂéﬁbwgﬁ HH‘@WBe(é%Q N%HV\QMSO d6) §1.34 -
1.37 (mCHLY, 1 88l Qs REbMg a6 4088 RGNS — 998.(m] M) abm/selH) 11.78 (s,

o e§BRES e i GOOTMRPIRRRE o 2 PR S o

pressure al t hough hi gher or | ower pressures mere used

7-Cyclog;:;§y61'g1§?!é%o? n,?%i&l z o‘#g% )ﬁ}l a}(\[‘ ere X12 = nono- or

s of Formula VII1-W were
reacted mﬁth sui tably protjected am nes where the
protecting group i s chos®n h that the nucleophilic

can be enhanced by the actio a reagent such as a
base. Those skilled in the a recogni ze that

such protecting groups_incl are not Jimted
Toa SuipﬁnS“B’efffﬂ/‘fmmP?’FWﬁ"’fH é} i’l,ﬂmazgh 6-031: E%?PWyhggrBUﬂb in DM% (7.5mL) was
added 2d@Hibeakdtiem1-340R1, a,s 3BeEmdi3Auranidm tEddtiordba3d (760mg, 2.38mmol),

cycloheggne 1o ngf? 9lia 58, g %gllnhllog;%w 8 1§%;l)épy{x|}\‘@ fAF0a 5%1‘? 8 6mmob).

r om—cCco
After llpmtpedmeeﬂo odopee adisd ¢ thﬁmmeéomwwtazrcbomm%@momw nhosphoryl

chloridd (@ 28gE " gbhﬂl&)l) e(r@ﬁggﬁ;lcctxoﬁ %Qtu%sstlh%@ atnS:St’C lebint e tidxture was then
[ OdOSUCCI ni'm de, m@sucm nimd

concentrgted a’flesoml?ﬁt?ﬁfa&wd oY IR B 61488 YA} MeQE . DCM, to afford 7-
cyclohehlyliNnidazods, difi, om&:@@mbylmm(mmmbr-mse dandl1.24 -1.91
(m, 10¢)a%b§g b ef bi'éé 3‘7&%65[@2?{098 & H?Q\ﬁs Qs PG 219.24 (100)
@ﬂ}ﬂdiﬂ%rSks@bﬁhwnd@p@ﬂnhermhtﬂmeu in suitable sol vent

at a suitable reaction tenperature. Suitable solvents
for use in the above process included, but were not

trans-[4-(§rAminp-1-dodoimidaze H S day@singd-bey cloherylimethanal o

tetrachloride, dichloro hane,
a, a,a-trifl uorotol uene e like, esters such as

met hyl formate, nethyl a‘wh?

“~0H

nature of the nitrogen iS\eVE%er retai ned or where it

[213] trans-[4-(8-chloro-1-iodoimidazo[1,5-a]pyrazin-3-yl)cyclohexyllmethanol (26.50g,
67.66mmol) was charged in a 400mL steel bomb and was dissolved in 2M NHj in isopropanol
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and the |like, DV, acetonitrile. If desired, m xtures
of these solvents were used. The preferred solvents
wowoog/ocesbon tetrachl ori de and a, a, a-tri fl uor oPCl/USIVE6/044461
The above process was carried out at tenperatures
bet ween about -78C and about 120C. Preferably, the
reaction was carried out between 40C and about 95C.
The above process to produce conmpounds of the present
i nvention was 69 WO 2007/061737 PCT/ US2006/ 044461
(300mL )R8 bakyakjuy TEEF( 0180). OTHe r@ictioh MikttuRtwal SPdled toC-7§10e Sahihenia gas was

al t hoygh hi.gher .or .| qwer pr ures wer sed jf o
i e B B RO B e o 20
for 20h. Uk krudé whaetien niikRirewhosyicattetcdrin wewy] thtrethoesaetionyes fraereas taken
up with 58%9/(?1388 QbiHes ogtfo sﬁﬁt% '&H Wﬂ&t@%oéﬁ ‘gﬁgbﬂ?}si’% Qﬁ@@%egglass column

prical preparation of 'a or mu

chromatagrarhy\igluted sdthrg SUEH S5 ERMGig 17TV WBT ip MEFEEHflA fp gfford the

desired producPIV Rl deReahPREIR olidSMS RESS): Pt BAN®ISU bV, 373.98 (50)
ori de orp-toluenesul fonyl chloride in the presence

chl .
[ME2); $g(pelap3min/ppringdd - S/HH- not linited to DI PEA or
triethylamne in a suitable solvent at a suitable

r ion er.at . .. Sui t.ahl vent [, use in
wrans 1GNP Rt F S ey SRR 102 T

chl ori nated sol vents sucé%;ﬁ di chl or onet hane,

1, 2-di chl or oet hane and ke, ethers such THF,

di et hyl ether and the Ii KesNg and acetonitrile. I|f
desired, m xtures of these vents were used. The

preferred solvents were THF—and di chl oromet hane. The
above process was carried out>~at tenperatures between

out -78 ahou C.. Preferapl he._r ti
B0 i S B R e S oo b GRS (foos.
67.74mipo1) ewbN-iddosyrcmituide (08D 8 10@no6l) inehpdreseNME @6@mi) were stirred at
60°C un@@'%%%xeéh? r’]ﬁ'}gl Xacﬁﬁ{ ﬁh@ﬁhﬂé&wﬂf Déi@f’éi%ooﬂﬂﬂ%a{ézﬁ Kith water and brine,
: pressure a tﬁoug I gher or [ower pressures were used
dried over anfigdrionsehia:SQe prchibenigprIentigied in ggqep. TRe-epdmpteip] waypugfied by a
silica ge’l\lﬂ SN chkont é‘[ﬁ"y kéfﬂt\% FthW2EY AU EMWS 1]1286]A EOOPD to6tain the

a

f F I - W d f ds of F l.a.
RSeC MEITE RS TS, AT RECE M
0.35eq. GONTRUingpudty\\/The peatupiovasttanfedeatorthe sexkteattlonawithroeafttthet purification;

i th ' e , ik t ),

s (el e 391,67 L0 AT S oo Bl PiRES; s (1B ol
Smin/opehlynx)iA tipdr i de in a suitable solvent at a suitable

reacti on tenperature. Suitable solvents for use in

the above reaction included, but were not limted to,
trans-[4@rfchlgraimidezqilyS-algyeaziy pyDpedohexgimethangly o - 509

al cohol s such as et hanol ,¢' et hanol, isopropanol and

the like. If desired, m s of these solvents were

used. The preferred sol Veats{ were THF and met hanol .

The above process was carri out at tenperatures

bet ween about -78C and about~%20C. Preferably, the

reacti on was carried out betweea 40C and about 95C

The above process to pr.oduce unds of .th resent

Tatn th ST RaSHop 48 Bh Ry o midggg - afporasin3-
yheyclobeRans diedy Bt (28 964/ 101 Ahinfohugrs cholgh er—78PC halwess charged with LAH

. S es dif sifed. [206]..Co unds gF dwi
. th
v i B0l ol b, A5 RO AGORIHRS B
additiondl LWH (2fi.3smol) at —78°C and then, allowed to stir at —78°C for 1.5h. The reaction was
slowly warmed up to rt and stirred for additional 30min. Ethyl acetate, Na;SO410H,O, and silica gel

were added to the reaction mixture and concentrated in vacuo to give an orange solid. The crude
mixture was purified by a silica gel glass column chromatography (eluted with 2:3 EtOAc/DCM to
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typi cal preparation of a compound of Formula XI-W a
conpound of Formula | X-Wwas reacted with an
w@x00diogi7ay reagent such as, but not |imted toPCT/US2006/044461
sel eni um di oxi de, manganese di oxi de, potassi um
per manganate and the like, in a suitable solvent at a
sui tabl e reaction tenperature. Suitable solvents for
use in the above reaction included, but were not
limted to, chlorinated solvents such as
100% Et@iAchtoorbesie thh ditle coripaind e i lighti tyhlave tinted white s¢lidk #1 NMR (CDCl,

uh I f k t
1.11{%1‘108 %4"5003%6 376q P%??%?OOG/IS% ﬁ%diJﬂl%sz 122 el?ol)svzéﬁf?m’
1.98-2.13me4l): 2d 9 (S he -Bbv29bitbd ssid - Gd 2 RadH).Spedds/ 500 Hz, 2H), 7.31 (4,
 J=52 ﬁze ﬁ'ﬁ? f7&44L(H@§r=b§i VEERz, AkDW .79 (BT = BOHz atb{)UMsJ(EQG) m/z

fera e tio s.carried ou
2662128 00 bt RGO M B LS e ™
266.21 (060) MET | 126% £N({S0) [MEIR}L 28P. 1RO PP EN] athipylac-amir/eetnlyux) 2236 min.
about atnospheric pressure although higher or |ower
pressures were used if desired. [207] Those skilled in
Generaltfirecaiugre fyirithe yslyplysis af earbpsslicestepounds of Fornula | X-W

Toa soltﬁ%/smﬁrmfe calBoxy1RsRS (3. FChRS B % tflardol ?zol()'rx‘ilgrv@efs ldﬂ&’ed 3.0 M of

for exa Ieas|nBuIIet|ndeIaSOC|ete i'm. g

sodium }Pfdé(ﬁﬁé%‘" in \Yaieg §1§)1 m{_, ﬂdpp n—%tmeﬂag énrrfdzeﬁ é? %&u ﬁ'glg s%lf'ent was

removedhfidstieduded @@sﬁm{tao oChead ko fhe aidus oas adiey waer slthhEdnd@thanol (10
varl ous

group i r CONVEr s a

iy ancfs 8 58 pucntl DRI et 8 B8 SRl Q1R P v undes
vacuum iqyielddbxcsedivgi sabc Fblythagiomlme slithe freé adidomqyatas Bﬂ@d to this salt and the
slurry w&shﬁﬂlﬁ%c{ WS forfmt MR Qﬁre‘affoxsﬂﬁtlmféﬂ RGt dng Ritkred! ?’Hepﬁlter cake was

mani pul at1 ons_appl i cable to conpounds of Fornula I-AQ
washed with wafrsifollogied by F'glm toyyiglddhegacegeyliptpidnot imited to,
those descri bed in Schenes 16 27 34 and 35 that
el ated to conpounds of Fornpu P, I-Q
trans Mipthyy] 41(5-ghlosgigpigazald: S-ERREA et ﬁt)8¥°"ﬁt‘36%‘é"&a¥"é’§y‘““"
8- Chl or o- 3-cycl obutyl -i mazo [1,5-a] pyrazine N eN
[209] This conpound wasy @red usi ng procedures

anal ogous to that descriddtfor trans- nethyl
4- (8-chl oroi m dazo[ 1, 5- a] py| n-3-yl)cycl ohexanecar bo
xylate and its precursor trans-nethyl 4-( {[(3

-chl oropyrazi n-2-yl ) net hyl ] @ﬂ'rpno)

car bonyl ) cycl ohexanecar boxy| at e, usi .
frahiecg Bl xlf4-pllonopyiazingg }S‘Pfaﬁ%yl no}carbonyl)-

cycloheﬁm(eaab&@w@(apbogm Y2y elodheaaiacred idnhidro@ticetonitrile (930mL) and
anhydro&f a’ﬂlﬂphmlé a,t{lg aga?i@} Xg Cl unldgrdrg)ltrogene}zr%l'l %‘he l'&l:tlgry mlxﬂrg Sas

concentue@vh orasodtheny dheriolid ysidue vas tkdn & W PyMathem dagifigb@myl 10 with 2M
ammomg it mo%arﬁ)p dTINI n%xtu(‘él-gvg’sﬁwﬁceéram L()cub e AREo1 A in O Enl then

were stirred under ?’e reacti on was
loaded qrite TEAcPaified s*bmee Emée m%ﬁ@fas ret}rrz’ttd byristiey eclgriveg
chromafobd BEEIutanditic 2.0 GO AE/BCM) 16 B&in The dHle ednpqnd ssalydlow powder; 'H

o CHFLLEEU180 P, P08 3 55, gl 1 55,1

13.2, 2.8 Hz, 2H), 2.10 (dd, /= 14 4, 3.2 Hz, 2H), 2. 19 (dd J=14.0,3.2 Hz, 2H), 2.46 (tt, /= 12.4,
3.6 Hz, 1H), 2.96 (tt, J=11.6, 3.2 Hz, 1H), 3.70 (s, 3H), 7.33 (dd, /=52, 1.2 Hz, 1H), 7.61 (d, J=
4.8 Hz, 1H), 7.79 (s, 1H). MS (ES+): m/z 294.17/296.14 (100/86) [MH"]. HPLC: g = 2.85 min
(OpenLynx, polar_5min).

trans-Methyl 4-({[(3-chloropyrazin-2-yl)methyl]amino}carbonyl)cyclohexanecarboxylate
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- 8:1- 7:1 - 6:1 hexanes: EtOAc) afforded the title

conpound as a pale yeIIOM/soIid; "H NWVR (400 Hz,
w@Do18$1787 7. 51 (d, J 4.8 Hz, 111), 7.26 (d, BCHUH2086/044461

Hz, 1H), 3.75 (qU|ntetd J =1.2 Hz, 8.4 Hz, 71 WO

2007/ 061737 PCT/ US2006/ 044461 1H), 2.62-2. 42 (m 4H),

2.32-1.98 (m 2H); M5 (ES+): mz 334.0 (100) [ MH];

HPLC. tR = 3.38 min (OpenLynx, polar-5mn).

3-Cycl obutyl -1-i0o doimdazo [1,5-a] pyrazin-8-amne N
Nll--~ N [211] A Parr bonb corj ai ni ng

8- chl or o- 3- cycl obut hod a@Zo[ 1, 5- a] pyr azi ne
(759mg, 2.3nmol) in N ) was saturated with

NH3(g) for 5m n at OC t hero seal ed and heated at 115C

ea on i
e PO LRGSR PR S olBan RS, RaRRE e A
(15.14g, $1280mh))) amtiCPR(3 osg,rm)wmwl)ewma@qeé gndgr @ mitreRn pgosphere and

stirred at gﬁ”@i’gp?ﬁj ’?l'iegr@&!tlﬁn fikiietvia RS0l et WRSh BdchibrbpyriMin-pe,

d trated und d
yDmethylaigr i PEoSHOTievRE {18 WObrfIct MILons WRERSLors G DL

42.5mL) (Ng&dd@@ 0 Wirigs st@@(@-a'i)GO‘& f_t')r 16h, (i, reaktion a8 cdieentiaiell)in vacudl The
crude reacmem rglxﬁge wg,s Efur@djbi ff hca §§%ﬁ b%;lgr};% Ejf%gga%gy 1%%(9 8811 3:2

DCM/EtQAT) 18 bhiain thSpre S¢gited M(Klu&:bs 28lightyQ)EllpWish prearepiiiite pgwder; 'H
NMR(C%CE?C(WO exﬁ"f%& OnPQ,glg ”brl):, (m, 4H), 2.25 (tt, J = 12.0, 3.6 Hz, 1H),
2.34 (tt, £ % 1 1.623.2 Fiey 11 ﬁﬁs fs. 30 ﬁ‘e70I( -NFF* 4z, RED:N- N (1 PrerNH), 8.32-8.36 (m,
1H), 8.46(SPERSI AP 191); ﬂ{&(ﬁsﬁ) 4o/t 810208 & 1(2184/30) B2 IPLO: # = 2.44 min

acetonitrile (23n) was added dropwi se phosphoryl
(OP“ﬂWBHHUFFd%me 6, O 007mol ) and triethyl amne (3ni,
0. 02nDI) at 0C. To thls n1xture was added
hex | -
[3-(8- Anf'ff%"ﬂ azé’fll é'oﬁ?' wﬂ ﬁ[é'f i?l}na' et o 1) and the
resultlng m xture reflux§e gvernight. The cool ed
m xture was then quench i{h excess NH3 in ' PrCH
(pH 8) stirred at rt fors n. then filtered and the
i sol ated solid washed with The filtrate was
concentrated in vacuo and puiified by chromatography .
over silica gel eluting with 2% MeOH in DCMto afford
(2hg] 7f{rigcCrbRX)Hodbimitaapi, i hgmeinf Byl)dyclobutylJmethanol (6.9g) in i-PrOH

(200mL)3Jv% s’ixilraﬂl& gﬁﬁ Fﬁq(g);béﬁq)assugg alsibw g“yﬁgﬂ ?lggm f%mogl%%g@ at -20°C,

and then(Heated jn 4 PHrr bami@4r 1(16°C fbi 2. BhedRaqtion mixtitelvyas thig copled jo 1t, filtered
through E}lter%ﬁl%iasg ]ané ﬁma g&h({ mﬁe anldfbdPart FRssel Frededdif¥tdwith i-PrOH several

/ o

@%qtﬁwég(g,qnggmt{aég&pﬁﬁrdmf%prisSfuje to provide an orange solid still containing
NH,CL THe Ratdlifi 24180 ﬁfx Ftdjeflaniag KECONO230AT) AfiliflRred hot. The step was
repeatedFivqtr]:{ gl%%l%? gér%ﬁl g? hot l\*eCI\WZN)mL). The combined MeCN filtrates were
concentrated under reduced pressure to give the title compound as an orange solid; HPLC:
(polarSmin) 0.53 and 1.51 min; MS (ES+): 345.1 (100, M*+1); "H NMR (400 MHz,DMSO-d6) & 7.50
(d,J=5.2 Hz, 1 H), 7.44 (d, J = 5.2 Hz, 0.27 H, minor isomer), 6.95 (d,J =52 Hz, 1.29 H
overlapped with the minor isomer) 6.63 (br, 2H), 4.61 (t, J = 5.2 Hz, 0.27H, minor isomer), 4.52 (1, J
= 5.2 Hz, 1H), 3.69 (quintet, J = 5.6 Hz,0.32H, minor isomer), 3.54 (quintet, J = 5.6 Hz, 1H), 2.52-

2.25 (m, 4H), 2.10-2.00 (m, 1H).

times. T

[3-(8-Chloro-1-iodo-imidaze[1,5-a] pyrazin-3-yl)-cyclobutyl]-methanol
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N N [212] To a solution of
7-cycl ohexyli m dazo[ 5, 1f][1, 2, 4] tri azi n-4(3H)-one
w@ 1®0s0w1737 0. 6nmol ) in DMF (0. 6nL) was added — PCT/US2006/044461
N-i odosucci ni m de (700ng, 0.003npl) and the reaction
m xture stirred at 55C for 20h. After this tinme the
m xture was diluted with water (50nL) and extracted
with EtOAc (4 x 40nmL). The organic extracts were
washed with water (4 x 40nmL), treated with sodi um
thiosul fate and brine, gried over Na2SO4 and
concentrated in vacuo g ord 7-
cycl ohexyl - 5-i odoi m dakg]
f1[1,2,4]triazin-4(311)-one._'H NVR (400 MHz -
DMSO-d6) S 1.34 - 1.37 (m , 1.52 - 1.56 (m 211),
1.76 - 1.88 (m 511), 3.06 -\3,08 (m 1H) 7.87 (s, 1H
11.78 (s, 1H); M5 (ES+): rn/z: 344.95 §100)

[NH?&
[#B] CTotarsotutign O5NIf} (6. ﬁ@)’lﬁ'ﬂ_ryrngl) ipasthPMF (}ﬂnﬂa) under Ar was added

dry [3-(8- ﬁNf%ﬁm %Y} aqﬂgﬁa%% S éyél&%%yl]%\eﬁ{ahbl @%78) dés3v) 08 DMF

suspensit on

(30mL). afhaﬁask@mamwg[A@{cmozm}d@m[ﬁraﬁmsmrb AraDeydieyll methanol was
rinsed withr a%ﬁéﬁgpé&nléﬂ%@&(ﬁ DIMF BI0kL) WAd the afkekedtas added to the reaction mixture. The

H benzotri azol th
reaction \y@t(}\egpqi H)oqz()gg @Iit ﬁ% gO Fm%%n}?]agﬁ% F‘ﬂr ﬁ%)at is tem¥ergthper¥oy5ﬁ The
mixture M&@L&Qem& ecAS fhestiohbCbasta 1865 Ng;S:Q; G¥miD) bring (@PmL) and DCM

AN () rW T T1c
¢ 60“‘L)a::rgff %llaY?rR’Yaépyi?ftt%yL‘)"%mnggﬁa@é (gmﬂg %ﬁg %1%1%‘} elémlﬁ oév\gccli d .
(I\Iazso4)l9yordemmudsmdaddduqe®pre@q‘urqmdsa,ghﬁpq/by flash|chyormgography g P10: (0-8 %
MeOH 111318%% %ro@ﬁg atntla‘?erfa‘i3 éh%}nbg&om ¥ UionotH TEd ad HBEC, tillfcontaining

ture was then concentr d.in va
DMF. Thimatwaeloysaisneticbird?O: (PQEL 51 RAeGtd Wi NPT C309 Rikydricd
(Nazso Qld%éenﬁ&e@ﬁlfx&g gbdbcedGy&skiab epybiiae dazmnk EQﬂJpéljnd as a pale yellow

o oL PR AL 05 485 - R o

MHz,C S8 d( B 4BIHY, 1m,769(<sJ—1418u)1z,mm(iE@nynswq) 729 (d,1=4.8

% HPL C: Q. H), 2.75-
Hz, IH)szF%\Ed J 5]511‘} ﬁf J%\ﬁh@mof 'Zfo'(l%rt) Ern&n%:g?lé?gﬁdgll{% daz 0&%1 3 H),
2.55 (m,[41D)52 ab@ya2am, n-28hy| ) cycl ohexyl] methanol NH2 N N N i
LoH [213] trans-[4-(8-chloro-I -iodoimdazo[
1, 5-a] pyrazi n-3-yl)cycl ohexyl ] met hano] (26.50g,
[3-(8-Cl@0roserivaviof L Sratpye Aingod-ryslobusdbmethangl | “honb and was
di ssolved in 2ZM NH3 in |iopropanol 73 WO 2007/ 061737

PCT/ US2006/ 044461 (30 d anhydrous THE (10nL).
The reaction m xture wa ed to -78C. Anmopni a gas
was bubbl ed. vigorously intQ the solution for 8nmn;
then the bonb was tightly s ed and heated to 120C
for 20h. The crude reaction m re was concentr at ed
in vacuo, then the reaction residue was taken up wt
Mokl GidGls3lution af 8 ¢hlord-H-(BinkihgRengmblobitbinmilazoli %a]mr@zme (4.48g,

e AP B o P T B o
added dMp@tiYeCMEIBhint(a suspéusiat)-t Fee cogling bathiwpt r@al&&ftd ‘&iéh tge-Hef gd the
reacno@%%ggw’?%%)%éﬁi NGy ¥ort( BEED beinl Firdd SorQ¥h (HA)100rvELy pvas added

followed by, after ~ 5min, NaBO3sH,O (12.2g, 122. 3mmol) added in one lot. The reaction was stirred
at 1t for 5h and then filtered through Celite. The Celite and residual solids were washed with DCM

and EtOAc. The filtrate was concentrated under reduced pressure to yield an aq solution, which was
saturated with NaCl and extracted with EtOAc (3x). The extracts were dried (Na,SO;) and
concentrated under reduced pressure to yield a light yellow oil which was purified by flash
chromatography on SiO; (9:1 DCM:MeOH) to afford the title compound as a light yellow oil; HPLC:
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[ M#2]; tR(polar-5mn/openlynx) 1.57 mn.
trans-[4-(8-Chloro-1-iodoimd azo [1, 5-4a]
w@oans113 8-yl ) cycl ohexyl] nethanol N~ N N SQPCT/RS2006/044461
trans-[4-(8-Chl oroi m dazo[ 1, 5- a] pyr azi n- 3-yl ) cycl ohexy
| ] met hanol (18.00g, 67.74nunol) and N-iodosuccinim de
(19.81 g, 88.06mmol) in anhydrous DMF (360nL) were
stirred at 60C under N2 for 6h. The reaction was
diluted with DCM (-600nL), washed with water and
tr (mass-Biréotal HPIAT, ipethr i) 2.82hjg MRESMR2309. dheladdition may be carried out at 0

°C. Susp%@sr@meqnléﬁrli%{ cqgarls ip ¥ C ex-l:- aengCr %0%}1ggh§fn§( a#'he% l%ﬂ{hﬁft &cﬁgained
1,5-cis-oBtaitidy] DSitet] d;‘rom 9- BEI*DAIMS@CM 'H MR esimptediyeughiets) hed§ % target
matenal (pﬁ%tof iR 1%@11& et LRve ?ﬁhhcq wagﬁke%rhyﬁeﬁ @t:éb %aide,

I‘O UCt was cont am na 35eq. of

Stefeoselmtsﬁyﬁf)@?il’f%ﬂmt'ﬂ‘?éﬁﬁbé ?ﬂd@’ gal?”?/ﬁRed onto the next
reaction without further purification; M (ESt): mz

(8- cmo;[?(’%,l;,(g%n 100'{5‘0‘{"5‘9"1‘@193%‘8%%% gﬁbyl[azmrﬁ] 394.89 (10)

trans-[4-(8-Chl oroi m dazo¢%[ 1,5

pyrazi n-3-yl ) cycl ohexyl |n Qnol ci "NN/N%_OH
[215] A THE solution (1. [SON0f trans- net hyl

4- (8-chl oroi m dazo[ 1, 5- a] pyr &zj n- 3-

yl ) cycl ohexanecar boxyl ate (2%({70g, 101. 1mmol) was
cooled to 78C and was charged wth LAH (1Min THF,

é@lf’ur 2 %}éé‘gﬁ%ﬁb%&&ﬁbﬁﬁ 11c§ilcc%clﬂg-c§m Byrazﬁlbeylﬁ‘l@@@l)laﬁﬁﬁe
(52,12, Ty estino s Mokl of gt MeCRy Zellpytd ) B addigy”or DMF

¢! OmL)raﬁ&PDCQ,r(lm ISUQQWl)y ’MﬁrrmdonJWai lzatet] ta@SEIC Lo F0meid. Widr a slow N,

di lonaly, 29 Chhyl, agel s 27 }19"@%11%8@201\41»&{ i
bubbhn%?nf: irc(?gtlo elThc \1/'\%arceon A ex% cong a?e’é'l azr(z: (Tvcon r?] xlteur 3 in

IPA witlc 6He@lnt Tbﬁl@d/(DHzGlawamcqneelgnatpé impacge anttibe sdisivepre dipwlved with

iS5 DA R Tt LS s v

sat. NaBD-A0Q)7 AfGilor8r7sdd@in SSREH 6lterdd 46l contdOAteB QR0 t '5}13 crude product
was purx\?\ﬁh %lar}.ﬂ;cp % dﬂc'o&%&?%%g%ﬂs[eﬁnﬁé {NQHEI lyHéfce H@)Qé]ttb Weﬁﬂhe title

compougdfys a Hght yellowr®lidyiEl NVE (409 Mz, @9@&) 3 3241333%4 Ii,gn)z SRS (1H,

m), 48943 92(2 f’i 1%) HZ33 (2@ d, J=14 &9‘35% 133 (m{ &i”#s OQH%? 7(% (1B, S MS (BSH):

m/z 220% 2%@9(10?/ 1 JHJ’LCstRf %1%7 mMOPe L Jefdaf_ ’3‘“‘)5 2
Hz, 111), 779(d J= 0.8 Hz, 111); M5 (ESt): m z
6. 10 189 HPLC: = 2.3 in

-Metﬁea Rl SR el B U Gl

[ MHi, 268.17 (80) [ 89. 20) [ MH3];

tR(poI ar-5m n/ openl yn General procedure

for the hydrolysis of é"arboxolc esters To a

solution/slurry of the carboxylic ester (30.17 mol)

(2228t Na(BeChlpRPPranin)2-yhAsncalddaaing bi-H¢f.0g, 4.62mmol), N-ethyl-N-(3-

dimethylaminopropyl)carbodiimide (EDC) (1.31g, 6.47mmol, 1.4eq.), 4-dimethylamino pyridine
(DMAP) (0.141@, 1.15mmol, 0.25eq.), and diisopropylethylamine (DIPEA) (2.42mL, 1.79g,
13.9mmol, 3.0eq.) were dissolved in anhydrous CH,Cl, (25mL). To this solution, a solution of 3-
methylenecyclobutanecarboxylic acid (0.622g, 5.54mmol, 1.2eq.) in anhydrous CH;Cl, (25mL) was

added under N, and the reaction was allowed to stir overnight at rt. Reaction mixture was

concentrated in vacuo and the resulting residue was dissolved in EtOAc, washed with water (2x),
NaHCO:; (1x), water (1x), and brine (1x), dried over Na,SO,, filtered, and concentrated in vacuo,

giving crude title compound, as a brown oil. The crude material was purified by chromatography on
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sodi um hydroxide in water (15.1 nL) and the m xture
was stirred at 40C for 4 h. The solvent was renoved
waie@encrregtduced pressure at 40 C and to the resPAnESMWas 044461

added water (10 nL) and ethanol (10 nl) and the

slurry was filtered. The filter cake was washed wth
ethanol (2 x 10 nL) and dried under vacuumto yield
the sodiumsalt. For the isolation of the free acid,
wat er was added to this salt and the slurry was

silica geF{Obitbs ﬁ:iaemnwtdrmo%aommaaﬁdgh ekitihg with Ei@Ac:HOx p9%% -a 20— 40% —

70%], at?tggilng &%&ﬁ%ﬁwﬁgﬁ 61{5 N 'tptg S 1"3‘“‘5 ‘3? A l%déi‘{%nﬁ‘l?d L t&f@ g%p&md could be
preparedt yaths fdlletvingl route:( 81 tBhibooyldiimaiazolé¢ (CI2D (. 8248, 5. 08mmol 1.1eq.) and 3-

methylex?éégagﬂnﬁgm%ﬁ%{aax %é&ff' W?’R)%F%ngﬂi "iltlgq &welfg dll\és!ﬂve@n[agﬂﬁirous THF

opyrazi n- am no}
(12mL) angh dlomipd jo St’éi GO0k Exr e Catbiion o4 Ce(3 (ciz@rwgazng%ybzvﬁm lgmine bis-

HCI (1. oga& 62’&11%%9 |aﬂ@§iu§08rr?g kg laniise @IPEANLA2AIE 1798 Qms)mn d3 0cq) in
fi and haat ed at 55C under ni [0 60°C,
anydron o HH: (FE) PabEeG 5 1 2T P R BRATERICT HERHpYRd o s at

under N @0¢tfight. MR redctien modtird wae sorbastranaisin vadi@rand pheiresubibiresidue was

cisotve 8L By et i Mol end i CETP AR B lerea,anc

concentiateddi &b )\ghdng crudiiifle mmbouhdg ras a boschall. Gite orude material was purified

by chromalf:EA %r l?%) d;I s(ialgca%%ﬂ Sifds gﬁl q‘ Wﬁ'ﬁp Oaﬁt‘g?% gelwa'ﬁ with EtOAc:Hex

a SI I ca ge
10% —> @@%uﬁd@%m—)tﬁ"/ﬂ @”f@m@ienmvpcomowaauamalemﬂw ts¢léi 'H NMR (CDCL,

400 MH%?@%H—%J@@ 3y, dﬁWlﬁg}éﬁ?ﬁ) 4'7&| (d&\'Mi { oG, 241?04 $142)84 (m, 210),
i, 2H)
6.78 (s, (XH¥ 8. 332-8 34 oz, 1538 46(d. 93 %8 T, sﬁws @S m/7Pe8. ewmﬁw I

HPLC: 1R4— é,67%113((b‘fienL%bD polar 31911;€)dd J =14.0, 3.2 Hz, 2H),
.46 (tt, J = 3.6 Hz, 1H), 2.96 (tt, J= 11.6,

32Hz 1H) 370(s 3H) , 733(dd, J= 5.2, 1.2 Hz,
3-(8-Andihb- l-li’d(ﬁﬂm(aﬂ:p[l,ka]pﬁrs&m-lz-yl)lwqbu'talﬁﬂ (s, 1H). M5 (ES+)
mz 294.17/296. 14 (100/ 86)NH1 |\/|H+] HPLC: tR = 2.85 nin

(OpenLynx, polar 5mn). { - Met hyl  4- ({
[ (3-chl oropyrazin-2-yl)magh

N
am no}car bonyl ) cycl ohexanecanhoxylate 75 WO
2007/ 061737 PCT/ US2006/ 04446 0 (xLcrO 0 217] A THE
(370m.) sol ution of

t.h bo b [ i d
AT RN LSy BISER RS Ml b
cyclobuginab@d 59g @)1 19mol) wasdiesplednigphe¥enamuahia igtisoproppl al¢ob@DEOmL).
The rru){tgxr %4419 coc;ll—aﬁtor ﬁ?’@tdnﬁ 'gatma}%td% @ri Nenofi? O’h?eq'eﬁc(ﬁoﬁ tyas L&@J&l at 110°C for

or opyr azi n- am ne bi s-hydrochl orid
63h at véhi¢h pqintét Wsgooled agﬁqﬁlpﬁq:r)trage}dn mquE.AT{l%g}’u@pZ}goduct was purlﬁed using

HPFC Jéfiés: ﬁgm& Eel céianérémnng@amaﬂﬂ%d«:edm @mzcﬁzt fo il dhe Eitle 6&Epounds;

s e ot (Tooh BAF BT BRAPTE € 20 P Sopgit S

polar_: 5giue)$‘3d NMRJ(UD(Clmrmmmgr&qaw 1 26 (ﬂl,GZCH)I\B 061- B22(m, 2 H) 3.32 - 3.50 (m,

1 H) 4.5 %Fq)@ltqols\%gtsﬁl cr}g | e pomgq{QWﬁSiHC}_S% Hy, 1 ).

3-(8-Chloro-1-iodoimidazo[1,5-a]pyrazin-3-yl)cyclobutanel
Cl |
NZ =
K/Nj

OH
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NVMR (CDC13, 400 MHz) S 1.43-1.65 (m 411), 2.01-2.14

(m 4H), 2.25 (tt, J =12.0, 3.6 Hz, 1 H), 2.34 (tt,
wd200106637 3. 2 Hz, 1H), 3.68 (s, 3H), 4.70 (d, BET/ASW06/044461

Hz, 2H), 6.81 (s, br, NH), 8.32-8.36 (m 1H), 8.46

(d, J = 2.4 Hz, 1H); M5 (ES+): mlz 312.17/314.12

(84/32) [MH]; HPLC. tR = 2.44 mn (OpenLynx,

polar-5-mn). [3-(8-Amno-I-iodoimnmdazo [1, 5-a]

pyrazi n-3-yl)-cyclobutyll methanol NI NI-S N OH

[2241813-(8- Chloro—l—lodo-lrmdazo[l 5-a]pyrazin-3-yl)-cyclobutanone (5.0g, 14mmol) was

dissolve%ﬂ angl Cl?)lctg re%{ lgle b &'(5@ é.ﬁ? %Hh 65? @6&%& %H\}J\ZS%O we)sgmmaﬁ)m&ture

ano sat ur at
sodium twmdrmb@(ate)(smmg; ae Qnmgl)awzﬁl aéwdasl@,wlwgagtewéawwasmda Adfter

45hatrd I%g é]rP%é%naﬁxe teabfon waREnddi8Red 8AILLD. | ThedriRhix RABBisddlved in
The reaction m xture was then fomfglfﬂr@rduand

EtOAc apq waghefl f"‘éﬁhéiﬂatert Ahe oegAnis @'Fﬁ‘f’%grcg&d@iv efsediymputpy
concentrﬁt@@ hﬁ\k‘z@u@ Mehhe d?@de'?ﬁﬁduct/@ﬁéﬁﬁinfw Géing HRB€Jovds 150 gtanPsﬁﬁ}zl gel column

ncentr
a& ssatl %EP yellow solid; MS

ctuing w2 s e 10 ploAT i s SR RAH
(ES+): 1A BEABN{(109) NIICIS1.50n@ONBMIET | |]aHPIA§sth=a2<@rmm|dQPmI€ynX

t S
polar_ S?IS%eaﬁ\Hl\gﬂv&Bﬁw 3%%‘?’1%?? sgrqgl f(%nsld'o(ﬁ1r Eg{t)t}' CI\IH2§O(’)rr1_§§)3 3\@ 32 m,
1 H) 4.08 oA135 Gmdl B GROK, 1 EHAt ?els(dwéﬂrSéﬁ W n Bt Yde -4eR9dEs 1 H)
reduced pressure to give the title conpound as an
orange solid; HPLC. (polar5min) 0.53 and 1.51 mn;
1-{4-{3-@rsmjno-Bimloimidapey1, 5m1nyr>azxn~%=vwoewelwal}&&ansne
7.50 (d, J = 5.2 Hz, 1H)*z,|744(d J = 5.2 Hz, 0.27

H, minor isomer), 6.95 d\/ﬁ: Hz, 1.29 H

over| apped with the mn msr) 6 63 (br, 2H), 4.61
(t, J = 5.2 Hz, 0.27H, mno isoner), 4.52 (t, J =
5.2 Hz, 1H), 3.69 (quintet, = 5.6 Hz,0.32H, m nor

isomer), 3.54 (quintet, J = \53 Hz, 1H), 2.52- 2.25
(m 4H), 2.10-2.00 (m 111).™n
[3-(8-Chloro-1I-iodo- |mdazo[1)'50a]

BT 0o G e ROy ST rof S oas I RpraRA-1-
y1}etharhe 3g( 6.03%g0]) 28s Gevblell in soEnby! BMeh¢110@mD)) intn d@arr Awessure

® qr Yed (o -78° rated with ammonia gas and sealed. The reaction
reacmr Vgsseﬁg?)src(ﬂorﬁ %zo[ci %d al pyrazin-3-yl cgycl obutyl ] meth

was heamdcfbr (95,26 T )" Calatsdu¢h redntithe rgpgiiomivas coaderanl therzodvent coagentrated in
vacuo. FROLAENbRBBuct was purified v1a sﬂlca gel chromatogra hy elutmg with 5- 10% MeOH (M

| or oi.m dazo[ 1 razin t
NH,): #’e@faémd%%m ?ff%@é‘an%aﬁ ROt W&S"l&bﬁ‘i‘% b, én‘%“’éﬁ’/#‘“") [MH'],
441.89 @apm@m rIdPIt,d:tQR EI0BENAGpEIYRE polar lﬂmﬁn)é &2 DIMR (CDCls, 400 MHZ) &
xture. ctjo S = + -

2.09 5 SRNAAS i e 1% 14 BT E b h B .27 30 Gl 3.4
3.54 (m012 ¥D @156 -3 (i) 2 &) dal(@ /=5 ®51Hz, 1 pR7tlct[doRredSF déen 1M

aq Na2s2@3 (60nL), brine (601.) and DCM (160ni). The

ag | ayer was extracted with DCM (3xI QOnL). The
1-{4- [%%rﬂhlqred-mlgmﬂw[Wh’yaﬁleé-ylxcmgwﬂP'%‘B‘ﬁﬂ'e’rrt"&%ﬂ‘éb"“e

under reduced pressure and purified by flash

chromat ography on Si 02 (8%

x N/&N
-
D<o

[226] Into a RBF 3-(8-chloro-1-iodoimidazo[1,5-alpyrazin-3-yl)cyclobutanone (1.00g,
0.0029mol) and sodium triacetoxyborohydride (1.30g, 0.006mol) were dissolved in 1,2-
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McOH in DCM to provide a material, honogenous by WV
on both TLC and HPLC, still containing DM The
w687 was di ssol ved in DCM (200 L) and waBCIEUS2M06/044461

water (3x40 nmL), dried (Na2SO4) and concentrated

under reduced pressure to provide the title conpound

as a pale yellow solid; HPLC (polarb5mn) 2.52 mn; M
(ES+): mlz (rel. int.) 364.0 (100, M++1); 1H NWR (400
I\/HzCDC13) b 7.59 (d, J =4.8 Hz, 1 H, 7.49 (d, J =

dxchloroeﬂmge Zﬂd Hsolﬁihcﬁ@cff 1La%@ﬁﬁﬁﬁerazﬁl629 394l ,0.0b3moY .8 1,2Hdighldkoethane

was adde@ ogge ?&% r"Flhe 6ea?t1?_ﬁ m\;%ur? Qzag %g?d m't O Fon S[%ge%e p]é)dg%t was
concentrald®in daddp an@ thdiRoldad G H,CLARH OmL3 ar(cBWGhbd)th satrdigd NaHCO;
solution (# zélg]nil}p%e gro? u% vx)éls lin?cy \91‘:19 ?éﬂ‘i&ﬁlx éulfaf@a}nh%&‘?éenn'g&d inNa&d3 to vield a

light yell@v sdildo MS ESE3- mézt‘ﬁ?ISélﬁ&)) BYIHDL 16139 GOHBAB[ 1 BPEfpiprak$l min
(OpenLyipE pglg _é%ﬁla) ﬁﬁ}ﬁ'@@%&g%\ﬁoﬁ\ﬁﬁz Té‘fo& 25 5?5@1 A1) 2. i’@Cz 50 @ﬁre H)

2.55 - zvampma&sv@rwaﬁmﬂma%%sspam 8nP. 3%&%@?.%@70%&@ 1E)7.58
(d,1H).Was replaced with ice-H20 and the reaction was -

allowed to warmslowWy to A. After being stirred for

17h, H20 (I OOnL,) was added followed by, after -
(1-Todo-$|8- (Lm%@rﬂ&&n‘—i&lﬂ@,clobﬁ@l]m[Hﬂ-dmj'ramn-éﬂéammp)

The reaction was stirredyyat, rt for 5h and then

filtered through Celite lThe Celite and residual

solids were washed vvitH“\ | Nand EtOAc. The filtrate
was concentrated under reduded pressure to yield an aq
solution, which was satura with NaCl and extracted

with Et OAc (3x). The extract vvere dried (Na2SO4) and

concentrat ed under reduced pg\ ure to yield a light

yellow oil which was purifie :9; flash chronmat ography

on Si02 (9:1 DCM MeCOH) to affoihd the title corrpound as

alig ellowaqil; HPLC. 77 0

Bet) CAzobernahas AR TR SOPRPY IR el GRS aﬁ*&%“ﬂn"m& 0-4mel)
was addeld t5%rehlbroivsoch&fa-(4-%&ynp1paﬂaanaebd) cyodnbummﬂnb@azgagsr-qqemzme
(19. 91g,§ 4ﬁgﬁr{m9)1 al(’:aogﬁcprr%] rL ﬂlgHIth_lﬁk*% CAI%?‘[O%IHHP&S%LB@ECI ﬁltbethe solution

i na roduct_cont ai ned
for 8-101jr- "ﬁneéaombtvm@daled smﬁd apd deftechinan ] HBR, OVEa%dedf hg solypnpyes then

evaporaé? b maﬁgncf SAkaih vy tﬂQﬂPs@hc@%ef@tﬁ&ﬁﬁ&érapﬁWﬁécﬁhﬂﬂOﬂCﬁBdr%d loaded

ypro UCt e cru

e
wit silgred el o RTG(N Ve p0H i EHET foith Sipiec e Bl Prupgands
NMR (Cb&;, hoasHiz)GoEs QyH, cf,umz)(mmlmrcbars——s 25), 5 83 (2 H, s), 3.49 (1 H,

. 308U bt bRl ety o nhoobooon o

[MH']; HBLChizer®3 pyira £Openyyt, ipelehypiiin.ani de (52. 1g, 219. 2mmmol )
was di ssolved in 1. O_ of anhydrous I\/ECN FoI | owed by
the addition of DWMF and POCl13

(8-Chloto-tdeds-§- ls-ﬂTewﬂaaz-pPW%&'W@@P@HIIPBI@S@#dflp%*dm"ﬁ)
with a slow N2 bubbling ¢he reaction. The reaction
was then concentrat ed imlﬁeho, basified with cold
2.O0MNH3 in [|PA with CHCN2N The | PA/ CH2C12 was
concentrated in vacuo and thg salts were dissol ved
with mniml water and extragted with CH2Cl2 (4x).
The organic | ayers where conanfd and washed wth

N
\
[228] 1-Methyl piperazine (5.75mL, 0.0514mol) in 1,2-dichloroethane (1096.7mL,

13.892mol) was added to 3-(8-chloro-1-iodoimidazo[1,5-a]pyrazin-3-yl)cyclobutanone (17.00g,
0.04892mol) and sodium triacetoxyborohydride (21.8g, 0.0978mol). The reaction stirred at rt for 3h.

81



sat. NaHCO3 (I x), dried over sodiumsulfate, filtered
and concentrated in vacuo. The crude product was
w@oo7fsEa7 via silica gel colum chromat ogr aphyP¢BUSL10061044461

with 2:1 Hex: EtQAc] to yield the title conpound as a
light yellow solid; '"H NWR (400 MHz, CDC13) S 3.24-3.30

(4 H m, 3.78-3.85 (1 H m, 4.89-4.94 (2 H m,

7.33 (1 H d, J=4.99 Hz), 7.53 (1 H d, J=5.09 Hz),

7.82 (1 H s); MB (ES+): mz 220.28/222.30 (100/80)

The readtiphivis codeer@ratadRdissodvegin ﬁﬁ[—hCl@,@é thep reshadoyitly saBited NaHCO;
solutloé KFL)/ l'ﬁl@ o1 Q&&%ﬁﬂ%@ﬁ ?l gﬁ‘at@cﬁlgred and concentrated in vacuo.
-chlo CNN O [ 222

C

ropyrazi n- 2- [222]
t Sahrshediaugh .arﬁLu@kwl)ca ﬁ@tﬂlﬁa ey L0 B 1p gluted with 8%
(7N NHH Neom CHCh), @6 Bfbrdhhe itf compound; 'H NMR (CDCls, 400 MHz) § 7.63 (1 H,

o 70§ EEAY1STRSR S9 S Pa 5 S A, gy o o

m/z 431(86/433.87 (100435 MHT]; HPLES eg= 1,82 anidl (Opergopr.apydredthipl)am ne
(DI PEA) (2.42nmL, 1.79g, 13.9mol, 3.0Ceq.) were
di ssol ved i n anhydrous CH2Cl2 (25nL). To this
3-(8-Chigypimidage[1,5-alinyirazin Gnylhfi-ngethylcyclobutanol

nmet hyl enecycl obut anecar b% acid (0.622g, 5.54mmol ,
2

The pro

1.2eq.) in anhydrous CH2 25nm.) was added under N2
and the reaction was al o0 stir overnight at rt.
Reaction nixture was comeeirated in vacuo and the
resulting residue was dissol vy in EtOAc, washed with
water (2x), NaHCO8 (1 x), watger (1 x), and brine (1
X), dried over Na2804 filteméd, and concentrated in

%&I Pu@%lﬁ%f’g‘?’ﬁé FS a g e C? gﬁ po%htﬁx n’gtl gg Igap 9) ménnol) in

anhydron8 THD (2D0F DB 4(7-3§ °@@M@$ﬁ @@WSW@m%eh ivaa trgakd §lgwelyesith a 3.0

M solufoh%?%ﬁﬁ/ e%gg/ Kihe GAFHF {S@ﬁL qlhl':‘ LA108orNitRd for 3hr at 78 °C then
066 - = 20% - 40% - 7094, affordi ng the title

quench@owﬁb‘tﬂmL &6 sepniFaEatgdbaqueRs LY idflpténdn 1yl mixige with water) at

278 °C :inkitahlgw&@t@'%ﬁdl GOH! BhdRixnRE %@fh@ﬁi eyktbﬁc{eh vithQtb@WI(H€ 40 mL) and the

combm%do @cgﬁﬂtﬁ lwas d P&gt&%‘t) gﬁg)l %J[B %ggc? over e)smg“n su?t%te filtered and

concentl’m(hy IvE:ﬁeC’YlﬁH atdd selié eas pakijddiby caﬁmdltc(gfhpﬁy Oger sBicd @almblting with
r I
1:1 BOAfihho W8 et R P KoM iRHSEOYR adiiled phafB-H AR (400 MEtz,
CDClL)6- p@ﬁ} i (sr bﬁy 12504 4260 (ph, )4-Eie 8 A§ HarB0r(e, biED, HEY (d, 1=0¢)4 Hz, 1 H),
.6 ) I 46QP
771 @ g SEITRE B SRR AP A e R T
was added to the acid m xture and the reaction was
3-(8-ClidbroCiRdoinmid &0 1,52 pya Am- IS eimdiiylcRYdbuidt . The
reacti on m xture was concentrat ed in vacuo and the
resulting residue was dissolved in EtOAc, washed wth
NaHCO3 (2x) and brine (Ix), dried over Na2SO4,
filtered, and concentratgd in vacuo, giving crude
title conpound, as a broM The crude material was
purified by chromat ogr#)&lj’?//o/ silica gel [Jones
Fl ashmast er, 20g/ 70n-1L N4 dge, eluting with
Et OAc: Hex 10% -> 20% -> 40% 709 , affordi ng the
title conpound as a pal e yel ["of SO|Id "H NMR ( CDC13,
400 MHz) 6 2.86-2.96 (m 2H) u&.'03-3.19 (m 31-1),

32% (:g-&'-C}%Eﬁoéilméhggl g agléyrﬁ%qhg-yﬂ)-l mgthx%yéalgutgfm%@ %) gﬂg .26 mmol)
and NIS¢) 71 gV52.0nbngl) wedealisd3Bed b HMAB)34.6AAL, 0.4HPIG]) ah&stirréll £ 60 °C for 4
h. The %& £ 91%1)[ Q&Ycerﬁgateaq’ zzglzﬂ))an% §1e(r§s1rﬁ)'yr&%ns‘lhtutgd QPJ‘«:@A@%& mL). This

yrazin
solution was washed with sodium blcarbonate (2 x 20 mL) and these washes back-extracted with
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NHZ LN OH [223] In a Parr pressure reactor
3-(8-chloro-I-iodo-imdazo[ 1, 5-a] pyrazin-3-yl)-
weyohobursanol (4. 159g, 0.0119nol) was di ssol veRCTMIs1006/044461
2. OM ammoni a in isopropyl alcohol (40nmL). The m xture
was cooled to -20C and saturated with ammoni a. The
reacti on was heated at 110C for 63h at which point it
was cool ed and concentrated in vacuo. The crude
product was purified using HPFC Jones 25g silica gel
EtOAc (2 alzumsL)em ci)r@@lw\liaty&s SveBQoohibDidd, EAGH dodiuy el fatet filkered and

concentrg@& uggzcttc_ln_‘g(?x fmqg _|s_fj>1'1\§ wﬁw‘)ﬁ?te&wl clggsoto%%ﬁ }%‘%i())e} IEM_%(JI eluting with

1:1 BtO f@haan&id afford dekitkiRrédooe] B-NMB4MHAHzACRCERS ppra 158 (¢.RH), 2.72 -

70 5
259(m,21§% % 6329@1 é%&) 5”(3%?:1 'j')—ztgﬁn?’ﬁlz_q 1%)%%7(6&1@ ﬂ—k%gﬁﬁ,zilﬂ}ms
(ES+): nify 363.39ar(d 365 24 gMFEIHz, 1 H). 3-(8-C
hI oro-1-iodoim dazo [1 5-a] pyrazin-3-yl)cycl obut anol
NN ~NOHd_79 WO 2007/061737 PCT/ US2006/ 044461

3- (8—Anf1212-; iodoimidazo[1,5-g]pyrazin-3-yl)-1-methylcyclobutanol
3-(8-Chloro-1-iodo-imdazo[ 1, 5-a] pyrazin-3-yl)-cycl obu
tanone (5.0g, 14mmol) vvastl ssolved in a 1:1 mxture
of methanol (35.0m) and/%‘izéé: (35.01.). To the
sol ution m xture SOdlux%y' hydr oborate (560nyg,
14. Omol ) was added slo N~gas evol uti on was
observed. After 4.5h at rt er nitrogen, the
reaction was concentrated i n~wgcuo. The crude m x was
di ssolved in EtOAc and washed With water. The organi c

Dot Pt oF GBS omennel o b avd THE (s P preggacea o>

(8-chloru811—m901HEtl'a@oLl Srdpyaingrypal shdthydeyclpbhtand | (277 g, B6Zinimed) in a Parr
5 0 7 . O
pressurewlegcgor 258 % wz!_s'%olteg ttT’th -% ‘SI‘: %‘ﬁ awégn%ké%_ @ag ll:\r}{ﬁ?te'dtullt@ the

oW S ;
solut1on@°¢94—@ mif 1U@)ree{c[¢|rw'a]s sea%lj[thgohe(agg)at []{QH.QI}) | the spigent was then
removed irfishclld %&t@ﬁ@ﬂdﬂ@f‘mfﬁglbgrchﬁﬁBa@ ap%ﬁo%ﬂ(c%%ﬁné Q»ch 7% MeOH

in DCMtog)ftfgzd Qqsdred E‘o%ct Z}Hé‘g\/ﬂ{ (ﬂ(})_g]gﬁi(anplvlfq_ﬁw)@@@i J(§4( 3 'I_-P 2 32-2.51

(m, 4H733313 (%2 @55-1956 6 (brk., BIH)77.67 (d, 0 = sIsA8Q Fzind T.62)(d, J = 5.05 Hz, 1
1-{4-[3- (8- Am no- | -i odoi m dazo

H). [1,5-a] pyrazin-3-yl)cycl obutyl]

pi perazin-1-yl }ethanone N NsN N /1--O [225]

(3-(8-Célo{r -&xrggéx?ug% (}r%) {5’8 &ﬁfﬁ {?fﬁqgﬁﬁ‘ﬁ“}%“zﬂ"n | yl}ethanone

(13.2g, 0.029nmpl) was dissplv i n isopropyl alcohol
(100TM) into a Parr presgdr N

X N\/§

o

[232] A solution of 3-(8-chloro-1-iodoimidazo[1,5-a]pyrazin-3-yl)-1-
hydroxymethylcyclobutanol (4.08g, 0.011mol) in THF (120mL) and water (40mL) was charged with
sodium periodate (2.8g, 0.013mol) at 0°C. The reaction warmed to rt and stirred for Sh. The reaction
mixture was diluted with ethyl acetate and then washed with brine. The organic phase was dried over
Na,SO,, filtered, and concentrated in vacuo to afford the title compound as a yellow solid; 'H NMR
(CDCl;, 400 MHZ) § 7.56 (1 H, d, J = 4.94), 7.32 (1 H, d, J = 4.98), 3.64 (5 H, m); MS (ES+): m/z
347.82 and 349.85 [MH']; HPLC: fr = 2.89 min. (OpenLynx, polar_Smin.).

3-(8-Chloro-1-iodoimidazo[1,5-a] pyrazin-3-yl)-1-hydroxymethylcyclobutanol
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reactor. The vessel was cooled to -78C and saturated

W th amoni a gas and seal ed. The reaction was heated
wo 0007081138t 110C, at which point the reacti on BMBEUS2006/044461

cool ed and the solvent concentrated in vacua. The

crude product was purified via silica gel

chromat ography eluting with 5-10% MeCH (7M NH3) :

CH2Cl12 to yield the title conmpounds as an off white

solid; M5 (ES+): mz 440.89 (100) [M#4], 441.89 (20)

[NJ{ }; HPLC. tR = 0.46 @i n (OpenLynx, polar 5mn); '"H

NVR (CDC13i 400 MHz) SN%QA

(s, 3H) 2. 28-2. 48(m 6H) 2.184: A71(m 2H) 2. 80- 2. 99

(m 1H) 3. 27- 3. 43(m 1H) 3. 43- 54 (m 2 H 3.56 - 3.70

(m 2 H 7.02 (d, J=5.05 Hz! H 7.16 (d, J=5.05 Hz,

2 H. 1- {4-[3-(8-Chloro-I|-iqgddi'm dazo [1, 5-4a]

pyrazi n-3-yl)cycl obutyl] piHserazin-I-yl} ethanone 11

[%%%]N ﬁh?érl _r{ altmo%h[n%%ﬁ od!) E&nﬁim%B@ .6g, 0. 016m01 fnd B-fg-

-1 0dol m dazo razin- 3- cycl obut a )
chloroimitggel 1 (Stalopgzin-3ay1pd Mﬁmggmﬁhﬂcg@ﬁquﬁmpl G. 16g, 012mol) were dissolved in

N,N- dlméﬁxylﬁﬁﬁlam&@ bRRY sHd 1i8ted &t D00 £orB. &Dﬁnmlréacm@;r Rixdirs sk wed
1,2 80 WD 2007/ 061737  PCJ/US2006/ 044461

concentrffd e ek pib O} 4 RIMEF G PR 208 St el columm, cluting with
" 5% MeOH: TR LY tP iylehd fgH 8rdvih fBITY, sold GO0V as tiitbrated with diethyl ether and

e 08 R RS2 259210 R SRR AR I 4 -230mn
(OpenLypr ophlat Swis. concentrat ed in vacuo and the dissol ved
in CH2C12 (25.01) and washed with saturated NaHCGO3
ution (1 x 40nL). The Eroduct was dried with sodi um
3- (8-Ch@mnpu@@oah%rahwﬁe@w@ry&bay noxymethgloyelobniapel 5 | ght

yel l ow solid; M5 (ES+): 1z 459.84 (100) [W], 461.80
(40) [MHQ; HPLC tR = 'jska ( OpenLynx, poI ar
5min); 1H NWR (CDC13, 4 8 2204 - 2215 (m 3 H
2.26 - 2.50 (m 6 H 2.55- 2(m 2 H 2.83 - 2.99
(m 1H)3.29-3.52 (m 3 H 3. H 3.67 (m 2 H) 7.29
(d, 1H) 7.58 (d, 1 H. (1lndodo-3-[3-(4-nmethyl-pip

EZ;Z/’: . rl‘ﬁjasﬁ-i# S(ﬁXt?cJ q%l\ﬁznq\?f 8. %&@—ZBQ 7111‘1etgylg%ecmlo%uﬁyl)lﬁtnldfﬁo[1 ,3-
alpyrazipertioke, A%moi)wptp $mLY|S8HGmet oligdV-yride fr3wen @,2mL) and
potassmgr (ﬂ‘»ﬁmze) del%ﬁat@@@ t(}070rnm01) were added and the reaction was allowed to stir at rt

P SRR A C LR R

30min aPﬁhfch potibthanehciapwarboheentrZBin viien@ e aad: dvodot b dxtrbgied from

. 8-10mn
th aqueofy PRGN e Pl Papb T B MR BT aqpequg yaches
were batthetracted apibrEs@ad (3 x 59 addoTemebrphinddfargagids yverq drigd oxpr sodiym
sulfate, ﬁﬁérc&; %@ @&{&%m v(z%ttg 91@1&%& Bﬂ%&ﬂlﬂ@y ds Q‘hl!:]@&ﬁiﬁ ff-white solid;

silica, el uted Wt 7N NH3
MS (ESheade-ieion B 3 605 aib TV T Wbk Gombd oo (RppeLym,
polar 5&kfdPC13, 400 MHz) 8 7.31 (1 H, d, J =5.01), 7.16 (1 H,
~d, J =6.25), 583 (2H s), 3.49 (1 H m, 3.06 (1
H m, 2.76 (4 H m, 2.64 (8 H m, 2.46 (3H,-s); M
3-Methflee-pyclobwdader ri®8yuclgid]l (50/ 10) [MH]; HPLC tR =
0.31 mn. (OpenLynx, polar_Spn.).

OH

[235] To a solution of 3-methylenecyclobutanecarbonitrile (100.0 g, 1.042 mol) in ethanol
(1.00 L) and water (1.00 L) was added potassium hydroxide (230.0 g, 4.2 mol). The resulting mixture
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(8-Chl oro-1-io0do-3-[3-(4-nethyl pi perazin-1-yl)cycl obut
yl] imdazo[1,5-al pyrazin) CIL N-'" N' N [228]
wda2mebyB7 pi perazi ne (5.75n, 0.0514nol) in  PCT/US2006/044461
1, 2-di chl or oet hane (1096. 7nL, 13.892npl1) was added to
3-(8-chloro-I-iodoimdazo[ 1, 5-a] pyrazi n-3-yl)cycl obuta
none (17.00g, 0.04892npl) and sodi um
tri acet oxyborohydride (21.8g, 0.0978npl). The reaction
stirred at rt for 3h. 81 WD 2007/ 061737
was heae@?! 1¢820 6.6/704 @ Tthe FiQE] wearemovsdl margcuvand dret sohutien] was cooled to 0 °C

and acxdqjﬁeﬁﬁﬁkhv@;go ] %15"&%30 He Q) ﬁ}he . ’Y‘ﬁéth%r%p ev&(’%ﬁéﬁ %ﬁqmathyl ether (4

sol uti’on and brine. The product dried over
x 10) a@abfi EFiRAdroagapic ?haﬁsav%dm&r?derci?ﬁ&@ﬁwlfateeﬁlww Ylcgacentrated in

tol}181d RESR GrodiBs 1 NASR esbotNie LabC nt .68 4480, 38), 4.60-4.98
vacko oﬁ vvet?)e%l wi t h 100&1)(:%13 A A 8%6?7N)N ) 8 o

pl u
ZH) andy}0 (é 3), to afford the title conpound; 'H NWVR
( CDCL3i 4oo MHz) S 7. 63 (LH d), 7.30 (1 H d), 3.42

H 65 (4 H mM, 2.44 (8 H m,
Eﬂ‘y‘3%“"§‘?‘%ﬁyg‘§$“‘afi‘/§a('ég‘)¥ ate” 12 431 85/ 433.87 (100/ 45)
[MH]; HPLC. tR = 1.82 min. (OpenLynx, polar _5nmin.).
3-(8-Ch| or oi m' dazo [1,5-a] o
pyrazin-3-yl)-1-nmethyl cycl oButanol N~ N HO [229]
3-(8-Chl oroi m dazo[ 1, 5- aJpyr az\_n- 3-yl ) cycl obut anone
(1.95 g, 8.80 mml) in ydrous THE (77.78 L) at
-78 C under an atnosphere of nitrogen was treated
$236M ylodgiethana (735 G, 83.8 ploltwas pddsd afBttdy stgreeiBtm

methyleﬁéﬁy@fobgtgnécgrbgkﬁlc(a'éldg(hme)g 80T6]ﬁm§)?} adh 'cgﬁurﬁ tcﬁt’i)ﬁx%q‘e (5@ o g3 Ii]“iO 0

uenc sem - sat ur at

mmol) ip gplyggrns M@ﬂlﬂhﬂ@@@ﬂ%ﬁ%q IﬁL)lmlfleh?%&tm"éP}\ﬁPtqf mtrogen The
reactlonVWeIsQﬁﬁrecﬂfor 16H8hén @Bﬁi‘uﬁﬂad{ PR ELn! dRetWA lctRet 01 If) @nd brine gﬁ) The aqueous

tayer wil oo R ale R B 5 & S B e o Pinkorea phgsts Hidhed with

water (20 11l ddedeoverrsagings suifites filtérad end (fdnb&naa‘ed iravatuo to yield desired product

1 va u ri £ ed
s v RIS ARE S0k S sy 8 PR GarS e i WS (411 B B ama
45349 @EH)XCM to 4% MeOH in (1:1) EtOAc/DCM to afford

desi red product . 'H-NI\/R (400 I\/Hz, CDC13) 8 ppm 1.54

(s, 3 H, 2.74 - ; 4 3.75 - 3.39 (m 1 H,
N-[(3—clrlogt5)y(gpm -3~ )ﬂ)lBetBM,l]ﬂzmet ylpgecyclqugn?c&rbo‘];amlge 00 Hz, 1

H and 7.86 (s, 1 H). +): mz 238.15 and 240. 17

[MN. 3-(8-Chloro-I-i d0) m dazo 15a
pyrazi n-3-yl) - 1- net hyl cyt ut IZZ~N A HO

[237] 1,1’-Carbonyldiimidazole (CDI) (8.24 g, 50.81 mmol) and 3-
methylenecyclobutanecarboxylic acid (5.70 g, 50.81 mmol) were dissolved in anhydrous THF (100
mL) and allowed to stir at 60 °C for 4 h. A solution of C-(3-Chloropyrazin-2-yl)methylamine bis-
hydrochloride (10.0 g, 46.19 mmol) and diisopropylethylarhine (DIPEA) (32.30 mL, 184.76 mmol) in
anhydrous CH;Cl, (150 mL) was added to the mixture and the reaction was allowed to stir at rt for
24h. The mixture was concentrated in vacuo, the residue dissolved in EtOAc and the resulting
solution washed with saturated NaHCO; (aq.) water H,O and Brine. The combined organic layers
were dried over sodium sulfate, filtered and concentrated in vacuo to afford crude product, which was
purified by chromatography over silica gel eluting with 50-70% EtOAc/hexane to yield desired
product. '"H NMR (400 MHz, CDCl;) 8 ppm 2.92-2.94 (2 H, m), 3.05-3.14 (2 H, m), 4.60 2 H, d,
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[ 230]
3-(8-Chl oroi mdazo[ 1, 5-a] pyrazi n-3-yl)-I-nethyl cycl obu
wo 206106727 20 g, 9.26 mmol) and NI'S (2. 71 g, 1PCDURINO6D44461
were dissolved in DWW (36.6 nL, 0.472 nol) and stirred
at 60 Cfor 4 h. The mxture was then concentrated in
vacuo and the residue reconstituted in EtOQAc (100 ni).
This solution was washed with sodi um bi carbonate (2 x
20 nL) and these washes back-extracted with 82 WO
J=4.24 H2N930-067/Q H, ROT 6.052006b10Y 846 {1 HEd,Uré.22 Fzy aRD8 4% §1 Hich &=2.54

ni onbi ned, dried with sodium
HZ)'MS%ﬁgrsaxPé,zl:&?l‘yaﬁ%% e@ aJﬁ concentrated in vacuo. The
crude solid was purified by chromatography over silica

5o mﬁﬁ,s to afford desired
8- Chm"g?cl()g’ Elé’tm yl%%&“%%ﬁm%? opm 1.53 (s, 3 H),

272-259(m4H) 337-329(m1|—|),7.32(d,J
=4.91 Hz, 1 H and 7.604d, J = 4.96 Hz, 1 H. M
(ES+): mz 363.95-and 3/%: [ MH] .

3-(8-Am no-1| -i odoi m daz a]

pyrazi n-3-yl)-1-net hyl cyciobytanol NHZ N N N HO
[231 ] A solution of 2M a in isopropanol (80 nlL)

and THE (5 nL) was added to 3

(8-chloro-1-iodoi mdazo[ 1, 5-a] pyrazi n-3-yl)-1-nethyl cy

[@B&Ib UN4(BeChlpp¥rAzin;2-VIiG@hylidinethylengcRighutanpragnxamede (52.1 g,
2192m§1rﬁgn a%-lydrgv!?seMngtb('l.gg.ﬁ w@sstre%ﬁk&ﬂ ﬁIQF"ﬁ Ondd anbe)@?s (100 mL, 1.09

solution for -
enol) ancheymixTire e sEeSat GBS 940 B LrYER sieRFen of R (herggetion was

then condedirited A ach®hniemt re\é@ﬁe teeRktinfi@ R\ Cl, and @6ated @itH cblie.0 M NH,
NI N T T —
with CHREIQ(’MQ’IOmL) HThVG ¢6:6i0 Qaydiidanhefd\ofabiied 3815 grasmed with shisNaBCO; (1x

70mL) d(lstil oger soc%urpbsm?a%e 6{}"['%@:8 an!j_'z:éncgnt@%d#ﬁ vaciuoH) ac?d%ﬁg?lﬁg‘as purified
by chromdatepraplymvéizsilich geHluti{g3wifl82:Chbxame-EtOiAs telpichd diaires product. "H NMR

(400 Mx%lggﬁ:ﬁ 3 g%‘n 2?54—”3.% YA BCYE b ORYS B0ANG) my, ekola Db 3 P m}, 4331 1, g,

J=4.99 F82)(B5 T Hardo345-090d)i anid 82| H, 8- AP (B mizP20|2p and 222.30 [MH+].
hydr oxynet hyl cycl obut anol (4.08g, 0.01 Inol) in THE

(120nL) and water (40nL) was charged with sodium
C-(3-Chjenopprigine2-yDmgthylnine bisphydreghigyide The reacti on war ned

tort and stirred forﬁjhe reaction mxture was
diluted with ethyl acgtate and izden washed with brine.

The organi ¢ phase was Wi NH%/er Na2SO4, filtered,

g?ggliconc ntr ag?(za_ ﬁovacuo t E_g{)d t. h‘?ﬁ{ﬁ-@;’ ‘§°"fqg@8%?g Smmol)
in anhydxbusd:Hz.Clzt(MOrﬁIél)) waskhﬁﬁeé iylthl,hydtpzme €.8/nggp,938, VHrmolL.5eq.) atrt,
under Nn?itgggﬁéeiz%% e%ﬁgﬁ as%ﬁgecgaﬁld[t%cuoﬂ%@heét& umntil the
solution3vasGowakemons. | Thegg@nml myztgre wes gll%\yed to stir for 19h. The white ppt that had
formed @3 -8y opntid1dzide- NY A6 WFEoBY; Wad ARt O hnd washed several times with
ether. The clear filtrate was concentrated in vacuo and the concentrate was dissolved in EtOAc and
filtered again to remove white ppt. All solvent was removed, giving a yellow oil, which was
dissolved into EtOAc and ether and charged with HCI (g). The title compound, a pale yellow solid,
instantly precipitated. The title compound was dried in a 40 °C oven for 72h, affording the title
compound, as a dark yellow solid; "H NMR (400 MHz, CD;OD) 3 4.55 (2 H, 5), 8.27 (1 H, d, J=2.52
Hz), 8.54 (1 H, d, /=2.56 Hz); MS (ES+): m/z 143.96/145.96 (100/60) [MH']; HPLC: tr = 0.41 min
(OpenLynx, polar_7min).

86



83 WD 2007/ 061737 PCT/ US2006/ 044461 C NN N O4d HO

[ 233] Under inert atnosphere N-iodosuccinimde (3.6g,
w@20106m08) and 3- (8- PCT/US2006/044461

chl oroi m dazo[ 1, 5- a] pyrazi n-3-yl)-1-hydroxynet hyl cycl o

but anol (3.16g, 0.012nol) were dissolved in

N, N- di net hyl f or mam de (30nlL) and heated at 60C for

3.0h. The reaction mxture was then concentrated in

vacuo to a dark oil and purified by HPFC Jones 20g

silica gel colum, eluting with 5% MOt CHA2 to

e e e ST

exanes to afford the title
compound; M5 (ESt): mz 379.85 and 381.80 [IVHl; HPLC:
tR=2.30 mn (CpenLyn Qr 5mn).
3-(8-Chl oroi m dazo
[1 5 alpyra2|n 3- yI) 1- hydr3§¥5§&hylcyclobutanol Cl

234] To.a THE solutlon ng}g
éz‘l%l &P*B aﬁ(@“%‘&t"ﬁ?‘?@‘ﬁ’e‘ﬁ%? BHGESA HI PR Ve tirrer was added N-
hydroxﬁi:@yrrlﬁzaer(esd Be, 2oL 72 Ao1Ed)3- o;mtyerob(lﬁﬁml)bpxﬁ&%cld (248 g, 2.17 mol).
Ethyl acetatte éhly %Qarosg?ﬁa d and al'lléll-"rgg( :tlgeel nﬁ%ﬁtdetg 183 KL s)ofl?%g of 25% DCCin
EtOAc @dﬂedolhwds added slewb't Vigan yedition] ﬂlmwé’@ tb@:)res@thn rikturg ovef @ minutes

then the Hixam@ Fhd s h’éa{e'dta?4§ &t ngter7ﬁl m;(ﬁlré"@ai‘» fﬁ%?e%‘ilnﬁ thel 1 ate was

reaction mxture and to stir Om n at
washed gpgectitihBiOfe @he Peat ?Ya@ﬂrassééo EIReE Tt va&vw 4@?@3’6 desired product.

'H NMR (M00aviHg DSOS § 2v8Bb& M H),ac3020.3D (@M HY, BE2a36EEw 2H)ahd13.67-3.73
&n]}DEtOAC The organics were washed with brine and the

conmbi ned aqueous washes were back extracted with

Et OAc (5 x 50 nL) The conbi ned organics were dried

3- (s-Ch‘?om.mu%Qo[!t'{s“‘eﬁ]é&‘ ﬁlﬁ,ﬂciohﬁ{a%g and concentrated in

vacuo € CO Unds as a sti cky
tan/ of f - V\/nlte solld VS GES+) m z 254.17 (100)
[ MH], 256.19 (50) [NMV4ﬂ/ C. tR=1.95 nn
(OpenLynx, polar 5mn). K Ny
3- Met hyl ene-cycl obut anecar boxylic acid 0 //E?-CH
[235] To a solution of
3- net hyl enecycl obut anecarbonit® |l e (100.0 g, 1.042
mol) in ethanol (1.00 L) and water (1.00 L) was added
124 s Sntorn doyut} intiochel -( 2B Glagk (L) B-Gorniclobufiarbesylictacnig,5-dioxo-

pyrrolicml-)ﬂ‘yjil E&ter (217.2g, 0.937 mol), C-(3-chloro-pyrazin-2-yl)-methylamine hydrochloride salt
(153.3 g, 0.852 mol), and THF (760 mL) were added. A solution of 10% NaHCO3 (1.07 kg) was then
added and after 20 min, the layers were allowed to separate and the aqueous layer was removed. The
aqueous layer was back extracted with EtOAc (1x700 mL, 1x300 mL). The combined organics were
washed with brine (350 mL), dried over MgSQ,, filtered, and concentrated in vacuo to provide the
title compound. This solid was resuspended in ethyl acetate (915 mL) and DMF (132 mL) and the
solution was put under an atmosphere of nitrogen and cooled to 10.5 °C. Phosphorus oxychloride
(159 mL, 1.70 mol) was then added over 15 minutes and the reaction was allowed to stir for 45 min.
The reaction solution was then poured slowly into a 22% aqueous Na,COs solution at 10°C. Water (1
L) was added and the layers were allowed to separate. The organic layer was removed and the
aqueous was back extracted with EtOAc (1x1L, 1x0.5L). The combined organic phases were dried
over MgSQ,, filtered, and concentrated in vacuo until about 0.5 L of solvent remained. Heptane was
added and the slurry was concentrated iz vacuo until most of the EtOAc was removed. The resultant
slurry was filtered to give desired product. 'H NMR (400 MHz, CDCl,) § 3.59-3.68 (m, 2H), 3.72—
3.79 (m, 2H), 3.86-3.94 (m, 1H), 7.40 (4, 1H, J = 5.2 Hz), 7.60 (d, 1H, J = 5.2 Hz) and 7.85 (s, 1H).
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84 WD 2007/ 061737 PCT/ US2006/ 044461 was heat ed at

reflux for 7 hr then the Et OH was renoved in vacuo and
wo b@7m61781 i on was cooled to O C and aci di fi edP@i/UB2006/044461

(300.0 nL) of conc. HO to pH = 1. The m xture was

extracted with diethyl ether (4 x 1L) and the

conbi ned organi c phases were dried over sodi um

sulfate, filtered and concentrated in vacuo to yield

desired product. '"H NWR (400 WMHz, CDC 3) S ppm

2.64-3. 44 (n1 5H), 4.60-4.98 (m 2H) and 10.64 (br.

e carboxylate 0 a

3 (I'Brofl?s%']cﬁqo"(’:f zaohlgs '?55'5& Q§&§%6&HH l?dq]\%as added at it to
a m xture of 3- nethyl enegyclBbut anecar boxylic acid
(10.0 g, 80.0 mml) and i carbonate (56.0 g,
170.0 wmmol) in anhydrod§vN di met hyl f or mam de
(500.00 L) under an at nosphete of nitrogen. The
reaction was stirred for 16h hen partitioned between
di ethyl ether (1L) and brine L). The aqueous | ayer
was extracted with diethyl ether (3 x 500 nL) and the
24Abi AdSChtqyeimidazpl Ssdpyrarintied)riobutaggre é47.7 2 215 mumol) was

dissolved I BRFQE66 m$S %&n&&h&,%@m d‘ftnhtk%ﬁr dn@mhea%l cent.rgt ed

LR A
reaction divtufe( Affer 5 21&1)1 wdter (48D 153) 4a£aﬁidédifhnc2ﬂl‘& resulting solid isolated by filtration

and was]éeéiavg’lﬂb%glh]% :{;}'Ztle:?@(%lt (] t”%e 1|2'§l§ ﬁ‘?xﬁiﬁ' (Bﬂfs%( 8% 4%8 Evﬁ!fz) o]

3.45-3.5B, (i, 283 35839 J6d (i H)a2.08-61. I(GQBDIH& 724f6 @, 150,812 Hrphyd &dw(d, 1H,J
=48HzSn-mnethylenecyclobutanecarboxylic acid (5.70 g, 50.81
’ 7ol ) were dissolved in anhydrous THE (100 . nli) and
allowed to stir at 60 C for 4 h. A solution of
(1-Brémb3: i SRty Mtnay A OCh o1 | de
- Br%%%cﬁél%n%ﬁﬂﬁ)ﬁﬁib%ﬁﬁr 0 ﬁg?sopr o%y et hyl am ne (DI PEA)
(32.30 nL, 184.76 nnDI) Franhydr ous CH2Cl 2 (150 nl)
was added to the m xt e aﬁ the reaction was all owed
to stir at rt for 24h% m xture was concentrat ed
in vacua, the residue diss ed in Et OAc and the
resulting solution washed Vi.th saturated NaHCG3 (aq.)
wat er H20 and Brine. The ceabi ned organic |layers were

?ﬂjzac u(\geéroﬁagcg H%gﬁfﬁhﬁ%%ﬁ 5- Iz]gkrfa%n@mﬁéﬁlo%%ﬁmt(g ﬁ§@dg 0.17 mol)

to afford cru purifi

in anhydyguscHB 0y FAbMY) wider mgpgqn% -“HeiC wastrsated Withead &) %%OH of
methyl b SARGHRE R LOTME €130 e 3. 388d0l) BU@ A0 GHin. THY hikdre WAGtirred at -78

by g e S IONC T NER N P

(132 g). Et@AR4vasiaiided4o 8@-aduedds Pls¢-hndithe pB.was adjbsted] tobSsyith Y3 HCI and the
layers sép]aralféd. %e g():né‘lblg% o'?légnimQSe% 'wAée &o]ncgnlltraged ir] 1:)2(:145 [tlo a slurry and 0.5 L of

toluene was added and the mixture concentrated in vacuo until the EtOAc was removed. The slurry

was heated at reflux until homogeneous then allowed to cool to provide desired product, which was
isolated by filtration and dried in vacuo. 'H NMR (DMSO-d,, 400 MHz): 5 1.37 (s, 3H), 2.35-2.49

(m, 4H), 3.52 (dddd, 1H, J= 9.6, 9.6, 9.6, 9.6 Hz), 5.18 (bs, 1H), 7.37 (d, 1H, J= 5.2 Hz) and 8.26 (4,
1H, J= 5.2 Hz).

3-(8-Amino-1-bromoimidazo[1,5-a] pyrazin-3-yl)-1-methylcyclobutanol
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Hz). M5 (ES+): nmiz 238 and 240 [ M#H].
8- Chl or 0- 3- ( 3- net hyl enecycl obutyl )i m dazo

wQ 05pel7pyrazine CI IN-- ~N i N [238] PCT/US2006/044461
N-[ (3- Chl or opyr azi n-2-yl ) met hyl ] - 3- net hyl enecycl obut an
ecar boxam de (52.1 g, 219.2 mmol) in anhydrous MCN
(1.0 L) was treated with DM (1.0 nL) and POC13 (100
m., 1.09 nol) and the m xture was stirred at 55C for
30 min. under a gentle streamof N2. The reaction was
then concentrated i n Wacwo and the residue
reconstituted in CHa nd treated with cold 2.0 M
NH3 in IPA This nﬂx¢u was concentrated in vacuo, -
wat er added to dissol ve e salts, and then extracted
W th CH2Cl12 (4x 60mL). Theg organic |ayers where
conbi ned and washed withy$&dt. NaHCO3 (I x 70ni) dried
over sodiumsulfate, filtered and concentrated in
vacuo. The crude material was purified by
[Zhﬂ?lp rrataﬁg/s aphiynia\selitisn (1832:al, Ol makg)twan gddudttéia Ruspension of 3-(1-

bromo- 8@ i Hg-a%&r%ln éq gﬁét%ﬁ%ﬁwbg %Hg’lts@%'g E' - 6 %%E'Qn 2-butanol
(81ml). Fie mn;tlgg wis beptgdat PO @)m a preggurg yespel for, 15hythan gcgmcpqggated to ~130ml,

cooled t(? 1‘05)%1 t@ﬂ'n ?gnﬁ‘e zanhétgez %d%ﬂec%@yﬁl@gloﬁ]-mg miaderialMPas(WaStod with water
an

Bx 22@)@@1 mcbwﬁfpawri?r ‘zcw) H?etaﬁfwdath? Aesings Brodycir JE AR (YSO-ds,
400 MH%* Cr.s @D @ (g, 125166 (b2 38, A1 &0 LHY, 130N (pertet, 1H), 2.3-2.4 (m, 4H) and
(3-chl oropyrazin-2-ylrnethyl)-isoindol e-1, 3-di one
14(53?10 0g, 36.5mmol) in anhydrous CH2C12 (200nL) was

charged with hydrazine (2. 87nL 2.93g, 91.3mmol ,

. L) sat . rt here. After 2.5h, MeCH
7'Cy°l°§§§'8'rgrf}d%@n§(iaazggé%ﬂgl IFI%%Z'r e g‘ﬁ was heated unti |

the solution was honbgen .lThe reacti on m xture was
allowed to stir for 19h.n ite ppt that had
f or med (2,3-dihydrophthakﬁz$§§§1,4-dione bypr oduct),

was filtered off and washed spyeral tines with ether.
The clear filtrate was conce ated in vacuo and the

PR cn e fitrer Do e Rt ol sl SRR ) vas
added phesphaws mylchlovmc GO0 & elol GEigl) TrdEHiAE ateh e 6Ehir This

mixture"i‘%? Fﬁ%&%ﬂé\’%& h’» é_rgn) {vgﬁ a soliort detyl &CQGHQPSJLEBO Fy pale

o 0{\6 sol | I'nst ant | y%%remgltate he title .
imidazof HY4 el triRaia-4pred@-653me, 240 manely wranhysirovsyridipe (fingfi)agd stirred for
1.5h. Thd\Radtich|rSixtueOWROLHBEA ta°Caudidhléd Weth 2OYWNSR L4 i@épréﬂdnb\l@A) until basic
then allé_éﬁ%oto %/'_ealzg]a rt(af g!%)rﬁis fo?]1r azxggdggx%p%%s I)\%e ?eéé:%n( r%iﬁg?'dzre gv’as iql?ezréc? t%rough a
fritted BlxéBned GuinhdEand GvasH@0HiGOPCMM The fiRitCwag doncer@rated imvavuo and purified by
chroma%%?@%rgélé?ag%z gégufg'@vﬂ%x %O%Et%%gg%qﬁgﬁgéﬁg% 1grt e h’%{e compound as an
off—whltgﬁyycbyHmmdpﬁéﬂgz4@ Mitehe 1 83-H04(m,' 1H), 2.05-2.18 (m, 1H), 2.35-2.45 (m,
2H), 2.49-2.62 (m, 2H), 4.00-4.12 (m, 1H), 7.82 (s, 1H); MS (ES+): m/z 316.08 (100) [MH'], HPLC:

tr = 2.59 min (MicromassZQ, polar_5min).

7-Cyclobutyl-5-iodo-3 H-imidazo[5,1-f][1,2,4]triazin-4-one
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O No [240] Into a 5L reactor equipped wth a nitrogen
flow and an overhead stirrer was added N
why@rosysucci ni mde (250.0 g, 2.172 nol) and PCT/US2006/044461
3- oxo- cycl obut anecar boxylic acid (248 g, 2.17 nol).
Et hyl acetate (3.4 L) was added and the reaction was
cooled to 16 C. A solution of 25% DCCin EtOAc (2.17
nol) was added slowy via an addition funnel to the
reaction mxture over 7 mnutes then the m xture was
[246h heetidn af 7-4FclehutfFEimidivo[ 3, hA[ n2 Altazin-gmse (789mg, 4.15mmol)

and N-i §&{E§Bﬁd@ﬁ§$§/ﬁg’n{ r g?g%ﬁn%g‘éﬁénh 2@@ .ﬁ%‘fﬁg‘%o E atﬁe%&emlght at
rt. An ag¢jtiongbdeg Mwm@@ed andpyeaqhipn m@bearmzo SEigor 6is) Ths reactign

mixture WaS cordéMirated-iB Vacko 3R f)é'ﬁltlgﬂé)l bet%;eggD@I\ﬁ an( MO 2idd) sepdifted. The

i m. da

aqueous%ﬁ_yerswgﬁ %%hgé Yvﬁh @%\(I)(% cg ﬁ@d otgfmcrgraﬁtlortszﬂqr? fvpshﬁfi with 1M
sodium fBlOS{l]Mé.INdZSM) @xn g (ﬂ@)‘, el dvenagiiudh bhiltike @&LIQ,), filtered, and -

concentr%feg %g ! ﬁl’iugo?i ?qu% éif?'%gl%l 9 Es(gg gn ]?)?R/I and filtered through a
fritted B@cle@r ﬁlmi@ mubl}ngazztmhzle ypmpqmti h?#fa?ﬁfﬂé“th yelfdy G NVR aMSO-dis, 400

MHz) Bga‘l;'atéldsé (ké%}ﬁ H98-9. B3% 'i@ )7 256@@3 A{'E:t}i 75@4-@ éé(n‘{\'elh? 7.87 (s, 1H);

i sol'ution of %{Q
MS (ES#Y el I GO MDD HRLL: #t =hé 6?@}1@ loma@s JRstmlSml@)

separate and the aqueous | ayer was renoved. The

er was back extracted with EtOQAc (1x700 ni,
7'Cy°1°$§§'38ﬁn'f_‘) el Bt HE@“ 8154 cs were  washed wi th

brine (350 nm), dried ove? MySO4, filtered, and
concentrated in vacuo t@\, de the title conpound.
This solid was resuspendgd |

hh 8t hyl acetate (915 nl)
and DMF (132 nlL) and the r\Psol tion was put under an
at nosphere of nitrogen and co dto 10.5 C

Phosphorus oxychl oride (159 , 1.70 nmol) was then

lged OMfle sﬁbﬁlt!&%% ottbRedaifoxlRALd B85 14%'@1‘6‘9@ 2l triazin-6-

stit for 45 mn e reaction solution was t o
ylmethyDamide {1.33%\§-30mmel) mphosphoms nspeionds (POR1: G10mL) 3es hgated to 55°C.

The reaarﬂﬁ wabhit¢d foid 2h then bercertedialin aﬂﬂwtah& tHe&:YtﬁfeSbINstQ:ooled to 0°c in an
al l,owed, t do

1(:e-batht 'cﬁ)g quegﬁ e ov&%?ﬁ@[ Sﬁ%ﬁlglzgagge&agé %lf%l g uilﬁ%sw( ﬁ_crude reactlon

mixture wa®c&icentralévion varvoi and ovas pganomdﬂnha’@es Dt endetCé and soparated. The

aqueouJ\{E)?%as %itla(:f%ﬁ SHih A SRY %ﬁ}hé Mn&dbr%&%‘@adéﬁgh dy@@ﬁ&i over

sol vent renal ne Hept ane wa
sodium gplfpte PNag(ds).diseed opd a?r@amr%ecva de@tou dE prugp grategipl ‘t’?ﬁé’u“ﬁed by

chromaﬁg@eay MhJaegapEeﬁfdmgmm so/embmﬂtncmh liés*h)tm\gvaﬁ tHeltitle emsbund as an

ye desired product. 3&?
off-whng sggd SHABMR (VG- go%ngs -}@6(- 6 Qp.‘)lH)SZ 8%=2a1 3m, AFR; 2.26-2.46
(m, 4H)1 BIR7—40004@h, ( H); 7A1H, (s,JuJa 5.82 (&iz)= 3. 6’H601}()d11 1 brs NHY; BISZES+): m/z
61 37
191.27 Q@P @@%&OﬁaéfﬁGfH@? T f%rg%ssgg %rr—grinﬁ’?'dazo
[1, 5-a] pyrazin-3-yl)cyclobutanone C1L Br N N Y
Cyclobutanecarboxylic acid (5-ox0-4,5-dihydro-[1,2,4}triazin-6-ylmethyl)amide

[248] To a solution of 6-aminomethyl-4H-[1,2 4]triazin-5-one (500mg, 3.96mmol) and
N,N-diisopropylethylamine (DIEA) (0.829mL, 4.76mmol) in anhydrous N,N-dimethylforamide
(DMF) (20mL) and anhydrous pyridine (2ml) was dropwise charged with cyclobutanecarbonyl
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N O [242]
3-(8-Chl oroi mdazo[ 1, 5-a] pyrazi n-3-yl ) cycl obut anone
W@ 4007/06g37 215 mmol ) was dissolved in DMF ( 200P@1/)S2006/044461

under an atnosphere of nitrogen and cooled to -4 C. N

Br onosucci ni m de (40.3 g, 226 mmol ) was dissolved in

DMF (140 nmL) and slowy added to the reaction

m xture. After 5 min, water (400 nL) was added and the

resulting solid isol ated by filtration and washed
chloride(p #H1 ko) 3.2pnvupelhat K¢ Erentprgpd te 1t and stirred éor ep agditiensl 1.58 The

reaction %%q&&hedl%h M’@)(?.mﬁ) arﬁi Hacedirared (tmac%'and was purified by
-3.67. (m_ 2H), 4.0 1H, J

chromatgg'(zplp;&()n silita egl L?bm{‘%i w1th} |5|% MCOH 1R IEDI\H)QOO mL) - 10% MeOH in DCM
(800mLY; £f%or§159% tﬁre%&hﬁd&@ﬂdmrﬂm ﬂM§oaz}6, 400 MHz) & 1.7—1.82 (m, 1H), 1.70—
in-3 7y - -methglc ycl obut anol™ Br N ~N
1.92 (m,[é-ﬁ)g} 97-2.07 (m, 2H); 2.07-2.19 (m, 2H); 3.55-3.67 (m, 1H); 4.19 (4, 2H); 7.97 (brt,J =
5.6 Hz, BHY; 2:631(9 110D BvIS RESF)O v 26928 [(100) {RIEPY, L7 13 V.b§ 6 (MREEmassZQ,
a?gne (51.988 g, 0.17 nol) in anhydrous THE (550 g,

m.) under nitrogen at -78 C was treated with a 3.0
M sol ution of rret hyI magnesi um chloride in THE (130

. I .M n. The mixture was stirred at
G-Am“%thgl&g?é[?a%ﬂm n an ®then the cool i ng bath was
renoved and the m xture ggenched with 14% NH4C1L (132
g). EtOAc was added to 4 ys phase and the pH
was adjusted to -5 with RQOHO and the Iayers
separated. The conbi ned orNganl c phases were

‘Eﬁfﬁerﬁ Y. 2 fB (‘/M 9—d§ﬂ3'df§b al M]&}ﬁzﬁinéiyﬂxeﬁuyll-)ls@fndole-l 3-dione (4g,
ene was_ad he m xture concentrat ed

I n
15. 6“’"\?96& PQWFFQHt(hé) @?Qﬂ: )\Xﬁé chaggroh it anydrows hyidragine,(£g3mL,
39.0mmieBaind dtirgdd 4t effbiid8hu Mk keabdDPRREE Was Ed’iﬁéhtﬁlddﬁ)d\ﬂfkub @nd the off-white

d [ te
Pl BRSPS RO Sl SRR, S A e
trituratel¥ivzidh: hoBbdilide/mé thanod HylgOH) 3id Zitet&d th(qugh 4 lﬂ)t;edg'ulﬁﬁl edltiol in an off-

white soglgl %ma?engl wggs tﬁﬁz%e %F%g@d t'f%% as ‘r?ef algcp&ed%ﬂzg}xt ?%:Zultmg in the

title corgpqugd APS Wbite SUé}FiO‘F@FlPrWG%%!Ser[ org_to\c_t,hec-lt}ext step without further purification; 'H
/ .
NMR aﬁbgw Uséocgre/ 04) és (fshyﬂ{)cxgh belmilgb (E% WQ %%W[(ggﬂpﬁim, HPLC:
0.345up QWW&W%S%Q;m?%%ﬁW')mzm 2.9 nol es) vvas added to a

suspenS|on of 3-(1

s o TR R T o7

The m xture was heat ed 90 CQin a pressure vessel

for |5hr then concenty 30m, cooled to room
temperature and the sokld co byfiltration.
This material was washed

[250] A slurry of 2-(5-0x0-3-thioxo0-2,3,4,5-tetrahydro-[ 1,2,4]triazin-6-ylmethyl)isoindole-
1,3-dione (1.0g, 3.47mmol) in EtOH (40mL) was charged with excess Raney Ni (3 spatula) and
heated to reflux for 2h. The reaction mixture was filtered hot through a small pad of celite and
washed with a hot mixture of EtOH/THF (1:1) (100mL) and the filtrate was concentrated in vacuo
resulting in the title compound as an off-white solid; '"H NMR (DMSO-ds, 400 MHz) & 4.75 (s, 2H),
7.84-7.98 (m, 4H), 8.66 (s, 1H); MS (ES+): m/z 257.22 (100) [MH'].

2-(5-Oxo0-3-thioxo-2,3,4,5-tetrahydro-[1,2 4] triazin-6-ylmethyl)indan-1,3-dione
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(3 x 22nL) and dried at 40 C under vacuum To afford
the desired product. 'H NVMR (DVSO d6, 400 MHz): S 7.5
w@ dgo7a6)737 7.0 (d, 1H), 6.6 (bs, 21-1), 5.1 (s,PArys2086/d44461

(pentet, 1H), 2.3-2.4 (m 4H) and 1.4 (s, 3H).

7- Cycl obut yl - 5-i odoi m dazo[ 5, 1

fl[1,2,4]triazin-4-ylamne NH N IS N N/[245] To a

solution of 1,2,4-triazole (1.28g, 18.59mmmwl) in

anhydrous pyridine (10Or.) was added phosphorus

oxychl oride (POC13) (0.5 ®. 20mmol ) and stirred at

rt for 15mn. This M€ S, dropwi se charged

(3.5min) with a sol ution lof 7 obut yl - 5-i odo- 3H

i nidazo[5,1f][1, 2, 4]%Ti ﬁ2| ne%4- o 0. 653ny, 2.07nrnol)

i n_anhydrous_pyri di ne and stirred for 1.5h,

B5é] r catternf I bd-dipwe sdl igrindad-200)-Zraeereiveipnigiacid el ester
(20g, 76NindIRin HAPIORAROIE d&ren Wil dhbrgB@Sith thibRBlcadlak WS &

ach rt and stirr Itiopal 2h. The
76.6mmpl§ Fopretor i o P 801G £ HFBEIER S M bprecd with NN-

diisopropylethpmide (IMEA) @Bdml@ShSGimMot) hnm&ted'rtb @090 fot 6lathen wursed at rt for
an addltlonerlllcl%Fnt g‘gg gcgart‘k({llleq\{l% ueowgsnc%{lg L%l%"@{ﬁd o ancp Wag Q{t@?x@}i with hot
EtOH/ErAafiltéredjandwashed with E@Peco rigwsalid was énrﬁd cxsﬁrﬁuglwntaevacuum oven

(40°C) 18R th% jn f%' ?M? ﬁl%%%% gxggg vM'?e) o§d 1 éﬁﬁags(dgli 6%&7@ ME2) 5 4.68 (5,
21D, 78579 G SEDAMESER Y, mEARD 21163 DM;H'] 10 5 (B 2

316.08 (100) [MH], HPLC. tR = 2.59 min (McromssZQ

Ql ar-5m n) .. 7- Cycl qbuyt -5-'od- H- | m dazo[.5 .
2-1(3-1‘4?1'1@,5?3‘21%3-?'&%:145 St YR g Hop Dotk iagione

PCT/ US2006/ 044461 [ 246D A soI upi on of

7-cycl obutyl - 3H—|mdaKl , 2, 4] triazin-4-one

(789nmg, 4.15mml) and N-|I do amde (NI'S, 933ny,

4.15mol ) in anhydro s stirred

overnight at rt. An add|t| onal . of NI'S was added

2] I e26d1hi8h oFRtyNSaL, ﬁdmk@-1535&;h§&5-2msoﬂm-ztﬁp@Iow&opanoate

ur0re ettt 5 ARATHAE o4 ot S per i rebrayiss e 0 5 164

mmol) inashytaczadOwW (8518 BIYwas Xéatﬁh‘d 8ohe ferahibthiee docdédyatiti and stirred for an

addmon("@%z% re%ﬁ \A%ngll%evgas\('fl Qd%%@o&% dA %[\ﬁee? ?%nglg%ﬁsr%ﬁén ll? 3 t28 g2 (713%

yield) of fHa 2i8©d¢dmpdunk taea edljte suhid. ‘H MR i#0ENEE, PMSOadi) @.ppitik28 (s, 3H),
f e DCM and
4.73 (S’?g:)%“gdr)/evzﬁt%rl%ugh gﬁ‘s\rlq-ﬁtbt)eégﬁucl?r?m En resul ting

inthe title conpound as an off-white solld; "H NWR
@Amnﬁ%@gﬂ@mﬂﬁ@l -1, Y% agin s ($dy-dnd6 (M 1H), 1.98-2.13 (m
( 25-2.43 (m 4H), (3}4)84 3.96 (m 1H), 7.87 (s,
1H) M5 (ES+): mlz 317.02 (100) [MH], HPLC tR =
2.62 mn (McromassZQ pol ar 5rnin).

[253] A solution of 2-[(3-methyl-5-0x0-4,5-dihydro-1,2,4-triazin-6-yl)methyl]-1H-
isoindole-1,3(2H)-dione (2.00 g, 7.40 mmol) in DCM (10.0 mL) and EtOH (10.0 mL) was charged
with hydrazine (0.58 mL, 18.5 mmol) and stirred at rt for 8 h, then heated to 45 °C for an additional
16 h. The reaction was charged with an additional 0.5 equiv of hydrazine (0.116 mL, 3.70 mmol) and
heated to 45 °C for 4 h. The reaction mixture was allowed to cool to rt then filtered through a fritted
funnel and the cake was washed with 2 portions of cold 1:1 EtOH/DCM (75 mL) and the filtrate was
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7-Cycl obutyl -3Himdazo[5,1 J] [1,2,4]triazin-4-one O
HN' N NON [247] A crude sol ution of
wae o obursanecar boxylic acid PCT/US2006/044461

(5-o0x0-4,5-di hydro-[1, 2,4]triazin-6- ylnmethyl)am de

(1.33g, 6.39mmmol) in phosphorus oxychloride (POC 3)

(101) was heated to 55C. The reaction was heated for

2h then concentrated in vacuo and the crude oil was

cooled to OCin an ice-bath and quenched with 2M NH3

concentiatedireqoitygam 622 AR pain Wcllovemhgh‘tﬂlgh Wasghlen onle heoextdep without

Ny ?%k u d
ﬁmhergugl?itg ; 0?’one Ltween and ié%f) 12(8 ara (75%& %‘lﬁ@%{s (ES+): m/z
14106@@&&1@% | ayer was extracted with DCM (3X) and the

conmbi ned organic fractions were dried over sodium
sul fate (Na2SO4), filtered and concentrated i n vacuo.
trans-4= ﬂ{@P@Pﬂaéy)ﬁﬁbeﬁrléﬂrmwabntﬂ}rﬁ)%@&ewecwwﬂﬁta@@r aphy on
silica gel [eluting wit® 5% MOH in DCM, resulting in
the title conmpound as aMf- e S id; "H NMR
(DVBO-d6, 400 MHz) S A= 6-1.4962?_12:71}-1-#4?{1 2.00-2.13 (m
IH); 2.26-2.46 (m=4H); 3.87-4 (moHH); 7.71 (s,
1H); 7.87 (d, J= , 1H); 11.7 (brs, 1H); M
(ES+): nmlz 191. 2% 00) [MH#], HPLC. tR = 2.06 mn
(M cromassZQ, polar 5mn). Cycl obutanecarboxylic acid

(B549% %7 s 2= Asimhxmﬁah&%?&oﬁéy&ﬁé&%ﬁy& a\elmb Y &) PH838€ moD), in a 10%

HN1™N 11| 0. a so on
o0 solugpA ARG PP B ) 3eogadioids D1 SRUTFe AESErAS mim with vigorous
stxmng,&lﬁﬁwgﬁﬁ)chm()m&hé\hd inhIS Q76 pyol)e Mgt &1d Hoer mE)lsc'E}Qt)on wasczilcldlﬁed am
oram ae
HCecl S Foblits TR o BT DN E Lo ) <0 "G g dad hevane
then driehaungesh aichbvemizhtboufantTar3gaiyte titR@oMEIRE0 TH 0BIR 3400 MHz,

cpci)i ﬁ{ 6’3’@%938{ Qﬁﬁ% 1£6gﬂn9r2h§’ ézo 45 don 32 8?5‘69'(1% %&)52% (m, 1H),

or an dd tiona
3.06 (t, Trre -6 HadDi ‘bﬁ?’ fﬁ"’xltfl}r 2OEs2 N 23R 1P (. SHD-HDIS (ESHE: 1/mgftp IMHA].

concentrated in vacuo and was purified by
Benzyl &mtggtaﬁm ﬁi-i-l_y ﬁa%gl]cmhﬂ.hy?gycmﬂe ifedha{darbdinate

(200 nm) O% in DCM (800nm.)], affording
the title conpound ( 50 d6, 400 MHz) S
1.7-1.82 (m 1HN"T: owg 1H); 1.97-2.07 (m

2H); 2.07-2.19 ( 3.55 > (m 1H); 4.19 (d,
2H); 7.97 (brt,J= 5.6 Hz, 1H); 8.167 (s, 1H); M
(ES+): rn/z 209.25 (100) [MH+], MBLCtR = 1.56 min
(McromasszQ polar-5mn). 6-Am norethyl -4H-[1, 2, 4]
triazin-5-one 0 HININHR2 °-- NN[? ] Aslurry of

2- (5-0xo0-4,5-di hydro-[1, 2,4]triazin-6:yl nethyl )i soi ndo
l e-1,3-dione (4g,

[255] To a solution of C-(3-chloropyrazin-2-yl)methylamine hydrochloride salt (0.100 g,
0.533 mmol) in DCM (1.35 mL) was added N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (0.16 g, 0.83 mmol), N,N-diisopropylethylamine (0.14 mL, 0.83 mmol), 1-
hydroxybenzotriazole (0.075 g, 0.56 mmol) and trans-4-
({[(benzyloxy)carbonyl]amino}methyl)cyclohexanecarboxylic acid (0.21 g, 0.70 mmol). The
reaction was stirred at rt overnight then diluted with DCM, washed with sat. NaHCO; (aq) and brine,
then dried over Na,SO, and the solvent removed in vacuo. The residue thus isolated was
chromatographed over silica gel eluting with EtOAc/hexane (1:1) to afford 0.173g of the title
compound. 'H NMR (400 MHz, CDCL): & 1.00-1.03 (m, 2H), 1.45-1.51 (m, 2H), 1.83-1.89 (m, 2H),
1.99-2.03 (m, 2H), 2.20 (m, 1H), 3.05-3.12 (m, 3H), 4.68 (d, J = 4.4 Hz, 2H), 4.79 (br, 1H), 5.10 (s,
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15.6mmol) in DCM EtOH (1:1) (150nL) was charged with
anhydrous hydrazine (1.23nL, 39.0mvl) and stirred at
WO 2007061738h. The reaction m xture was concent r B BEUSI006/044461
vacuo and the off-white solid was triturated with
warm CHC13 and filtered through a fitted funnel. The
solid was then triturated with hot boiling nethanol
(MeOH) and filtered through a fritted funnel resulting
in an off- white solid. The material was triturated a
2H), 6.79 €&OTH), .80 .33y 6HN 83 3a(ddT €l igat, OME RricqhiT + 28 HA 1Ry MSI(ESH):
Ltle conpound as a white solid, which was taken
m/Z417'tlQ%Pmt+ 'he next step without further purification; 'H
NVR (DVSO d6, 400 MHz) S 3.88(s, 2H), 8.31 (2, 1H); M

Benzyl g[gﬁﬂ(ﬂﬂofb%ﬁtﬁh la %Oﬂkyidyi# 3y EfekdhexylietiyQeaifaithd

M cr omassZ

2- (5- Oxo- 4, 5-di hydro- 1 2 4]triazin-6-yl nmethyl )i soi ndo
le-1,3-dione O'0ON WA O [250] A slurry of

2- (5- oxo- 3- t hi oxo- 2k&, A5/t et rahydro-[ 1, 2, 4] tti azi n-6-
yl met hyl )i soi ndol e- 1, 3-dtone (1.0g, 3. 47mm|) in EtOH
(40nm.) was charged with s Raney Ni (3 spatul a)
and heated to reflux fo . The reaction m xture was
filtered hot through a smal\ pad of celite and washed
wth a hot m xture of EtOgTHF (1:1) (100Or) and the
filtrate was concentrated i\n vacuo resulting in the

title conpound as an off- i te sokid; 'H NMR
(DVBO- d6, 400 MHz) 5 4.75 (s, gﬂ;@ 84-7.98 (m 4H),
8.66 (s, 1H); M5 (ES+): mz 257. (100) [ MH].
. -t gt J1.2-,4]triazi n-6-
Sk, s Ot ATy as
yl)methﬁdyﬁﬂt%s*z eychehea imethylgyapatesp 1 PR §:220 mipokin Bisq (0] mL) and
DMF (()Sd6g HI% aPh °C was added slowly POCI; (0.082 mL 0.88 mmol) After stlrrmg at rt for an
di oxo- 1, 3-di hydr oi soi ndol - %ﬂ%ﬁﬁg i Qni c,
hour, thgmuaurgtw Focggdt t@rO C@%@qh m\?/a)s er Ogsip at 0°C and
20min ai ﬁotﬂﬂizn)xﬂhﬁﬁva@ hat@rel wioth aﬁm‘i’vﬁtﬁﬁ@m&ﬂ) Ragadded. (’I@w Q& cflon mixture was
extractefle t?er{@Azx I(r:ll’ ?ﬁmf) 81%&1% ﬁygrac% dvaghﬁe ﬁ] \Ké%erS(Q JO )2 L d bggee (30 mL)

act re’ was
and therddriesloyegNasf et md cmpwa(e@hwuq E&WO 096 Fahaitly compdund. 'H

NMR (Jbgfl\kﬁg 615?14)0531 fion, 1?& ¥ | Std-1 .Bf-’?ﬂ o)l 1.93-9%0 (1%”2}1) 2.04-2.08 (m,

diti ion mxture’as concent

2H), 3.Q7{my 30l 8- 180 T 5614 Ezv\?é@ -8 (Rir HDe 8 0A(s AHhGE31 Hmé%@%ﬂ (d, J=

4.8 Hz, i), t7em0q6 18 dvisaebed né 8948 [W6e+]. The solid was dried
overnight in a vacuumoven (400 resul t| ng in the
title conpound as an off-white solid;

Beny (i Aot ripoiidezgl L Py asiy 3-yhexsiphergimethy epupamate

MBS (ES+): mz 289.2 (fl00) }[ MH] .
2-[ (3- Met hyl - 5- oxo@#S5< diiydro- 1, 2, 4-tri azin-6-yl ) meth
yl]-1H i soi ndol e-l,SK\(i -gione O O NN

>

HN

0
G
[257] To a solution of benzyl {[trans-4-(8-chloroimidazo[1,5-a]pyrazin-3-
yDeyclohexyllmethyl}carbamate (1.49 g, 0.00374 mol) in DMF (0.6 mL) was added NIS (1.0g,
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N.N O/ [252] A solution of ethyl
3-(1, 3-di oxo- 1, 3-di hydr o- 2Hi soi ndol - 2-yl ) - 2- oxopr opan
WwW@a10e/061737 Or g. Chem , (1985), 50 (1), 91] (4. 29r@r/usBneén44461
nmol ), acetam drazone hydrochloride (1.80 g, 16.4
mol ) in anhydrous EtOH (85.8 nlL) was heated to 80 C
for 3 hthen cooled to it and stirred for an
additional 16 h. The reaction mixture was filtered
through a fritted funnel resulting in 3.28 g, (73 %
0.0045 nyglp| Bhe redctipmmixtine|veas simgrbaiisd *@overnight then éibltq?cuwith ErOMMR(20mL),
washed (\'49 Q/a 2 X QM%QE Q@brﬁle&)@ﬁ%ﬁl\)saﬁn Qiﬁ;ad ) Na §7 Zzg% e&cegtFaDted in vacuo.
The cru% ”(“AH%‘%%‘H%W‘?‘PS‘ was ﬁ%f?ﬁwogfepbe%wef wh% 3?1 clpting Wi Be’@ne -
hexane: BNOE INHED affodd\L. ngﬂtﬁghtlé\g&ﬂﬂ;dé&ﬂon of N A
0X0- 4, 5-di hydro-1, 2,4-triazin-6-yl)net
MS(ES%% {‘“Qﬁ#ge‘f‘%ﬁgol e-1,3(2H)-dione (2.00 g, 7.40 mml) in
DCM (10.0 nL) and EtOH (10.0 nlL) was charged wth
Benzyl ngdmaﬁ&wemw-labdm_qndmls,Smmr)mafﬁdy&quhh@Wl]atethxl}daobareate
h, then heated to 45¥& for an additional 16 h. The
reaction was charged-w t an additional 0.5 equiv of
hydrazi ne (0.116 W{L@/ O,omol ) and heated to 45 C
for 4 h. The react Mure was all owed to cool to
it then filtered through a_fitted funnel and the cake
was washed with 2 portio cold 1:1 EtOH DCM (75
m.) and the filtrate was\9 O 2007/ 061737
PCT/ US2006/ 044461 concentr@ted resulting in 622 ng of
a pale yellow solid which,was taken on to the next
step without further purl ication. '"H NVR (400 MHz,
DVBO-d6) S ppm 2.21 (s, 3K, B.72 (s, 2H); M5 (ES+):
mz 141.06 [ MH].
trans-4- ({[ (Benzyl oxy) car bonyl ] a nmet hyl ) cycl ohexan

FASR o R sendifon B b (ki G oo BebB3 o Sstparerins- o0

yDeyclogexyQin@8§ 6 armainjte (1. ﬁO 8, 010924 agpl)sio [RA. (I mb] wikaiOele 5o 6BJ'C, treated
with a sfr@anﬁéf a{xvn%on SQJQQJ fﬁjnrl gn(pﬁ;eﬁﬁgqb I&& (?thﬁor ar ¥ rsr%gl Bve (]-n %ht The
g

gor ou stirrin enzy
reactionppplutign mcqpﬁepnﬁate;\ﬁzg Bgcug ﬁ@d Fee\GEe fvpp@eg With tyagss teppford 1.37g of desired

productaOHCmi‘/IRQﬂbdNMz <|:i§‘(1:(3§\f$)=) 1.084d 17he, Qﬁ}Slﬂls%l( %ugm by, ﬂle(m, 2H), 1.91-

itate collected by filtration
1.94 (ma%), %595“% (my %‘“e‘h 2(?|D|(%"d1 M&é&d“&éﬁz’&?@rﬁﬁ@ﬂ? %) 815 s, 2m),
5.76 (bra2iy 7 00 {d, J2372 HE, 1He7.2R (d,6 <chHRHaurH), 7.3 H7NVin( 190 M8ES+H): m/z
5736 3): S0.93-0.99 (in, 2H), 1.38-1.46 (m 2H),
o .82-1.85 (m 2H), 2.03-2.06 (in, 2H, 2.25 (m 1H),
306(tJ-56Hz 2H), 4.83 (m 1H), 5.09 (s, 2H),

Benzyl Z—-{ ﬁg-czlogﬁxfrﬂm T é\(ﬁylﬁ é%&momﬁfa%ﬁng-%}boxgﬁ% zyl

hlg®r opyrazin nmet hyl ] car banoyl } cyc

I ohexyl ) met hyI ] caer matNEJLQ@
K/[N N\n/o\/©

o)
[259] A solution of C-(3-Chloropyrazin-2-yl)methylamine bis-hydrochloride (2.00 g,
0.0107 mol) and N,N-diisopropylethylamine (2.2 g, 0.017 mol) in DCM (27.0 mL) was treated with
and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (3.2 g, 0.017 mol), 1-
hydroxybenzotriazole (1.5 g, 0.011 mol) and 1-[(benzyloxy)carbonyl]-4-piperidine carboxylic acid
(3.8 g, 0.014 mol). The mixture was stirred at rt overnight then diluted with DCM (SOfnL), washed
with sat. NaHCO; (20mL) and brine (20mL), then dried over Na,SO, and concentrated in vacue. The

crude material thus obtained was chromatographed over silica gel eluting with EtOAc:hexane 1:1
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- N=N ~ NHN /O O [255] To a solution of
C (3-chl oropyrazi n-2-yl) nmet hyl am ne hydrochl ori de salt
W@ 000206177 0.533 mmol ) in DCM (1.35 L) was adPerius2006/044461

N- ( 3-di net hyl am nopropyl) N -ethyl carbodii m de

hydrochl oride (0.16 g, 0.83 mmol),

NN- di i sopropyl et hyl am ne (0.14 ni, 0.83 mmol), 1-

hydr oxybenzotri azole (0.075 g, 0.56 mml) and trans-4-

({[(benzyloxy)carbonyl]an1no}nethyl)cyclohexanecarboxy
yielding|3i 38gad the title compopund) 'H NMRE#90 M¥zeCDEB A Gt li.@Bal . idagn, 2H), 1.91-1.94

(m, 2H) st 44 (n? Ol}?}tz éé-z 9y %%3\93 E 2&11% (&, b, %%%Bf‘? @@'ﬂz, ﬁﬁﬁ Red (s, 2m),
S13¢d Mt

t h
655 (g DT o g bt £ e T .45 Ao 3 s PR MRS :

389.17 [Mius]. i sol ated was chromat ogr aphed over silica gel
eluting with Et QAc/ hexane (1:1) to afford 0.173g of
the title conpound. "H NWR (400 MHz, CDCl 3): 8

Benzyl 4-(£Chlérdididazp[1 5G] pydazitb3-y1)pipefidined-darbdxy®ae 1. 89 (i n,
2H), 1.99-2.03 (m 2Hp, 2.20 (m 1H), 3.05-3.12 (m
3H), 4.68 (d, J = 4. 4vHix; , 4.79 (br, 1H), 5.10 (s,
93 WD 2007/061737 PCT. 06/ 044461 2H), 6.79 (br,
1H), 7.31-7.37 (m 5H), (d, J = 2.8 Hz, IH, 8.46
(d, J = 2.8 Hz, 1H). M5 ( ): mz 417.14 [ MH].

Benzyl P,
{[trans-4-(8-chl oroi m dazof1, yrazi n- 3-yl)cycl ohex
yljmethyl }carbanmate ci N- HN 0/1 [256] To a

%Ee ??1) Iyalos]qc& B?Jlarmy]%%nzi1 (4t f]y;‘i(%}/é?)o %n ] c Ar b %%L‘%ﬁ i%ﬁeridine'l-
carbony gic @199 W o TEEHG (5 L) BNGE (DORFLOSUBE i slowly
added P@t13Qo G398, 886 athna). Qmey stifeg §t it ©r@f %omthe Rix88e WZPL&oled to 0°C

fer Stlrrl gat rt, for an  hour, he m xture

then tre%’ow‘a Satt MRl iR A RCSSTeRA 246 o o Al i water and
extractefl sithRROAE Q3k nomL) QGe aﬁdbmé’d)mtﬂ'actatwefd washlstewnh Wwatef @ ¥\BGmL) and

brine (35 g%é’t tg%ne &il?ﬁ OVer eaz\l\éé’ an %tfaqiéi) in szcﬁw%) d 2( ‘?1% ofé(éﬁ%jd product.
"H NMRa (90 Mz, 5B Cla b 4 98/@59% %Hl) 18.0%a3.20 (0L.3H), 43@0-413)3 (@nZH), 5.16 (s, 2H),
7.33 (&, 84 9216 301 k573G mt gﬁ? 7%l dJ oy, er—lgggﬁ)s ?ﬂgagl MIS (BS+): m/z

concent r at ed in vacu 0 af ord 0
371.22 p@pound. 'H NWVR (400 MHz, CDC13): 6 1.15-1.19 (m
2H), 1.76-1. 87(m 3H), 1.93-2.00 (m 2H), 2.04-2.08

Benzyl %-g%-’chl?ﬁg-’i-i <€a§o[1%]pprzgnIi*-gl)a’@e{lﬂ\“eéFﬁa';%Wg“f (d4 J4

= 4.8 Hz, 1H) .79 s/ H). M5 (ES+): miz 399.26
[ MH] . Benzyl

/N
{[trans-4-(8-chl oro-|I -%6 i mdazo[ 1, 5-aj pyrazin-3-yl)c
ycl ohexyl j et hyl } car bamat i N

p-

O
[261] To a solution of benzyl 4-(8-chloroimidazo[1,5-alpyrazin-3-yl)piperidine-1-
carboxylate (1.31 g, 0.00354 mol) in DMF (0.6 mL) was added NIS (1.6 g, 0.0071 mol). The reaction

mixture was left to stir at 55 °C for 20 h. then the mixture was diluted with EtOAc¢ (20mL), washed

with water (2 x 40 mL) and brine, then dried over Na,SO, and concentrated in vacuo. The crude

reaction mixture was chromatographed over silica gel eluting with hexane— hexane:EtOAc 1:1
yielding 1.63g of desired product. "H NMR (400 MHz, CDCL): § 1.95-2.04 (m, 4H), 3.02-3.15 (m,
3H), 4.29-4.32 (m, 2H), 5.15 (s, 2H), 7.32 (d, J = 5.2 Hz, 1H), 7.34-7.37 (m, SH), 7.66 (d, J= 5.2 Hz,
1H). MS (ES+): m/z 497.03 [MH-+].
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"N HN O [257] To a solution of benzyl
{[trans-4-(8-chl oroi m dazo[ 1, 5-a] pyrazi n-3
w@ kgoapel7ohexyl ] met hyl } carbamate (1.49 g, 0. 003Fdr/DB10D6/044461
in DM (0.6 nL) was added NIS (1.0g, 94 WO
2007/ 061737 PCT/ US2006/ 044461 0. 0045 nol). The
reaction mxture was stirred at 55 C overni ght then
diluted with Et QAc (20nL), washed with water (2 x 40
m.) and brine (20nmL), then dried over Na2SO4 and
concentrated in vacuo The crude m xture thus
d,_nas. ting
Benzyt 40 SOk AR DU Bl F RS "D
title conpound NB (E mz 525.01 [ MH#] . Benzyl
{[trans-4-(8-am no- I-kg/oyﬁ1dazo[1 5-a] pyrazin-3-yl)cy
cl ohexyl ] met hyl } carbamatey NHL N HN O ~-O 1--0 [258]
A sol ution of benzyl :E:)
{[trans-4-(8-chloro-I|-iodoim dazo[ 1, 5-a] pyrazi n- 3-
yl ) cycl ohexyl ] met hyl }carb e 70 g, 0.00324 nol)
in IPA (30 nmL) was cooled to - g, treated wth a
stream of ammoni a gas over 3 mn. and then heated at
[26@] CA mixurPaf bengulss@-chinre ripdpimidagy{ &, 5-qlpaasin-dryDpiperidine-1-
carboxyﬁe:l (ﬁ%b@? U‘@@loq Qﬁlﬁ?ﬁﬁfﬁk%ﬁw&%&fbd@@ gt 788¢ Qh’d':‘tr&lﬁ&i' \oith a stream
ford 1.37g of desire Py od| Mﬁ
of amm‘{m@sﬁs oST 3 '(95@133) ‘Thg fesuklnesolf“‘iww?%ﬁeatffioa 1p ?8‘ erﬁa”fﬁfjse prior to
concentrlmgrltnlwgﬂo EBperdsidn in DM andlﬁ%m(ﬂﬁlhrdl\@ 2 b2d 80Cit 4THerfltrate was

concenm'(a}?d in IWO t(é r?{ci}'gi :5')55'04 §}q§ ges rgd ?I‘é)dl(l(‘bt ‘é%ﬁ?k (Z%):bé%}[ ?ﬁ@l ): 6 1.88-2.02

(m, 2H)52.99-Bid ) (thH-HED), 7,224 1dm, JHY, 55L52s, £H), 6/08)(br, 2ZHB 7-08, (971 % fif Hz, 1H),
: 1
724 @ F b R G T T A R P ST

eridi ne-1-carboxylate ci o N NNHNO O [259] A
1- (2-TrﬁﬂétH lbigﬁetﬁaxﬁnétﬁylgihoﬁﬁp(ﬂﬁ@ﬁ—ﬂp?rlhﬂn}e met hyl ani ne

ochl ori de . g, . 0107 nol) and
NN-dllsoproperthyIan1ne (2. | 0N017 nol) in DCM
(27.0 nL) was treated with 3
- di met hyl ami nopropyl ) N - et hylfarbodi i m de
hydrochloride (3.2 g, 0.017 nol), 1-
hydroxybenzotriazoleH 1.5g, 0.011 nol) and
1-[ (benzyl oxy) car bonyl'TP4ci peri di ne carboxylic acid
(3.8 g, 0.014 nol). THe& m xture was stirred at rt

?ﬁ@’:ﬁ ni ﬂm stB@rﬁioqiolf Wdhdn m.'cirhle w r(lé,%—?obS n’/@ﬁhﬁzﬂ:‘ (57 mL) was added
dropwise under N, a solution of 1H-pyrrolo[2,3-b]pyridine (3.00 g, 0.0254 mol) in DMF (20 mL).
The mixture was stirred at r.t. for 45 min. then cooled to 0°C and treated dropwise with [2-
(trimethylsilyl)ethoxy]methyl chloride (6.32 mL, 0.0357 mol). The mixture was stirred at rt for 12h.
then poured into water (10 mL), stirred for 30 min. and extracted with Et20 (4 x 10mL). The

combined extracts were washed with brine (20mL), dried over sodium sulfate, and concentrated in

vacuo to give the crude product which was chromatographed over silica gel eluting with hexane —
1:9 Et,0O: hexane to afford 6 g desired product.

N-(2-Trimethylsilyl-1-ethoxymethyl)-2-(tributylstannyl)-1H-pyrrolo[2,3-b]pyridine

97



with sat. NaHCO3 (20mL) and brine (20nL), then dried
over Na2SO4 and concentrated in vacuo. The crude
worioe/06eIB7 t hus obt ai ned was chr omat ogr aphed ovRCT/Bsion@ed4461
gel eluting with Et OAc: hexane 1:1 95 WD 2007/ 061737
PCT/ US2006/ 044461 vyielding 3.38g of the title
conpound. 'H NWR (400 WMHz, CDCl13): S 1.68-1.78 (m
2H), 1.91-1.94 (m 2H), 2.44 (m 1H), 2.89-2.92 (m
2H), 4.24-4.26 (m 2H), 4.70 (d, J = 4.8 Hz, 2H), 5.14
(s, 2H), 6.85 (br, 97 7.30-7.37 (m 5H), 8.34 (d, J
= 2.8 Hz, 1H), 8.45 (d, 2. ~dH . M5 (ESt): mz
389.17 [ MH]. Benzyd,c4-{-8- oillm dazo [ 1, 5-a]
pyrazi n- 3-yl ) pi peri di ne- L+ car bpxy e NNSN DNO O
[260] To a suspension gf ber&yf
4-{[ (3-chl oropyrazi n-2yl ) oét hyl ] car banoyl } pi per i di ne-
| - carboxylate (0. 100ng,\ 220 mmol ) in EtQAc (0.9 nl)
and DMF (0.068 nl) at r*C\R/é&*s, slowy added POO 3
0.082 nL, 0.88 mmwl). After stirring at rt for an
{Tioen Sefution o lxﬂéérn@@ibyl@b'lqtbometw ddf-pyreeivBeB-hlpytidine (500

meg, 0. oemiwﬂmuﬁ)HC@m (L) He Xiloblt Ray\BRiedh blong @fﬁﬁﬁuﬁ-m 1oﬂtzxaae (1.2 mL).
wat er and _extracted wt

After lozwmt lorﬁe th@dwmﬁ%aa%‘;&o}eg&? 20y ad wa)élltvéw 99'9 ev(a@érnl( $.0024
mol) wa$ adedThe aighuredids Wirred &k rifo)} 1 hi the Podied 8o 9B aqbhEtS&¥hmonium

chlorideg(?gxaﬁg ?gt?pc.ttfirqa %ﬁﬁ@%rx&%&i% (cj:o Zb%Z% gxt%f 6%%6%0\’& anhydrous
MgSO44ng conBeri3ied. i Qadum ’B‘;d)matei’iagﬂmﬂp‘a&néd'rwa@b&g)m&og@pl(eg over silica gel
eluting %&'&1 ’1 9 E(?JO%% ﬂcgcane]to aff%r@o H)l7gof tﬂé‘%v\le co?n EE% M %5')\/9?2 DMSO-d6)

5 0.01 (3?1{)2‘21‘{%1—%1}0» 0§8n£’;ﬂ4 (m ?Té)aéﬁl“orléﬂl(mi, Tt A6 (m 6H), 1.60 - 1.72
(m, 6H)| 3.48= 3D YhAZH)) 531 Y4, 200 P67k ¢, May, b7-16ar7oexmd, atig, Sl 1 M6, 7.6 Hz,

s B S8 AR 5 0 LN e

carboxyl ate (1.31 g, O. 00354 nol) in DMF (0.6 nL) was

3- Cyclo%q} q I?It t(flmeﬁhgigsﬂg?etggx@élq m(rarotrl(ﬁgét%]H%rldm-%sblﬁmldazo[l S-

a]pyraWé' 'ad’i“f‘ﬁt ed with Et OAc (20rrL) washed with water (2 x
40 nmL) and brine, then dr#ed over Na2SO4 and
concentrated in vacuo. Th ude reaction m xture was
chr omat ogr aphed over sil '\ca gel eluting wth hexane--*
hexane: EtOAc 1:1 Vi éHJIl 3g of desired product.

"H NMR (400 MHz, S 1.85.2. 04 (m 4H), _
3.02-3.15 (m 3H), 4. 29-A. 32 ( ZB), 5.15 (s, 214),
7.32 (d, J =5.2 Hz, IH ,\ 7. 34- 7 ;§'7~c(|3m 5H), 7.66 (d,
J = 5.2 Hz,

©

[265] A mixture of N-(2-trimethylsilyl-1-ethoxymethyl)-2-(tributylstannyl)-1H-pyrrolo[2,3-
b]pyridine (110 mg, 0.20 mmol), 3-cyclobutyl-1-iodoimidazo[1,5-a]pyrazin-8-amine (50 mg, 0.1592
mmol) and bis(triphenylphosphine)palladium(II) chloride (10 mg, 0.02 mmol) in ethanol (2 mL) was
heated at reflux for 48 h. The mixture was then cooled to rt, filtered through a pad of Celite and
concentrated in vacuo. The residue thus obtained was chromatographed over silica gel eluting with
hex :EtOAc to afford 17.2mg of the title compound. '"H NMR (400 MHz CDCI3) 8 0.22 (s, 9H), 0.70
(t, 2H), 1.87 - 2.19 (m, 2H), 2.49 - 2.64 (m, 4H), 3.37 (t, 2H), 3.81 - 3.86 (m, 1H), 5.51 (bs, 2H), 6.07
(s, 2H), 6.67 (s, 1H), 7.10 - 7.16 (m, 3H), 7.93 (dd, ] = 1.6, 8.0 Hz, 1H) and 8.41 (dd, J = 1.6, 4.8 Hz,
1H). MS (ES+): m/z: 435.21 [MH-+].

4-Bromo-2-nitro-/N-phenylaniline
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1H). M5 (ES+): mz 497.03 [MH]. 96 WO 2007/ 061737
PCT/ US2006/ 044461 Benzyl 4-(8-am no-1-io dol m dazo

WO 20506173pyr azi n- 3-yl ) pi peri di ne- 1- car boxyl at ePC¥ES2006/044461
"N DN O [262] A mixture of benzyl
4-(8-chloro-1-iodoi mdazo[1, 5-a] pyrazin-3-yl)piperidin
e-1- carboxylate (0.500 g, 0.00101 nol) in IPA (20 )
was cooled to at -78 C and treated with a stream of
amoni a gas over 3 mnutes. The resulting solution was
heated at 110 Cin a Parr vessel prior to
concentration in vacuo, sgspension in DCM and
filtration through a bed |of lite. The filtrate was
concentrated in vacuo t f 04 g of desired
product. 'H NWR (400 TDC1 38 8 1.88-2.02 (m
2H), 2.99-3.10 (m 3By, 4724-4.41T (m 2H), 5.15 s,

1 & Bidnkdbf 1-Bidmo-4-n86rolInitrdbenzéhe®2310, mel .01 nfmels, aniline (3

d,. J =52 Hz, 1 7.31-7.4 . ES+H) :
ml) and " 4 nrlwi heated a't_l)l 00 °C l::,nder an gcmgggherselg)f Nitvosgeg foSr 7)h. ’f]ﬁezmixme

was thenlednZenfratedied tachs i anyl iedrBaadyenmtuiytéd wittirhgpyane @3 D, 13 gt the desired

cen BC- ¢ [ s
product LGNNI DTN R (08 2D R0 D ohohg: n 740745
(m, 3 HDRBS5 (&1 Hill)= 2 $zaadi45 (rgpw)se under N2, a sol ution

of 1H pyrrolo[2,3-b]pyridine (3.00 g, 0.0254 nol) in

DMF (20 nmL). The mxture was stirred at r.t. for 45
4-Brompi/Yrmethyd3-nitroariline o 0C and treated dropwise with [2-

(trimethylsilyl)ethoxy]nmet i ¢ghloride (6.32 ni,

0.0357 nol). The m xture Nirred at rt for 12h.
then poured into water (1 ), stirred for 30 mn.
and extracted with Et2g, 10nmL). The conbined

extracts were washed with brine ( dried over

! 20n1) _
8501 urparerapeerding ip LBRESHTTaplogcysio tighdasereg 1o 4/bromge-nitro-N-
phenylafiflinél € EDRROU@00 WLE lTD@S): 6R1EIaH00RAPpRed Y6676 (d, 1 6B J = 9.6 H2),

el el yti it ex - - X t ffard
751~ gt Dl et R Bt  ReED, BRIESS. L3, A
233.08[MEH#oxymet hyl ) - 2- (tri butyl stannyl )-1H pyrrolo [ 2, 3- bl
pyridine 97 WO 2007/061737 PCT/ US2006/ 044461 H3C

4-Bromo-/N-ethyl-2-nitroaniline

[268] Prepared according to a procedure analogous to that described for 4-bromo-2-nitro-N-
phenylaniline. 'H NMR (400 MHz, CDCI3) 8 = 1.37 (t, 3 H, J = 7.2 Hz), 3.31 - 3.37 (m, 2 H), 6.76
(d, 1 H,J =8.8 Hz), 7.48 —7.51 (m, 1 H), 7.95 (brs, 1 H) and 8.31 (d, 1 H, J = 2.4 Hz). MS(ES+):

m/z 245.07 and 247.11 [MH+].
NO.
ti“v@
N
Br '

[269] Prepared according to a procedure analogous to that described for 4-bromo-2-nitro-N-
phenylaniline. '"H NMR (400 MHz, CDCl:) §=4.54 (d,2 H, J=5.6 Hz), 6.72 (d, 1 H, J= 9.2 H2),
7.30—7.40 (m, 5 H), 744 (ddd, 1 H,J=0.4 & 2.4 & 9.2 Hz), 8.34 (4, 1 H, J= 2.4 Hz) and 8.41 (brs,
1 H). MS(ES+): m/z 245.07 and 247.11[MH+].

N-Benzyl-4-bromo-2-nitroaniline
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H3CSn <:C,~ N OH3 H3C H3C |[264] To a solution of
1-(2-trinmethyl silylethoxynethyl)-1H pyrrol o[ 2, 3- b] pyri
wa@l2ove/ 06580 g, 0.0020129 nol) in THE (5 nL) aPCFHLURIB06/044461

was added a 2.0 Mof n-BuLi in cycl ohexane (1.2 nL).
After 10 mn at -10 C, the m xture was cooled to -20'C
and tributyltin chloride (0.65 nL, 0.0024 nvol) was
added. The m xture was stirred at rt for 1 h, the
poured into a 5% aqueous ammoni um chloride (20n),
extract ed with EtOAc (3 x 20nL) and the conbi ned

cts drie er.anhydrous MSO4 and concentrat ed

'B"’mo‘ﬁé Ug’enzfﬁ%qﬁa%eﬂnael t hus obtai ned was

chr omat ogr aphed over silica gel eluting with 1:9
Et OAc: hexane to affordN¥.7g of the title conpound. 'H
NVR (400 MHz DMSO- d6) . 9H), 0.10 (s, 2H),

0.92 - 0.94 (m 9H), m 6H), 1.37 -1.46

(m 6H), 1.60 - 1.73, 3748 - 3.52 (m 2H),
5.71 (s, 2 6.74 (s, 7 16 - 7.
(3764, Pgem@%cor¢ng tq.éprocq_ﬂmc apalegpusiq tl'(aa eescgbed]er) %brozlozzg-mtro-N-
phenylam?ﬁ (400 MHz, DMSO-ds) 5= 3.80 (brs, 2 H) 5.07 (br, s, 1 H), 6.70—-6.75 (m, 2

obutyI-1-[1-(2-t rigethyl 5| t ho v )s 1
H), 6.82 1 6. §ﬁ6m{22H3 (Y (gymd(ﬁzzuﬁ)] 532&3 rgl&g{%'mv YR, 2 ).
MS(ES+)ahW%@5’ZA\17h§£2%§DOﬁ}/IN+] NH2 \\ N NO NH3 N\ / 1-CH3 H3C
m Xture O

N-(2-trimethylsilyl-|-ethoxynmethyl)-2-(tributylstannyl
4-Bromo)NLidefhjibenlzafe2l,3-didpipyr i di ne (110 ng, 0.20 mmol),
3-cycl obutyl -1 -iodoi mdazo[ 1, 5-a] pyrazi n-8-am ne (50
ng, 0.1592 nmmol) and NH
bi s(tri phenyl phosphi ne) pal | &d
0.02 mmol ) in ethanol (2
48 h. The m xture was t oled to rt, filtered
t hrough a pad of CelitB an concentrated i n vacuo.

rg LGRS - Q:FH QIRE ewBn8 e 92 .04 @fimol) in EtOH
[wﬁl ca %h%#ﬁﬂ tin lg}ja{/lvll%tzﬂi;n‘lﬁhex ¥ %\ af f r d 17. Zgg) :nd at 70

(100 ml)ov«rasm@te Wlh@n@b Q1ieb-01 &4 IR 7 §§ mptgreJate
°C undex(a%,atrggspi&ne o@N?thgeﬂ for 52H) The Tedttion mPktdr® vs(aB(theﬁ lepole®@todPand treated

with 1ce-tvv8ger ( 1)%@2({3\‘?% ‘b( gq&efl,_lﬁ %F%Hé% 'I\ﬁ infil §§ ([% b%y% mu?cué]was then

extractecdSWith EXOAR3 (A ¥ t50 i) and the coﬂbmed-mram)waalml @ithirinedd x 1 9 ml) dried

over Mg%OBPrbqﬁ_fm et'nrzqfa%efl 6)1_%&4 fE )1'1 ik %gngégiéd 2y I[JMIt"dleO MHz, DMSO-ds)

§ ppm = 2.68 (s, 3 H), 4.74 (brs, 3H) 627 @ 18, J 8.4 Hz), 6.61 (dd, 1 H, J=2.0 & 8.4 Hz) and
6.66 (d, 1 H, J = 2.0 Hz). MS(ES+): m/z 201.10 and 203.12[MH+].

iin(11) chloride (10 ny,
> heated at reflux for

4-Bromo-N’-ethylbenzene-1,2-diamine

NH,

H
Br

[272] Prepared according to a procedure analogous to that described for 4-bromo-N'-
methylbenzene-1,2-diamine. "H NMR (400 MHz, DMSO-ds,) § ppm=1.19 (t,3H,/=6.8Hz),3.01 -
(quartet, 2 H, J = 6.8 Hz), 4.46 (brs, 1 H), 4.81 (brs, 2 H), 6.30 (d, 1 H,J=84Hz),6.58(dd, 1 H,J=
2.4 & 8.4 Hz) and 6.66 (4, 1 H, J = 2.0 Hz). MS(ES+): m/z 215.07 and 217.16 [MH+].

N'-Benzyl-4-bromobenzene-1,2-diamine
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WD 2007/ 061737 PCT/ US2006/ 044461 NOZ H N | | [/ Br
[266] A m xture of 1-brono-4-fluoro-3-nitrobenzene

W@ 287061197 10.01 mmol ), aniline (3 m) and DMCT/BS2006/)44461
was heated at 100 C under an atnosphere of Nitrogen
for 7 h. The m xture was then concentrated in vacuo,
and the residue triturated with heptane (30 mM) to
give the desired product. IH NWR (400 MHz, CDCl3) S =
7.11 (d, 1 H J =9.2 H), 7.25 - 7.29 (m 3 H, 7.40
- 7.45 (m 3 H), 835 (d, 1 H I = 2.4 Hz) and 9.45
(brs, 1 H). 4-Brono-N hyI oaniline NOa H Br
[ 267] Prepared accordln oHa p dur e anal ogous to
t hat described for 4-h “N- phenyl ani | i ne.
"H NWR (400 VHz, CDCL 3 02 (d 3 H J=5.2 H),
6.76 (d, | H, J= 9. B He 7 51- 7.54 (m 1 H), 8.02
%bB]S Plep H)edﬂgzgmﬁn 0cehurjé|,ana16gc%s$o 1730 desdYBEERF M brithd-N'-

31. 05 and @?d%
methylbonzene, hd- dP\%”é‘PﬁyH (t‘QJo‘\éHﬂ PHSOép ¢ mmm 7368 (bisy 2Hh 3t (brs, 1
H), 4. 28:@5; czq[)ds B9 (4,0 1, S 98N GEB5ANGBPERAUSH] shdl 712 - ¢§§Srﬁl Pyl MS(ES+):

itro- N— phenylanlllne "H NMR
“’/22776%6&%% Js%mfﬁég J=7.2 H), 3.31- 3.37 (m 2

H, 6.76 1HJ 88Hz 7.48 - 7.51 (m 1 H),

'Be““&égggk@rfp'%{%@% ool %1var]J SR,

N- Benzyl - 4- brono-2-nitro anili ’”\" N Br [269]

Prepared according to a procgdu -nalogous to that
descri bed for 4-brono |tN enylaniline. '"H NWR
(400 MHz, CIKHS) 5 4 >2—%;§ﬁ? 5.6 Hz), 6.72

(d, 1 H J=29.2 » -N— 7 m 5 H), 7.44

(ddd, 1 H J = 0.4 & 2.4 & 9.2 Hz), 8.34 (d, 1 H J =
2.4 Hz) and 8.41 (brs, 1 H. MS(ES+): rn/z 245.07 and

eAA) 1505139 (311.7 mg, 1.606 mmol) was added to a DCM (50 ml) solution of N'-
benzyl-4-bromobenzene-1,2-diamine (4451 mg, 16.06 mmol) and trimethyl orthobenzoate (3096 pl,
17.66 mmol) and the resulting mixture was stirred at rt under an atmosphere of Nitrogen for 40 h. The
reaction mixture was then concentrated in vacuo to give a yellow solid which was triturated with
40%MeOH/water (375 mL), filtered, washed with saturated NaHCO; (20 ml)+H,O (80 ml) twice and
40% MeOH/H,0 (2 x 50 ml), and dried to give the title compound. "H NMR (400 MHz, DMSO-d,) &
ppm = 5.44 (s, 2 H), 7.05 — 7.08 (m, 3 H), 7.30 — 7.36 (m, 4 H), 7.44 —7.50 (m, 3 H), 7.66 — 7.68 (m,
2H)and 7.99 (dd, 1 H, /=0.4 & 1.6 Hz). MS(ES+): m/z 363.20 and 365.26[MH+].

5-Bromo-1-methyl-2-phenyl-1H-benzimidazole

/

[275] Prepared according to a procedure analogous to that described for 1-benzyl-5-bromo-
2-phenyl-1H-benzimidazole. "H NMR (400 MHz, CDCls) & ppm = 3.86 (s, 3 H), 7.26 — 7.29 (m, 1
H),742(dd, 1H,J=2.0 & 8.4Hz), 7.53-7.56 (in, 3 H), 7.74 - 7.76 (m, 2 H) and 7.95 (dd, 1 H, J =
0.4 & 1.6 Hz). MS(ES+): m/z 287.18 and 289.14 [MH+].

5-Bromo-1-ethyl-2-phenyl-1H-benzimidazole
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WD 2007/ 061737 PCT/ US2006/ 044461

4- Brono- N - phenyl benzene-1,2-diamine NH2 N \ | | /
w@®eooA¢0B7 Prepared according to a procedure anedDyYS2086/044461

to that described for 4-bronp-2-nitro-N

phenyl aniline. '"H NVR (400 MHz, DVSO-d6) 8= 3.80 (brs,

2 H, 507 (br, s, 1 H, 6.70 - 6.75 (m 2 H), 6.82 -

6. 86 (m 2 H, 6.93 (d, 1 H J =2.4 Hz), 6.97 (d, 1

H J 8.0 Hz) and 7.17 - 4(m 2 H. M(ESt): nlz

263. 17 and 265. 20 [I\/I—H]

4- Brono- N - et hyl ben' zene- res ne NH2 H N -1 Br

[271] A suspension of Pp=—h -2 nitroaniline

(5328 ng, 22.04 a M n1) was treated
?"%‘

with SnCl2. 2H20 61 g, 110.2 mol ) and the
[226Jul Piepayedraccbuding toegtraddut avlogo@s tortbiadesmibed fon 4 Prgyé 5-bromo-

f j t-h
2-phenyllH Plén%rr? irbtlé % ﬁrﬁe aﬂ}gnﬁ ﬁigfg Hhd Yig {t‘g’gﬁm—% Hz), 4.27
(quartet, PaL Vv iz, 727 e SDNBSHAAL n)JmM & 84 i), GA21H, 4 H, /= 1.6 & 8.8
Hz), 7. s?afi's@ ({ﬁ‘ 3<H5' £70Ma$ 7% gﬁnz HEXld A4 @d, Wit n=lol4Aq, dﬁz)x Méi@s+) m/z

combi ned extracts washed with brine
301. 1831@) 03rﬂ1)l,MJéﬂ ed over MySO4 and concentrated in vacuo

to afford the title conpound. 'H NWR (400 MHz,

6 s, 3 4.74 (brs, 3 , 6.27
S-BromtDX% qlp#ny&m%z]!&)% (61 (ddH)l H, J—(Z 0 & 8?_04 Hz)

and 6.66 (d, | H, =20 MS(ES+): mz 201.10
and 203. 12[ MH] . 4- Br ono- N yl benzene- 1, 2- di am ne
NH2 Nomi Br [272] Prepared jaccording to a procedure

anal ogous to that des hedNf or ono- N -
met hyl benzene- 1, 2- digtl—}' 0 MHz, DVBO- d6 ) 8
ppm—119 (t, 3 HBIJ="¢"8 MNz) 1 (quartet
[|_27|’Zﬂ 3rep8reg aéﬁ;gnét?qgagpr(}?f&u efnéo go f%at4de crg?eg f(ﬁzl egg?g-S—bromo-
2-phenyB1 Behtlmidhzéle. 'FENRIRO(4bE MHAVBDESY.) 5 =M. 11 @451 H_7Ja_m4 & 8.4 Hz), 7.27
759 Geg B 5 oA B BB S o 52 .20 ns

351.22 [MH+].

1-Methyl-2-phenyl-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-~2-yl)-1H-

benzimidazole
/
<
V/,
O<g N
]
é/ O

[278] A mixture of 5-bromo-1-methyl-2-phenyl-1H-benzimidazole (616 mg, 2.14 mmol),
[1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complex with dichloromethane (1:1)
(52.6 mg, 0.0644 mmol), bis(pinacolato)diboron (667 mg, 2.57 mmol), 1,1'- .
bis(diphenylphosphino)ferrocene (36.8 mg, 0.0644 mmol) and AcOK (638 mg, 6.44 mmol) in 1,4~
dioxane (10 ml) was purged with N, for 5 min, and was then heated at 100 °C under an atmosphere of
Nitrogen for 16 h.. The mixture was then treated with saturated NH,C1 (20 ml), extracted with EtOAc
(3 x 20 ml) and the combined extracts washed with brine (3 x 20 ml), dried over MgSO, and
concentrated in vacuo to afford crude product which was purified by chromatography over silica gel
eluting with 30% (250 ml) and 40% (250 ml) EtOAc/Heptane to give a white solid that was triturated
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Br [273] Prepared according to a procedure anal ogous
to that described for 4-brono-N - nethyl benzene-
wa@veseai ne. ' H NVR (400 MHz, DMSO d6) S ppm BCBUSH06/044461
(brs, 2 H, 3.61 (brs, 1 H), 4.28 (s, 2 H, 6.51 (d,
1H J=8.4 H), 6.85 - 6.89 (m 2 H and 7.27 - 7.38
(m 5H. MS(ESt): mz 277.20 and 279. 20 [ MH].
1- Benzyl - 5- br ono- 2- phenyl - | H benzi mi dazole '\ N N Br
[274] p-TsOH H20 (311.7 ng, 1.606 mml) was added to a
with 50ENDAGGieptahe C6Iml) toyieldfthaVitle compound. "H NMR (400 MHz, CDCl;) § ppm =

135 . S0 Sl BTS2y 9 006 A5 S 077 o
3H) andrﬁﬂ?ogd)land torﬁéﬁ)eé\ﬁﬂ;(ﬂﬁﬂr)gnﬁx%m%(l%)s[l\@ﬁt]rred at rt

under an atnDsphere of Nitrogen for 40 h. The
i on m xtur hen concentrated in vacuo to
-E‘hylg% B'ée“ér'-?é‘r f'éaﬁ-feti?rnaﬂwhlbﬁzlﬂaexat)Prftl%ﬂ—%ny&)dlf{vt’w'mldamle

40%veOH water (375 nlL), filtered— washed with
saturated NaHCO3 (20 nl) wi ce and 40%
MOH H20 (2 x 50 m), ‘ ¢ the title
compound. 'H NMR (4 Nz VIS ppm = 5.44 (s,
2 H, 7.05 - 7.08 BH, 7.30 - 7.36 (m 4 H), 7.44

7.50 (m 3 H), 7,662 7.68 (m 2 H and 7.99 (dd, 1
H J=0.4 & 1.6 Hz). /MS(ES+): mz 363.20 and

@IJ o%&ﬁ#&]ﬁg{: orjhné 1o ahproc dufe'ingh)ﬁ%tils rt]o 3135 %ﬁscntﬁd fg Methyl-Z-phenyl-
5-(4,4, 552 Bymehd T8 Qi imeboratiniyyi)d Fabaprion tatalee FNMEb (00K CDCL) 5
ppm = ltm% %&Pﬁ'4b‘%ﬂ3fth=17 Pﬁ%}ﬁ'zsﬁ?\ltﬁmﬂﬁn Jl\/l—t"zz Hz).742.(dd, 1 H, /=038

-1 H bénzi'm daz
& 8.0 Hﬁb%ﬁ % Sdmg 3H), 3. ,1|)- T G5 2H);77. 0(ddn) HyJ =038 & B.0B2) g 831 s, 1
H). MSESH): nd/z 329.83 B+ Hz), 7.53 - 7.56 (m 3 H), 7.74 -
7.76 (m 2 H) and 7.95 (dd, 1 H J 0.4 & 1.6 Hz).
MS(ESt+): mz 287.18 and 289. 14 [ MH].
1-Benz@-Bplemyl-5-(44 5 5 tefraplednyy-[ 1,3, R} didxabnzdl 06-2-yDal 76 e Zimihzole
2007/ 061737 PCT/ US2006/ 044461 N Br [276] Prepared
according to a procedure analogou t hat descri bed
for 1-benzyl-5-brono- 2- phenyl-r |ntdazole "H

NVR (400 MHz, CDC13) 5 p 46 J= 7.2 Hz),
4.27 (quartet 2 H J = n] 1 H, 7.30
(dd, 1 H J = 0. 'r N42 (.. J=1.6 &

8.8 Hz). 7.53 - 7 5 . 7.70 - oA (m 2 H
and 7.96 (dd, 1 H, -J= o P P 6 Hz). MS(ES+): mz
301.18 and 303.11 | 1.

528 o yephredt- adcqriimp yo a udelmne dnalogaatb éhalldescribed for 1-Methyl-2-phenyl-

5-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-1H-benzimidazole. "H NMR (400 MHz, CDCl;) &
ppm=1.36 (s, 12 H), 5.45 (s, 2H), 7.05 - 7.08 (m, 1 H), 7.21 (dd, 1 H, J=0.8 & 8.0 Hz), 7.26 — 7.31
(m, 3H), 7.44 — 7.48 (m, 3H), 7.66 — 7.71 (m, 3H) and 8.36 (m, 1 H). MS(ES+): m/z 411.42 [MH+].

1,2-Diphenyl-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-benzimidazole A

~
O

>§F"’
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Br N [277] Prepared according to a procedure anal ogous
to that described for 1-benzyl -5-brono-
wQ@2phesyB? 1H benzi m dazole. "H NVR (400 MHz, QBCQU/BY200&5044461
=7.11 (dd, 1 H J=0.4 & 8.4 Hz), 7.27 - 7.39 (m 6
H, 7.48 - 7.56 (m 5 H and 8.01 (dd, 1H, J=0.4 & 1.6
Hz). MS(ES+): mlz 349.20 and 351.22 [M-1+].
1- Met hyl - 2- phenyl -5-(4,4,5,5-tetranmethyl - [1, 3, 2]
di oxaborol an-2-yl)-1H benzimdazole N Ogg N [278] A
[AV1Xt Pr&patdd adcdpdingtyr-d pro®ddigel anZlopheny thefl déstrétred ifor Idbletlyb2-phenyl-

5445 e Ry 08 PP OO 5 rempenls) B AR Q0 ML GRED) @

ppm = 1.38(s) 12 ERMRREad, WH, Ir=di.8 I’ ©0 mwmﬂe7 m(ni,)s H), 3276 %3gm, 3 H),

7:55 - 75%%%%—1)"“?'7)7'169& ?gpgﬂi‘ﬁg phosp |n<§)ctﬁ1err ceneE?§)6§]7239743

[MH+]. 0.0644 nmol) and AcCK (638 ng, 6.44 nmmol) in 1, 4-
di oxane (10 m) was purged with N2 for 5 min, and was
then heated at 100 C under an atnosphere of Nitrogen
7-Chlorof2yf4,4,8,5ttetrmetiyl-[1s3 2 1diqgabonofan2-yhddf-dlolsi « 1y sat ur at ed
NIL C (20 mM), extracted with EtOAc (3 x 20 m) and

t he conbi ned extract V\@shed with brine (3 x 20 nl),
dried over MgSH4 ani:o cep _r 0]i n vacuo to afford

crude product which ,
over silica gel eluting wit 0 (250 nil) and 40%

(250 M) Et OAc/ Heptane to give a©hite solid that was

(keagt uAatasdcoh&anmaﬁﬂa)g(a@mwn&@musm%éma&sa,lzs \I\ZQ]NSSO mg,

0.0013 moa %W%E%@%@? 9(6%81'&@' 85@25%3&?1} Idd 434 E‘%"i’,g, bee

octamethfy52,23biH).3, 2-7110390((1@@@3 15Rs, 9-96(10 oy v@s gvaqggted %dB'GﬁuedWIQBAT (3x),
then char%zgzg wﬁﬂé gnszl@ D;I# 43@% éx(LgJ 3 m&g')m@{‘ Qﬂ@ao%%f G Snloto-TH-iddo10¢08086 mol)
in DME ¢LOgnhy | The rpfyliing raigugesvag, ssrrsd tu@%er éﬁ&r AP then cqnogyptrated and

chromat 208V R sAika el ¥lwingd Hitha 0% Mp&nem Nford bheNesifdd product as a

waxy soﬁ;g?a %E(g%@ﬁb exg Nﬁﬁﬁ?‘iﬂ%@%ﬁﬁ@hgi Eﬁsl 5%, 390K E, 19 71 1z, 1

H), 7.15 &3, (42.47 8251 Hp t7r2a vgt30y(in, [L H), 7.58 (d, J=8.08 Hz,lH) and 8.72 (br. s., 1 H).
1, 3, 2] di oxabor ol an- 2-y1) - 1H- benzi m dazole.'H NVR (400
MHz, CDC13) S ppm= 1.38 (s, H;145 (t, 3 H J =
4-Methogy-2-¢4z),5, 54et2:3n(thﬂg{|1¢3@}]dmgahqrol\;n:2—yl -QHHE’lole7 42 (dd, 1
H J =08 &80 H), 7.51- 7.54 (m 3H), 7.71 - 7.74
(m 2H), 7.77 (dd, 1 H J= 0.8 &53/0 Hz) and 8.31 (s,
1 H. MS(ESH): n12 349. 33 [I\/I—H]
1- Benzyl - 2- phenyl - 25, 55
di oxabor ol an- 2- yI) kgelﬁ '

set hyl - 1, 3, 2]
r-O O- NB

[283] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole using 4-methoxy-1H-indole.

7-Bromo-4-methoxy-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-1 H-indole

O/
O
L4
(] N
H
Br
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[ 280] Prepared according to a procedure anal ogous to
t hat descri bed for 1-Methyl-2-phenyl -
w®2{04/0641737 5-t et r anet hyl - [ 1, 3, 2] di oxabor ol an- 2- pti/uvstdobet4461
nzi m dazole."H NVR (400 MHz, CDC13) J ppm= 1.36 (s,
12 H, 5.45 (s, 2 H, 7.05- 7.08 (m 1 H, 7.21 (dd,
Il H J =0.8&8.0Hz), 7.26 - 7.31 (m 3H), 7.44 -
7.48 (m 3H), 7.66 - 7.71 (m 3H and 8.36 (m 1 H).
MB(ES+): mz 411.42 [ MH] .
[2343- DPrppeydccbrd(ng td a Probedud draligbin/to-that Bgas'&r;ﬁéd fdi Dxisibe-2-

(s SRR A oS ERb 0 M P,

according to a procedure anal ogous to that descri bed

- 4. A5 e ety 1£5 borolan-2-yl)-1H-indol

7Methy£9(( E eg%t et r)glriret%qua % % dlyo)xabgF ool %n 2-yl)-1H be
nzi m dazole. 'H NMVR (400 N+E CDA 3) 8 ppm= 1.38 (s,

12 H, 7.22 (dd, 1 ©_0. Q/ Hz), 7.29 - 7.35
(m 5 H, 7.47 - 7.50](mB3<H), 55 - 7.57 (m 2 H)
and 7.71 (dd, 1 H J o8 & B0 , 8.38 (m 1 H.
MS(ES+): mz 397 43 [ ML1+]

7- Chl or o- 4, 5-tetranmethyl -[1,3, 2 .

faf@ aﬁfsP%rF% °°2f g)t° PR éna?fw[ﬁ%h#d&imbfdz%’if -cploro-2-
(4,4,5,5-fetraabthglan {353 diorabot dl{rCrpl) A (Y12 ubing Groathyld ASindolheses

(1985), 23, 126] (850 ng, 0.0013 nol),

4,4 -di-tert-butyl-[2,2"]bipyridinyl (686 ng, 0.00256
7-Fluorm®-|(t),4,§r$ate¢;am,e1|h)"l-41,§,5]djq:@bp@laq-z-yl)-lﬂ-indole

octanet hyl -2,2'-bi-1, 3, 2-di oxaborol ane (15.2 g, 0.0600

nol) was evacuated and refilled with Ar (3x), then

charged wi th anhydr ] 3 nol) and a

sol ution of 7-chlord=FHg ndolg 986 nol) in DVE (10

mL). The resulting xture was stjirred under Ar for

16h then concentrated and chrondt ographed over silica

081 CbHbiad ok dind A% RIBEE LRALARS 1d BaAlelId FO-chloro-2-

Fro uct as a waxy solid in a 96% 1H
(4.4.5,5-ighrreethgh 1M]dw@m@7n -B-ybp{-indgly ysing 71@“%3 -1 7n‘éme (t,
J771Hz 7.15 (d, J=2.27 Hz, 1 H), 7.21 -

58 and 8.72 (br.
4‘Meth3§‘.2,'(414 'tetré}_&ﬁétf'h%&?sg'°t‘%’°rﬂ'“8'zg¥z‘} é{"“ hyl - [ 1,3, 2]
di oxab orolan-2-yl)-1Hindole O B ON H [283]
Prepared according to a procedure| anal ogous to that
descri bed for 7-chlo
(4,4,5,5-tetranet hyl - [1

ol an-2-yl)-1Hi ndo
| e using 4-nethoxy-1

[287] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-1 H-indole using 4-methyl-1H-indole.

4-Methoxy-1-methyl-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-1H-indole

O/
QO
=g T
O N
/

[288] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole using 4-methoxy-1-methyl-1H-indole.
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7- Brono- 4- net hoxy-2-(4,4,5,5-tetranet hyl -[1, 3, 2]

di oxaborol an-2-yl)-1Hindole Ol ~, ON4 HBr 104
wO\E»0200i78061737 PCT/ US2006/ 044461 [ 284] Pr epaP@mus2006/044461

according to a procedure anal ogous to that described

for 7-chloro-2

(4,4,5,5-tetranmet hyl -[ 1, 3, 2] di oxaborol an-2-yl)-1Hi ndo

| e using 7-brono-4-methoxy-1H i ndol e.

7-Methyl -2-(4,4,5,5-tetranethyl -[ 1, 3, 2]

di oxaborol an-2-yl)-1Hindole OB ON H [285]

' . ous to that
7-Ethylgz'é§gﬁ,g-gﬁ?§g§ingi:@%,ig%%ﬂ&&ﬁ%&ﬁ-l%h&?ﬂ

(4, 4,5,5-tetranet hyl-N-3, 2] ol an-2-yl)-1Hi ndo
| e using 7-methyl - 1H-ijadoP
7-Fl uoro- 2- (4, 4, 5, 5- tét r@met T - T, 3, 2]
di oxaborol an-2-yl)-1Hi ndol e OOB HF [286]
Prepared according to a procedure anal ogous to that
(89T 1 iPbgdrdd@bcofdiap k4 Prodedure analogous to that described for 7-chloro-2-
4 7 net hyl - [ ].di oxabor.ol an- 2.
(4455 P T S JATRb Ao oy AL G P B0 Frincore.
4-Met hyl -2-(4,4,5,5-tetranmethyl -[ 1, 3, 2]
4,7-Dinf@tml%@(49i,§}§-1&iyﬂmlth%thﬁ}ﬂ ﬁioﬁaﬁoﬁnlz-y*l?-lﬁ-i'}ldtle [287]
Prepared according to a procedure anal ogous to that
descri bed for 7-chloro-2-
(4,4,5,5-tetranet hyl -[1, 3, 2] di ox
| e using 4-nethyl - 1H Nodel e.
4- Met hoxy- | - met hyl - 2-(4, 4)85-8-t Bt rdmet hyl -[ 1, 3, 2]
di oxabor ol an-2-yl )-1H7ndol e @ ~QB CO N [ 288]
Prepared according to a procéaurq)analogous to that
described for 7-chloro-2- -
[290] Prepared according to a procedure analogous to that described for 7-chloro-2-

(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole using 4,7-dimethoxy-1H-indole.

|i6rolan-2-yl)-1kkindo

2-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indol-4-yl acetate

L
éi‘@é
° N

[291] Prepared according to a procedure analogous to that described for 7-chloro-2-

(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-1H-indole using 1H-indol-4-yl acetate.

2-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole-4-carboxylic acid, methyl ester

l
0O 0]
0]
Sever
/
O N
H

[292] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole using 1H-indole-4-carboxylic acid, methyl

ester.
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(4,4,5,5-tetranethyl -1, 3, 2] di oxaborol an-2-yl)-1Hi ndo
| e using 4-nmethoxy-lI -nethyl-1Hindole. 105 WO
wQe@7/0863737 PCT/ US2006/ 044461 PCT/US2006/044461

7-Ethyl-2-(4,4,5,5-tetranmethyl -[1, 3, 2]

di oxaborol an-2-yl)-1Hindole Ol \ /B CON H [289]

Prepared according to a procedure anal ogous to that

descri bed for 7-chloro-2

(4,4,5,5-tetranethyl -[1, 3, 2] di oxaborol an-2-yl)-1Hi ndo
7-Methbg—2¢§4,4;§,5;teteamyilhy& H.3,2ldddxaborolan-2-yl)-benzofuran

4,7-Di nethoxy-Z-(4,4§§, tetramethyl - [1,3,2] dioxab

orol an- 2-yl ) - 1H i ndoT e ONH,O [ 290]

Prepared accordi ng t 0ra-groces al ogous to that
descri bed for 7-chl ofo-2-
(4,4,5 5-tetranethyl -[1, 3, 2]diodeoroIan 2-yl)-1Hindo
|l e using 4, 7-dimethoxy-1Hi nd
;?-9(331 Frapaesd feqording oA propefure a?fles@s@é%aabqleawbzdﬂwwprpﬁ
(4,4,5,5 dettamttiyl -[ 195 2daixabdoblah-2Q1B1 iMool disidg2Rhk thB¥ e Peétiz6firan.
according to a procedure anal ogous to that descri bed
for 7-chloro-2
4,4,5,5-Tetramethgl-2-6-methyb-beyio{ §l thiGpihed-phi-dh 32 hlicwabBroldne- 1H- i nd
ol e using 1Hindol -4-yl acetate.
2-(4,4,5,5-Tetranet hyl -[ 1, 3, 2] di oxaborol an-2-yl)-1Hin
dol e- 4- car boxylic acid, meth ester OOOB-- ON H
[ 292] Prepared accor {0 grprocedure anal ogous to
that described for 7 oPo-? 4 b, 5-tetrarnet hyl -[
1, 3, 2] di oxabor ol an- 2 I) 1F+|%dol- u3|ng

it nGRLEedEALRNY L 6008H b 0 BRL N o 15P8&Ebeb G Yioro 2.

(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole using 3-methyl-benzo[b]thiophene.

3-Methyl-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzofuran

o)
Sutes
o o

[295] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H-indole using 3-methyl-benzofuran.

7-Bromo-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole

o)
s
(o) N
H
Br

[296] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole using 7-bromo-1H-indole.

3-Methyl-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaberolan-2-yl)-1 H-indole
0
o N
H
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7- Met hoxy-2-(4,4,5,5-tetranmethyl -[1, 3, 2]

di oxabor ol an-2-yl ) -benzofuran O O [ 293] Prepared
w@ewandi7’ay to a procedure anal ogous to that deBCT/Ubmd6/044461

for 7-chl oro-2-

(4,4,5,5-tetranethyl -1, 3, 2] di oxaborol an-2-yl)-1Hi ndo

| e using 7-nethoxy-benzof uran.

4,4,5,5-Tetranet hyl - 2- (3- net hyl - benzo

[ b] t hi ophen-2-yl)-[1, 3,2] dioxaborolane B S Q [294]

R9gpaiPegazd aaroﬁﬂnﬁmtota@rachmcaaalug@s adnthh Ot bell Gort7hailoro-2-

(4:45,5 PERGIIDER, & Ml Qut B3t indols seins SymswiytArdote
1H i ndol e using 3-net hyl - benzo[ b] t hi ophene.
7-Meth§i Vel 40y, 512:rz(xf}etﬁy 13,21 @0k BRI Z-J1)-b énzoFyran

di oxabor ol an- 2-yl)“benzofuran o =\ 0 lf295] Pr epar ed

according to a procedure anal ogous to that descri bed
for 7-chl oro-2-
(4,4,5, 5-tetranmet hyl= %2
| e using 3-net hyI be dﬁran
7-Brono-2-(4,4,5,5-t trarrethy?-[l 3, 2] di oxabor ol an-2-y
[)-1H i ndole \ O B--e ON H Br [296] Prepared

fpmsp r7 d’iép@reﬂ@eo?r@ﬁ@@%ib&dﬁﬁ&]n@l@@&& 1 that d¥8érid@ $&G7-dMbsto-2-
- [ -C o) - 4= R .
(4,55 ,ame&ygk’r%?lfig’a%m‘ﬁt*f1%‘)3}féqlraf}%&m%fﬂswlz@?m@ffﬁ i ndo

| e using 7-brono-1Hi ndol e.
3-l\/bthy|-2-(4 4, 5 5- tetrarrethyl [ 1,3 2]

ol an-2-yl)-1Hi ndo

di oxabor ol an- -1H i ndol e ~\ CONH 107 WO
7-Methwﬂﬁ%i»$3¢r Mahmlan[ oL Ebindpler ed
according to a proce ur e, anal ogous to that descri bed

for 7-chloro-2 o
(4,4,5,5-tetranet hyl™= , 2]
| e using 3-nethyl-1Hindole. H
7-Methyl -2-(4,4,5,5-tetranet hyl - -1, 3, 2] di oxabo
rol an-2-yl)-b enzofuran OB ~ O \ [298] Prepared
EOCbr Frengred geeprdingtocripecdareanalgaess to Bat draerigd Serri-ghdero-2-
(4,4,5,5@Famft1/f 03 Brdxaborolan-2-y1)-1 H-indole using 7-methoxy-1H-indole.
(4,4,5 5-tetranmethyl -[1, 3, 2] di oxaborol an-2-yl)-1Hindo
| e using 7-nethyl -benzof uran.
7-Ethoxg-Natdde/- 2- (4, 4,5, 5-tetranethyl- [ 1,3,2 ] dioxab o
rolan-2-yl)-1H i ndol e

ol an-2-yl)-1H1indo

[300] To a stirred solution of 1H-indol-7-01 (500 mg, 3.75 mmol) in acetone (10 mL) atr.t.
was added potassium carbonate (3.11 g, 22.5 mmol), followed by iodoethane (0.45 mL, 5.63 mol).
The mixture was stirred at r.t. for 16h then solvent removed under reduced pressure. The crude
product thus obtained was purified by chromatography over silica gel to afford 7-ethoxy-1H-indole:
"H NMR (400 MHz, MeOD) 8 ppm 1.51 (t, J=6.95 Hz, 3 H), 4.22 (g, J=6.91 Hz, 2 H), 6.42 (d, J=3.03
Hz, 1H), 6.63 (d, J=7.58 Hz, 1 H), 6.92 (t, J=7.83 Hz, 1 H), 7.04 - 7.23 (m, 2 H); MS (ES+): m/z
162.20 (MH+).

7-Ethoxy-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-1 H-indole
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o0 CO/B---"N H [299] Prepared according to a
procedure anal ogous to that described for 7-chloro-2
WO 4904/061737 t et ranet hyl -[ 1, 3, 2] di oxaborol an-2 PCT/US2006/044461

yl')-1Hindol e using 7-nethoxy-1Hi ndol e.

7-Ethoxy-IHindole N H o [300] To a stirred solution

of 1Hindol-7-0l (500 ng, 3.75 nmmmol ) in acetone (10

m.) atr.t. was added potassium carbonate (3.11 g,

22.5 mmol ), followed by iodoethane (0.45 n_, 5.63

nol). The m xture S §;|rred at.r.t. for 16h then

sol vent renoved und Fedgced p re. The crude

product thus obtaine putn 320y chromat ogr aphy

over silica gel to afford 7-éthoxy-1Hindole: 'H NWR

(400 MHz, MeOD) 8 ppm 1.51 (t, 1=6.95 Hz, 3 H), 4.22

(g, J=6.91 Hz, 2 H), 6.42 (d, JF3.03 Hz, 1H), 6.63

(d, J=7.58 Hz, 1 H), 6.92 (t, J=7.83 Hz, 1 H, 7.04 -

[B02B @mpaxg:dﬁycorcpyg (o@gxycedme-gnalgggls j_i@th@msgnbed for 7-chloro-2-
4.4,5,5 ?eh%H%@&l/[lZB Q]ﬁ:&a@orél’aﬁ Qt}rl)af'@-tlﬁ&bhe' lls;n\%-gthox 1H-indole.

di oxaborol an-2-yl)-1Hindole 108 200%7061737

PCT/ US2006/ 044461 OVB e |-\ C ON ~ 10 [301] Prepared
7-Isopréfok@idi-it@oled a procedure anal ogous to that described

for 7-chl oro-2-

(4,4,5,5-tetranet hyl -[ 1L/

| e using 7-ethoxy-1H i ngg - | sopropoxy-1Hi ndole O

I \ NHO-~ [302] Mude brding to the procedure

descri bed for 7-ethoxy-IFLindﬁ%i;using 2- i odopropane.

pxabor ol an-2-yl)-1H i ndo

7-1sopropoxy-2-(4,4,5,5-tetra -[1, 3, 2]
di oxabor ol an-2-yl)-1Hi ndol e e ON H
[302] Made according to the procedure described for 7-ethoxy-1H-indole using 2-

iodopropane.

7-Isopropoxy-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-1H-indole
; :O
\B /
7/
O N: ;
H
YO

[303] Prepared according to a procedure analogous to that described for 7-chloro-2-

(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole using 7-isopropoxy-1H-indole.

7-Trifluoromethyl-2-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolan-2-yl)-1 H-indole

2

N

HE

F~OF

[304] To a stirred mixture of 7-trifluoromethyl-1H-indole-2,3-dione (116 mg) in THF (5.00
mL) was added boron trifluoride etherate (0.205 mL, 1.62 mmol) followed by sodium borohydride
(71.4 mg, 1.88 mmol). The resulting mixture was stirred at -20 °C for 2hrs, then water (1 mL) was
added and the mixture was stirred at 0 °C for 10min. The solution was acidified to pH = 1 with 2N
HCI, warmed to r.t. and stirred at r.t. for 20min prior to extraction with EtOAc. The extracts were
dried over magnesium sulphate, concentrated in vacuo and the residue purified by chromatography

over silica gel eluting with hexane to give 7-trifluoromethyl-1H-indole. '"H NMR (400 MHz, CDCl;) 3

109



0O [303] Prepared according to a procedure anal ogous
to that described for 7-chloro-2-
W@ 4004/061737 t et r anet hyl - [ 1, 3, 2] di oxabor ol an- 2- yl pe/HSt006014461

| e using 7-isopropoxy-1Hi ndol e.

7-Trifluoromethyl-2-(4,4,5,5-tetranethyl -[1, 3, 2]

di oxaborol an-2-yl)-1Hindole ~1 \ NHFF F [304] To

a stirred m xture of

7-trifluoronethyl-IHindole-2,3-dione (116 ng) in THE
ppm 6.68 5668 (1 HiLin),\¥a20 AddedI=ion )t 1304 1y (1dd ne), A4 4t H, ¢,0=20%Hz), 7.83
(1H, d,ﬁ‘i-e.oslﬂgzadﬂ@ (? lflqle d by sodi um borohydride (71.4

my, 1.88 nuno e Tesulting mixture was stirred at

-20 C for 2hrs then water (1 nL) was added and the

m xture was stirred at O C for 10n1n The sol uti on was

acidified t med to r.t. and

7'T“ﬂ“§f PPethy- %\i“ ‘f S’F"eTrBP‘eEUHW M‘I}Pb?r8l“‘é‘x¥'i'/ﬁtlﬁ Bdolsi ¢ h

Et OAc. The extracts were dried over magnesi um

sul phate, concentrated in vacuo and the residue

purified by chromato ica gel eluting
wi th hexane to give. riB ro | -1Hindole. '"H
NVR (400 MHz, CDCl13) 09 WO 061737

PCT/ US2006/ 044461 ppm 6. 63 - 6. (1 H m, 7.20 (1

H t, J=7.71 Hz), 7.30 - 7.35 (1 H’ m, 7. 47 (1 H d,

J36B8] 3 Pkeppred Ac@Bding to dprockduk=Balogousdsd maaMcxaaeBG“ox(nclﬂbro-z-
44,5, sk?é 2 2-y))-1H- : -1H-indole.
S RN A Ao ar o WAl g oo Fnde

di oxaborol an-2-yl)-IHindole ON C F3 [305] Prepared

Ethyl MRE@iRlb finétho Qﬁ@@g&@m@nalogous to that described
fo?? chl or o- ?)9%4 4,5, 5-tetramet hyl - [

1, 3, 2] di oxaborol an-2-yl)-1 ?dole usi ng
7-trifluoronethyl-IHindg Et hyl

N-[2(trifluoromethoxy) phey b@anbanate O NAO OF ~
F [306] Ethyl chl orofoe ﬁf.4 nmL, 0.046 nol) was
added to a nixture of 2N&#i flToronet hoxy)aniline
0,04 ona 15 g, 0.14
i1 B Shoatimern it b MR R brdee b pikeup obic
(triflucramethbiydariitine (830, O@ﬂ6ml)wbéluﬁtdafb‘oﬁdte &t5 g,@01 mol), 1,4-dioxane (70

mL) an& @g%eg@m)ﬁat 6\'5? ami %tthe eg&%a 'ﬁ?)@tﬁf gﬂe%ﬂ%ﬁrﬁeﬁeﬁ{\@ezat&g %Oemlght

The reaglicpyigtavhs iien WEheAwifi3ther, agiiiyd (pﬁh ) by proguct extracted into

EtOAc >£ ﬁﬁﬂﬁmé&ma&% {vBreVWRAsBEd $AHR Water AAO6hIB b Brine (40mL), dried
dried over Na2SX4 and the solvent renpved

N
over N 596 am% e SPRENtIFrROYFE 4R YaSHO i BURIbE dpsired Prosiastin a i viglg. 'H NMR
(400 MEMREDCL): 5 1.33 (t, J = 5.2 Hz, 3H), 4.25 (q, J = 6.8 Hz, 2H), 6.91 (br, 1H), 7.04 (m, 1H),

7.23 (m, 1H), 7.28 (m, 1H) and 8.2 (m, 1H). MS (ES+): m/z 250.12 [MH+].

Ethyl [2-iodo-6-(trifluoromethoxy)phenyljcarbamate
(0}
A —
N O £
1 O\\/F
o

[307] A 1.4 M solution of sec-butyllithium in cyclohexane (3.0 mL) was added drop-wise
to a solution of ethyl N-[2-(trifluoromethoxy)phenyljcarbamate (0.5000 g, 0.002006 mol) in THF (9
mL) at -70 °C. After stirring for 1 hour a solution of iodine (0.51g, 0.002 mol) in THF (1.0 mL) was

added drop-wise at -70 °C. Stirring was continued for another 1 hour then the mixture was quenched
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(400 MHz, CDC13): S 1.33 (t, J = 5.2 Hz, 3H), 4.25 (q,
J =6.8 Hz, 2H), 6.91 (br, 1H, 7.04 (m 1H, 7.23
w@ 2007069737 7. 28 (m 1H) and 8.2 (m 1H). M5 ( ESRQT/URI006/044461

250. 12 [ MH]. Ethyl

[ 2-10do-6-(trifluoronethoxy)phenyl]carbamate O NAO O

\~F F [307] A 1.4 Msolution of sec-butyllithiumin

cycl ohexane (3.0 nL) was added drop-wi se to a solution

of ethyl N-[2-(trifluoromethoxy)phenyl]carbanate
with satyirgted @W@iuﬁ@f@@mmlmﬁph) Water (34E1() Yvas pildedand theGniGture extracted with
diethyl e‘fﬁérgf X sft)xlnfj ' 'ﬂg‘, Jog{blr;edl?)ﬁ)éﬁgucqah%%g Wb grg 51@& with 494 eSO(inn‘ﬁl:ll'l&a-blSUlﬁte

dr op-w se at -
solutiongwateg %drbrﬂﬁ@ tb@sdrheéﬁwrﬂ& Optnd fisp Rt rameNsdin pein to Eilée ¢ the

desired piodiidg irfa Y85 yRUE NENRKIR UdOMIR, 20T OOILTBT.36 (in, 3H), 4.21-4.28 (m, 2H),

o1 o R PG st R S TP SIS e s

375.78 pMHi+lacted with diethyl ether (3 x 40nL). The conbi ned
organi ¢ phases was washed wth 40% sodi um
nmet a- bi sul fate solution, water and brine, then dried
Ethyl [Hiriffuoxppehexyfidtritnethybsilowiethyeyipheagl)]carbamate t o gi ve
the desired product in a 73%¢yield. 'H NVR (400 MHz,
CDC13) : 6129136(m/SH) 4211—¢28(m 2H), 6.21
(br, 1H), 7.05 (t, 1-8.&. , , 7.30 (m 1H) and
7.80 (dd, J =6.8, 1.2 .CM§/Q=ES+) mz 375.78
[ MH]. Ethyl
[2-trifluoronethoxy-6-(trinmefhyl si f anyl et hynyl phenyl ) ]

R U T T v

0.00012; raef) indrigthplamine (4®n@0©§2 mph) Yasiheated ateloﬁﬂ far? (ein then edoled to rt and
ethyl [ZQod%g?] f@hher%éthﬁ%ﬂ;ﬂ&yﬂgarggnaqe (40_{0 32@ O'H(pmbﬁ s g@&ld%q oﬁéjportlon

The mixtureiwgy ahrsed(a? Foomt tBwParaT A% ¥ § priedhe (Fireaiebda¢ayler (.6 mL, 0.011
mol) w43 aﬁdeﬂ&nﬂﬂie)m%ﬂﬁe aiittador Hfuehe Zlﬁfufsl. he sol Vi wikk ¥dnbved Wcuo and

the resuflier\ya%%d pus d&;pyegg rrat 51?:]_1]; t]m_ ?ﬁ(gdgt’if_l_gagﬁgﬁe %ggnic was washed
wtih 1Ntdidlshd dnide, s dried towreN 22S0dtkssh thosohanf mrrbh@r inZatw@uTBe reaction was

chromat;g Pﬁé&' Mhégagt%l Elﬁm@/ @gh Q@A’ﬁéﬁ?’&gﬁ% to rc[ &l? él%fdg?o%uct in 80%

itioned ween wat er and
yield. M%@Fﬁﬂ mizS45P9dMHElwas washed wti h IN HCI and bri ne,
then dried over Na2SO4 then the sol vent renoved in

vacuo, .eaction was chronmat ographed over silica
7'T“ﬂ'ij’éf’m8ﬁhﬂi‘¥'iﬁ{‘&ﬁ?lﬁ 20% Et OAc/ hexane to afford the
desired product in 80% yjeldx M5 (ESt): mz 345.99
[ MH], 7-Trifluoronet hoxq- | oI e N
N
H

OCF,

[309] Sodium ethoxide (0.65 mL, 0.0017 mol, 2.6M) was added to a solution of ethyl [2-
trifluoromethoxy-6-(trimethylsilanylethynylphenyl)]carbamate in EtOH (5.0 mL) and the mixture
stirred at 72 °C for 14 hours. The solvent was removed under reduced pressure and the residue was
partitioned between diethyl ether and water (30mL of each). The ether phase was washed with brine
and dried over Na,SO, yielding the desired compound in 59% yield. '"H NMR (400 MHz, CDCl,): §
6.60-6.61 (m, 1H), 7.07-7.09 (m, 2H), 7.25 (d, /= 5.6 Hz, 1H), 7.55-7.57 (m, 1H) and 8.42 (br, 1H).
MS (ES+): m/z 202.18 [MH+].

7-Trifluoromethoxy-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole
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H OCF3 [309] Sodium ethoxide (0.65 nL, 0.0017 nol,
2.6M was added to a solution of ethyl [2-

wo eoof7losiosDret hoxy- 6- (tri net hyl sil anyl et hynyl pheem/u¥jooao44461
bamate in EtOH (5.0 nL) and the m xture stirred at 72
C for 14 hours. The solvent was renoved under reduced
pressure and the residue was partitioned between
di et hyl ether and water (30nL of each). The ether
phase was washed with brine and drled over Na2804
yielding the desire cquouno I DS9% yield. 'H NWR
(400 MHz, CDC13): 1FD 7.07-7.09 (m
211), 7.25 (d, J- .57 (m 1H) and
8.42 (br, 1H). ES+ 18 [NH+]
7-Trifluoro nethoxy 2- (4 4,5, 5- t8¢Fanmet hyl - [ 1, 3, 2]

[gic(# / %g%g%ﬁ%ﬁéﬂ%‘% )to g%lc&g.\% ﬁlalo%gnls ’M@na@ Q&yﬂg&]f Igz-ghlgrroézd

(44,5 5-ta@@mtwldg312&ﬁ1@cabp@@@cﬁﬂ%léfnaMg eﬂsg ?ﬁlfi%ﬂm@]@g@' liigole.
for 7-chloro-2-

(4,4,5 5-tetranmethyl -[1, 3, 2] di oxaborol an-2-yl)-1H i ndo
7-Phenyk-Wiiadaleyy 7-tri f| uor omet hoxy- 1H i ndol e.

7-Phenyl - 1Hindole | \ Ph [311] To a

suspensi on of 7 brono- 1 (196 ng, 0.00100 nol)

in 1,4-dioxane (4 nlL) watker (1 nL) was added

phenyl boronic acid (146 Hg, 4.00120 nol), potassium

carbonate (414 ng, 0.00300 MH ) and

B 11]1 TJ% K ?é&&%@bﬁﬂ%@h%ﬁa&@ (198GE) @]Odmhh@ﬂ) apahliasthsk (4 mL)
b@g ex Wwth dichl|oronet hane éngﬁg 1?? + onate (414
and watep){ OB BoBidsd PhERABPTORGEHA Se a0 120 TaalbypotafsiapT fagbonate ¢
mg, 0. OOW)G Rol)iahd [lgﬁ-lﬁls(dlﬁﬁ%?@hédpfmﬁ)f‘éﬂ?&ﬁnd]hx@hlﬂio}ﬁﬁlwdﬁln‘d(ﬂ;complex with
R C R R TR TATE S
three timed hea rek rhmtumewés]l&at&ﬁ)ﬂ; 100 €novemighd. Blwemnxanh yvas dilpged with EtOAc
(30 mL), S5 %géﬁ%tﬁ Hﬂlt fagt ﬁaﬁ&g Ellalq?f)odaﬁ%pike Er it ﬂwh ﬁné’cﬁ&\}ép anh-ghfous sodium

u r o ag over
sulfate a@d the selvers Irereqwmi wngww {Thelfeuds WGEFO%S RUB! %gﬂ ¥ Chrp@atopaply over

silica gef:&ﬁm%% ﬁe;(g&/ﬁg)Acgg Og/i’v)f e ﬁﬁe corﬂﬁoﬁ\“ﬁ) 184 1@@@3@ yﬁm 'H NMR
(CDCl;, Sp.g Lﬂil_),@_lﬁ é{» (dde]l P- 052.92—12 |1ﬁ? 7. l-ﬁ- 4% (r17 331—) 7(/-H (t,zﬁj 7 (SIPIZ 1H), 7.48-

7.57 (m,"é 17 61-790 S:m BMd%DQ B 438§ bﬁmSLC-M‘Q (BSRR 194588 ].
+.): 7- Phenyl -2-(4, 4,5, 5-tetranet hyl -
[1 3, 2] dloxaborolan 2-yl)- 1H—|ndole O~\ ON
7-Phenyl-2-(4,4,5,5-tetramethyl-[1,3,2}dioxaborolan-2-yl)-1H-indole

o}
jE s~
¢ N
H .
Ph

[312] Prepared according to a procedure analogous to that described for 7-chloro-2-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole using 7-phenyl-1H-indole.

7-Cyclopropyl-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y)-1 H-indole
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H Ph [312] Prepared according to a procedure
anal ogous to that described for 7-chloro-2-

W@ 4004/061737 t et r anet hyl - [ 1, 3, 2] di oxaborol an-2  PCT/US2006/044461
yl)-1Hindol e using 7phenyl - 1Hi ndol e.
7-Cycl opropyl -2-(4,4,5,5-tetranethyl -[1, 3, 2]
di oxaborol an-2-yl)-1Hindole 112 WO 2007/ 061737
PCT/ US2006/ 044461 B ON H [313] Prepared according
to the procedures descri bed above for
7-phenyl -2-(4,4,5,5
tetranmet hyl -[ 1, 3, 2] di £hor o )-1Hi ndol e usi ng
cycl opropyl boroni c acild i-i phace phenyl bor oni c
acid. 'H NMR (CDC13; /408 M) b § 75-0.82 (m 2H),
0.95-1.04 (m 2H), 2.08 (n1 1FD 6.59 (dd, J = 3. O
2.0 Hz, 1H), 6.96 (d, J = 7.1 Hz, FD 7.06 (t, J =

7.25 7.52
Eﬂ&] 8 Fs@ate&acgmdlff;é "%ﬁ RTocEdurqyesep ed me for 71}gwgn¥1,@_§z%4 5,5-
tetrametfiy BV BT} iBx§okelED2 LB 1ngabR uBing ByclbproyIbdrodi8ddtl inTladd of

phenylb%r%ln%taﬁﬁg 1§ W%ﬁéﬂgz@o@% p%s%&é@.eégﬁene g&; frﬁ,%H), 2.08 (m,

1H), 6.598dd 64 3100 200 Haj 10D, ¢.86/(dy1L = 734HATIE)) 7.06(, XhR.61H2 | HY, 9.26d6, 1H),

752(d§'t%gggtﬁﬁéPég39&%695H%P§ﬁlor| e soFu |on édgﬂenched

extracted with ethyl acetate. The organic |ayer was
G_Bmm\ﬁ@ﬁﬁ@q.owﬁjmmeg ne, dried over anhydrous sodium sulfate
and evaporated under reduced pressure to yield a gum
whi ch was purified by col wi pomat ogr aphy over
silica gel eluting with Yane to afford pure
6- br ono- 7-f | uor o- 1H i ng H-NVR (400 MHz, CDC13) S
= 6.53-6.62 (m 1H), 7.16- 7F25 Hm 2H), 7.29 (d, J =
8.34 Hz, 1H) and 8.36 (br. s., 1H); M5 (ESt): mz

ﬁiﬁg%&/&*&m&&&@@o&o élﬂﬁgfoos hnazs&rﬁxﬁe (th}%_{i d @lrﬁnM) ?ﬁ TIEF (25 mL)
at—-50°

To a solution o br omo- 7- | uor o-| | n ol e
asgdq_@ W|n}agp?§mmhr0(rqden@jl mé{_t 34 nﬂz)olba e Qma was stm'ed at —40
°C for 1sm dl‘lida%zh:ﬁdﬁ wde qnﬁe]aZEth@th ﬁn&&edmhomﬁﬁ%wnaa Qcﬂfptlidhrh}ld aRhcted with

ture S _sti C . f.o
ethyl acetgﬁ 5%1 amcglgyeea wgf # %81 wé}g bfuﬁe dpgcilgs(e[r Sﬁgy\%{i ous 5?({] %ﬂé fate and
evaporated undentedured pregire 1€ yiahdia gtrnrwldch was pi2ified B eolnmachioomrtography
over sﬂl\e@ el%ﬂﬁiﬁg Rad, WAQ/II%%%H@E B LIRS hﬁ&fodlf‘%{-g{ag\}et 'H NMR (400

racte extract was washe

MHz, GBI = @ et 2oFe i BT 88 6metiDs §:3P Shi 1ot 4 HadHD and 836 (br. 5.,
1H); MS (ES+): m/z 214.08 [MH-+].

6-Bromo-7-fluore-1-methyl-1 H-indole

N
Br N\
F
[315] To a solution of 6-bromo-7-fluoro-1H-indole (470 mg, 2.19 mmol) in THF (7 mL) at
-10 °C was added sodium hydride (175 mg, 4.39 mmol, 60% dispersion) and the mixture was stirred
at 0 °C for 30 min. Methyl iodide was added at 0 °C and the reaction was allowed to warm to at 10
°C and stirred for 2h. The reaction was quenched with saturated ammonium chloride and extracted
with DCM. The DCM extract was washed with brine, dried over anhydrous sodium sulfate and
evaporated under reduced pressure. The crude product was purified by column chromatography over
silica gel eluting with EtOAc/hexane to afford 6-bromo-7-fluoro-1-methyl-1H-indole. 'H NMR (400

113



evapor at ed under reduced pressure. The crude product
was purified by columm chromat ography over silica ge
webkawioag3wi t h Et OAc/ hexane to afford 6 PCT/US2006/044461

bronmo-7-fluoro-1-methyl-1Hindole. "H NVR (400 113 WD

2007/ 061737 PCT/ US2006/ 044461 MHz, CDC13) 6 = 3.95

(d, J =2.00 Hz, 1 H, 6.42 (t, J =2.78 Hz, | H),

6.94 (d, J = 3.03 Hz, | H, 7.09- 7.15 (m 114) and

7.20 (d, J = 8.34 Hz, 1H); M5 (ES+): niz 228.04 [ MH].

MHz, CIBCR) 8o 3m®s| (dnet By -H; (), 4,43 (57 =t 18dlz t HY,| 6.941(d3] 2B.03 Hz, 1H), 7.09—

e SOl LR bt

7—Fluor(4—’14m&§th%l46 (454 §S5tetr§meﬁfyi ;‘ﬂ?,i]tawxagol%lanbi-yﬁ*l% g]d@ieoxaggr 0

| ane potaSS|un1acetate

5.52 nnDI)
[1,1'-bi s(di phenyl phosphi no [oc¢#ne] di chl or opal | adi u
m(11) conplex with 9#9 haNF (1:1 conplex, 150

ng, 0.184 mmol) and o F

1, 1' - bi s(di phenyl phospkno) ferrocene (102 ng, 0.184
nmol ) was added di oxane (10 nL) and the m xture was
thagps Jd hixtide 6H6-bivghot NAGKEN -méthyl 1Hx'ir{dbmqem @y 1.84 Mind)),

w53 SRR T IS S M5 hERIEE 36 10 5 S1SH Bl e

mg, 5.5%mdoDhE . F-bssi(dipleenyipbogphimetrvednd] dicidOivpalirdivnn (Il esraplex with
dlchloroﬁ&ma}{@(l i&%ﬁé‘{"l%m 1654 hﬂiﬂ)%& 1"‘?% E@Tﬁﬁe%?fphé‘épﬁﬂoﬂ%cene (102

crude pro uct was puri
mg, 0. lmﬁﬁf‘*@@ Fﬁ‘éﬂ#}film’? (19, q'q.)caad @}gmlérum Wﬁ‘gdwftsﬁd by bubbling through with
mtrogerﬁbxq\ﬁf f EK8adiion &f lf(tﬂféiwdéméﬁe(y atf1lot 9C Quérnipht M¥h 'dloxane was

removecf \énder ﬁdﬂwg%%%gtgg%ﬁ_% Ihe ng dl {9 i‘veg {)?[R/I o erecf_lz) & ove

inorganicsl, The filtr2te s kncedirhted Grd4ice c(rude p}odncﬂwﬁﬁpdrlﬁed ij-l):g)luﬁ’m 03

chromat%%gpl}k' ove n? S1gga7%5 Bgﬁ%wﬁﬁ %]\JA%’EQ'F% ouag‘far'do f{uo%% -methyl 6-
(4,4,5,5ftestameHiybbhaAldiekaporolan-2-d ) YH-iffdslex M08 b PORISB = 141 G5,
12H), 492 (4,73 oropeneed h&hk Pceﬁz Q%gml ﬁh) 023080 03.0912281)HRE ¥.28-7.47 (m,

cet one
ZH)’M§(5$J6)n’6‘/712?6(%1 @‘Pﬂ'&kyet hane (6 08 g, 0.030 nol) and
pot assi um carbonate (7.757 g, 0.056 not). The

resul e.was then stirred at 45 C for 2 hours
7-Triflygy ?'B?é'?'gg?'?ﬁé’@%mp&'f ®the solvent in vacuo and

suspension of the residge§n E OAc. The inorganic
salts were filtered of t k& or gani c phase was
concentrated to give cruf odyct, which was used in
next step w thout furthe puir i fi cation. This residue
was di ssolved in toluene (50n), and to this solution

(B ] addﬁﬁktﬂ%&\ sélluﬁm of BifliddemétRAWehidnghibl (G woeg stoizs fnag in

9 2 r The.,m
acetoneggoooﬁni was z%d%egl Q-brom% Iy ecget xlygtha:éex(%mé lge%i% ﬁ’lg eXP?tgsCs%ugacarbonate
(7.757 a0t0h6 Eto()Ath @stxltxﬁg)n[)gture Waeth@m stioraded 4 & R€ ferd Ipuvgarrior to removal of
the solv\é‘@ﬁ)? Skuo %he&n ghép%g)(ﬁq;f Qe éPE{‘cS’}{JO éqn%réa‘ﬁlc sHETerD gltered off and

rlne over an I ous SO I um fate an
the OYS@WGW@GOWEF“C? @d&i&‘éﬁ“?ﬁr@@@%&’ﬁ avhich wasased ey step without further

purificafibh. ThivGSsidié wds @oRYd HAbueme (Sm%ﬁﬂ@ BN ERaskided¥PA (10g)

and the %e%glaég g&x:?tgrz stF;rcr:Ic/l 'cLlJtS 501%%/ 84f§r4 2 hours. The mixture was allowed to cool to rt, was

poured into ice-water, then extracted with EtOAc (3 x 50mL). The combined extracts were washed
with aqueous sodium bicarbonate followed by brine, then dried over anhydrous sodium sulfate and

evaporated under reduced pressure to yield an oil. This was purified by column chromatography over
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silica gel eluting wth hexane to give
7-trifluoronethyl-benzo[ b]thi ophene. 'H NVR (400 MHz,
woORODP6B3IppM 7.49 - 7.57 (m 2H), 7.70 (d, J=7P@BUBWN6/044461
1H), 7.74 (d, J=5.56 Hz, 1H) and 8.10 (d, J8.08 Hz,
1H). 7-Trifl uoronet hyl benzo[ b] t hi ophene-2-boronic acid
HOB 1\ HOSF F F [318] To a solution of
7-trifluoronethyl-benzo[b]thi ophene (0.52 g, 0.0026
nmol) in THE (30 nm) at -78 C was added 2.5 M of
silica gehelBing withhdxeneateeiel’-tiflpjomelybereaibithiphevss 'H NOFR (400 MHz,
I r [
MeoD) BBy P 5P Com o a5 s b Hg R0 @
JSO“@AH@# treatement with trllsopropyl bor at e (O 7255 g,
0.0038 nol). The reaction was then slowy warnmed up
.10 0 Cthe uenched w th saturated anmoni um
7'Tr‘ﬂ“8ﬁ?'B?tP¥PBe'é’r?g’]fl’d‘épq'fBF\?e‘fﬂ""l“éﬁf)‘(?ed in vacuo. To the
resi due was added aqugpus sadi ydroxi de (10 nmL, 2N
solution) followed by Wate ) then this mxture
was extracted wth atlegds sol uti on was
acidified using dilute sul u'r:| d acid (2N sol ution),
filtered and the residue drie . vacuo to yield 7-
trifluoronethyl benzo[ b]thi ophen-2-boronic acid. 'H NWR

(ABD Whlz, soMEGDYf 8trﬁnm&né51@1(b&ndd[b]ﬂuophéne7(o$5 g3 0026/mdty in THF

om0ty s 5o Bl AT Tty P s

warmedNp t¢ -308C ({vng_g] mjky. md(*tmeg apthisi terapdrawg-fookOorin priacto decooling to -78
°C and é&t&@ﬁ%l lpnﬁébgrdggplgarate 04 %5‘5@ Bbgg g ‘g&% "H*qug%nog gJSS {Kgql) Ll))le

tirre
Warmedtunéw n@tﬂwwwais guFnshed vm%) sqﬁtLrateQ emmepiuyn chigridesnd g sahrelnt removed in

vacuo. e FisMhelves MRS adueowRsddiuth 18latdxidl(16 bif oK sgluh&'lbrfﬁl-lovagal%y water

0 w8 W SRR PR S pa ok S ing de
sulfuric gcitl (23¥ solwidm),rfderedadd ithe residueciried Thercgs wdgelpr7oduct was

o BRSO ERY NI SR P 555«

J=7.45 BBsT.7%0 PBrddato7 Hz) stl @m@xhnMﬂzw (CB:&IISJ=7$3§M 3. 99
(S 3H) 6.58 (m 1H. 7.23 (m 1H), 7.81 -(m 1H),

8 (m 1H) and 8.34 (m 1H) %S (ES+) mz 176. 15
N'Methp’kﬂﬂ-‘]le'ﬁ'wfgﬂewﬂS met hyl-- 2- ni t rophenol 115 WD

2007/ 061737 PCT/ US2006/ 0444 Br.O- NI |
N
HOL N

| \
OH

[319] A mixture of indole-6-boronic acid (0.100g, 0.615 mmol), sodium hydride (0.07g, 20
mmol) and THF (§ mL, 60 mmol) was stirred at rt for 20 min. then methyl iodide (100 uL, 20 mmol)

was added and the mixture was allowed ro stir at 1t for 3 hours. The reaction was quenched with sat.

NH,Cl solution, washed with brine and dried over Na,SO4, then the solvent was removed in vacuo.
The crude product was purified by chromatography over silica gel eluting with 1:9 EtOAc/hexane and
1% MeOH, yielding the desired product. "H NMR (400 MHz, CDCl;) 8 ppm 3.99 (s, 3H), 6.58 (m,
1H). 7.23 (m, 1H), 7.81 (m, 1H), 8.08 (m, 1H) and 8.34 (m, 1H). MS (ES+): m/z 176.15 [MH+].
4-Bromo-3-methyl-2-nitrophenol
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OH O o a solution of 3-nethyl-2-nitrophenol (2.0 g,

13.06 mmol ) in acetic acid (40 nL) was added brom ne
W@ 0007061787 13.71 nmol) and the m xture was stiPCERUSBNG/044461

RT for 5 h. The reaction was poured in to ice water

and the yellow precipitate forned was filtered and

washed with water and dried in vacuo to yield

4- br ono- 3- net hyl - 2-ni trophenol. 'H NVR (400 MHz,

CDC13) S =2.61 (s, 3H, 2.62 (s, 5H, 6.92 (d, J =

8.84 Hz, 1H), 7.66 (d, JBe 9.09 Hz, 1H and 9.28 (s, 1

H; M5 (ES+): nfz 215. p17] .

1- Br ono- 4- et hoxy- 2- net 3-ni trobenzene Br I \' NO

11 --~10 0 X32 o a sol gh~Qf+-©O

4- br ono- 3- net hyl - 2-ni trophenal (2.200 g, 9.48 nmmol) in

acetone (35 L) was added’ p<9( assi um car bonate (3. 276

§T6Q sombn oﬁlﬂemthﬁitrdptﬂﬁioﬂ@f(li 4. 14?6%:101 T aCOLHdABA M0 mL)
e a 0.re ux or
was add%%e Bl e S Rt g P i sitP sk B Tl reacion

was poutggsn gviaponiat sl tbmzté]bm@hlﬂ@e@h forresiwasefiltegedadhfl ovasheidlvéth water and
dried in %&9 % ﬁemugrkmo Fs%é @Llwahc%]& i Rk *dﬂfé N9 déiﬁéls%é% 2.61 (s,

col um romat ogr a over silica ut 1 nt
31D, 2.6 5 (ROAT SRH ) B LG (4 Tor SR e TED and .28 (5. 1 HD; MS (ES+):
m/z 215 08RO - 2- met hyl - 3-ni trobenzene as pale yell ow solid.
: "H NVR (400 MHz, CDC13) S = 2.33 (s, 2H), 3.87 (s,
3H), 6.78 (d, J = 8.84 Hz, 1H and 7.58 (d, J = 8.84
1—Bromb=lzl»;méﬂi))Xy-Wﬁhe(tlﬁﬁ=B)-mtmﬂ)énﬂﬂz 26 [MH]. 1-
[ (B)-2-(6-bronp- 3- net hoxys2-ni trop henyl)vinyl ]
pyrrolidine Br \ N N. Ol |I /OO0 [322] To a solution
of 1-brono- 4-met hoxy- 2-@eRayt - 3- ni t robenzene (1.400 g,
5.68 mmol ) and 1, 1-di ng y- NN\ di et hyl met hanam ne
(0.884 nlL, 6.657 mml) (1oom_) was added
pyrrolidine (0.555 mi, 9(5556cm’m|) and the m xture was
heated to at 110 C for 4 h. The DM was renoved and
: siadiokitivm 6f 4-Brofps3-Alethy - 2alitfaphenoD@\2008S, b a8 @hmd1) infhcetone (35

i tQ
mL) wa{"a(@eé‘ gt?%mg%argon%teie P18 2370 mmel) apdmethyl iodide (1,47 L, 23,70 mmol)
and the mxgure Wpe heatrdro osfhe dar7BLy. WWQ@ZOG@S Odolelbid rt, filtered and the filtrate
was evaﬁldrg&@ (Raef Téﬁﬁ&é&%%é&rghd JH8RH theBiudd product. Purification of the crude product

by column chromatography over silica gel eluting with EtOAc/hexane afforded pure 1-bromo-4-
methoxy-2-methyl-3-nitrobenzene as pale yellow solid. "H NMR (400 MHz, CDCl;) & = 2.33 (s, 2H),
3.87 (s, 3H), 6.78 (d, J = 8.84 Hz, 1H) and 7.58 (d, J = 8.84 Hz, 1H); MS (ES+): m/z 247.26 [MH+].

1-[(E)-2-(6-bromo-3-methoxy-2-nitrophenyl)vinyl] pyrrolidine

[322] To a solution of 1-bromo-4-methoxy-2-methyl-3-nitrobenzene (1.400 g, 5.68 mmol)
and 1,1-dimethoxy-N,N-dimethylmethanamine (0.884 mL, 6.657 mmol) in DMF (10.0 mL) was
added pyrrolidine (0.555 mL, 6.656 mmol) and the mixture was heated to at 110 °C for 4 h. The
DMF was removed and th.e residue was recrystallized from DCM:methanol (1:6) mixiure to afford 1-
[(E)-2-(6-bromo-3-methoxy-2-nitrophenyl)vinyl]pyrrolidine.
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H /0O [323] To a solution of
1-[ (E) - 2-(6-brono- 3- et hoxy-2-ni trophenyl ) vi nyl ] pyrr ol
WO doon®61(7373 g, 3.97 mmol) in THE (6 nL) and ne¢Chasmioe/044461
(6 nm.) was added Raney Ni (;ti 500 ng) followed by
hydrazine (0.19 nL). (CAUTION: Exotherm c reaction
W th vigorous gas evolution). Hydrazine (0.19 nL) was
added again, tw tinmes, after 30 mn and 1 h. The
reaction was stirred at 45 Cfor 2 h, filtered
through a pad of celite. The filtrate was concentrated
R _ residue purified by chromatography
Brmdowe}r@g#?‘r?gﬂb]{e i:eel uting with Et OAc/ hexane to afford
pure 4-brono-7-met hoxy-1 He" i ndole. 'H NVR (400 MHz,
CDCl 3) S = 3.94 (s, 3H), ‘ J = 8.08 Hz, 111),
6.56 (dd, J = 3.16, 2.1 : , 7.17 (d, J = 8.08
Hz, 1H), 7.22 (t, J = 2.8 N 1H) and 8.47 (br. s.,
111); M8 (ES+) mz 226.12 [ MH+]
2- Phenyl - (4 4,5, 5-tetraffethyl -[ 1, 3, 2]

R3] 38 Tofter oh L2 6P o eny RO gl Bofiine 13 5

3.97 mn{d). ib Ggﬂgcg AL fizktisabl) (6 mil)iveas pided@inay M) ¢ 400mag) fHilbvdSy
nyarazic @35 (AR Pxotyrmiearaisn wih isgrons 251 svlig). Bydrasine

(0.19 mh)ywiasodidedagaite ty@tidest afer 30 nfif andrbh) Thecke@im)vas (s0r@illd 4§ °C for 2 h,
filtered l%l‘(ﬂ.l%g g;g@ L)) cé'ﬁ'ﬂg "I/ﬁ% gﬁre{tgwgfszc%ngenﬁgfegq %lcuﬁ gi?ci Eé@xdue Eunéied by

eat e
chromataﬁael?y niey ehcaf Sﬂg elutingywith B0 Ae/haxaneto affaed pyre t‘@r@ep-?-meﬂwxy-lﬂ-

indole. 'HNINOIQ(M0d MUz CHCRYSE 894 r@sadH§>,f6 smiayﬂam 3R 4dENB.56 (ad, J = 3.16,

240 meg il 37 (e b OR et PR Y R aRe abD g biay ety s e

m/z 226 MAI[MIEPH]e times with hexanes to give the titl e
compound. 'H NWMR (400 MHz, CHLOROFORMid) 6 ppm = 1. 39
(s, 12 H, 7.49 - 7.56 (m 3 H, 7.83 (dd, J = 8.08,
2-Phenyl-5o(,4:5,5-tdtrdipethyl-0 3,3] dioxdborolan23ylHl ,3-Henkf thisgole2 - 8. 18
(m 2 H and 8.60 (s, 1 H; M (ES+): nmfz 337.91
[ NIH] .
4- ( Met hoxycar bonyl ) - 4- megt &l oh carboxylic acid
117 WD 2007/ 061737 FgZT/ \ O HO O [ 325]
N, N- Di i sopropyl a THT 18, E 35 was added
dropwi se to a 2M-So 5on of "butyllithium(4.18m,
8.4mmol ) at -78C er nitrogen. After 15mn at this
tenperature the solution was raised to and held at 0C
{324] 15\ stirredproludion pHS5-bromocbplenyilpenzothiyRE (Q/580 £r&eR1T mol),

b1s(p1na%l§1ﬁ)(ﬂbor§x? kd%dg%n 0@6200 mol 1,3-bis(2, 6-diisopropylphenylglmldazol-Z-yhdene
t hoxycar bony exanecar boxyl I'c aci

hydrocl@@&r&%f“} githt OmEOk)aP%Q)%ﬂAPPé? g GO Amoljapdi 4R ﬂég g, 0.00431

mol) in (ammyaaoueu"}ES(mmlrﬁL waz1 ﬂ’dﬂ)&dasdﬁﬂ&\l\f;tﬁﬂ “@hdeQredh Xdri29@. The mixture
t.over r e .m xture

‘was ﬁltereé Thr%],lg?n 1¥1 8ay6red d.)ué H%Wéadrwﬁ sr?dﬁmkf\.)_%F:, ilﬁ%i %]e;t‘?ndt c\%@% and the

filtrate Woemnnat;ﬁ &elvacup aril the ONds (rRurated ﬁhu’nh;)k timas vl hevahds to give the title

compougﬁ“?lzlglé&%g %ﬁ% HLOKC de%% aﬂgg% ‘ib’%{%r‘ﬁweﬁkéj& 3 H),

7.83 (b 0% 3.0afH0d BB 92 (el + B3 64 1 ai) BNR: §.0D0LP E) and 8.60 (5, 1 H;
MS (ES+): m/z 337.91 [MH+].

4-(Methoxycarbonyl)-4-methylcyclohexanecarboxylic acid
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consi stent with crude, desired product. Methyl

trans-4-{[ (2, 5-di oxopyrrolidin-1-yl)oxy]carbonyl}cyclo
wheoodnerar boxylate 0 ""A/ ON ~Ov v O [ 326PCHUS2006/044461

solution of N-hydroxysuccinimde (6.18 g, 0.0537 nol)

and trans-4- (nethoxycarbonyl)cycl ohexanecarboxylic

acid (10.00 g, 0.05370 nol) in THE (100.00 nL) was

charged with (N, N-di cycl ohexyl carbodiin de (11.08 g,

0.0537 nol) in THE (16 nL). This reaction was stirred

at rt for an addition@ 16 t/he@—stirred at 45 C for
1 h. The reaction m Xth -@

Ntered while still
warm through a fritteg@ funmel. TAe cake was washed

with 3 nore portions of THE and the fiItrate was

F%ge ,z§l %llsapr%FYlvrgl?nggl ?ﬁ T O’\ll,l??:ﬁ gl? c{d(zﬁg gro:c;l)(v%rento a Solution of
"butyllithiwgu18mg., BAmpolBatg78’ Cm@@yute:lgdl) Asﬁertl Proint 4t thietepperpiomidie
solunon%s‘?lalm?l' th %&ﬁéﬁ‘f &Edoé for 13 rN}@n()ﬁ Q)(()re-c g?(gg'f@@ rgl tgeg ent with a

solutlong.ﬁ)él (mzth?gycartz)nglgcy(c}ﬂhelgj}g_()arboxzhas@rg (05 13 é}ﬁnmp]p.un rnL) After
30min., {ddomethane @1 ADBEnEP whSadddd dgopwie aﬁ&ﬁé)nuxﬁf&w&&ﬁo@gd to warm to

._.Met hyl o .
over 2L B Yo ielfg 15210, Bk BNHS) GO gl g g extracted
with EtQAg frﬁkhpln}L)cwamawmymye (Bohesahk ead boed/dwat entPdrobs Mpnesium

sulfate. gé_@ﬁug%% 60/f 6 A)g-%)}nl:fl g%?%l% % %% szuE} f&g«é]e%f%ﬁzw solid. NMR (CDCls)

consistegt with pryde desiradmaedehy| ) -1, 2, 4-tri azi n- 5(4H) - one
Methyl L‘r]mﬂﬁl{?@ @?Qk&ﬁr@ﬁﬂ-l-y&&%ﬁ@rboéﬁ} &y%)ohex@:%l&arsgxygge

was cool'ed to O
C and drop wi se charged with 1.00 Mof NaHCO3 in H20
(22.5 nL) and allowed to vvarmd:,om This mxture was

charged wi th net hyl (t)ran A Woxopyrrolldl n-1-
yl ) oxy] car bonyl } cycl olexa e (3.8 g, 0.012
mol) in 1:1 THF/ MeCN@40 nL). Aftefl 30 nmin a

preci pitate began to formln the rRaction. This was

allowed to stir at rt for an additional 16 h and was

S PR e SO e Sl 40120

(methoxye&bbltyl)agclohexhﬂmearfol)lee acidI{p@egl 021592@ mo{)84 THF\(1@l.@) mBpwas

charged%&h (fl\f,N'Vm%)Ig?o %)le odn? gyzzﬁ)é g 9_&4% fncggi\lﬁgilg §1)6 n%dp is reaction

was stirpgg at gﬁ;r an;_adgrylo(l%l 16 2||-talen sgrrgdat4$ °C foi) h. Ihq@ac(t@n ngixturg vgas filtered

while stglﬁwa 10 gogéh %hl&&f fum?el Tl?e]ca@ was7 wgslnecﬁ 1'vv’lth%‘rno':ire g@mbgs of]I'IjiF and the

(E
filtrate W%%"I‘?}}Fe“frﬁfﬁéé’l vco a%ﬂﬁvwrwtaé%d ﬁozp 1&%@!’ mlaa%ﬁ{tgeqthrough a
fritted flinrlel fesulting #h] 1 11 &, 178% vietd) ¥f the Yiflt odispcung aas kany bigtiels. "H NMR (400
MHz, CDCI3) 8 ppm 1.45-1.69 (m, 4H), 2.07 - 2.16 (m, 2H), 2.18- 2.28 (m, 2H), 2.29 - 2.39 (m, 1H),

2.59-2.71 (m, 1H) 2.84 (br. s., 4H) and 3.68 (s, 3H); MS (ES+): m/z 284.09 [MH+].

Methyl trans-4-{|(3-amino-3-ox0-4,5-dihydro-1,2 4-triazin-6-
yDmethyl]carbamoyl}cyclohexanecarboxylate
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O HNIN H2NN \ 0 [328] A solution of nethyl
trans-4-{[ (3-am no- 5- oxo-4, 5-di hydro-1, 2, 4-tri azi n- 6-

wq@ kgomws i1yt | car banoyl } cycl ohexanecar boxyl at e ( 2PODUS§2006/044461
0.00646 nol) in 1,2-dichl oroethane (130 nL) was
charged with POC13 (4.2 nL, 0.045 nol) and heated to
reflux for 3 h. The reaction m xture was concentrated
in vacuo then partitioned between Et OAc and sat.
NaHCO3 and separated. The aqueous was re-extracted

)“.‘L’.’t7}1 Ext sgﬁﬁloﬁ %f(é-aﬁiﬂ‘g) éogﬁmﬁ&ﬂahﬂ?@' 2993 LS Iﬁﬁ&{e' 2 @%terocychc

dried over |t ered anad Concentrated
Chem., «}a%daozk@b &PTl (ﬁé)ougnO 91133mel) i B 60y k-3 bmob pees ml?deto 0°Cand
drop w&@ﬂm@emdum oamn of NaH@OI ineH,500k2 4. mrl)Hn&IWm(/éthQ weri# to rt. This

mixture wag %ag%c)d vﬁgip rg%l trafs.%5{ [(2‘]52512%&;)(%011%1 -7y ’38 1( ?1 S ?, J

yl)oxy]caﬂboaﬂ}ﬁmohax@m:cazoo&ala(et(;s 8150012 %l)hlz 1: 1@5/:@0&](40 $9L)3 After 30

min a pr'égipit ega fr T theT a'EQi L 49w s gl o rQ fo%Qm glg)c[ltlonal 16 h
R the fgagiopy s T\?e
and WaStﬁlﬁrﬁsl t D(l@l aititied fimnplead waskedovith m; &remyﬂm@alz@[c}; ard dried in

vacuo refs]ﬂh% g.gﬁl,%gup /OB%% 8% )g&/%l g@&%%%ﬁt\bm%oﬁ&e ﬁmméhoo MHz,

DMSO 66)[%3’29’] 1.4 Sloﬁjgrp,élﬁl)okS ﬂsﬂ 198?d J=10.61 Hz, 2%),227 S, 2H),364(s,
3H), 4. mr([a,n5= 8.8( BzpaH)N 684 (12X8; 231)47 di ryd+6iseirdaza) sndll 1.98 (br. s., 1H); MS
i.azin- 7-yl)cycl ohexanecarboxyl ate (0.200
(ES+): ‘“’]Z%“’c?ﬂt?%% ol ) and N-i odosucci ni mi de (0.278 g,
O 00124 mol) in anhydrous DVF (4.0 nL) was stirred at
Methyl 1#an§-312 4thifo-4-bRE- 3L @R LAV (SA0FE Didj #ifAh-F vacuo
yl)iyc};othgé{hec(,;mf,f};ﬁlg&oned bet&/een mo(’[gng?%dl The aqueous
material was re-extractedoMmth Et OAc (3x) and the
conmbi ned organi c fractionsl were washed with HO (2x),

Na2S208 (2x) and brine HY x)N € agueous was
T

re-extracted with sgmbi ned with the Et OAc

fractions dried over iltered and

concentrated in vacuo resultin 229 ng, (79.9 %

yield) of the title conpound asva |ight orange solid.

1H NWR (400 MHz, DMSO d6). S pprry/;l_(§4 - 1.65 (m 4H),

1.88 - O6(m4H) 2.33 - 2% (m 1H), 2.91 - 3.01

(m 1H), 3.61 (s, 3H), 6.17 (s 2H) and 10.82 (br. s.,

18281 MB ( ES%)solquzothﬁéthﬂZran.f—H {FBtaminde b opb-4,5-dihydro-1,2, 4-triazin-6-
yl)mcth%fi@ag& Ab#}%y&l%%aré&c% x};?tat? féd"é’ Q)r(ﬁkﬁ%ﬁ]@ﬁ%[ §Qlﬁdlﬂloroethane (130 mL)

I a exanecar
was charged w1th POCl; (4.2 mL, 0. 04 mol) and heated to reflux for 3 h The reaction mixture was

concentrated in vacuo then partitioned between EtOAc and sat. NaHCO; and separated. The aqueous
was re-extracted with EtOAc (3x) and the combined organic fractions were dried over Na,SO,,
filtered, and concentrated in vacuo resulting in 1.43 g, (76 % yield) of the title compound as an off- '
white solid. "H NMR (400 MHz, DMSO-ds) 8 ppm 1.43 (q, J = 11.79 Hz, 2H), 1.61 (q, /= 12.55
Hz, 2H), 1.85 - 2.11 (m, 4H), 2.38 (t, /= 11.87 Hz, 1H), 2.98 (t, J= 11.75 Hz, 1H), 3.61 (s, 3 H), 6.17
(br. s., 2 H), 7.49 (s, 1H) and 10.90 (br. s., 1H); MS (ES+): m/z 292.25 [MH+].

Methyl trans-4-(2-amino-5S-iodo-4-0x0-3,4-dihydroimidazo[5,1-f][1,2,4] triazin-7-
yDcyclohexanecarboxylate
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O HN Lzz, NN N\ 0 [330] A solution of nethyl
trans-4-(2-am no-5-i odo- 4- oxo- 3, 4-di hydr oi m dazo[ 5, 1-
wo pgor/0&747 t ri azi n- 7-yl ) cycl ohexanecar boxyl at e POT/88B0g044461
0. 00211 nol) in anhydrous THE (74 nL) and DMF (13.2
m.) was charged with tert-butyl nitrite (1.2 nL, 0.0
10 nol) and stirred at rt for 2 h. The reaction was
concentrated in vacuo and was purified by
chromat ogr aphy over silica gel [eluting wwth 5% MeOH
in CHC13] resulting in 570 g, (67%yiel d) of the
title conpound as a pale ange solid. ('H NWR (400
MHz, DI\/BOd6)8ppm1ﬂ . (m 2H), 1.56 - 1.69
(m2H) 1.92 - 2.064 ,4+frj’236-246(m1H)
3.02 - 3.14 (m 1H), °3.61 (s, , 7.89 (d, J= 3.28
Hz, 1 H and 11.79 (br. s., M5 (ESt+): mz 402. 86
[ NM+] . Met hyl trans-4-(4-amn -i odoi m dazo[ 5,1
f1[1,2,4]triazin-7-yl)cycl ohexape@)arboxyl ate 120 WO
2007/ 061737 PCT/ US2006/ 044461 ONHANN- N~ NTO \
O 331] A solution of 1I—|-124tr|azole2‘§10.881 , o
28 seBitipn phmefhyl ingd-@Rmgpo-fHokoRefsdih amgé@ol% -A[1,2,4]triazin-
-yl)cycﬁme&ago&%ter(b 200, AHOBZERI)) 288 N-i8bdshéStimide (0278 £r0.9¢7124 mol)

in anhydfcfugﬂ@/lﬁ (ZE gn}i& g]/&é( %_ur@)gi&t § fgrrd | O}E yy?vgﬁggﬁtlgg gvg? yrxrleégnllr);ted in vacuo then
partitionéd bétwEendiLiC arﬁzEtGAZ The yqechsohautdl eaa rdexnakal ent(x E:BX0 (3x) and the
. , o t1
combmergtor%%grgofga%a rrgg;!/ t gsrlllgg wétﬂi‘g% (&Q)Tﬁg %g@g?éjndsb ne 'iﬁS :ﬂlc aqueous
was re-exumsirdyesith GHE apsk ewaingd Witk efiBAR frabtions Qb aber B:S) fltered and
concentr@fed@n gacué‘ﬁgulﬁhé W29 o Gbbly, §fel<f) fof IRkit18 Bordpiinh oy ﬂght%range

he reaction was concentrated in_vacuo and

solid. %MH Az IMEQedeard ErAG4art PSS 4H}‘|a1rﬁéo@%{&%4ﬂ),233 2.45 (m,
1H), 2.95 €PAN IS U, 368 (RAHR G (SEE)A8 1682 (brt §), EEHOAES (ER4): mRd417.82
" the conbined organic fractions were washed with brine
[ME+]. (I'x). The aqueous was re-extracted with CHC13 (3x)
and the organic was added to the Et QAc fractions. The

Methyl gsf{h ?@%Mm L£ 4 LRaLBRG N £ M b Sffiady Sy, Na2SOM

evel conc € crude
yDeyclop vvn re Fid was purigi ed Py chromat ography over

silica gel [eIutlng wi t hjl5% MeOH in CHCL3] resulting

in 438 ny, (76%yi el djiN

[330] A solution of methyl trans-4-(2-amino-5-iodo-4-oxo0-3,4-dihydroimidazo[5,1-
fI[1,2,4]triazin-7-ylcyclohexanecarboxylate (0.880 g, 0.00211 mol) in anhydrous THF (74 mL) and
DMF (13.2 mL) was charged with tert-butyl nitrite (1.2 mL, 0.010 mol) and stirred at rt for 2 h. The
reaction was concentrated in vacuo and was purified by chromatography over silica gel [eluting with
5% MeOH in CHCl;] resulting in 570 mg, (67% yield) of the title compound as a pale orange solid.
(‘H NMR (400 MHz, DMSO-ds) 5 ppm 1.40 - 1.54 (m, 2H), 1.56 - 1.69 (m, 2H), 1.92 - 2.06 (m, 4H),
2.36 - 2.46 (m, 1H), 3.02 - 3.14 (m, 1H), 3.61 (s, 3H), 7.89 (d,J=3.28 Hz, 1 H) and 11.79 (br. s.,
1H); MS (ES+): m/z 402.86 [MH+].

Methyl trans-4-(4-amino-5-iodoimidazo[5,1-f]]1,2,4]triazin-7-yl)cyclohexanecarboxylate
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of the title conmpound as a light yellow solid. 'H NWR
(400 MHz, DVMBO-d6) S ppm1.39 - 1.54 (m 2H), 1.55 -
waz200r/061m37 2H), 1.92 - 2.07 (m 4H), 2.35 - 2. 4BCT/D$2006/044461
1H, 3.06 - 3.19 (m 11-1), 3.61 (s, 3H), 6.77 (br.
s., 1H) 7.86 (s, 1H) and 8.44 (br. s., 1H,; M
(ES-1-): mz 401.85 [ MH].
1-Chl oro-2-[ (2, 2-di et hoxyethyl )thio] benzene I?-- Sr
Cl I--r OO01 [332] To a solution of
2-chl orobenzenet hiol (5NB,9,; 34.5 nmol ) in acetone
(35nL) was added 2- bro -1 1-di et hoxyet hane (7.15 g,
36.3 nmol) foll owed b po assu um car bonate (9.55 g,
69.1 nmmol ). The mxturl‘e {heated at reflux for 3 h.
then cooled to rt, flltered dthe filtrate
evapor at ed under reduced p Mre to yield the crude
product. This nmaterial was putified by chromatography
over silica gel eluting with gthyl acetate in hexanes
(0- XZ% to afford pure 1- chl@ro-\

'ﬁlﬁ/l‘ﬂz - di et hoxyet hyl sul fan benzene (7.3, 80%. 'H
( BOp of i -rigzolé 059 0,036 mpl)n pyriging G19p mL) was
charged ¥ith®OCl, (OJ3965;I§6 00425 wbi) ancgstﬁﬂed%t £ ¥or(18 midHTo t13s Brictire 4ths s drop

wise aade e Bl b 4 opo R g feoipniogs N Bafpintry

yDcyclofexa@ecgibdxyldte (0.5 B8z, 0D0D42 1igl) iril piriding. (BB0 (nelc),and §hr7ecl813rt for an

addxtlon%l 25 }HZThe]r@célon Zg?’%&}% wlf;n %ﬁ%o ? é\%‘e PO tl’{)l.-l Flrﬁkl' %dyﬁo mL) at0°C

and allm@echfg stiggt rf fggg} adpifionakilh. u’{‘lpq;rﬁac@pn was concentrated in vacuo and partltloned
between EtOAL @fidsal - NatiGh.Ging Eéﬂéi‘a‘f&lt h)hle %Hllxefoﬁgi(tlaa @5@1@@%}1 63?019(5(39{) and the

combmeé %ﬂs in tolu was ad

TGRS TP ot paog T grne ). i agticius s rrpspogfed with CHC,

(3x) andwlizesorp@ad eds @tded tosthé BIOAOfrackiohs. THR@OmbRSA PQUHIE Erabtibnk Were dried
e [e or 30 n dextra d with.

over Nai??l“’u%i%ge%ra?ﬁ%&cem qec{ edf6r u extb FyRyie \ﬁéfdewﬁé’é‘ﬁgﬁd by

chromatqgraphyyersilics &bmu@mg bdlfbél’/qu@l'IelanHQZldwesjﬂtmg A3 8meg, (76% yield)

of the tltﬂzrc'oﬁﬁgourmlﬁ %’Hp @431 ®. o‘i‘i H’legllOB ?}&eﬁ SS%@% ?99 1.54 (m,

under reduce ressure to
2H), 1.55hi 41 fame B, él92w§é)7;§mr4lﬂ, éS o #-46Hme bR, égl6ap3h1)? (awv &H), 3.61 (s, 3H),
6.77 (br.%l, 1E5 2.88&4, 18)) whd 894 Wrid 1 Xﬁ% eb®). ald dﬂ?_lfiﬁﬂ-
® chl gl?obegzo[ ]thi opﬁuene ( Q Q)67 5‘?’?/(3l I\}R (400
I\/HzCDC13)6:713730(m3|—|) 7.38 J=5.31
1-Chlorbi2:[(3, HietHoxyethiyDthiolBenzén83, 1.52 Hz, 1H); |vs (ES+) :
mz 169.06 [ MH]. 7-Chlorobenzol b] t hi ophene- 2- bor oni c

acid OH S OH C [33 a sol ution of
7-chl orobenzo[ b] t hi op 1 0 5.92 nmol) in THE
(25 m.) at- 78 C was added % but [lTithiurn (7.41 i,

11.8 mol, 1.6 M solutibh). reaction was al | owed
to warmto -30 C then was cqpled back to -78 C and

triisopropyl borate (2.23 g, 1\]1.8 nmol ) was

[332] To a solution of 2-chlorobenzenethiol (5.0 g, 34.5 mmol) in acetone (35 mL) was
added 2-bromo-1,1-diethoxyethane (7.15 g, 36.3 mmol) followed by potassium carbonate (9.55 g,
69.1 mmol). The mixture was heated at reflux for 3 h. then cooled to rt, filtered and the filtrate
evaporated under reduced pressure to yield the crude product. This material was purified by
chromatography over silica gel eluting with ethyl acetate in hexanes (0—2%) to afford pure 1-chloro-
2-(2,2-diethoxyethylsulfanyl)benzene (7.3, 80%). 'H NMR (400 MHz, CDCl;) § =1.20 (t, J = 7.07
Hz, 6H), 3.15 (4, J = 5.56 Hz, 2H), 3.51-3.61 (m, 2H), 3.63-3.74 (n, 2H), 4.69 (t, J = 5.56 Hz, 1H),
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added. The m xture was allowed to warmto 0 C
saturated anmmoni um chl ori de added and the organic
w@b@aseswapar at ed of f and concentrated i n vacuoPCTUS100€044461
resi due was added aqueous sodi um hydroxide (10 nmL, 2N
solution) followed by water (30 nL) and the m xture
was washed with DCM The aqueous phase was acidified
with 2N sulfuric acid, and the resulting precipitate
isolated by filtration and dried under vacuumto
7.12 (tdyd =7 88,7~ FtiaridDeh20(th ] 1-nT.6p HeT2eH2Z 1HRr8d @dact v.8§,1.21Hz, 1H),
MHz, CDCl13) 8 =
7:39 @& 2 %Q)%?langmmi}qwégké"%W/ﬁﬁ%[ 9:1 = 7.70 Hz, 1H),
7.91 (d, J = 7.70 Hz, 114), 8.03 (s 1H), 8.63 (s,

7-Chlordbdnzo [#Rthidphene M Z 211. 86 [ M].
7-(methylthio)-1Hindole N H /S 122 WO 2007/ 061737

PCT/ US2006/ 044461 [ 335] \ol ution of
7-brono-1Hindole (3.0 unol) in THE (60 nlL)
at-78 "C was added " BulLi 7SNl 33.8 nL, 57.4 mol)

and the m xture was allomed to warmto O C The
S res ooled C and a sol ution
FR3EL 0P sBfBaf 57 RS at - dit o e gt GpS g 14 mmol)
in toluertel{@¢0 mEJ otak @dtlevl@slyﬁhéspm&d: detd WBEM3G Iﬁrn@l) Tianik@aEkhHeated at

reflux f&@%‘l glgﬁ g{ép gﬂ&lﬂ' %ﬁ BII'}H ?(%tvyateqt S%d eg m%lmm &l %?)& %a gvljt%\}éggene The

extract acet are. “rhe org
combinggtellens axiredis Wetcrveas @rw@dacryw saﬁnhlyndmadmst@ doliowed b beihe dried

over ant3Afbul YouARh al186k: &H@l%ﬁ Jrﬁgty\‘ﬁﬁgr Rafeed E%&{rg to}y %h qle CPL%C product.

de product. This material was puri
This maﬁeﬂglovﬁaétpb‘@ﬁﬁ‘bm chgomatographycQyeptilicagel ehuting with he?@pmpl afford pure 7-
chlorobeﬁﬁﬁ[ﬁ]ihleplrdﬁe CEX2R667.506): T2HMR 1400 MALCOAYR= 7.13-7.30 (m 3H), 7.38
@ s= ST QS B ekSl Yk s it w%ow%ﬂus

2.02 Hz, 111), 709(tJ:758HZ 7.18-7.31

orH) ;nzﬁg}%né) Yx)eéc,QZKerﬁ:é acié [ I\/H+]
7- (Met hyl sul fonyl ) - 1HR NNOH O=S 0 [336] To a
sol ution of 7-(nethyl P

—+mdol e (1.1 g, 6.7 mmol)
in DCM (25 m) at-40

SaddédHnwchIoroperbenzoic

acid (3.02 g, 13.4 mmol }, and the reaction was stirred

at -40 Cfor 30 mn. The reaction m xture was then .
ddhcHed sehutipn efi7-ghlarcbehzoldithipphdried hP IgpHiei2 emaiidn THF (25 mL) at—

78 °C w@@%ﬂa&%ﬁ%lhﬂﬂumﬁ@'m, e rQQM %tl\ﬁ ibio rWa'Ph "4@%989 wil :hﬂ ed to
brine, dried over anhydrous sodium s na.
warm t"m% pé thenavps GReled backde cé‘ij“cp%f@srwwomd bpraiq @-2Bige! b$ ml) was
added. Tihe adxiaie. wakhllswadioardral to VRS, Atirattd AHMBYiun TR RABLARHE AR
organic @%?é S€ :Iara{ljzgieﬁgimz:l e? %%{ri{lgq 1?%/%?}10;] e.[}f(%{;l TeﬁlgBT {ggis? %9(5 'ﬁagleous sodium .
hydrox1dp5{q@ mL, BN mnq@d@llw byCRBEF30 ML¥a] the nfisturevaslwasied &dth DCM.
The aqu%cgls pl‘]ase w%s §<§d1k’ w-l'l%_n%s\l sﬁl;\%gcgacéé ’ancg the refugl.?g ﬁgémpit}a_’_ge 1so;at%ig)y
ﬁltrahon(:ﬂld dgled-un;deggaqqgm tq pic] d 7- chlorobenzo[b]thlophcnc—Z-boromc acid (1.21 g, 96%) as
white solid. "H NMR (400 MHz, CDCls) 6 = 7.41 (t, J = 7.70 Haz, 1H), 7.50 (d, J = 7.70 Hz, 1H),
7.91(d,J = 7.70 Hz, 1H), 8.03 (s, 1H), 8.63 (s, 2H); MS (ES+): m/z 211.86 [M+].

7-(methylthio)-1H-indole

Iz
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9.68 (br. s., 1H; M5 (ES+): mz 196.08 [ MH]. Met hyl

trans-4-cyanocycl ohexanecar boxylate O O N~ . [337]
w@kiosnesat f onyl isocyanate (1.0 nmL, 0.012 nol ) P@EES2006/044461

added to a solution of trans-4

(et hoxycar bonyl ) cycl ohexanecar boxylic acid (2.00 g,

0.0107 nol) in DCM cooled to O C The 123 WO

2007/ 061737 PCT/ US2006/ 044461 resulting sol ution was

heated at reflux for 15 mnutes and then cooled 0 C

g3d] t eatserkiek Qp‘Wl)ﬁﬁ‘deHfhdo% 0 gl 8.3 Bnid1y TP 860 mL) at —78 °C

was aadp gl P L0 T STHER Sl o e Sl hapallone SR R BLC. e

reactionwrals lne-eoofeait to 28 ¢l ambh sﬁluhum affdnﬁeﬂhiyl ldmuh’ideaz Denate.9 nithel) was added
il _
and the i%gjzt}{)%% s\ﬁﬁgﬂvedr tg%%‘lﬁ b BV gHd! Pea@t%% \{r]ﬂg]ugl{cygfrﬁﬁg%ﬁﬂa%g @momum

acet at e,
chloride(and ﬁxitalsyed a'ﬂﬁl qtmé aeﬁttﬁyl Tbﬁ:@gm@avgrvw esihad withchrine, dripd over

anhydrot€ Sodlidnh mfaferdﬁd%vmopﬁw&nd\e@%da&agrés&réfagéa@ HRMudePr&RSE. This
wi t hout further purificatign

material Wis BebEes N caa}'orea B%-ﬁi)hy aygr siliga %elegrng_}m h ﬁtinyl azetetf in hexangs (0—2%)
to afford ﬂurH7 (ﬂi):myﬂna)41ﬂ-u?do&4(1(z2g I9594y) "FRNEI8¢408 M3z, IEDEY). 6 = 2.50 (s, 3 H),
6.58 (dg_ga;bs(%s P%ﬁ%hf%ff 7?{)@%‘?}“69 2 RO 5189 A &8 N6 1378 83 1z,

1H), 845K@nsrHﬂmyéﬁﬁﬁ?@tmh@KHﬁédhﬁbdxylate (996 ny, 5.96
mml) in THE (37 nL) was added a solution of 0.5 M
lithiumhydroxide in water (20 nL). The mixture was

7'(1\Iet1§l’$“|lfpeﬂ)"é¥’elpﬁ?’ght then the THE was.renoved in vacuo
and the residual agueous solution acidified to pH 4.

The resulting m xture was extracted with ether (2 x 30

m), EtOAc (2 x 30 nL) apd=Sk (2 x 30 nL) then the
conmbi ned extracts, dried arihydr ous sodi um sul fate

and concentr at ed in vacuo.Yy Thf{is material was taken to

the next step w thout agy=gurification. 1H NVR (400

MHz, CHLOROFORMid) b ppnd/1.43 - 1.73 (4 H, n), 2.05 -
2.22 (4 H nm and 2.36 - 2.59 (2 H mM. 2-

[[iar@n SEor s(o&tﬁ@h |of wmeﬂhmﬂda)zm{lﬂdo& (a]1 ) BI7a7 61 & mbM (25 ml) at —40

°C was §%‘1%8{’1 gﬁx |agu3 (g 08 g, 13 4 mmol) an’c}| t}g;'eacnolx was ltlrred at —40 °C for
30 min.t Tlansaofiof Bnﬂhdemz’ts ithandmezadhtd Ghth bpyragedistdidm bicarbonate and extracted
with Déﬁél) fjﬂe{% g@?g%gﬁgﬁ Q:Jag %&Hpaéﬁzh(fgat ntgn e, ggéédg%\{gg%}-)hlygggs soélum sulfate
and evapergted ppder &sluwdtmesams toyividthe eruflaprogiet. rEkip piatpaighwas Rupified by
chroma%rgﬂt F6ver 5184 £2 elutidg whith he XERES @)‘—91(@9) th Qﬁordtp%m)ﬁtrﬁétﬂﬁﬁlfonyl)-lH-

indole (?%7 Wg,&&{-gedHM%@OaJ%S ﬁDgEiﬁ d gnlciﬂ (g ngf),o 6r 66 (d J= no 2 53 Hz, 1H), 7.24
(t,J=7.71Hz, 1H), 7.35 (4, J = 1.77 Hz, 1H), 7.68 (d, J = 7.07 Hz, 1H), 7.90 (d, J = 7.83 Hz, 1H),
9.68 (br. s., 1H); MS (ES+): m/z 196.08 [MH+].

Methyl trans-d4-cyanoecyclohexanecarboxylate

C(go
=

NZ

[337] Chlorosulfonyl isocyanate (1.0 mL, 0.012 mol) was added to a solution of trans-4-
(methoxycarbonyl)cyclohexanecarboxylic acid (2.00 g, 0.0107 mol) in DCM cooled to 0 °C. The
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eq of 3.0 M of nethyl magnesi um brom de in ether was

added. The m xture was stirred at rt for 15 124 WO
wQe@7/0863737 PCT/ US2006/ 044461 m nutes then cpol/@s2000044461

0 C and quenched with 1:1 NH4CQ sat.: H20 (50 niL total

volune). The organic |ayer was separated and the

aqueous | ayer was extracted with EtOAc (3 x 30 ni).

The conbi ned organic |ayers were dried over sodium

sul fate and concentrated in vacuo and the crude

resulting Q%Igﬁgr? &lag ln:le{%d Epn%ﬂlnp ﬁ)q 15 ?lh O@g@%@gﬂé’?&ggﬁd g¥8land E'L:a{tgcﬁdxgﬁ\bise with

esire trans-

DMF. Th@x(usm@mweﬂrs@rrml a@zwierspeaﬁwroazwghgﬂw P@yeci IHR ieF VafRT apdthe
organic Iﬂa& s@barateé‘hﬂﬂ'ﬁsﬁé@&t%@aﬁnaﬁﬁ“smdﬁmfm&ﬂmnltel'ﬂhe solvent was

removed H} vac?o Gxid t%e gruée matquxlal \Hﬁﬁ_‘jﬁkél’lglp?g eth}_gacﬁgte Fﬁmhf& F_sﬂtg lgln%lsgaOH
(10mL) dnd, thelethy] QBetdtZ rendovid) jn vachel Thel resdking Gﬁlder;oddct Mas ased iy s@Bequent

steps w1t§ ﬁfgﬁ%a@é{}@t El’{_jﬂ'l\ﬁ% 6 M )CHLQROFORM-d) & ppm 1.36 - 1.70 (4 H,

m), 2.01 [ 2,18-(4Hpy), 222418542 Hien) 8468 3 A, ). i xt ure of
8- am no- 3-cycl obutyl -1 -i odoi mi dazo[ 3, 4-a] pyrazi ne
(30mg, 0.096mmol), cesium carbonate (38ng, 0.117nmol)
Trans-4-gyapoSylahexamecarhoxyligagid hy| - 1, 3, 2- di oxabor ol an- 2-
yl)-1Hindole (26ng, 0.107nmmol) was purged wth Argon
3 times prior to the addition g
tetraki stri phenyl phosphi no pal |
0. 005mmmol ). The m xture S~ P gRsl twi ce nore and
then treated with a degass i xture of DME: wat er
(5:1, 2nL). The result@sﬂg ol uti on was degassed tw ce
nmore and then heated 3t 80C over ni ght. The resulting
reaction mxture was concentrat ed in vacuo, the

&gs deE 2 SB@gol Ve d (]-{’}rfl s 4-c anocwglc?lx\%xéecarﬁb%yéﬂf g995fr?% 5, c?é mmol)

in THF (37 ayig)vods atigeld-a soliibh pFASIM ﬁtwtkryn hydrdidonlyBer 4yl zihg ngxture was

stirred oﬁgpn&ﬁ thiﬂ_%nglplﬁl‘(zﬁ%ger?{bged in %Qaq@ the %M Jqugcg.ls Sol‘llh&gac(léiﬁcd to

pH 4. The xgs@:glg(@mp}re Yejs extracted wth |qtheb(-2 X @ 1}11,}; g_2 )H3(I)T) al) and CHCl; (2 x
30 mL) dien t}Q?boiﬂ%)ne@ e)&&césldrliﬂsd der alr'ﬁ?dr@ﬁs $d&juny suiiﬁte(aild Ebncdsirated in vacuo.

J=8. 34, 7 39
This matefah;vasntflke? tgrg)e efxtﬁtepdwihjm%ang @uH%yaQ}?nGMRG(gﬁf
CHLORDEGM(d)} 5 ppin 143 - 573 (4 WGn), ESS)-2.221(2 H364 adH2.9¢ ] 2. SHPLH m).
tR 6.18min (XTerra C18 5uM 4.6 x 15mm A: MeCN &
B: 1 Omopl NH4QAc in 0.05% HOAc/ aq., nethod Pol arl5).

2-[Trant-A58\WHli2 0MASB 1 3¢l IFCHiyS20B§cloHepyHpropEAMLE 2 . ~1
NHZ NH N "1 /N N

N7 =

NG

OH

[339] A solution of methyl trarns-4-(8-chloroimidazo[1,5-a]pyrazin-3-
yl)cyclohexanecarboxylate (4.0 g, 0.014 mol) in toluene (300 mL) and THF (70 mL) was cooled to 0
°C and treated with a 3.0 M solution of methylmagnesium bromide in ether (14 mL) mantaining the
temperature at 0 °C. The mixture was stirred at rt for 1.5 hours then cooled to 0 °C and an addtional 3

eq of 3.0 M of methylmagnesium bromide in ether was added. The mixture was stirred at rt for 15
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3-Cycl obutyl -1 -(1Hindol -2-yl)imdazo [1, 5-a]

pyrazi n-S-am ne [341] Prepared as described above for
WEXMPBEE3L using 1-(tert-butoxycarbonyl)-1H  PCT/US2006/044461

i ndol e-2-boronic acid in place of

5-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-1Hind

ole. The reaction conditions used effected

significant cleavage of the N-(tert-butoxycarbanoyl)

functionality. M (ES+): mz 304.10 [ MH]. EXAMPLE 3

minutes fhen Mbied\id 0 M0arid quetheiNwdth Q’ICNHKCMEN | 1o (5o cht ®otal volume) The

I |n1daz [ az S-am ne
organic l%]?er v&aj'rs g%) ngitec?es e aqueou 0y w? "E% téri:'io.ﬁg (11,]:@30 mL) "I]he
combineq D(&aemlam sy deedovey Isc)dusn SIilfmzml cbhbentrated & 2cloarmdith€crude

product ﬁﬁi Si)tb.lﬁedp |cﬁ1‘6ﬁqa9f aphed over s1hca el el t1 -
tetr agrmre’ ? Zg él (l)lxg or O tOA%tO ﬁfsor(ﬁ.‘il‘?-sued 2- “[trans

4- (8-chlqrﬂlaa1ﬁaezo[lﬁfé]py@&tfﬁ'ﬁ]ﬁcwlﬂhéff}tl]pmnﬂsé d HINMBAHEQMHz,

CHLOR@FORM-U 8pbmal PAVIABALDR h?4Nﬁ '
(m, 4 H éjgm%?ﬁ)té a@g&) }b t(,g Err'\:/i%!] é)%gﬁéﬁi 2.01-2.20
m, 4 H) Pl ;ﬂz%émaleﬁ% I‘@J)?‘Hd@ Hpsildeod 7.83 (s, 1 H).
[1,S-a] pyrazi n-S-am ne 126 WO 2007/ 061737
PCT/U82006/044461 [ 343] Prepared as described above
for EXAMPLE 1 using 2-(|-benzot hi ophen-5-yl)
4,4,5,5-tetranet hyl -1, EXAMRIEBor ol ane i n place of
5-(4,4,5,5-tetranet hyl -1, 3, 2- di oxaborol an-2-yl ) -
1H-indole. M5 (ES+): miz 321 1% [ Mt). EXAMPLE 5 H3C
NH2 "I NH N~ \~/ /N N
3-Cycl obutyl -1 - (5-nmet hyl
1,5-a] pyrazin-8-am ne Prepared as descri bed
above for EXAMPLE 1 u5|k@p {tert-butoxycarbonyl) - 5-
met hyl - 1H-i ndol e- 2- boroni c idin place of
5-(4,4,5,5-tetranet hyl -1, 3, 2«di oxabor ol an-2-yl ) - 1H

3-Cyclobuigiol -e1 i ol ESunid#z6[1 318 p A zAnMbilnindEXAVPLE 6 CH3
[340] A dry mixture of 8-amino-3-cyclobutyl-1-iodoimidazo [3,4-a]pyrazine (30mg,
0.096mmol), cesium carbonate (38mg, 0.1 17mmol) and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

dol -2-yl)im dazo |

yl)-1H-indole (26mg, 0.107mmol) was purged with Argon 3 times prior to the addition of
tetrakistriphenylphosphino palladium (0) (6mg, 0.005mmol). The mixture was purged twice more and
then treated with a degassed mixture of DME:water (5:1, 2mL). The resulting solution was degassed
twice more and then heated at 80°C overnight. The resulting reaction mixture was concentrated in
vacuo, the residue dissolved in 1:1 MeCN:MeOH (1.5mL.) and purified by mass directed preparative
HPLC to afford 3-cyclobutyl-1-(1 H-indol-5-yl)imidazo[1,5-a]pyrazin-8-amine. 'H NMR (400 MHz,
DMSO-ds) & ppm 1.82 - 1.92 (1 H, m) 1.95 - 2.08 (1 H, m) 2.32 - 2.41 (4H,m)3.82-3.93 (1 H, m)
591 (2 H,br.s.) 6.45 (1 H, d, J=3.03 Hz) 6.90 (1 H, d, J/=5.05 Hz) 7.26 (1 H, dd, J=8.34, 1.52 Hz)
7.34(1H, d, J=5.05 Hz) 7.35 - 7.39 (1 H, m) 7.45 (1 H, d, /=8.34 Hz) 7.64-7.68 (1 H, m) 11.20 (1
H, br. s.); MS (ES+): m/z 304.15 [MH+]. HPLC: t; 6.18min (XTerra C18 5uM, 4.6 x 15mm, A:
MeCN & B:10mmol NH,OAc in 0.05% HOAc/aq., method Polarl5).
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NH2 NH N N N
3-Cycl obutyl -I-(6-nmethyl-IHindol-2-yl)imdazo

WO 20506l7pyr azi n- 8- am ne [ 345] Prepared as descpdbes2006/044461
above for EXAMPLE 1 using 1-(tert-butoxycarbonyl)-6-
met hyl - 1H-i ndol e- 2-boronic acid in place of
5-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-2-yl ) -1H
indole. M5 (ESt): mz 318.05 [Mt]. EXAMPLE 7 NH NH
N,r \/N ON 3-Cyclobutyl-1-(1Hindol-6-yl)imdazo [
1, 5-a] pyrazin- 8- ani ne EXANMME2007/ 061737
PCT/ US2006/ 044461 [346] A m xture of
6- brono- 1Hi ndol e (2g, 10.00 ),
4,4,4' 4,5 /5 /5,5 -octaneth , 2
b| 1 3 2- dloxaborolane (g{o (- 87mmol ) and potassi um
acetate (3.0g, 31.00mml) *wa Hegassed three tines,
treated with (1,1 -bis ylphosphlno)ferrocene)
pal | adi um di chl ori de ( # 0.28mol ) and degassed
twice nore. 1,2-dinmethoxyethane (28nlL) was added and
the m xture was heated at 7 overni ght. The cool ed

reaction mxture was then diNited with water,
3-Cyclohutylr Ly Fi-indgl-21yDimidazel 1 fral pyitaeineS-amanst S vvashed wi't h

t1er Prapdedid tBeritled B0
[\M] 15)egren r at %gi &éan vagtMLﬁg?gag ldmt%%ﬁqg%gdnyl) 15-

indole 2 BonicGBATR plaes b€ (4 5 ST et @%x%loffé?n- oD dff-odeedThe
reaction mndm(mpwsmdeffectwmgﬁlﬁm clbed@.@éd off then- (Q}‘tl-lh@@c&@arg D ﬁ.ln'v%mnahty
¢ oroni ¢ aci pi nacol ester

MS@S?W&%W%%QGGRM d) S ppm1.37 (s, 12 H), 6.54 -

6.58 (m 1 H, 7.26 - EXMPRHE3 H), 7.55 (dd,

J=7.83, 1.01 Hz, | H), 7.62 --7.68 (m | H,7.90 (s, |

H, 8.19 (br. s., 1 H,; M ( : mz 244.25 [MH ];

HPLC: tR = 3.52 mn (OpenLy olar 5Smn). [347] This

mat erial was used in place g

5-(4,4,5,5-tetranet hyl - &

1H—|ndole under the con s described in EXAMPLE 1
to afford 3-cycl obutyl n- i ndol - 6-

yl )i m dazo[ 1, 5- a] pyr azt Yine. MS (ES+): mlz 304.15
[ V] . EXAMPLE 8 YHZMNH N\ /N
1- (1H Benzi m dazol - 2-yl ) - 3- | obutylimdazo [1,5-3a]

n 8-am ne [ 348
3- Cyc‘“‘g‘)‘%?/‘e 5o%‘tﬂ’9T”’(-"}J&&rGTY3%'aia%{lbssdas]rminaﬁzwnire- am ne
[8600rRyepazetan| des@ibdd above for EXAMPLE 1 using 1- (tert-butoxycarbonyl) 5-

fluoro- ll%ﬁl%ﬁﬁk%?cgr&gwg Ay gﬁcéedot%'h %}Qt%f gegrl {%g{pgﬂ ?ﬁé:f\oxaboroiand-yl) 1H-

indole. The reaction condmons used effected significant cleavage of the N-(tert-butoxycarbamoyl)
functionality. MS (ES+): m/z 322.06 [MH+].
EXAMPLE 4

S

|

poxaborol an-2-yl ) -

NZ" N

kot
)

1-(1-Benzothien-s-yl)-3-cyclobutylimidazo[l,5-a]pyrazin-8—amine
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treated with nethanol (20m) and
N, N- di i sopropyl ethylam ne (0.7n, 4. Omol) and the

worRow 0637 heat ed at 70C under an at nospher e of PCHUBIING/044461
nonoxi de, with intermttent bubbling of this gas under
the surface of the reaction mxture. After 3d heating
W th extensive bubbling through of the solution wth
carbon nonoxi de and sonme addition of fresh catal yst
after day 2, TLC (10% MeOH' DCM i ndicated the
(3Tt Peapated abdescaibed abbee fof BX AMPLE i1QRing12X(1 WeBzdbSphen-5-y1)-

i i th. t t ' DCM It he.
455 S 1S Oy PR 10 PR 5,
1 H-indojgp g% ESim (7 3Bhd04MEId  concentrated in vacuo to

afford an orange solid [ recrystallised from
acetonitrile to afford mﬁﬂgﬁ%

8- ami no- 3-cycl obut yl i m dazo[ B§
ate. "H NWR (400 MHz, CHL
(m 1 H, 2.10 - 2.26 (m 1 2.43 - 2.54 (m 2 H),
2.53 - 2.68 (m 2 H, 3.78 , J=9.09, 8.08 Hz, 1
H, 4.01 (s, 3 H, 7.08 {% J=A"80 Hz, 1 H), 7.22 (d,
J=4.80 Hz, 1 H), 7.38 ., 1 H, 7.69 (br. s., 1
H . 128 WO 2007/ 061737 Uzy2006/ 044461 [349] A
suspensi on of 1, 2-phenyl&hed\am ne (60ng, O0.6mmol) in
toluene (2.01) was treated N h a 2M sol uti on of
trimethylal um numin toluene~0.5n.) effecting the

3-Cycloboty(5-aretofl-18-pidok 2-yS)dhidak 6] 0.5-Ap fr@5in 8Thiidehi S

%fagrnt %’%?%%é@%% {lé(‘)sgﬁ%e%dﬁb\érr‘;’%%% %%lf?\gl_’ﬁtl I'llgljng 1-(tert-butoxycarbonyl)-5-

methyl- H-indele73-beronic geid o Ript @l - (430N H e t@metiyb B, 2adiokabhelan-2-y1)-1H-
indole. MSXENHR nD£8{ 65 Ml g0C for 30m n then stirred at
rtovernight. The mXture was then partitioned between
2M NaOH (10nL) & Et OAc EXOMPLEf® stirred for 15mn.
The organic | ayer was separated &nd t he aqueous | ayer
extracted further with Et OA 3 x 10nmL). The conbi ned
organi cs were washed with b , dried and
concentrated in vacuo to giy - 85% pure 8-am no
N- ( 2- ani nophenyl ) - 3- cycl'8bufyl' ni dazo[ 1, 5- a] pyr azi ne- |
- car boxam de whi ch wi t hout purification.
[350] A solution of k\[/n Vi :
8- am no- N- ( 2- am nophenyl’) - 3\cycl obut yl i m dazo[ 1, 5- a] py
razi ne-|- carboxam de (40. 0.124mmol ) in acetic
acid (1.2n) was mcrowaved at 120C for 10mn (300W.
3-Cyclolraiyl-1-4&-methytd H idgl-2-ohimidezqi LS e pyrdzinsismnibier ect ed

USP aAPrRbhréE ad ilsbrited 2BHFOLAEXAMBT ing 1-(tert- -6-
. %ﬁ% gibazol,- 2:41) - oyl obul 1T dasng {-Uerthutoxycarbonyl)-6
methyl- Y raRle 2-Raronis it itpfad 8 5- Gics-rE7mShy b i -baRabdroBin(ny)- -
indole. MSHES®): 67z 310MIE#). 1H) 2. 53-2. 59 (m 4H) 3.91- 4.06
(m1H7.08(d, J=4.80 M 716 - 7.26 (m 2 H)
7.38 (d, J=4.80 Hz, 1 MUEES:  s., 1 H 7.55 (d,
J=8.08 Hz, 1 H) 7.62 (d, J=6,82 Hz, 1 H 10.49 (br.
s., 1H 12.76 (s, 1 H: €S Nz 305. 15 [ MM .
EXAVPLE 9 0-11 / N N

5-a] pyrazi ne-1-car boxyl
Md) 6 ppm1.97 - 2.06
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1- (1, 3- Benzoxazol -5-yl ) -3-cycl obutylim dazo [1, 5-a]

pyrazi n-8-am ne [351] A mi xture of 5-chl orobenzoxazol e
w@ 00012837 0. 84mmol ), 4,4,4',4',5,5,5 ,5" - oct anettryb2006/044461

2,2'-bi-1, 3, 2-di oxaborol ane (0.4956g, 1.95mmvl),

pot assi um acetate (0.41 g, 4.2mol), 1, 3-bis(2, 6-

di i sopropyl phenyl )i m dazol - 2-yl i dene hydrochl ori de

(43ngy, 0.10nmol) and pal | adium acetate (11nyg,

0. 05mmol ) was degassed, treated with tetrahydrofuran

Kgéée?r'fh)\ rﬁi?gnérﬁk%-ﬁr_%ﬁm%'- 1H-Bfiold (éé,%%oka?xﬁﬁ)eQ,4;%‘,4’,5§99§315'-octamethyl-z,z'-

_ \ |% e mxture was diluted wih water ( oom_g
bi-1,3.2-gioxehoreleng @ §0p -8 mure)) EidnoiRstivg agstets (3-Be GALOMETaY was degassed
three tinfs®Hehted Wi (EXLHiB@ipheApRosPRAERA skl priRtiRM diblilbed: @dg,

concentrat of,i n vacug.,. Th resid 0 obt ai ned S .
0.28mmgl et degerats] Ut BREL b ABHOOTo R P waRaddef g g rixture was
heated atii 3°0 obEiigha The Yoolddefchitiotvhitkkmreaddsctheh diluted with water, extracted with

1,.3-benzoxazol e-5: ' ' i '
G s N M R U ke o
concentrgted 9 Yaguo tr=gfopdia bpowniblagk sgmgeplidgBhis yegtriy@ated with efer to afford a
brown pblvd&; wiich Was Hedilficd 193 NS tolbé'ﬁe'siré\ﬁn&@t)sormozao%gi&@ol ester. 'H

MH] . 129 WD 2007/ 061737 PCT/ US2006/ 044461 }535 1;

NMR (4 RHRQROFQRM-ASap b3 p(sad2HYf6.54 - 6.58 (m, 1 H), 7.26 - 7.28 (m, 1
H), 7.55%ad,4=%.83, 12011181, namey ey L 7583m21 €i)9000Qnanas 12 9.-1 H); MS (ESH):

1H-i ndol e under t5§e ,cond[?_h_lI ons descr.ibed in exanple 1
m/z 244,25 T b RPLLC: (n = 3-3P3 SSRGS, Rpfey Sipin)-

Bye} olttisyhdtériall vaohiskd n plhgy/afazan, B5-amamethiyBS1,8 ESHdxabntoran-2-yD)-

. 06..16. [ M+l . E . .
ternaofy o Uity SeRbrp M B PSuelhd . olqp 1 erindol-e
yl)imidagefil 74 lnyr3zipiSlamipe | WSk} mée Bohbl IMI38B] Prepar ed

according to the procqusx%nq ¢ bed i n EXAMPLE 2
using trans-[4-(8- am no- PEE'S
-i odoi mi dazo[ 1, 5-a] pyrazi n- 3-#T Rcycl ohexyl ] met hanol in
pl ace of 8-am no-3-cycl obut y'I
i odoi m dazo[ 3, 4- a] pyr azi ne. N\H NVR ( DVSO- d6, 400 MHz)
S1.12-1.23 (m ), 1.38-1"54 " 1H); 1.58-1.78 (m
2H); 1.82-1.92 (m 2H); & 2.06 (m 211); 3.03-3.16
(m 111); 3.29 (t, =K. 6,HzN 2H); 4.46 (t, J = 5.3
N
1H)

J
Hz, 1H); 6.45 (brs, 2 63 (d, J = 1.38 Hz, 1H);
7.02 (t, J = 7.50 Hz, o (d, J = 4.99 Hz, 1H);
7.12 (t, J =7.52, 1H), 7.46d, J = 8.02 Hz, 1H,
1-(1H-Ben2itnifazol-2-y1)-F-cdobuitylivhidazo 1,560 p{r@zind8-mmire. 06 Hz,

, . 4 oLED). . +) . ,
Bk TRty it el poilbiceDnd e ol bl
tetrakis(EiAvRYIBhosphin@palldZiumig0) (00ms) O\ mmol) was degassed dry three times then
treated with methanol (20mL) and N, N-diisopropylethylamine (0.7mL, 4.0mmol) and the mixture

heated at 70°C under an atmosphere of carbon monoxide, with intermittent bubbling of this gas under
the surface of the reaction mixture. After 3d heating with extensive bubbling through of the solution
with carbon monoxide and some addition of fresh catalyst after day 2, TLC (10% MeOH/DCM)
indicated the reaction to be complete. The reaction mixture was diluted with water, extracted with
DCM and the extracts washed with water and brine, then dried over magnesium sulphate, and
concentrated in vacuo to afford an orange solid which was recrystallised from acetonitrile to afford
methyl 8-amino-3-cyclobutylimidazo[1,5-a]pyrazine-1-carboxylate. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.97 - 2.06 (m, 1 H), 2.10 - 2.26 (m, 1 H), 2.43 - 2.54 (m, 2 H), 2.53 - 2.68
(m, 2 H), 3.78 (dd, /=9.09, 8.08 Hz, 1 H), 4.01 (s, 3 H), 7.08 (d, J/=4.80 Hz, 1 H), 7.22 (d, /=4.80 Hz,
1 H), 7.38 (br. s., 1 H), 7.69 (br. s., 1 H).
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HO {cis-3-[8-Am no-|-(1Hindol-2-yl)imdazo[1, 5-a]

pyrazin-3-yl] cycl obutyl}nethanol [354] Prepared
w@ewandi7’ay to the procedure described i n EXAVPRE/RS2006/044461

using [3-(8-chloro-1I-

i odoi m dazo[ 1, 5- a] pyrazi n-3-yl)cycl obutyl ] met hanol in

pl ace of 8-am no-3-cycl obutyl -1 -

i odoi m dazo[ 3, 4-a] pyrazine. M5 (ES+): mz 334.10

[ VH +]. 130 WD 2007/061737 PCT/ US2006/ 044461 EXAMPLE

@91\"'% M§ben|§yon Uf 1.hl ylenedlamme (60mg, 0.6mmol) in toluene (2.0mL) was

freated W%@%ﬁoh‘“‘w P? i NEEEAO | ¥ %%%' & g*aé} it Bt drrgtipryet 2 pink

solution! ARer{Pnfif @it s@uittesedsitieatdd with EXAMREShy 8- aksinb B -cyclobutylimidazo[1,5-

0] o .
a]pyrasze-g-calj%oxq{ gtzel(%Orgg,%ol) mgi?albc{tPe ml)fture heath at 120 fC for 30min then stirred at

rt overnighta (heanigtuey whotben pdrﬁﬂmnp@ d@rwmrd%i‘zid‘ﬂ@fml OadLp v Bt Are(1019E) and
stirred f(%xfl)%ﬁ)nl ”l'gc_eé)rg%% lgs?br Wépara%% bl aﬁgedﬂﬁlaymxu%ted\!fur%r with EtOAc '
(3 x 10nmL); Thescogakinedsgraanis sieie ashph with Pripe yleipd ps sppyentrated fx yagyo to give
~B85% pite 482amﬁh&iz\r-rézdaaﬁlaoﬂhknﬁ) 3Ly aybAAIR8zoR 15 Afpyrdzafebil-carboxamide which

ccording to the procedure described in
Wasusegﬂ‘ﬁ/ﬁ’t g %"y 1-{4-[3-(8- amino-1

fisogio umcdmam[df 8eanaih@ (@ zimindphyy) B Y-cy detuttylinkiga20El Ba)pyrazine-1-
carboxaﬁﬁ’cie} 0(‘36 Bﬁlggg g%w&g?ica%retggz ?cﬁde 6%@5 ‘%§ rglg%ﬁ)fg%ﬁh()"g for 10min
(300W){Msultg)gcqvp}_tlgn s pprlqud mysy th@d/ggpparz}tlve HPLC to afford 1-(1H-
benzimidazol-2-y1)-3-cyclobutylimidazo[1,5-a]pyrazin-8-amine. 1H NMR (400 MHz, DMSO-d6) &
ppm 1.92 -2.05 (m, 1 H) 2.07 -2.21 (m, 1 H) 2.53 - 2.59 (m, 4 H) 3.91 - 4.06 (ﬁ, 1 H) 7.08 (d,
J=4.80 Hz, 1 H) 7.16 - 7.26 (m, 2 H) 7.38 (d, J=4.80 Hz, 1 H) 7.44 (br. s., 1 H) 7.55 (d, J=8.08 Hz, 1
H) 7.62 (d, J=6.82 Hz, 1 H) 10.49 (br. s., 1 H) 12.76 (s, 1 H); MS (ES+): m/z 305.15 [MH'].

EXAMPLE 9
Q.
J
NH,
g

N

yw/b

1-(1,3-Benzoxazol-5-yl)-3-cyclobutylimidazo[1,5-a]pyrazin-8-amine

[351] A mixture of 5-chlorobenzoxazole (0.129g, 0.84mmol), 4,4,4',4',5,5,5',5'-octamethyl-
2,2'-bi-1,3,2-dioxaborolane (0.4956g, 1.95mmol), potassium acetate (0.41g, 4.2mmol), 1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene hydrochloride (43mg, 0.10mmol) and palladium acetate (11mg,
0.05mmol) was degassed, treated with tetrahydrofuran (10mL) and the resulting mixture heated at
80°C overnight. The mixture was diluted with water (100mL), acidified to pH 6 and extracted with
EtOAc (3 x 40mL). The extracts were washed with water, dried and concentrated in vacuo. The
residue so obtained was purified by chromatography over silica gel eluting with DCM to 10%
MeCN/DCM to afford 1,3-benzoxazole-5-boronic acid, pinacol ester. '"H NMR (400 MHz,
CHLOROFORM-d) § ppm 1.37 - 1.39 (m, 12 H) 7.59 (d, /=8.34 Hz, 1 H) 7.86 (dd, J/=8.08, 1.01 Hz,
1 H) 8.10 (s, 1 H) 8.26 (s, 1 H); MS (ES+): m/z 246.23 [MH"].
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HO 131 WO 2007/061737 PCT/ US2006/ 044461

{trans-4-[8-Am no-1|-(1Hindol -5-yl)imdazo [1, 5-4a]
w@oans1138- y1] cycl ohexyl } net hanol [357] PrepaP@mus2006/044461

according to the procedure described in EXAMPLE 1

using trans-[4-(8- am no-1

-i odoi m dazo[ 1, 5-a] pyrazi n-3-yl )cycl ohexyl ] net hanol in

pl ace of 8-am no-3-cycl obutyl -1 -

i odoi m dazo[ 3, 4-a] pyrazine. M5 (ES+): mlz 362.07

[3ybiit] HEW“&E uddddn plite 9 sN4Q, 5, MNretrediBthyl-1,3 2-d10xaborolan—2—y1)—

IH-mdoil Léidfr th: c?ﬁdatg) %Sfrlgldcéjl ez&ﬂ;pg%} HF "gp%ilﬁ‘? ﬁg‘ir azi njizol %l}A)C c

cyclobutplimphee{d, Sadpyrzinidgarhioc MSqES+D ceziBi6el G:i[MHf-] bed in

EXAMPLE 2 using 1- |odo
met hyl - pi per azi n- 1- yI)cg%Fgg&tyﬂ?ln1dazo[l 5-a] pyrazin
-8-ylamne in place of 8-am -cycl obutyl - 1

-1 odoi m dazo[ 3, 4- a] pyr azi ne. (ES+): nmlz 402.10

[ MH]. EXAMPLE 16 H N NFQUNJS \NN// N

7-Cycl obutyl - 5- (1Hi ndol - %—y I'm dazo[ 5,1

f]1[1,2,4]triazin-4-amn Prepared according to

t he procedure described< MPLE 1 using

7-cycl obutyl -5- iodoi m dazo[

J][1,2,4]triazin-4-ylam ne i | ace of

8- am no- 3-cycl obutyl -1 -i odoi m4dazo[ 3, 4- a] pyrazi ne. M

(ES+): nmiz 305.16 [MH]. 132 WD 2007/061737

PCT/ US2006/ 044461 EXAVPLE 17 NH2 NH N N _N /N
{tmns'47[_8-g§,le1nglu{lf(—ygi_oe-iﬁl]nﬁﬂiam[2,_55;1] PYriazigz3, v @y clphexylimethanol

f35B1L, Brephictiaddording toatht f@cedure described in EXAMPLE 2 using trans-[4-(8-
amino-1-iodoimidazo[1,5-alpyrazin-3-yl)cyclohexyl]methanol in place of 8-amino-3-cyclobutyl-1-
iodoimidazo[3,4-a]pyrazine. 'H NMR (DMSO-dé6, 400 MHz) & 1.12-1.23 (m, ), 1.38-1.54 (m, 1H);
1.58-1.78 (m, 2H); 1.82-1.92 (m, 2H); 1.96-2.06 (m, 2H); 3.03-3.16 (m, 1H); 3.29 (t, T = 5.6 Hz, 2H); .
4.46 (1, J = 5.3 Hz, 1H); 6.45 (brs, 2H); 6.63 (d, J = 1.38 Hz, 1H); 7.02 (t, J = 7.50 Hz, 1H); 7.06 (d, J
=499 Hz, 1H); 7.12 (t, = 7.52, 1H), 7.46 (d, T = 8.02 Hz, 1H), 7.58 (d,J = 7.83 Hz, 1H), 7.66 (d, ] =
5.06 Hz, 1H), 11.43 (s, 1H); MS (ES+): m/z 362.07 (100) [MH+], HPLC: /R = 1.97 min

(MicromassZQ, polar_5min).

EXAMPLE 11

NH, \ NH

NF =

K/N Va

HO
{cis-3-[8-Amino-1-(1H-indo}-2-yl)imidazo[1,5-a] pyrazin-3-yl]cyclobutyl}methanol

[354] Prepared according to the procedure described in EXAMPLE 2 using [3-(8-chloro-1-
iodoimidazo[1,5-alpyrazin-3-yl)cyclobutyllmethanol in place of 8-amino-3-cyclobutyl-1-
iodoimidazo[3,4-a]pyrazine. MS (ES+): m/z 334.10 [MH~+].
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[ 360] Prepared according to the procedure described in
EXAMPLE 2 using 7-cycl obutyl -5- iodoi mdazo[5,1
wo pgor/o&74 tri azi n-4-ylami ne in place of PCT/US2006/044461

8- am no- 3-cycl obutyl -1 -i odoi m dazo[ 3, 4- a] pyrazi ne. M

(ES+): nmlz 305.07 [MH]. EXAWMPLE 18 NH NH2 N. / ~N

N 7-Cycl obutyl -5-(1Hindol -6-yl)imdazo [5,1-f |

[1,2,4]triazin-4-am ne [361] Prepared according to the

procedure described in EXAMPLE 7 using 7-cycl obutyl -

I odoi m dazo[ 5,1 f][1, 2EkiAvieaA 2 4-yl amine in place of

8- am no- 3-cycl obutyl -1 -1 odoi m dazo[ 3, 4- a] pyrazi ne. M

(ES+): niz 305.07 [ MH]. 19 /1 0 NH2 \ NH

N/ "N NN7-Cyclohexyl - i ndol - 2-yl)im dazo[ 5,1

fl] [1,2,4]triazin-4- an1ne [ 62|, Prepared according to

t he procedure descri bed |'A LE 2 using

7-cycl ohexyl -5- i odoi my

f111, 2,4]tria.zin-4-amrl§)' Al ace of

8- am no- 3-cyclobutyl -1 -iodoiYi dazo[ 3, 4- a]pyrazine. "H

NVR (400 MHz - DMBO-d6) 5 1“4pz-1.54 (m 4H), 1.72

-1.82 (m 2H), 1.87 - 1.92 2H), 2.02 - 2.09 (m

2H) 3.31'- 3.38 (m 1H) 6.26 ¥s, 2H) 6.73 - 6.74 (m
cis-3-[8-Aniino-T-(1B-indol-21yl)ifuid azb B5- Hﬁy?&ﬂli?l Ychobutanol

gglj/ Lﬁ%%?g& &%é‘)%ﬁ% tg ih@ p&oceﬁure geﬁn #&AM‘?}J@ 1271.(3;}11‘; 3-(8‘amino-1-

1od01rmd1@{) 5- agpylzgmr( 3- yl)gyglobuta,vgl 1@@9@: of $ramino3B3ycldbufy)Q0ipdoimidazo[3,4-

a]pyraziddVivtd (B Lﬂzﬁzﬁos[ﬁﬁﬂaﬁ mn (CpenLynx: polar-5 mnj.
EXAMPLE 20 NH2 \ 'NH N' \/N/N O N O
EXAMPLE 13

O)\CH;,

3—[cis—3-(4-Acetylpiperazin-1-yl)cyclobutyl]—1-(1H-indol~2-yl)imidazo[l,S-a]pyrazin-S-amine
[356] Prepared according to the procedure described in EXAMPLE 2 using 1-{4-[3-(8-
amino-1-iodoimidazo[1,5-a]pyrazin-3 -yl)cyclobutyl]piperazin-1-yl}ethanone in place of 8-amino-3-
cyclobutyl-1-iodoimidazo[3,4-a]pyrazine. MS (ES+): m/z 430.08 [MH+].
EXAMPLE 14
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[363] A m xture of

{trans-4-[8-am no-|-(1Hindol-2-yl)imdazo[ 1, 5-a] pyraz
wo 2003406487 cycl ohexyl } met hanol (400ng, 0. 001nol PCT/US2006/044461

pht hal i m de (211. 7ng, 0.001439np1), and

tri phenyl phosphine resin (2.14mol /g | oadi ng; 1.03g,

0. 00221np1; Argonaut) in THE (22n, 0.27npl; Al drich)

was pl aced under nitrogen atnosphere and charged

dropwi se with diisopropyl azodicarboxylate (290.9ng,

{zmns.4-mmﬂm39mmmows Srﬁiﬁm&zﬁvb[l s-b@yf&m-ﬂyn@ﬁlofhbiﬁ &farfdl
and the flltrate

57 o EnimPst depor e B o te oot o EAAYE LG } s oV
amino- 1-mﬁm@m@[zdgﬁaﬁmdzlmw})cwidhelmﬂngﬂianﬁhmplhftg)f\&-afrrhno-}cyclobutyl 1-

to afford the title
mdmmld%gﬁg‘f)ﬁ]%g‘ramﬁ%wg é\%ocfg’lab %gv’% S 7.90-7.85 (m
2H), 7.77-7.70 (m ZFEXAMBKE(IM 1H), 7.43 (dd, J =
8.0, 0.8 Hz, 1H), 7.27-7.15(m 2H), 7.14 (m 1H),
7.09 (d, J = 4.8 Hz, 1H), (br s, 1H, 3.64 (d, J
= 6.4 Hz, 2H), 2.91 (m 1HS2.09 (m 2H), 2.25-1.90
(m 4H), 1.80 (ddd, J ®m,lN\2x12,4, 2,4 Hz, 2H), 1.27
(ddd, J = 13.2, 12,4, 4 , 2H). M5 (ES+): mz
491.09 [1VI HH]. EXA wNH2 NH VN H2N 134 WO
2007/ 061737 PCT/ US20 61
1-{trans-4-[ 8- Am no-| - (1H Madol -2-yl )i m dazo [1, 5-a]
pyrazin-3-yl] cycl ohexyl) anam ne [364] A solution
of benzyl :
{[trans-4-(8-an1no-I-(lFLinﬁél 2-yl)imdazo[ 1, 5-a] pyra
zin-3- yl)cycl ohexyl ] net hyl bamate (0.163 g, 0.330
wnol) in conc. HO (5 m) was'gtirred at rt
g The reaction nixture was diluted with HO
1-(&- I“(“Z‘(ﬂﬁ’.‘) -I¢itsd wbmethyiniperazm Leyiispelybutylfiayidaze HsS-¢lpExazin-§-amine
[494] Ne@iarea adcofiit t6 e hastb @ e wSErﬁbe@Ql\/EkML%%)ng 15B8o-3-[3-(4-

b th water then drjed
ety D R R L PR v e Wieat Porinac: pEkguty-
-IOdOIm@ﬁZO&éﬂmzmgoh@dE&ﬂ szBIO(zES{-MHW z 361.30 [ MH].
EXAMPLE 22 O1 )NH r C H3C
N-({trans-4-[8- Anino-l-%glflnd' -2-yl)imdazo [1, 5-2a]

pyrazin-3-yl] cycl ohexyl } netQ I)acetan1de [365] To a
suspensi on of
1-{trans-4-[ 8-am no-| -

oO| 2-yl)imdazo[ 1, 5-a] pyr
azi n-3- yl]cycl ohexyl } nét hanham ne (100.00 ny, 0.27
mol ), N-(3-di nethyl s ePropyl ) N ethyl carbodiim de

hydr ochl ori de (0.0798%g.N /416 nmol ) ,
N, N-di i sopropyl et hyl am ne (Q.097 ni, 0.55 nunol),

1- hydr oxbenzotri axol e Hydraye (0.0425 g, 0.277 mmol),
7-Cyclobatyils M-k RS- yiohiah b PN 4,2 4k ihzin-4-amine
[359] Prepared according to the procedure described in EXAMPLE 1 using 7-cyclobutyl-5-
1odoimidazo[5,1-f][1,2,4]triazin-4-ylamine in place of 8-amino-3 -cyclobutyl-1-iodoimidazo[3,4-
alpyrazine. MS (ES+): m/z 305.16 [MH+].

132



was added AcOH (24 uL). The mi xture was stirred at rt
for 3 h under an atnosphere of nitrogen then diluted
wWowRaoh/ 0kt (20n), washed with sat urated NaHCOBPCHRU$200&2044461
x 25mL) and brine (2 x 25nL), then dried over Na2SO4,
filtered and concentrated in vacuo. The residue was
chr omat ogr aphed over silica gel eluting with DCM ->
2% 2M NH3 in MOH DCMto afford 0.02g of the title
compound. M (ES+): mz 403.31 [MH#]. "H NWR (400
MHz, CDCl13): 8 1.12- 1g3atmeLBH)7 1.79-1.86 (m 2H),
1.94-1.97 (m 2H), 2.02 (s, 3H), 2.04-2.09 (in, 2H),
2.91 (m 1H), 3.20 (t, J = Q , 2H), 5.51 (br,
1H), 5.66 (br, 2H), 6.79 (s, 7.10-7.16 (in, 2H),
7.20-7.25 (m 2H), 7.43 (Id .4 Hz, 1H), 7.44 (d,
J =7.6 Hz, 1H), 9.07 (r, 135 WO 2007/ 061737
PCT/U82006/044461 AMPLES3 N2 NH N-° \/N /N HN
\ "OH3C 0O N ({4-]8- aLn\\n-I/N(lH-l ndol - 2-yl )i m dazo
[ 1, 5-a] pyrazin-3- yl] cytlohexyl}
nmet hyl ) net hanesul f onam de | ,@ Met hanesul f onyl
chloride (4.40L, 0.057 nmol Was added to a m xture of
7-Cyclohinty It 3-AiE-indbl-R2 §Ddmidaee [F,1-1][1,2,4]triazin-4-amine
[3&5‘# Px@%&kd ch&ld)ﬂgﬂ) %Zp%c%dée ﬁl:é?;%@%fn@émbtw%ﬂg exybibbutyl-5-

hana
wdmmrdezp[@@vﬂ&b@ﬂ@ﬂ%ﬁﬂrvﬂ@msmm@ §mv9-3*cﬁ°1m%(11‘°ﬁm‘im[3 &
a]pyrazn;@‘IEMS ) B 308iovipMERWas stirred for 30min at r.t.

for

h. The crude rew ﬂﬁ? ire was t hen
concentrat ed and resi E d by mass directed
preparative HPLC to afford 4 of desired product. M

(ES+): mlz 439.10 (100) [ M 84 NMR (CD3CD, 400

Mz): S 8.24 (br s, 214, (m 2H), 7.46 (dd, J =

8.4, 0.8 Hz, 1H), 7. 19?dd 3=7.2 1.2 1.2 H,

IN), 7.08 (ddd, J = =3 1.2 Hz, 1H), 6.75 (d, J

= 0.8 Hz, 1H), 314(&% 2.07 (m 4H), 1.85 (in,

oH), 1.64 (m 1H), 1.26"(m \2H). EXAVPLE 24 NH2 NH N

ON N o Ali/ B enzyl )

4-[8-am no-I|-(1Hindol -2-yl)i'm dazo [ 1, 5-a]
7-Cyclobmytyk3i(hHIngdli6-yhipidazadiSrlef] [Ladliviasiyidamine| 367] A

[@6% u ﬁ’?epglfed Q&Qﬁdﬁhg to the procedure described in EXAMPLE 7 usmg 7-cyclobutyl-5-
1od01m1c;1afz(()[5 1 j][l 2 4]|tr1azgl-4(2§/1rz;nrn?ngzlr? Lljéce ofag Ert\g RE I-c?yc?obXty} npd% 1gazo?3 4-

alpyrazine. MS (ES+): m/z 305.07 [MH+].
EXAMPLE 19

NH» \ NH
N/ —

N
<~ Nt
N/

7-Cyclohexyl-5-(1 H-indol-2-yl)imidazo[5,1-/1[1,2,4]triazin-4-amine

[362] Prepared according to the procedure described in EXAMPLE 2 using 7-cyclohexyl-5-
iodoimidazo[5,1-f][1,2,4]triazin-4-amine in place of 8-amino-3-cyclobutyl-1-iodoimidazo(3, 4-
alpyrazine. '"H NMR (400 MHz — DMSO-d6) & 1.40 — 1.54 (m, 4H), 1.72 — 1.82 (m, 2H), 1. 87 — 1 92
(m, 2H), 2.02 — 2.09 (m, 2H) 3.31'— 3.38 (m, 1H) 6.26 (bs, 2H) 6.73 — 6.74 (m, 1H), 7.13 - 7.17 (m,
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car boxyl ate (1.149g, 0.002191nvl),
1-(tert-butoxycarbonyl)-1H i ndol e-2-boronic acid

w@ 000628g37 0.00241npl), 1, 2-di nmet hoxyet hane ( 9PGIiIF2006/044461
water (1.8nlL) and cesium carbonate (1.43g, 0.00438np1)
was degassed three tinmes and then treated with
tetral ds(triphenyl phosphine)palladiun(O (200ny,
0. 0002rol ). The m xture was once nore degassed and
then heated 136 WD 2007/061737 PCT/ US2006/ 044461 at

0 Y i he 1:es j agti ] r S

e, 7207 5 G TR AR R 1) 180 TR0 B A G B 19 e, e

MS (ES-BOmY2: 33Ahd6 KO0 BVIHG . FEY- G vreT 3R 2S(OReRE Yo pelensSmaipkd i n
vacuo. The crude produgixam@g sy omat ogr aphed over
silica gel eluting wth hexane -> Et QAc: hexane
1:1:0.05 2M NH3/ MeOH to affefdit he desired product.
"H NWVR (400 MHz, CDC13): 6 2. .06 (m 4H,
3.03-3.17 (m 3H), 4.29-4. m 2H), 5.16 (s, 2H),
5.66 (br, 2H), 6.79-6.80Mem N4, 7.11-7.16 (m 211),
7.20-7.25 (m 211), 7,634 45 (m 511), 7.44 (m 1H)
7.64 (d, J =7.6 Hz, 1 86 (br, 1H). M5 (ESt):
mz 467.12 [MH]. EXA S N2 N\H W~ \ N7 /NN
H 1- (1H I ndol - 2-yl ) - 3- pi peri M
[1, 5-a] pyrazin-8-am ne [ 368
4-[8-am no-1-(1Hindol -2-yl)
yl ] pi peridine-1 -carboxyl
cone. HO (100 m) was stir
m xture was then dil uted w
with Et20 (2 x 30nL) the e adqueous | ayer
concentrated in vacuo yie€ ng 2.62 g of desired

uct i | ri lat s E .
G e AT 00 S8 s

ylleycloBed3}maetizgio] ¢#00mi) 0.003 npd), phihalimiple (211 Jegg @.001439mob, apdHz |

i irde resin (2. i ,71 ,'(7@& ;A%n in .
e A o L S
0.27mol dFieh) P Placed bmdéxyfpepn ARSI Eingiehvgee RGP K it Jitepgpy!
azodicafbokyat8 2 9009hg, (01001 #30aed1). Aftyt J6hltied adsin was filtered off, washed with
chloroﬁlrén’ (g_x%) Iaa%% &é&fl%alltcle oS ral’ce%I i 9&(,!1[0 & }rripaﬁll a%eorgéln%g ol 382 was
chromatbg(aphed avdnsikica gell plugagivitie chlotioforr--| SYrMVEQEYpHlofaaiy plord the title

gl | . . e
sl Y $r 5500 T IPRTI 1, 1)74
(dd, I =@ BB BHa A epr-0pY (9 WDet- Ky (edibotf? (45 48 Heddh b7 ¢es 1H),

3.64 (4,00 4 86, By, 0.910Q7, nery) 0lop (NN, 2 db1130RE pM, Bt dyldadyyRel3.2, 12,4, 2,4

Hz, 2%?82%%i1)’3-]2;%9,r2% RENA KA REELE oY H AL 0104 9.

ps/dazo[ |, 5-a] pyrazi n- 3-
3.61 g, 0.00774 nol) in
at rt overnight. The
ter (200m), washed

EXAMPLE 21



formc acid (4.7 ng, 0.10 mmol ). The reaction was

stirred at rt overnight then diluted with DCM ,
wormhedi7af t h sat urated NaHCO3 (2 x 25nlL) and bpcTres1ode/s44461

25), then dried over Na2SO4 and 137 WO 2007/ 061737

PCT/ US2006/ 044461 concentrated in vacuo. The materi al

thus isolated was crystallized fromEtOAc to afford

10.6 ng of desired product. 'H NVR (400 MHz, CDC 3):

S 2. 04 2 12 (m 4H), 2.99-3.00 (m 1FD 3.27-3.32 (m

-{trans<4- -(m-nilrﬁh—’ ~hidaa B, 5L (P§ mEth@Ramine
o gﬁg 1H) ll}glb §%}Zeééézy ﬂ% %Q&}anilao%l-((l 01 '2;%8911 zo[ll; Yrazm -3-

yl)cyclomﬂ]@@hyl}carbaznaew 165 g R8P mn@bﬁmplgic HCIKHBDNvES sMrrNi gt
ovemlght @Ille?l‘eacil% &%&hrle %9 Idflg’tea '\Aﬁtﬂ'ﬁ%@g&ém R/aﬁ{eli %lﬁll ]ﬁzd tﬂOmL), then

razin-8-amn

H- i ndol -2- )i mdaz
basified mt#d}“ T ard i N@thtI-JéPMK% xaP Ble chie sombined Friwgts were
washed #hR Watef then EXAMRIENZB 0,216 efHcentftdddn vacuo To afford 0.085g of desired

C idin place of formc acid. M
°°mp°“‘(‘gg’i§) &Si%/’ﬁf Etl%géig&f‘%ﬁw Exanple 28 NHZ NH N N '
EXAMPLE 22
3 (1 Acetylplperldln 4-yl)-1-(1Hindol -2-yl)imdazo
[1,5-a] pyrazin-8-amn e [37 epared according to
the procedure described abov EXAMPLE 26, except
using acetic acid in place ormc acid. M5 (ES+):
mz 375.17 [ MH]. EXAVPLE:229 NH fl/ i N/NO~\
O CH3
3-[1- (4- Met hoxybenzoyl in-4-yl]-1-(1H i ndol - 2-y
)i mdazo [1, 5-al pyraz M ne [ 372] Prepared
according to the procedure ddscri bed above for EXAMPLE
26, except using 4-methoxyh §ic acid in place of
formc acid. Ms (ES+): nfz 4 7 [MH]. 138 WO
2007/ 061737 PCT/ US2006/ 044461 =*EXAMPLE 30 v~

HN

e

=, —=
pPI peri

o]

N-({trans-4-[8-Amine-1-(1H-indol-2-yl)imidazo[1,5-qa] pyrazin-3-yl]cyclohexyl}methyl)acetamide

[365] To a suspension of 1-{trans-4-[8-amino-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-
yl]cyclohexyl}methanamine (100.00 mg, 0.27 mmol), N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (0.0798 g, 0.416 mmol), N,N-diisopropylethylamine (0.097 mL, 0.55
mmol), 1-hydroxbenzotriaxole Hydrate (0.0425 g, 0.277 mmol), and DMF (600 uL) in DCM (5 mL)
was added AcOH (24 uL). The mixture was stirred at rt for 3 h under an atmosphere of nitrogen then
diluted with DCM (20mL), washed with saturated NaHCO; (aq) (2 x 25mL) and brine (2 x 25mL),
then dried over Na,SOy, filtered and concentrated in vacuo. The residue was chromatographed over
silica gel eluting with DCM — 2% 2M NHj; in MeOH/DCM to afford 0.02g of the title compound.
MS (ES+): m/z 403.31 [MH+]. 'H NMR (400 MHz, CDCl): § 1.12-1.31 (m, 3H), 1.79-1.86 (m, 2H),
1.94-1.97 (m, 2H), 2.02 (s, 3H), 2.04-2.09 (m, 2H), 2.91 (m, 1H), 3.20 (t, ] = 6.4 Hz, 2H), 5.51 (br,
1H), 5.66 (br, 2H), 6.79 (s, 1H), 7.10-7.16 (m, 2H), 7.20-7.25 (m, 2H), 7.43 (d, J = 8.4 Hz, 1H), 7.44
(d, J=7.6 Hz, 1H), 9.07 (br, 1H).
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NH2 NH NN ~ ~\ er

3-[1-(4-Bronobenzoyl ) pi peridin-4-yl]-1-(1H i ndol -2-yl)
WO poo7@ewre7 [ 1, 5-a] pyrazi n-8-am ne [373] PreparBdI/us2006/044461

according to the procedure descri bed above for EXAMPLE

26, except using 4-nethoxybenzoic acid in place of

formc acid. M5 (ES+): nfz 515.17 & 517.17 [ MH].

EXAMPLE 31 NH NN OO0 CH3 1-(1H Indol -2-yl

-3-[1- (et hoxyacetyl ) pi peri di n-4-yl1]im dazo[ 1, 5-a] pyra

zi n-8-am ne [374] Premxastpaacgs ding to the procedure

descri bed above for EXAMPLE 26, except using

2- met hoxyacetic acid in plagg of\ form c acid. M

(ES+): nfz 405.10 [ MH]. A ¢ 32 / 1. NH2 NH N

', NNN O 3- [1-(Cyclop eftylcarbo

nyl ) pi peridin-4-yl] -1- nedit - 2-yl )i mdazo [ 1, 5-a]

pyrazi n-8-am ne [375] Rrepdred according to the

procedure descri bed ox, EXAMPLE 26, except

usi ng cycl opent anecar t¢ acid in place of formec

acid. M5 (ES+): nlz 429.07 | ]. 139 WO 2007/ 061737

PCT/ US2006/ 044461 EXAMPLE 83 §NH N CH3 O\ NH H3C

3-{ 1-[(2,5-Di nmet hyl -1 H pyr -yl)carbo

nyl] pi peridin-4-y1}-1-(1Hindd -2-yl)im dazo [ 1, 5-

a] pyrazi n-8-am ne [376] Prepared according to the

procedure described above fdﬂ{E%ﬁNPLE 26, except

s=

H3C/ \\
0

N-({4-[8-amino-1-(1 H-indol-2-yl)imidazo[1,5-a]pyrazin-3-
yl]eyclohexyl}methyl)methanesulfonamide
[366] Methanesulfonyl chloride (4.40pL, 0.057 mmol was added to a mixture of 1-{trans-

4-[8-amino-1-(1H-indol-2-yl)imidazo[1,5 -alpyrazin-3-yljcyclohexyl}methanamine (20.5mg,
0.057mol) and PS-DIEA (3.90mmol/g loading; 60mg, 0.2mmol) in DCM (1.14mL). The reaction
mixture was stirred for 30min at r.t. for 18h. The crude reaction mixture was then concentrated and
residue purified by mass directed preparative HPLC to afford 4mg of desired product. MS (ES+): m/z
439.10 (100) [MH+]. "H NMR (CD30D, 400 MHz): § 8.24 (br s, 2H), 7.61 (m, 2H), 7.46 (dd,J=8.4,
0.8 Hz, 1H), 7.19 (ddd, T=7.2, 1.2, 1.2 Hz, 1H), 7.08 (ddd, J=7.2, 1.2, 1.2 Hz, 1H), 6.75 (d, J = 0.8
Hz, 1H), 3.14 (m, 1H), 2.07 (m, 4H), 1.85 (m, 2H), 1.64 (m, 1H), 1.26 (m, 2H).

EXAMPLE 24

NH, \ NH

N N

I\/N/éb'>
N
o
i
Benzyl 4-[8-amino-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-yl]piperidine-1-carboxylate
[367] A mixture of benzyl 4-(8-amino-1-iodoimidazo[1,5-a]pyrazin-3-yl)piperidine-1-
carboxylate (1.149g, 0.002191mol), 1-(fert-butoxycarbonyl)-1H-indole-2-boronic acid (0.629g,
0.00241mol), 1,2-dimethoxyethane (9.3mL), water (1.8mL) and cesium carbonate (1.43g,

0.00438mol) was degassed three times and then treated with tetrakis(triphenyl
phosphine)palladium(0) (200mg, 0.0002mol). The mixture was once more degassed and then heated
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usi ng 2, 5-di net hyl pyrrol ecarboxylic acid in place of

formc acid. M5 (ES+): nmlz 454.19 [MH]. EXAWMPLE 34
wORiBD706NBY W1 N N CH PCT/US2006/044461

3-{1-[4- (D net hyl am no) but anoyl ] pi peridin-4-yl}-1-(1H

i ndol -2-yl) imdazo [1,5-al pyrazin-8-amne [377]

Prepared according to the procedure described above

for EXAMPLE 26, except using

4- (di et hyl ami no) but anoic acid in place of formic

at 100 °C%Qér¢ughwsl'l(eﬁ’§sﬂtm z?ct:éAﬁm&Qre[vMﬁ'ﬂhluted RANRD Ec 330D héHwashed
with wateg ( X 38)m£? and brme, d]ﬁeg o*\v/é\lx? h?a?% %]b?)gc?en C%Tcll %%%91906/’&4% 6d]e': product

was chroxﬁatbgraﬁlﬂdrmbﬂwlhcamemwpfgem&dydxpm -peE’ﬂQi‘m’hedarytl 11:0.08 2M- WHegMeOH
to afford %e des&éd L JHy az@ NMR 2R MBS @B, 852 @m il IL,b Eg] 303317 (m, 3H),

according to t roce ure esc [

4.29-4.33f(oy 2gx,§m_(5 22{;55@(@7@,@11) @ggﬁgso (m, 1H), 7.11-7.16 (m, 2H),720725 (m,

451&1'%@)’! &y eyl@seticnaaig, §.96 @raes. W (Eonrhez 467.12
ZH)’73147 ¢ ! amj qﬁ?z 48{) 22 [NI\/H-]IH; Exaﬁ)‘r'pl gﬁ% r((Z)IIf\IﬁI-rF
- [MHH. N\ N ON~ CH3 3-{1-[4-(Di net hyl am no) benzoyl ]
pi peridin-4-yl}-1-(1HEXAMPRERE) i m dazo
[1,5-a] pyrazin-8- am ne [379].Prepared according to
t he procedure described abo or EXAMPLE 26, except
usi ng 4-(di met hyl am no) benzQi ¢ acid in place of formc
acid. M5 (ES+): nfz 480. 22 ]. EXAMPLE 37 NH2 NH
3-[1- (Cycl ohexyl car boay{) pi D
eridin-4-yl]-1-(1Hindo>2=l )i m dazo [1, 5-a]
pyrazi n-8-am ne [380] Preparad according to the
procedure descri bed above f N EXAMPLE 26, except

1-(1H-Indol-2-yl)-3-piperidin-4-ylimidazo[1,5-a]pyrazin-8-amine
[368] A solution of benzyl 4-[8-amino-1-(1H-indol-2-yl)imidazo[1, 5-a]pyrazm—3—
yl}piperidine-1-carboxylate (3.61 g, 0.00774 mol) in conc. HC1 (100 ml) was stirred at rt overnight.
The mixture was then diluted with water (200mL), washed with Et,O (2 x 30mL) then the aqueous
layer concentrated in vacuo yielding 2.62 g of desired product as the trihydrochloride salt. '"H NMR
(400 MHz, MeOD): § 2.19-2.32 (m, 4H), 3.26-3.30 (m, 2H), 3.53-3.36 (m, 2H), 3.70 (m, 1H), 7.06 (4,
J=5.6 Hz, 1H), 7.10-7.14 (m, 1H), 7.23-7.26 (m, 2H), 7.50-7.52 (m, 1H), 7.67 (m, 1H), 7.93 (m, 1H).
MS (ES+): m/z 333.27 [MH+].
EXAMPLE 26

NH, \ NH

NZ" N==

5

4-[8-Amino-1-(1 H-indol-2-yl)imidazo[1,5-a]pyrazin-3-yl] piperidine-1-carbaldehyde

[369] To a solution of 1-(1H-Indol-2-yl)-3-piperidin-4-ylimidazo[1,5-a]pyrazin-8-amine
hydrochloride (30.00 mg, 0.0068 mmol) in DCM (0.5 mL, 0.008 mol) was added N-(3-
dimethylaminopropyl)-V'-ethylcarbodiimide hydrochloride (0.0195 g, 0.102 mmol), N,N-
diisopropylethylamine (0.047 mL), 1-hydroxbenzotriaxole hydrate (0.0104 g, 0.0679 mmol) and
formic acid (4.7 mg, 0.10 mmol). The reaction was stirred at rt overnight then diluted with DCM,
washed with saturated NaHCO; (2 x 25mL) and brine (2 x 25), then dried over Na,SO, and
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usi ng cycl ohexanecarboxylic acid in place of formc
acid. M5 (ES+): niz 443.20 [M-1+]. EXAMPLE 38 NH2 NH
wWORN7/0613D"  V PCT/US2006/044461

3-[1- (Cycl opr opyl ear bonyl ) pi peri di n-4-yl]-1-(1H i ndol -

2-yl)imdazo [1,5-a] pyrazin-8-amne 141 WO

2007/ 061737 PCT/ US2006/ 044461 [381] Prepared

accordi ng to the procedure descri bed above for EXAMPLE
except using cycl opropanecarboxylic acid in place

concentﬁggdfzg ST\’E&I tcn%@ %\Q’ﬁiaﬁdg'azs (3%%3311}2%(1 WﬁtOA%Wor‘é 13% mg of
desired grolugty [FAHBR L0 Y CRCR 3 LHHSAIA @ rBdrA99 D 6ni EDR3 27-3.32 (m,
2H), 3.86(hn, llﬂj damn{ tllggsaﬂroocg% g}’j? es'?sog(g ?r'iil‘)bem b%ﬁ%ﬂn {iﬁ)eﬁgxi@ = 8.4 Hz,
1e0, 763485 8% Tigk Big T AESph aen TED B R T o4 0 6 B o

of formc acid. M5 (ESHXAMPLE4B. 22 [ MH]. EXAMPLE 40
NHZ NH ~-NNC H

3-[ 1- (1H I ndol - 3-yl acetyl ) §i geri di n- 4-yi] - 1- (1Hi ndol -
2-yl)imdazo [1, 5-a] pyrazi -B-am ne [383] Prepared
according to the proced{itejdéscri bed above for EXAMPLE
26, except using indofes @Cetl c acid in place of

formc acid. M5 (ES+): 'z 490.10 [ MH+]. EXAMPLE 41 0
NHL NH N/N N O0O-

S

3-[1-(1H-Indol-3-ylcarbonyl)piperidin-4-yl]-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-8-amine
[370] Prepared according to the procedure described above for EXAMPLE 26, except using
indole-3-carboxylic acid in place of formic acid. MS (ES+): m/z 476.18 [MH+].

Example 28

N, N\ NH

Jon

O
3-(1-Acetylpiperidin-4-yl)-1-(1 H-indol-2-yl)imidazo[1,5-2] pyrazin-8-amine
[371] Prepared according to the procedure described above for EXAMPLE 26, except using
acetic acid in place of formic acid. MS (ES+): m/z 375.17 [MH+].

EXAMPLE 29

NH, N\ _-NH

N
K/"é”\)
N
oHy

3-[1-(4-Methoxybenzoyl)piperidin-4-yl]-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-8-amine
[372] Prepared according to the procedure described above for EXAMPLE 26, except using
4-methoxybenzoic acid in place of formic acid. MS (ES+): m/z 467.27 [MH-+].
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1130
1- (1H I ndol -2-yl)-3-{1-[ (3- net hoxyphenoxy) acet yl ] pi per
wo doonodr7yt }i m dazo [ 1, 5-a] pyrazi n-8- am ne 142PGNDUS2006/044461
2007/ 061737 PCT/ US2006/ 044461 [384] Prepared
according to the procedure descri bed above for EXAMPLE
26, except using (3-nethoxyphenoxy)acetic acid in
place of formc acid. M5 (ES+): mz 497.11 [ MH].
EXAMPLE 42 NH2 \ N\H N, NN O O/ O 3-[1-(1, 3-Benzo
di oxol - 5-yl car bonyl ) pi pPXAMPLE 30
eridin-4-yl]-1-(1Hi ndol - I)|mdazo[15a]
pyrazi n-8- am ne [ 385] Prred according to the
procedure descri bed abov or EXAMPLE 26, except
usi ng 1, 3- benzodi oxol €5-xaf boxylic acid in place of
formc aC|d M5 (ES+i ywyg 481.05 [ MH]. EXAMPLE 43
NHZ NH N~ N N -INiCI—LB/ 0- 11/
1-(1HIndol -2-yl)-3-{1-] et hyl - 1H- i ndazol -3-yl ) carb
onyl] piperidin-4-yl}imdago [1,5- a]pyrazin-8-am ne

[ 386] Prepared according tg }~' procedure descri bed

above for EXAMPLE 26, excépt S|Bhg
3—{1-(4-1%'6%{:&Lyl}ﬂ‘bérﬁ%ﬂZ@ng-l %1&%9&@&18&@%& S-B]pgx%?ﬁs&fmme

(3733 \Rm@wﬁcem!ms?o ﬂewws%e é?sen‘aw@?ovq\ﬁquWE R [Qroept using

4-methoxybenzoic acid in place of formic acid. MS (ES+): m/z 515.17 & 517.17 [MH+].
EXAMPLE 31

NH:\NH

N
K/”é/i)
N
a
—CH,
1-(1H-Indol-2-yl -3-[1-(methoxyacetyl)piperidin-4-yljimidazo[1,5-z]pyrazin-8-amine
[374] Prepared according to the procedure described above for EXAMPLE 26, except

using 2-methoxyacetic acid in place of formic acid. MS (ES+): m/z 405.10 {MH+].
EXAMPLE 32

NH \ NH

NF N

-5
et

3-[1-(Cyclopentylcarbonyl)piperidin-4-yl}-1-(1H-indol-2-yl)imidazo{1,5-a] pyrazin-8-amine
[375] Prepared according to the procedure described above for EXAMPLE 26, except
using cyclopentanecarboxylic acid in place of formic acid. MS (ES+): m/z 429.07 [MH+].
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OO CH3 1-(1HIndol-2-yl)-3-{
1-[ (3- et hoxyphenyl )acetyl] piperidin-4-yl] imdazo |

wa 2@7as17pyr azi n- 8- am ne [ 387] Prepared accor dP@mUS06/044461
the procedure described above for EXAMPLE 26, except
usi ng 3- met hoxyphenyl acetic acid in place of formc
acid. M5 (ES+): nfz 481.09 [ MH#]. EXAWMPLE 45 NHZ NH |
N z:/NSNN O
3-[1- (1-Benzot hi en-3-yl carbonyl ) pi peridin-4-yl]-1-iodo
i mdazo [1,5-al pyrazi n-gxawipsies f$88] Prepared
according to the procedure descri bed above for EXAMPLE
26, except using benzot hi@pRene- 3-carboxylic acid in
pl ace of formc acid. M5 +): mz 493.01 [ MH].
EXAVPLE 46 NHy NH N N NN S 0~-~, 3-
[1- (1, 3-Beiizot hi azol ¥~y
odoi mi dazo [1, 5-4a] pyﬁﬁz 2 8-am ne [389] Prepared
according to the procedur escri bed above for EXAMPLE
26, except using benzoth | e- 6-carboxylic acid in
pl ace of formc acid. M5 (E ~Afz 494, 01 [ MHH] .
EXAMPLE 47 144 WD 2007/ 061737 YP@T/ US2006/ 044461 v1 NH2
NH N~NH3 O e
1- (1H I ndol -2-yl)-3-{1-[ (2- et hy[ cycl ohexa- 2, 5-di en- 1-

3-£1-{23-DERG Ry AH bl BBy Db Do Ry iTp i eridin £ AF- L Erindo1-2-ynimidazo[1,5-
alpyrazin-8-amine '
[376] Prepared according to the procedure described above for EXAMPLE 26, except
using 2,5-dimethylpyrrolecarboxylic acid in place of formic acid. MS (ES+): m/z 454.19 [MH+].
EXAMPLE 34

NH; N\ NH

NZ ==

&/»«%

(o}

HJC’N\CHs

3-{1-[4-(Dimethylamino)butanoyl]piperidin-4-yl}-1-(1H-indol-2-yl)
imidazo[1,5-a]pyrazin-8-amine
[377] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-(dimethylamino)butanoic acid in place of formic acid. MS (ES+): m/z 446.22 [MH-+1].
EXAMPLE 35

NH, \ NH

NF N

5
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a] pyrazin-8-amne [390] Prepared according to the
procedure described above for EXAMPLE 26, except
waigingeZamet hyl cycl ohexa- 2, 5- di ene- | - car boxyl i BCRUSZNO6/0M4461

place of formc acid. M5 (ES+): mz 453.08 [ MH].

EXAMPLE 48 )HNH\/N NN OO\ 1-(1HIn dol-2-yl)-3-

[ 1-(isoquinolin-1-ylcarbonyl)pip eridin-4-y1l] im dazo

[1,5-a] pyrazin-8-amine [391] Prepared according to

the procedure described above for EXAMPLE 26, except
-{1-[4- 2211 uﬁm;uz Ao [ f5-41pyitizin-g-
14 AR M SO ipsi b B ot
amine 2007/061737 PCT/U82006/044461 NHZ NH,,N NN O SN

[3_173_1 1 Iﬂzéﬁalﬁkal acorihy todthé procéduye a@bnﬂawayqufn@mmp Bbperept
. LAl i-4-
using 4'(45?'8%%1?8%"% ?%ce%c [a{nd n e@% (E%’é §c1§gﬂ4§gl? %%J %ngzé’l [MH-+].

for EXAMPLE 26, except Emnig%pyrl di n- 4- yIth| o) acetic
acid in place of formc d. M5 (ES+): mz 484.04
[NMF] EXAVPLE 50 ) H2\ NN O %W/

1- (1H I ndol - 2-yl) - 3[N1‘( [i din-3-ylacetyl)piperidin-4
-yi]imdazo [1, 5- a]p az{ n-8-am ne [393] Prepared
according to the prd‘g]g upe descri bed above for EXAMPLE
26, except using pyridi 3 ylacetic acid in place of
formc acid. M5 (ES+): 452. 07 [ MH]. EXAMPLE 51
JH2ANH. N N N CH3

N/

o,
3-{1-[4-(Dimethylamino)benzoyl]piperidin-4-yl}-1-(1H-indol-2-yl)imidazo[l,S-a]pyrazin-S-
amine

[379] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-(dimethylamino)benzdic acid in place of formic acid. MS (ES+): m/z 480.22 [MH+].
EXAMPLE 37

3-[1-(Cyclohexylcarbenyl)piperidin-4-yl]-1-(1H-indel-2-yl)imidazo [1,5-a]pyrazin-8-amine
[380] Prepared according to the procedure described above for EXAMPLE 26, except
using cyclohexanecarboxylic acid in place of formic acid. MS (ES+): m/z 443.20 [MH+].
EXAMPLE 38

NH, \ NH

N

5
~

3-[1-(Cyclopropylcarbonyl)piperidin-4-yl]-1-(1 H-indol-2-yl)imidazo[1,5-a] pyrazin-8-amine
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\CH3 146 WO 2007/061737 PCT/ US2006/ 044461
4- (8- Am no-1| - (1Hindol -2-yl)imdazo
WO 20506l7pyr azi n- 3-yl ) - N, N-di net hyl pi peri di ne- | PCT/US2006/044461
car boxam de [394] A m xture of
1- (1H i ndol - 2-yl)-3-pi peridin-4-ylimdazo[ 1, 5-a] pyr azi
n- 8-am ne hydrochl oride (30.0ng, 0.0679mMmmv1l),
NN- di i sopropyl et hyl am ne (59.1L, 0.340mml) and DW
(1.00m.) was treated withN, N-di met hyl car banoyl
[} Or PrefaréPacé Sldinglo B 125080} dedbed dbovefbr EXANIPLERS, éAdept

. rior to_sem.-preparati HPLC. d t L sal d
wsing oyBorp BB P AR of 5B e Mgy A 1§
(br. s., 1H), 7.59-7. 6BXAMPREPR? 7.46 (d, 1H, J = 8.3
Hz), 7.15-7.22 (m 1H), 7.Q
1H), 3.82 (d, 2H, J = 12.6 :
2.97-3.09 (m 2H), 2.87 ( 6H), 1.95-2.09 (m 4H);
M5 (ES+): niz 404.14 | ‘EXAMPLE 52 d ° 0 NHZ NH
NN NO-0O CH3 Mthyf ZZ(8-am no- |
-(1Hindol-2-yl)im da%;’N 1,5-a] pyrazin-3-yl)pip
eridin e-l -carb oxyl ate 95] A m xture of
1- (1Hindol - 2-yl') - 3- pi peri ©iyh- 4-yl i m dazo[ 1, 5- a] pyr azi
n-8-anmine hydrochloride (3@ , 0.0679mmol ),
NN- di i sopropyl et hyl am ne (59. 1C; 0. 340mmvol ) and DM
1-(LH-Indpl-B@HtY-| in@sthienykireebngd) piperidinkd -yl imkilazodf, Suipytr azih-B- idGine
67910 et : )
3547 "RIBRC] s BN iRl el Pbed Shobl X AMPLE 26, cxcep
using thippheher2 carppsylitcrcid i phivRo{ @oic orid, MEESD): m/pidta. 225 MiE+].
(br. s., 1H), 7.58-7.6@xAmprRH)40 7-46 (d, 1H J = 8.1
Hz), 7.14-7.22 (m 1H), 7.00-7.12 (m 2H), 6.73 (s,
1H), 4.26 (d, 2H, J = 12. ), 3.71 (s, 3H),
3.33-3.37 (m 1H), 2.9-3. (m 2H), 1.85- 2.06 (m
4H): MB (ES+): niz 3911'96)
N/NN O\ / C H3

7.10 (m 2H), 6.74 (s,
3.34-3.42 (m 1H),

3-[1-(1H-Indol-3-ylacetyl)piperidin-4-yl]-1-(1H-indol-2-yl)imidazo{1,5-a] pyrazin-8-amine
[383] Prepared according to the procedure described above for EXAMPLE 26, except
using indole-3-acetic acid in place of formic acid. MS (ES+): m/z 490.10 [MH+].
EXAMPLE 41

1-(LH-Indol-2-yI)-3-{1-[(3-methoxyphenoxy)acetyl]piperidin-4-yl}imidazo[1,5-a]pyrazin-8-

amine
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WD 2007/ 061737 PCT/ US2006/ 044461

3-[1-(4-Chl oro- 2-net hyl benzoyl ) pi peridin-4-yl]-1-(1Hi
wodwiA&7yt )i m dazo [ 1, 5-a] pyrazi n-8-am ne [ 39B§T/US2006/044461

Prepared according to the procedure described above

for EXAMPLE 26, except using 4-chloro-2-nethyl benzoic

acid in place of formc acid. M5 (ES+): nfz 485.05

[ MH#]. EXAMPLE 54 NH2 NH NI\~ N/N N O CH3

1-(1H I ndol -2-yl)-3-(1-{

[[318'4§ 4 quamﬁl aﬂt@ﬁbﬁ@t& #e 'pP&E&{RX h%s%{éa%é{%} for EXAn el:g except

pi péridin-4-yl)imdazo [1 pyrazi n- 8- am
using (3I5i“%tb%3?y@€ené’&fl§i;‘?ﬂ°r?§ldt i3 Plai‘i%‘”bfﬁ%lé @eid MILEST): Brée4
for EXAMPLE 26, except ENAIMELE 42
1- (4- nmet hyl phenyl ) cycl opr opanecar boxylic acid in place
of formc acid. M5 (ESt): 491. 11 [ MH]. EXAMPLE
55 0 N2 NH ~-- N /N N Cl
3-[1- (4- Chl or o- 3- met hoxxb oyl ) pi peridin-4-y1J-1-(1H
i ndol - 2-y1)i m dazo [ 1, yrazi n- 8- am ne [398]
Prepared accordi ng told rocedure descri bed above
for EXAMPLE 26, except using
4- chl or o- 3- met hoxybenzoi c{acyd in place of formc
acid. M5 (ES+): niz 501.0 VHtY o EXAMPLE 56 148 WO
2007/ 061737 PCT/USZOOG/O44%%I(j§£_ H\/NNO N CH3
1-(5-{ [4-(8-Am no-|-(1Hindol=Z-yl)imdazo [1, 5-4a]
3-[1-(1,83BeaZd dioxd1-8 LY\ Qir Bo®y1) pip dtidin- Ly - CAIARUO-R-yimidazo[1,5-a] pyrazin-8-

amine

[385] Prepared according to the procedure described above for EXAMPLE 26, except
using 1,3-benzodioxole-5-carboxylic acid in place of formic acid. MS (ES+): m/z 481.05 [MH+].
EXAMPLE 43

NH, N\ NH

NZ N

R/Néi)

N
; /EN\N/CHS
o] —

1-(1H-Indo}-2-yl)-3-{1-[(1-methyl-1H-indazol-3-yl)carbonyl] piperidin-4-yl}imidazo[1,5-
alpyrazin-8-amine
[386] Prepared according to the procedure described above for EXAMPLE 26, except
using 1-methyl-1H-indazole-3-carboxylic acid in place of formic acid. MS (ES+): m/z 491.04 [MH+].
EXAMPLE 44

143



t hi enyl ) et hanone [399] Prepared according to the
procedure described above for EXAMPLE 26, except
waiginget3acet yl t hi ophene- 2-carboxylic acid i n pCRUS2008/044461
formc acid. M5 (ES+): mz 485.04 [ MH+]. EXAWPLE 57
NHZ NH N/N NN 0)---(-,-/S
1- (1H I ndol -2-y1)-3-[1-(3-thienyl carbonyl) pi peri di n-4-
yl]im dazo [ 1, 5-al pyrazi n-8-am ne [400] Prepared
according to the procedure descri bed above for EXAMPLE
26, except wusing thiopheng:3-carboxylic acid in place
of formc acid. M5 (ESt): 443. 04 W] . EXAMPLE 58
NH2Z NH NVN,N DN Of 1- (1H I ndol - 2-yl) - 3-
[ 1- (4-ni trobenzoyl ) pi pri ¢h™-4-yl]-i m dazo [ 1, 5-a]
pyrazi n-8-am ne 149y 97/061737 PCT/ US2006/ 044461
[4011 Prepared accor cH 0 the procedure descri bed
above for EXAMPLE 26, usi ng 4-nitrobenzoic
acid in place of formc . M5 (ES+): mlz 482.07
[ MH#]. EXAMPLE 59 f 1 NHN N DN-_O O H3C
3-11-(Butyl sul fonyl) pi peri 4-yl]-1-(1H i ndol - 2-yl)
m dazo [ 1, 5-al pyrazi n-8-am n 02] A solution of
1- (1Hi ndol - 2-yl) - 3- pi peri di <yRi m dazo[ 1, 5- a] pyr azi
n-8-am ne hydrochl oride (33.23nm,”0.075mvol) in DWF
1-(LH-Iadeit2-yiWa 14 (Cembtha xypHeiny Dh detyd] pipseoiolie gyl i idalza|tiSag pyrazin-8-amine

5 . . FQn-of o byt
R Prepalg Rlhe e BisR R At B RN b6, cxcep
using 3-presfopyrhenglacetie pgid frpplags of formie pcid.AMS (BS-Arm/248¢ Q9 [MH].
subj ected to nmass-direcggadnvpgPas ati ve HPLC

3-[1-(1-Benzothien-3-ylcarbonyl)piperidin-4-yl]-1-iodoimidazo[1,5-a]pyrazin-8-amine
[388] Prepared according to the procedure described above for EXAMPLE 26, except
using benzothiophene-3-carboxylic acid in place of formic acid. MS (ES+): m/z 493.01 [MH+].
EXAMPLE 46

Ny N\ -NH

N —

-5

3-[1-(1,3-Benzothiazol-6-ylcarbonyl)piperidin-4-yl]-1-iodoimidazo[1,5-a] pyrazin-8-amine
[389] Prepared according to the procedure described above for EXAMPLE 26, except
using benzothiazole-6-carboxylic acid in place of formic acid. MS (ES+): m/z 494.01 {MH+].
EXAMPLE 47
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to afford the title conpound. 'H NVR (400 MHz -
DMSO-d6) b 0.91 (t, 3H), 1.40 - 1.45 (m 2H), 1.66
wo 200708176m 211), 1.86 -1.90 (m 211) 2.04 - 2PORUSINNG6/044461
2H) 3.02 - 3.11 (m 5H) 3.73 - 3.77 (m 211), 6.47
(bs, 2H), 6.64 (s, 1H), 7.00 - 7.05 (m 1H) 7.09 -
7.12 (m 2H), 7.45 (d, 8.4 Hz, 1H), 7.58 (d, J =
8.0 Hz, 111), 7.69 (d, 5.2 Hz, 1H). M5 (ES+): niz:
453.24 [M+H]. EXAMPLE 60 P\N NHZ N~ VN DN O S1
| ~CH3 H3C
1-(1H I ndol -2-yl)-3-[1-(is
yl]im dazo [1, 5-a] pyrazi n-8=afrine [403] Prepared
according to the procegyré\dascri bed above for EXAVMPLE
59, except using isopgopane-2-sulfonyl chloride in
pl ace of "butanesul f Ayl Fchloride. Ms (ES+): miz
439. 27 [ MH]. EXAWPL 7150 WD 2007/ 061737
PCT/ US2006/ 044461 NHZ NH
3-{1-[ (4- Fl uorophenyl ) sul
i ndol -2-yl)imdazo[1,5-alp
Prepared according to the pr descri bed above
for EXAMPLE 59 except usithg orobenzenesulfonyl
| ori de in place of "butanesulfonyl chl ori de.
I- (IH-I‘(%Q)VD ite lfég‘fetkslcy'[lm-z FHERBL é)cezbwpmldw‘ﬂ}"vdﬂlwll S-
alpyrazii-8-&@nind 0 - CH3 H3CO

Bobi; bRy Rhonipnenvia sl Lonuh LRLR S AL RS it 16 icep

using 2-methy1cyclohexa—2 5-diene-1-carboxylic acid in place of formic acid. MS (ES+): m/z 453.08
[MH+].

pyl sul fonyl) pi peri di n- 4-

I peridin-4-yl}-1-(1l
-8-am ne [404]

EXAMPLE 48

NHy N\ NH

N/ -

I\/N Y

1-(1H-Indol-2-yl)-3-]1-(isoquinolin-1-ylcarbonyl)piperidin-4-yl]Jimidazo[1,5-a]pyrazin-8-amine
[391] Prepared according to the procedure described above for EXAMPLE 26, except
using isoquinoline-1-carboxylic acid in place of formic acid. MS (ES+): m/z 488.01 [MH+].
EXAMPLE 49
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[405] Prepared according to the procedure descri bed
above for EXAMPLE 59, except wusing

W@ 287061181 hoxybenzenesul f onyl chl oride in pl aceCDi$2006/044461
but anesul fonyl chloride. M5 (ES+): mlz 533.17 [ MH].
EXAMPLE 63 NHZ NH N~ i N N, N
1- (1H I ndol -2-yl)-3-{1-[ (4- met hyl phenyl )sul fo
nyl ] pi peridin-4-yl} imdazo [1,5-al pyrazin-8-ani ne 151
WO 2007/ 061737 PCT/ US2006/ 044461 [406] Prepared
according to the proceduge~gdescribed above for EXAVPLE
59, except using 4-nethy zenesul fonyl chloride in
pl ace of "butanesul f onyl loride. M5 (ES+): mz
487.94 [ MH]. EXAVH A NH N'°/ VNN o0--s30
F 3-{1- [(3-Fluorophsaylqsulfonyll
pi peridin-4-yl}-1- FlH—|no-I-2 yl)imdazo [1,5-a]
pyrazin-8-amne [4
procedure descri bed aboye—for EXAMPLE 59, except
using 3-fl uorobenzenesuhfopyl chloride in place
of ' but anesul fonyl chlorid M5 (ES+): mz 491.92
[ M#] EXAMPLE 65 N NH2 Ntzz ~/N/N
3-Cycl obutyl -1-(1Hpyrrol©o [ \7‘
pyridin-2-yl)imdazo [1,5- a] py - 8- ani ne [ 408]

-(lH-Infl?lg%/-@S{)-ébét !!’%JVPL} )&th_zg_)zrtcet pi encim yq}xggéx};o lt,g]-X]lp%r;a]iﬁ-B}é\mine
[392])i rireghaedodctorBingftpthe drdcade descniieed(aBbvafor BXOSVIPDE R26)yvasept

using (py%hin[ﬁ{—ﬁﬁmma&pnc g ligiit Pfagé‘&%clg % §§q-)n %n/z tgﬁl 4rﬂ\/iﬁ-+lf| re

e T PR VAo a0 and pur’i mass
directed preparati ve HEKEMBLE AR ord t he t|tIe
conpound. 'H NWMR (400 MHz 0O-d6) S 1.92 - 2.00 (m
1H), 2.07 - 2.14 (m

NH N\ NH

NZ

N
K/Né}
N

(¢]

\_/
1-(1H-Indo}-2-yl)-3-[1-(pyridin-3-ylacetyl)piperidin-4-yl}imidazo[1,5-a]pyrazin-8-amine
[393] Prepared according to the procedure described above for EXAMPLE 26, except
using pyridin-3-ylacetic acid in place of formic acid. MS (ES+): m/z 452.07 [MH+].
EXAMPLE 51
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1H), 2.43 - 2.47 (m 4H), 3.93 - 4.01 (m 1H), 6.35 -
6.49 (bs, 214), 6.64 - 6.70 (m 114), 7.03 - 7.10 (m
W@Re)o7/061730 - 7.49 (m 1H), 7.95 - 8.00 (m 111pCT/8SH086/044461

8.23 (m 1H), 11.91 (bs, 1H. M5 (ES+): nmlz: 305.17

[ MH#]. EXAMPLE 66 152 WD 2007/ 061737

PCT/ US2006/ 044461 NHp NH N N o CH3 Met hyl

trans-4-(8-amno-I|-(1Hindol-2-yl)imdazo[1, 5-a] pyraz

n- 3-yl ) cycl ohexanecar boxyl ate [409] Starting from
4-(8-Antinahg L Eeh dyl2-yDifiid £40 | 105-RfpFt- LB 9y ). J\&hm{étﬂﬁbg;eﬁdme-l-
caﬂmxﬂﬂl ycl ohexanecar boxyl ate, the title conpoun

ﬁared_accordlng to procedures anal ogous to those
r Aaiture of EXIERARIAE]-1-91)-3-ipdidi-4 JfinBBdE6) 1 ﬂﬁﬁyxmzla)s-ar&ne

hydrochl%ilxdé]f%é)(dﬁ{ ’06%01 Cﬁ,glr c(n o%gwéh)%m%e.’% 09%&61?“01) and DMF
a 00m1,§ s gl %53 W,Agdl yicartgmey] qhirids (623, 06GAm(e]) adéHtirred at rt

for 1h pr%rl&se(rﬂﬂpréﬂd} tivé FPE O @ affdid) the o1P3d i}
cDy0D). y lv3+) ag ggoe 58 °‘4'%<°A“"&L§QE‘%VH§94OO MHz,
3 (N;S 5 m, H),746leJ 83Hz)715722(m 1H), 7.01-

7.10 (m, tzmrgzws( BDARI’R od,lz}(, 1H-1Rrsdnd); 23448 b Gind B0 b b7 5368 @y Qﬁ? 2.87 (s,

6HL192%%?xk{ﬁigbﬂﬁﬁ?ﬂﬁqﬁaé@?ﬁ¥b“ﬁ ?Cld [410] A mixture o

trans-4-(8-am no- 1- ( 1HEX2dMPLE-52

yl )i m dazo[ 1, 5- a] pyrazi n- 3-ylJ).cycl ohexanecar boxyl at e
(500. Ony, 1.28mol) was sti for 18h at rt. The
reaction m xture was then gOmgentrated in vacuo, and
' i ether (3 x 10nL) and

ethyl acetate (2 x IO then with ice-cold
acetonitrile (10On) tg afffold 0.3g of the desired
product. 'H NWR (d6- 400 MHz): S 12.15 (br s,
1H), 11.69 (s, 1H), 8.45 (& , 2H), 7.97 (d, J=6.4

Hz, 1H), 7.63 (d, J= 8.0 H, }H), 7.50 (dd, J= 8.0,
0.4 Hz, 1H), 7.19 (m 1H), 13 (d, J= 6.0 Hz, 1H),
7.06 (m 1H), 683(d J= 1. , 1H), 3.27 (td, J=
11.6, 3.2, 3.2 Hz, 2.3% (td, J= 10.8, 3.2, 3.2

Methyl “@' lﬁ@)il 31#? glté}%—yéﬁidrm@-a &Aﬁﬁl%gp%rigge&gfbo@a&

[Qﬁﬁ | H§17ZRE EAT1HSRO0IE)-H-3 piskridINREZy TN dhlzdy1 ;5N ]pyrazin-8-amine
hydrochloride (30.0mg, 0.0679mmol), N,N- -diisopropylethylamine (59.1plL, 0.340mmol) and DMF
(1.00mL) was treated with methyl chloroformate (5 -25uL, 0.0679mmot) and stirred at rt for 1h prior
to semi-preparative HPLC to afford the isolation of the title compound. 'H NMR (400 MHz, CD;0D)
ppm: 8.32 (br. s., 1H), 7.58-7.66 (m, 2H), 7.46 (d, 1H, J = 8.1 Hz), 7.14-7.22 (m, 1H), 7.00-7.12 (m,
2H), 6.73 (s, 1H), 4.26 (d, 2H, J = 12.9 Hz), 3.71 (s, 3H), 3.33-3.37 (m, 1H), 2.9-3.17 (m, 2H), 1.85-
2.06 (m, 4H); MS (ES+): m/z 391.06 [MH-+].

' EXAMPLE 53
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Q) -NH O Ntrans-4-(8-Amno-I-(1Hindol-2-yl)imdazo
[1, 5-a] pyrazin-3-yl)-Npyridin-3-
W@ b@yobobexanecar boxam de [4111 A suspensi on OPCT/US2006/044461
3-am nopyridine (40ng, 0.43nmmol) in toluene (1.3.L)
was treated with a 2Mtol uene sol ution of
trimethylal um num (0. 3niL, 0.60mmol). After 25m n, the
resulting solution was treated with methyl
trans-4-(8-amno-I|-(1Hindol-2-yl)imdazo[ 1, 5-a] pyrazi
3-[1- (4-chﬁ:ro-leﬁn&n9ib@£@>yt)ﬁﬁﬁﬁﬁhm&¥i]ﬁtﬁlﬁﬁ%ﬂz 821%5%[1 5. r%ilﬁ 8-amine

g‘]tg)é& i)e stirred at@—é‘ over ni ture
AR RCRARG ?EWC?&LSG deseribed ﬁmveafere@%&ﬂ(mi)except

using 4-fldproiBmiethylbetdosacidia phicg anfotmizhaReMEAES+): P24 s 65 mid]
the aqueous extracted \%@g{;&%ﬂwmﬁ The conbi ned
organi c extracts were h water (201L) and
brine (20nm.), then dried oy~ Na2SO4 and concentr at ed
in vacuo to give crude prag whi ch was subjected to
mass-directed preparative Cto afford pure desired
product. 'H NWR (d6- D§®O, 400 MHz): 8 11.45 (br s,
1H), 10.12 (s 1H) 3 d, J= 2.4 Hz, 1H), 8.25 (d,

J= 4.8 Hz, 14l\é M), 8.08 (dd, J= 8.0, 1.6

Hz, 1H), 771(d , 1H) 7.59 (d, J= 7.6 Hz,

1H), 7.46 (d, J= 8.4 Hz, N\ 7.34 (m 1H), 7.15-7.00
(m 3H), 6.65 (s, 1H), 6. r s, 2H), 3.22 (m 1H),
2.47 (m 111), 2.15-1.95 (m\4 and 1.85-1.65 (m

AH). MBS (ES+): mlz 452.17 |
,NCNH 0 trans-4-(8-Am no-|
[1,5-al pyrazin-3-yl)-Npyridi
yl cycl ohexanecar boxam de 154 WO 2007/ 061737
PCT/ US2006/ 044461 [412] Prepared™according to the
1-(1 H-IptdCed)3-€1-(ldgdmdbylphbodeydopropyifddrbényifpiperidi@Alyhimidazo[1,5-
a]pyrazi‘ﬁsk-gguge am nopyridine in place of 3-am nopyridine. M
mz 452.17 [MH]. EXAMPLE 70 NH2 NH N~ /N N
OXH Preaprsd accoplingrioribe pro¢etipre destibe@ alydvk ifor EXAMEHLE 56, akcept

using 1-@h&EYIBhehylbyctdPrHRAREMI XS CREXR Pice SRARAXANORIS (BS+): mvz 491.11
[MEE+].

EXAMPLE 69 NHp NH
i ndol -2-yl)im dazo

EXAMPLE 55

NH; N\ _NH

N/ —

l\/NéN>
N O—~—CH,

3-[1-(4-Chloro-3-methoxybenzoyl)piperidin-4—yl]-1-(1H-indol-2-yl)imidazo [1,5-a]pyrazin-8-
amine
[398] Prepared according to the procedure described above for EXAMPLE 26, except
using 4-chloro-3-methoxybenzoic acid in place of formic acid. MS (ES+): m/z 501.04 [MH+].
EXAMPLE 56
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[413] Prepared according to the procedure descri bed
above for EXAMPLE 68, except wusing aniline in place
w@boo3nertBnopyri dine. M5 (ES+): mz 451. 16 [ MHHPCT/US2006/044461
EXAMPLE 71 NH2 NH N, N/N o NH2
trans-4-[8-Am no-|-(1Hindol -2-yl)imdazo
[1, 5-a] pyrazi n-3-yl]cycl ohexanecar boxam de [4141
trans-4- (8- Am no- | -i odoi m dazo[ 1, 5- a] pyrazi n-3-yl ) cycl
ohexanecar boxam de (40ng, 0.210mmol),
1-(tert-butoxycarbonyl)-AHi ndol e- 2-boronic acid
(33ng, 0.12mml), and s carbonate (33ny,
0.31mmol ) were added to/D¥E: Water (5:1) (2nL) and the
m xture degassed w th RArgon for 10m n.

0. 007mmol ) was then afided and the reaction m xture

m crowaved at 110 h, The m xture was

[ [ DMSO, and purified
by mass-directed prepanati to afford desired
product. 'H NWR (d6- ): N 11.50 (br s,
1H, 7.72 (m 1H), 7.58 g 7 Tcd6 (dd, .1= 7.6,
0.4 Hz, 1H), 7.25 (br s, 7.13 (m 1H), 7.08-7.00

1- (5-{[4-éfr[3.m%i‘(0-1 61@!17.9106-@%1%&'20[1 sﬁaég?ra&ti{-s 1)p.iaglgdm31 }@ca@ﬂbnyl}-z-

thlenyl)ema)ﬂows (ES+) m{z 375. 17 [I\/H+] EXAMPLE 72 155 V\D
(2639 7/ 86t Sl ac B dinp) G2 (6 ?ic@édhﬂrﬁ dlesctibddrdbod-for EKQ}Z/I;’ISE %(;, except

[

using 5 'affylg"%ﬁhep%_%%gbﬂxygw i 1)d ﬁ!ﬂ“‘ﬁ]@ﬁg IF;J“‘ gxlgggiésar ox,jégrﬂ .
[ 415] Et hyl anmi ne hydrdEK%@lFH@SFSO ng, 0.37mmol),
2- (1H benzotriazol -1-yl)-1, , 3- tetranet hyl uroni um
tetrafl uoroborate (35ng, ), and
N, N- di i sopropyl et hyl am ne 0. 53mmol ) were added
to a solution of
trans-4- (8- Amno- |- (1Hkindol -2-yl)im dazo[1, 5- a] pyr azi
n-3- yl)cycl ohexanec 7bo y/ac acid (25nmg, 0.07mmol) in
anhydrous DVF (2nl). onpl etion of reaction (as
nonitored by LCMS), the m re was added to a
sat urat ed aqueous sodi um Ri bonate solution (10n).
The resulting precipitate collected by filtration
and washed with cold aceto (3 x 1Om) to
afford 13ng of the desired Prod 'H NMR (d6- DVSO,

1-(1H-1n31%8 ﬁyﬂz—%—[lﬂfﬁ-th}elxg lrrtgﬁ&ljﬁrpeﬁ&ﬁh-yﬁ Jrﬁai(ﬁﬂs-ag]!yrﬂz@-s-amlne
508 ronik sy iegioreins s M iy EXARRPLERS geo
using thl()ﬁmane—i—caaaonh(Bach ihlplacd dflformié.a8f: MO@SHNM/2443.04 B4G3].
H, 6.43 (br EXAMPLE 58

1-(1H-Indol-2-yl)-3-[1-(4-nitrobenzoyl)piperidin-4-yl}-imidazo[1,5-a] pyrazin-8-amine

149



s, 2H, 3.16 (m 111), 3.07 (m 211), 2.18 (m 1H),

2.02 (m 2H, 1.84 (m 2H), 1.66 (m 4H) and 1.02 (t,
wd2004/08178tz, 3H). M5 (ES+): mz 403.09 [ MH]. BXAVBEHOFBGH4461

NH2 NH N~ Lzz~ N Nf' O

trans-4-(8-Amno-|-(1Hindol-2-yl)imdazo [1,5-a]

pyrazi n-3-yl)-N-cycl opropyl cycl o hexanecar boxam de

[416] Prepared according to the procedure descri bed

above for EXAMPLE 72, except using cycl opropyl am ne

401p! 2eHart e«t ha
O r&ala 0% mtﬂ@%r/o %%i‘%%%d%szgé%%%ﬂ 26, except

using 4 ?%XA%@'zmﬂgmﬁ in R}ayze of; N:ﬁ S+): m/z 482.07 [MH+].
{[trans-4-(8-am no-| - ( B¥AmoalE® y1)i m dazo[ 1, 5- a] pyr a
zi n-3-yl)cycl ohexyl] nethyl}carbamate [417} A m xture
of benzyl
{[trans-4-(8-am no-I|-iodoim
yl')cycl ohexyl ] met hyl } car ga
1-(tert-butoxycarbonyl) - [
(0.517g, 0.00198rnol), ¥
water (1.4nmL, 0.081nvol)
0. 00360np1) degassed three t
tetralas (triphenyl phosphifqe)palladi um(0) (200nyg,
0. 0002nol ) and degassed once re. The resulting
m xture was heated at 100C oyt ght before being
diluted with EtCAc (401), washed with water (2 X
30m.) and brine (20.L) then dnied over Na2SO4 and
concentrated in vacuo. The gg0de product thus
' c ver silica gel eluting
3-1-g R fotiE ol SR AR BRACE VB ol s asie G pmine
B}OZJ OAQ®lution af 1-01Hdirtdob2-y)3-sipertiipaumichidazb] 1NVRp(488-8-amine

hydrocth‘i'ée (_3?@%%2 0. o%ﬁh;-.&? 51]1?[1%1% éi%) r%@r%a'_ﬁd w‘gn é@?%}ﬁg ”Pf%% Byramine
. 05mL80 _ZL@mg )pnd @,ﬂ)lugﬂ) of "hutg@sul((myl qh-lgndeE{Q $#2mg 50.060Rnmad). i6 9mL of
DMF. Thxhixtudd dhs 16t 8tu(a$n féxH)ha and tHeR shbjéded f@ma?s@dlre&ed]p?'egara%%e HPLC
to afford(tﬁfe] tltge@ompoung IH rT})O MHz — DMSO0-d6) & 0.91 (t, 3H), 1.40 — 1.45 (m, 2H),
1.66 — 1.69 (m, 2H), 1.86 — 1.90 (m, 2H) 2.04 —2.09 (m, 2H) 3.02 — 3.11 (m, 5H) 3.73 — 3.77 (m,
2H), 6.47 (bs, 2H), 6.64 (s, 1H), 7.00 — 7.05 (m, 1H) 7.09 — 7.12 (m, 2H), 7.45 (d, T=8.4 Hz, 1H),
7.58 (d, J = 8.0 Hz, 1H), 7.69 (d, ] = 5.2 Hz, 1H). MS (ES+): m/z: 453.24 [MH+].

EXAMPLE 60

o[ 1, 5-a] pyrazi n- 3-

#{ 1. 00g, 0.00180nvl),
dol e- 2-boronic acid
=diyret hoxyet hane (7.7nl),
sium Carbonate (1.17g,
S, treated with

NHp N\ NH

CH
HyC 3

1-(1H-Indol—2-yl)—3-[1-(isopropylsulfonyl)piperidin-4-yl]imidazo[1,S-a]pyrazin-S-amine

[403] Prepared according to the procedure described above for EXAMPLE 59, except
using isopropane-2-sulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 439.27
[MH+].

EXAMPLE 61
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5H), 7.42 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.4 Hz,
1H), 9.09 (br, 1H). M5 (ES+): nmfz 495 [ M+]. EXAWVPLE
w@2007M62Z3NH N N /N HN O N { PCT/US2006/044461
[trans-4-(8-Am no-|-(1Hindol -2-yl1)imdazo [1, 5-a]
pyrazi n-3-yl)cycl ohexyl] nethyl}-3- 157 WD 2007/ 061737
PCT/ US2006/ 044461 furam de [418] Prepared according
to the procedure described above for EXAMPLE 22,
except using 2-furoic acid in place of acetic acid.
M5 (ES+): niz 455.20 [ MH]. MPLE 76 NHZ NH N~ \/N
N HN N{ [trans-4-(8-Amn (1Hindol -2-yl)im dazo
[1,5-a] pyrazin-3 yl)cyclp X |7 nmethyl }benzam de
[419] Prepared accordinglfo/t he procedure descri bed
above for EXAMPLE 22, SBEJ/ usi ng benzoic acid in
pl ace of acetic acid. (ESt): mlz 465.25 [ MH].

z

EXAMPLE 77 NHZ NH N N /| HN 0/-0 N-{
[trans-4-(S-Ami no-I-(1H i ndol- 2 yl)i m dazo
[1, 5-aJpyrazi n- 3- 0=

yl ) cycl ohexyl ] net hyl } cycl obut carboxam de [420]
Prepared according to the pro ure descri bed above
for EXAMPLE 22, except using cyctl obut anecarboxylic

3-{1- [(%dopnnpl)anmngnpﬁ;@ﬁunm-gu}udamﬁd()ﬁﬁy imid®aZo (4317 azin-8-amine

g%l L%?B%{W ‘Efgllg to rRﬁ ur2e0 es70/r1%ec} above for EXAMPLE 59, except

using 4-fluorobenzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ESH): m/z 491.15
[MH+].

EXAMPLE 62

B
NHy \ NH

NZ N

K/Néh‘\}
\

=570

o ) O~ch,
HC—g

3-{1-[(2,5-Dimethoxyphenyl)sulfonyl]piperidin—4-yl}-1-(1H-indol—2-yl)imidazo[1,5-a]pyrazin-8—
amine
[405] Prepared according to the procedure described above for EXAMPLE 59, except
using 2,5-dimethoxybenzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z
533.17 [MH+].
EXAMPLE 63

=

NH, N\ NH

NF N==

“5

=0

05?

1-(1H-Indol-2-yl)-3-{1-[(4-methylphenyDsulfo nyl]piperidin-4-yl}imidazo[1,5-a]pyrazin-8-amine
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NN NHNOCH OO H3C N{

[trans-4-(8-Am no-|-(1Hindol-2-yl)imd azo [1, 5-4a]
w@o0ans1138- yl ) cycl ohexyl ] met hyl } - 3, 5- PCT/US2006/044461

di met hoxybenzam de [421] Prepared according to the

procedure descri bed above for EXAMPLE 22, except

usi ng 3, 5-di net hoxybenzoic acid in place of acetic

acid. M5 (ES+): nmlz 525.35 [MH]. EXAMPLE 79 n\ NHZ

NH NN NCH3 0O OHN OO CH3 N{

4(16'] a ﬂ’@e;ﬁrseﬁaceﬁmhﬁ,@ to the pddeduiél @dscriberlapdvd FPERAMBLID 58 ]except
wsing -rft Bt b FIsBE oo Sl splarid, IS (s i 45794

[MH+]. procedure descri bed above for EXAMPLE 22, except
usi ng 2, 4-di nmet hoxybe in place of acetic
acid. M5 (ES+): niz 52% §§:ﬁ§$& EXAVPLE 80 159 WO
2007/ 061737 PCT/ US2006/ 044 )R2\NH N,-N HN O
N-{ [trans-4-(8-Anm no-I|-( ndol - 2-yl )i m dazo [1, 5-a]
pyrazin-3 yl) cycl o hexwyl] hyl} fo rmam de [423]
Prepared according to ~rocedure described above

for EXAMPLE 22, exceptk/u\é\>

3-{1-[(3-Fluorophenyl)sulfonyl] piperidin-4-yl}-1-(1LH-indol-2-yl)imidazo[1,5-a]pyrazin-8-amine
[407] Prepared according to the procedure described above for EXAMPLE 59, except
using 3-fluorobenzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 491.92
[ME-+]. .
EXAMPLE 65
7

NH, N\ _NH

N —

Qw;
S

3-Cyclobutyl-1-(1H-pyrrolo[2,3-b]pyridin-2-yl)imidazo[1,5-a]pyrazin-8-amine

[408] 3-Cyclobutyl-1-[1-(2-trimethylsilylethoxymethyl)-1H-pyrrolo[2,3-b]pyridin-2-
yllimidazo[1,5-alpyrazin-8-amine (35mg, 0.08mmol) was stirred with concentrated HCI for 15min.
The mixture was then concentrated in vacuo and purified via mass directed preparative HPLC to
afford the title compound. 'H NMR (400 MHz DMSO0-d6) & 1.92 ~ 2.00 (m, 1H), 2.07 — 2.14 (m,
1H), 2.43 — 2.47 (m, 4H), 3.93 — 4.01 (m, 1H), 6.35 — 6.49 (bs, 2H), 6.64 — 6.70 (m, 1H), 7.03 - 7.10
(m, 2H), 7.39 — 7.49 (m, 1H), 7.95 — 8.00 (m, 1H), 8.18 — 8.23 (m, 1H), 11.91 (bs, 1H). MS (ES+):
m/z: 305.17 [MH+].

EXAMPLE 66
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using formc acid in place of acetic acid. M5 (ES+):

mz 389.10 [ MH]. EXAWMPLE 81 NH2 NH N\/N//N |zz
WoONG7/06 R 2R) - N- { PCT/US2006/044461

[trans-4-(8-am no-|-(1Hindol-2-yl)imdazo [1, 5-a]

pyrazi n-3-yl)cycl ohexyl] nethyl}-

2- phenyl cycl opr opanecar boxam de [424] Prepared

according to the procedure descri bed above for EXAMPLE

22, except using

(1R 2R) - 2- phenylcyclopropane arboxylic acid in place

of acetic acid. M5 (ESt): $05. 30 [ MH]. EXAMPLE

82 160 WD 2007/ 061737 PCT/A&S2006/ 044461 )YH2\NH \/N

INCI HNOSF N{ NH,

[trans-4-(8-Am no-1-(1

pyrazi n- 3-yl)cycl ohex$¥t] yeshyl } - 3-chl or o-

6-fl uor obenzo [b] thi ophéhe” 2- car boxani de [ 425]

Prepared according to the pIe edure descri bed above

NH
Indol-2-yl)imd azo [1, 5-4a]

for EXAMPLE 22, except us
3-chl oro- 6-fl uor obenzo[ b] t hirgphene- 2- car boxylic acid
in place of acetic acid. M @ES&) mz 573.35 &

575.31 [MH+]. EXAMPLE 83 N2 NM#+% N~ N N HN O N N-{

Methyl %t rsgg-?% ?(no-ﬁf?lﬁméolé ﬁ_l}lﬂﬂ%[l% 1}1L}ﬂa%@%ﬂcyuohéxaﬂacarboxylate

MO y Stadtinefydn) renstpethyldo@uivapintidazpllchelppeamie [ 426]
yl)cyclolFngl‘?&tél% '\/ng‘tg chlgﬁtgzgcotgﬂ)omw% RELA RcslanGlib PRedRRUBalogous to
those described for EXAIV[PLiE 10. Hh H NMR (ds-DMSO, 400 MHz): 8 11.42 (br s, 1H), 7.70 (4, J=
4.0 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.30-6.90 (m, 3H), 6.63 (br s, 1H),
6.44 (br s, 1H), 3.64 (s, 3H), 3.18 (m, 1H), 2.44 (m, 1H), 2.03 (m, 4H), 1.80-1.50 (m, 4H). MS (ES+):
m/z 390.28 [MH+].

EXAMPLE 67

—
Nz N\ NH

N/ e

I\/N a

O//\OH

trans-4-(8-Amino-1-(1H-indol-2-yDimidazo[1,5-a] pyrazin-3-yl)cyclohexanecarboxylic acid

[410] A mixture of 37% HCI (30 mL) and methyl trans-4-(8-amino-1-(1H-indol-2-
yDimidazo[1,5-a]pyrazin-3-yl)cyclohexanecarboxylate (500.0mg, 1.28mmol) was stirred for 18h at rt.
The reaction mixture was then concentrated in vacuo, and the residue washed with diethyl ether (3 x
10mL) and ethyl acetate (2 x 10mL), then with ice-cold acetonitrile (10mL) to afford 0.3g of the
desired product. "H NMR (ds-DMSO, 400 MHz): § 12.15 (br s, 1H), 11.69 (s, 1H), 8.45 (brs, 2H),
7.97 (d, J = 6.4 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.50 (dd, /= 8.0, 0.4 Hz, 1H), 7.19 (m, 1H), 7.13
(d, J= 6.0 Hz, 1H), 7.06 (m, 1H), 6.83 (d, J= 1.6 Hz, 1H), 3.27 (td, /= 11.6, 3.2, 3.2 Hz, 1H), 2.33
(td, J=10.8, 3.2, 3.2 Hz, 1H), 2.05 (m, 4H), 1.73 (m, 2H) and 1.58 (mz, 2H). MS (ES+): m/z 376.05
[MH-+].

EXAMPLE 68
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usi ng i soqui nol i ne-2-carboxylic acid in place of
acetic acid. Ms (ESt): mz 516.40 [ MH#]. EXAMPLE 84
wQaem7W72007/ 061737 PCT/ US2006/ 044461 NHZ NH PETUS006/04461
N <, XD O NH
N-{[trans-4-(8-Am no-|-(1Hindol-2-yl)imdazo[l, 5-a] py
razi n-3-yl)cycl ohexyl ] net hyl } i ndol e-3- carboxam de
[427] Prepared according to the procedure descri bed
above for EXAMPLE 22, except using
I ndol e-3-carboxylic acid in _place of acetic acid. M
(ES+): niz 505.46 [ MH]. LE 85 NH, N\H N~ ,N N
1-(4-Chl oro-1 Hindol -2-yl), ycl obutyl i m dazo [1, 5-a]
pyrazin-8-am ne [428] Rpep d according to the
procedure descri bed abgve ffor EXAMPLE 2, except using
1- (tert but oxycar bony¥y -4Zckl or o-1 H i ndol e- 2- bor oni ¢
acid in place of 1-(t ®¢t oxycar bonyl ) - 1H
i ndol e-2boronic acid. '"H NWR- (400 MHz - DMSO-d6) S
1.91 - 1.98 (m 1H), 2.08 15 (m 1H), 2.42 - 2.46
(m 4H), 3.97 - 4.00 (m 1H% 6.42 (bs, 2H), 6.67 (s,
1H, 7.09 - 7.14 (m 3H), 7. 43w 7.47 (m 2H) and
11.83 (bs, 1H). M5 (ES+): nfz %8)26 [M-1+]. EXAMPLE

86 162 WD 2007/061737 PCT/ US2006/M044461 NHZ NH N \/N
N H3CGo

zrans-448-(ailrhhmrt@b_laaMLé-ylﬁn{naaz(oﬂr i Ryeoay pRPIVIpyeiael-8pr opyl ||

level 4ﬂx pyrazi n-8-am ne [429] Prepared according
ycyc"lleé‘a'l"f‘f@r 3R, e described above for EXANPLE 2, except

(#lithg A shspmisivoroy Braemydpysidine (0o1Eatd dmmbt)iy tdluena €. 3L )was treated

with a 2@_@8‘%&@&@% &%‘é&.@iﬂnﬁ%ﬁﬁ@ﬁ}ﬁ d. 3(2}11]9(6 ébimgé") ?M%r %ﬁQQ thMEgsultlng

solution(veas trgateff with npghyl (yangéch—ngqqzl (1F1- H}lol-z-gl)rmadz{zg[l S_ta]qyrazm—B-
yl)cycloﬁe)&%ec(aﬁboxg*la@ Orgg,Q)SOder)I alﬂgehelralx'dﬁ*e sthrrdd)at rt7ov91:z°algﬁ1€l ;The mixture was
then stlrred wit 21\'/_5\Ta(£[-1 ran) an% hyl acetate 38m£|§ for:&Omm then the organic phase was
separated and the aqueous extracted EtOAc (3x15mL). The combined organic extracts were washed
with water (20mL) and brine (20mL), then dried over Na,SO, and concentrated in vacuo to give crude
product which was subjected to mass-directed preparative HPLC to afford pure desired product. 'H
NMR (ds-DMSO, 400 MHz): § 11.45 (br's, 1H), 10.12 (s, 1H), 8.77 (d,/=2.4 Hz, 1H), 825 (d,J =
4.8 Hz, 1H), 8.14 (s, 1H), 8.08 (dd, J = 8.0, 1.6 Hz, 1H), 7.71 (d, /= 5.2 Hz, 1H), 7.59 (d, /= 7.6 Hz,
1H), 7.46 (d, J = 8.4 Hz, 1H), 7.34 (m, 1H), 7.15-7.00 (m, 3H), 6.65 (s, 1H), 6.42 (brs, 2H), 3.22 (m,
1H), 2.47 (m, 1H), 2.15-1.95 (m, 4H), and 1.85-1.65 (m, 4H). MS (ES+): m/z 452.17 [MH+].
EXAMPLE 69

NHy N\ NH

NZ =

l\/” /"

O/}\NH
N
7\
e
trans-4-(8-Amino-1-(1 H-indol-2-yl)imidazo[1,5-a] pyrazin-3-yl)-N-pyridin-2-

ylcyclohexanecarboxamide
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H, 7.23 (s, 2 H, 7.44 (d, J=8.07 Hz, 1 H), 7.65 (d,
J=8.07 Hz, 1 H and 9.36 (br. s., 1 H. M5 (ESt): mz
w@2@70617BMH] . EXAMPLE 87 NH2 \ NH 01 o 5~O PCHBS2006/044461

1- (1H I ndol - 2-yl)-3-[ 1- (propyl sul fonyl ) pi peri di n-4-yl]

i mdazo [1, 5-a] pyrazin-8-amne [430] Prepared

according to the procedure described above for EXAMPLE
59, except using propane-2-sul fonyl chloride in place

of "butanesul fonyl chloride. M5 (ES+): mz 439.06

[4VB}] PrepiEXdhiRioEdiB8to thérodurR0R¢drbed ke for EXAMPLE 68, except

using 2- Erﬁ‘l}%ﬁ%%g%% (B%éél $€3 grm_ljfc))py%l_&me MS (Eg-"i\l e 49? §17A8'1H+]

[1- (phenylsulfonyl)plpéﬂ@ﬁwmﬂlﬂzu] i mdazo [ 1,5-a]
pyrazi n- 8-am ne [431] Prepa ed according to the
procedure descri bed above EXAMPLE 59, except
usi ng benzenesul fonyl chl oyg€ in place of

"but anesul fonyl chloride, WSNES+): mz 473.29 [ MH].

EXAMPLE 89 NHZ NH N~N .So0o F FF
1- (1H I ndol - 2-yl)-3-{ N
1-[(3,3,3-trifluoropro vul fonyl ]

pi peridin-4-yl}imdazo | a] pyrazin-8- amine

[432] Prepared according t e procedure described
above for EXAMPLE 59, except® using
3,3,3-trif|uoropropane-l-sugfb | chloride in place of
"but anesul fonyl chloride. M ( . mz 493.19 [ MH].
EXAVPLE 90 $NH
trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-] pyrazin-3-yI)-/V-phenylcyclohexane
carboxamide
[413] Prepared according to the procedure described above for EXAMPLE 68, except
using aniline in place of 3-aminopyridine. MS (ES+): m/z 451.16 [MH+].

EXAMPLE 71

S
NH, N\ NH

N7 —

g

trans-4-[S-Amino-1-(1H-indol-2—yl)imidazo[1,5-a]pyrazin-3-yl]cyclohexanecarboxamide

[414] trans-4-(8-Amino-1-iodoimidazo[1,5-a]pyrazin-3 -yl)cyclohexanecarboxamide
(40mg, 0.10mmol), 1-(tert-butoxycarbonyl)-1H-indole-2-boronic acid (33mg, 0.12mmol), and sodium
carbonate (33mg, 0.3 1mmol) were added to DME:Water (5:1) (2mL) and the mixture degassed with
Argon for 10min. Tetrakis(triphenylphosphine)palladium(0) (8.0mg, 0.007mmol) was then added and
the reaction mixture microwaved at 110°C for 1h, The mixture was concentrated in vacuo, taken up in
DMSO, and purified by mass-directed preparative HPLC to afford desired product. 'H NMR (ds-
DMSO, 400 MHz): 0 11.50 (br s, 1H), 7.72 (m, 1H), 7.58 (m, 1H), 7.46 (dd, J=17.6, 0.4 Hz, 1H),
7.25 (br s, 1H), 7.13 (m, 1H), 7.08—7.00 (m, 2H), 6.70 (br s, 1H), 6.69 (br s, 1H), 3.16 (m, 1H), 2.20
(m, 1H), 2.10-1.80 (m, 4H) and 1.65 (m, 4H). MS (ES+): m/z 375.17 [MH+].

EXAMPLE 72
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ONH | ~e--O 164 WO 2007/061737 PCT/ US2006/ 044461
trans-3-(8-Am no-|-(1Hindol -2-yl)im dazo

WO 20506l7pyr azi n-3-yl ) -N-[ (1S) - 1- phenyl et hyl ] CRCT/US2006/044461
cl ohexan ecarb oxam de [433] Prepared according to the
procedure descri bed above for EXAMPLE 72, except
using (1 S)-1-phenyl ethanam ne in place of
cycl opropylam ne. M5 (ES+): mz 479.11 [ ML{+].
EXAVPLE 91 NH2 NH N N HN O Br N-{
[trans-4-(8-Am no-1-(1Hindgks2-yl)im dazo
[1, 5-a] pyrazin-3-yl)cycl ohg | methyl} (3-
bronophenyl ) acet am de [434f=Hfepared according to the
procedure described abg heiH EXAMPLE 22, except
usi ng 3- bronophenyl acgty
acid. Ms (ES+): nfz 4&7 71 and 559. 20 [ MH]. EXAMPLE
92 NH2 \ N\H \/N /N
[trans-4-(8-Am no-| - (1Hi
pyrazi n-3-yl ) cycl ohexyl ] } (2, 6-
di chl or o-5-fl uoropyridin-3-yi)acetam de [435] Prepared
according to the procedure g@‘&1§bed above for EXAMPLE
22, except using CHy

trans-4-(82A§in P-J('iﬁ-'il?!oi’ 'Zt)llﬂﬂﬁwﬁ' 5111 l?’azm 3@%93—eﬁ1f%t:%h+%nfcéq§boxamlde
@!Ibg& E?%g;%‘%v%rﬂ%%l}wgé%%& 7@@01@%#&&@%“#01 1-yD)-1,1,3,3-

tetramethyluronium tetrafluoroborate (35mg, 0.11mmol), and N,N-diisopropylethylamine (80uL,

0.53mmol) were added to a solution of trans-4-(8-Amino-1-( 1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-
yDcyclohexanecarboxylic acid (25mg, 0.07mmol) in anhydrous DMF (2mL). Upon completion of
reaction (as monitored by LCMS), the mixture was added to a saturated aqueous sodium bicarbonate
solution (10mL). The resulting precipitate was collected by filtration and washed with cold
acetonitrile (3 x 10mL) to afford 13mg of the desired product. 'H NMR (ds-DMSO, 400 MHz): §
11.41 (br s, 1H), 7.75 (dd, J = 4.0, 4.0Hz, 1H), 7.69 (d, J = 4.0Hz, 1H), 7.58 (d, J = 8.0, 4.0Hz, 1H),
7.45(d, /= 4.0, 4.0Hz, 1H), 7.12 (dd, J = 8.0, 8.0 Hz, 1H), 7.08~7.00 (m, 2H), 6.63 (m, 1H), 6.43 (br
s, 2H), 3.16 (m, 1H), 3.07 (m, 2H), 2.18 (m, 1H), 2.02 (m, 2H), 1.84 (m, 2H), 1.66 (m, 4H) and 1.02
(t, /= 4.0 Hz, 3H). MS (ES+): m/z 403.09 [MH+].

EXAMPLE 73

==
NHy N\ NH

N ==
N
K/N ¢

/‘L

trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[l,S-a]pyrazin—3—yl)-N-cyclopropylcyclo
hexanecarboxamide
[416] Prepared according to the procedure described above for EXAMPLE 72, except
using cyclopropylamine in place of ethylamine. MS (ES+): m/z 415.22 [MH+] .
EXAMPLE 74
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N11 / V'Y NHZ N~ N O Benzyl
4-18-am no-1|-(1Hindol -5-yl)imdazo [1, 5-4a]
wW@o0ans113 8-yl | pi peridi ne-1-carboxyl ate [436]PEr/epaneatdsct
according to the procedure descri bed above for EXAMPLE
24, except wusing indole-5-boronic acid in place of
1- (tent-butoxycarbonyl)-1H i ndol e-2-boronic acid. M
(ES+): mz 494.97 [MH]. EXAMPLE 94 N, NHZ\ NH N
O-"N,N HN
trans-4-(8-Amno-1-(1Hin
n-3-yl) N benzi m dazol - 2-
[437] Prepared according
above for EXAMPLE 68, nexc
2- am nobenzi m dazol e ace of 3-am nopyridine. M
(ES+): niz 490.97 | 11° EXAMPLE 95 166 WD
2007/ 061737 PCT/ US2 461 NH2 NHN/N N ~N
1- (I H1ndol -2-yl)-3-[1-(g&tRol i n-2-yl net hyl ) pi peri di n-
4-yl]imdazo [1,5-a] pyr 8-am ne [438] A solution
of 4
1- (1H I ndol - 2-yl ) - 3- pi peri 4 n-4-yl i m dazo[ 1, 5- a] pyr azi
n-8-am ne hydrochl oride { Omg, 0.09mol),
2-fornyl qui noline (17my, & |) and triethylam ne
(0.019n, O.214mmol) in 1,4-drefang (1nL) was treated
wi t h sodi um cyanobor ohydri de (5. , 0.090nml ) and

N t r.20m.n
st (520 R Sy S
methyl}¢arbampieanol | oaded onto an SCX i on exchange cartri dge,

[amj th&ﬁxﬁkﬂﬁénﬂylt{firaliwwkvamo hJ %d&ﬁklﬁﬁi&:ﬁi 5-a§ﬁr§ in-3-

Deyelo ﬁﬁ ¥. n§?$r| t hus obtai ned was t ted to
eyelotiggiinghiicSmaye, (i99e 0 S0 OmPP ol rertbuiomersrhompttlék indols2-boronic
acid (0.5 NRgRO(000ZBnhdty; 1, 2MifEhoSy et 27. 48L), wited 6l .41, Aodholend Cesium
Carbonatg(l lgg, %Q)O§§Omol) degassed three times, treated with tetrakis
(triphenylphosphine)palladium(0) (200mg, 0.0002mol) and degassed once more. The resulting

mixture was heated at 100°C overnight before being diluted with EtOAc (40mL), washed with water
(2 X 30mL) and brine (20mL) then dried over Na,SO, and concentrated in vacuo. The crude product

<2-yl)imdazoll, 5-a] pyr azi
ycl ohexanecar boxam de

he procedure descri bed
~NH  usi ng

thus isolated was chromatographed over silica gel eluting with hexane — EtOAc: hexane: 5% 2M

NH; in MeOH 1:1:0.05 to afford the title compound. 'H NMR (400 MHz, CDCls): 8 1.13-1.22 (m,

2H), 1.75-1.86 (m, 2H), 1.94-1.97 (m, 2H), 2.11-2.13 (m, 2H), 2.86 (m, 1H), 3.12-3.16 (m, 2H), 4.82

(m, 1H), 5.12 (s, 2H), 5.69 (br, 2H), 6.78 (s, 1H), 7.13-7.15 (m, 2H), 7.19-7.25 (m, 2H), 7.32-7.38 (m,

5H), 742 (d, J= 8.0 Hz, 1H), 7.64 (d, ] = 8.4 Hz, 1H), 9.09 (br, 1H). MS (ES+): m/z 495 [MH-+].
EXAMPLE 75

N-{[trans-4-(8—Amino-1-(1H-indol—2-yl)imidazo[1,5-a]pyrazin—3-yl)cyclohexyl] methyl}-3-
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9.60 Hz, 2 H), 3.47 (d, J=10.11 Hz, 2 H), 4.29 (s, 2
H, 6.74 (s, 1 H, 7.02 - 7.11 (m 2 H), 7.19
wQ@ 20038788, 7.07 Hz, 1 H), 7.47 (d, J=9.09 Hz, pA1/B§2006/044461
7.58 - 7.65 (m 3 H), 7.69 (d, J=8.59 Hz, 1 H), 7.80
(t, J=8.34, 6.82 Hz, 1 H), 7.96 (d, J=7.33 Hz, 1 H),
8.08 (d, J=8.34 Hz, 1H) and 8.39 (d, J=8.59 Hz, 1 H).
M5 (ESt+): mz 474.23 [MH+]. EXAMPLE 96 NH2 NH N.. N O
N -5-0 1- (1H I ndol - 2-yl ) - 3-
furamidel- ( 2-t hi enyl sul fonyl ) pi peridin-4-yl]imdazo [1, 5-3a]
razin-8-amne [439] Prepared according to the
18k e Fiprared@seariipe ip hp Brpsequss deastippriowgor BXAMRLE 22, except

using 2—E§6i6 GCiBle? glabte&ﬁcl ﬁtlichéic{:j MY(ESSN o k20 ;MHZ-];S elgf M
ut anesul fonyl chl ori +): rn/z : :

EXAMPLE 97 167 WO 200?@%&@?@5§BET/U82006/044461 NH2
NHN NN --&CH3
1- (1HIndol -2-yl)-3-{1-[(3-
pi peridin-4-yl}imdazo El,
Prepared according to tife edure descri bed above
for EXAMPLE 59, excepi” \ng 3-net hyl benzenesul f onyl
chloride in place of lputangdul fonyl chloride. M
(ESt): nlz 487.94 | . BXAMPLE 98 NH2 NH N k 33-~0
0) CH3
1-(1H I ndol -2-yl)-3-11-[ (2 hyl -1 H i m dazol -4-yl)su
fonyl ] pi peridin-4-yl}imdazo%[1,5- a] pyrazin-8-amne
[441] Prepared according tq,¥he procedure described

above for EXAMPLE 59, excepgk\<i:>
. ) o]

N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidaze[1,5-qa] pyrazin-3-

yl phenyl ) sul f onyl ]
pyrazi n-8-am ne [440]

yl)cyclohexyllmethyl}benzamide
[419] Prepared according to the procedure described above for EXAMPLE 22, except
using benzoic acid in place of acetic acid. MS (ES+): m/z 465.25 [MH+].

EXAMPLE 77
—
NH, N -NH
N

/N
Q9

HN

7~

N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-
yDcyclohexyl]methyl}cyclobutanecarboxamide
[420] Prepared according to the procedure described above for EXAMPLE 22, except
using cyclobutanecarboxylic acid in place of acetic acid. MS (ES+): m/z 443.25 [MH+].
EXAMPLE 78
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usi ng 1-nmethyl - 1H i m dazol e-4-sul fonyl chloride in

pl ace of "butanesul fonyl chloride. M5 (ES+): mz
waZ00786017BMH] . [ 442] The foll ow ng exanpl es WePET/US2006/044461

prepared according to procedures anal ogous to those

descri bed above, utilizing where necessary known

literature chem stries. Ex # Structure M# Ex #

Structure M+ NH NH 14 NH 500.93 99 100 11,,,N

433.06 502.91 o ~ o 168 WO 2007/061737

PCT/ US2006/ 044461 Ex # Stxucture M+ Ex # Structure

M+ NN NH NNNH NNN @ 433.02 102 _, N N 404.96

A

A /' NNNH NH NH NN 103 N N 474.23 104 j1
483.00 N\ NNt NHN N~-i 105 N N 483.27 106
452.04 N bN NH2 NH Nk

=

N O—cH,

0

HaC
N-{[trans-4-(8-Amino-1-(1H-indol-2-y)imidazo[1,5-a] pyrazin-3-yl)cyclohexyljmethyl}-3,5-
dimethoxybenzamide

[421] Prepared according to the procedure described above for EXAMPLE 22, except
using 3,5-dimethoxybenzoic acid in place of acetic acid. MS (ES+): m/z 525.35 [MH+].

EXAMPLE 79
_—
NH, N\ _NH
N~ N

Liv/N 7

CHj
N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-a] pyrazin-3-yl)cyclohexyljmethyl}-2,4-
dimethoxybenzamide
[422] Prepared according to the procedure described above for EXAMPLE 22, except
using 2,4-dimethoxybenzoic acid in place of acetic acid. MS (ES+): m/z 525.33 [MH+].
EXAMPLE 80
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107 N 514.92 108 N N 500.89 N oo / NH2 NH NH2 NH

N~ N N, i NNI109 492.92 110 N 447.01 169 WO
wQo070063737 PCT/ US2006/ 044461 EX # Struct ur ePdvEiESERG/#14461

Structure M+ vl NH= NHNHz \ NH N N 111 N bN N

498.93 N /N 112 456.90 500.90 N Oq O/ 1 O1 NHi

NH NH3 NH 113 NN' N 420.97 114 ~11 N 496.91 N N te

6 1 - /s NH NH3 NH NH3 N, 115 L" /N 488.91 116 N /"

475.91 NN -

N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-a] pyrazin-3-
yDcyclohexyllmethyl}formamide
[423] Prepared according to the procedure described above for EXAMPLE 22, except
using formic acid in place of acetic acid. MS (ES+): m/z 389.10 [MH+].
EXAMPLE 81

(lR,ZR)-N-{[trans-4-(8-amino—1—(1H—indol-2—yl)imidazo[1,S-a]pyrazin—3-yi)cyclohexyl]methyl}-
2-phenylcyclopropanecarboxamide
[424] Prepared according to the procedure described above for EXAMPLE 22, except
using (1R,2R)-2-phenylcyclopropanecarboxylic acid in place of acetic acid. MS (ES+): m/z 505.30
[MH-+].
EXAMPLE 82
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ONOC S 1 NH NHH NHv N~ N-i "/ NVN/ 117 ~

468.84 118 426.99 p o F O NH NH 119 " /N 461.00
wa207m86733 N 320.86 11NN O 170 WO 2007/ 06173 7PCT/US2006/044461

PCT/ US2006/ 044461 EXx # Structure M+ Ex # Structure

M+ NH2 NH NH=E NH N N~ 121 391.23 122~-N'"" 490.97 O

NH= NH NHS PN N~ 123 N " 493.18 124 N ~487.09 N O

NH= NH NH= NH N 125 N~ N N 459.01 126 N " 446.15 NN

O- O 14 NH NH2 NH

=
NH, N\ NH

—

N
K/N\é "

/'; cl
HN

O
S

F
N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo [1,5-a]pyrazin-3-yl)cyclohexyllmethyl}-3-chloro-
6-fluorobenzo[b]thiophene-2-carboxamide
[425] Prepared according to the procedure described above for EXAMPLE 22, except

using 3-chloro-6-fluorobenzo[b]thiophene-2-carboxylic acid in place of acetic acid. MS (ES+): m/z
573.35 & 575.31 [MH+].

EXAMPLE 83
i
NH, N\ NH
NF N=F

e \

N-{ [trans-4-(8-Amino-1-(1H-indol-2—yl)imidazo [1,5-a]lpyrazin-3-
yDeyclohexylimethyl}isoquinoline-2-carboxamide
[426] Prepared according to the procedure described above for EXAMPLE 22, except
using isoquinoline-2-carboxylic acid in place of acetic acid. MS (ES+): m/z 516.40 [MH-+].
EXAMPLE 84
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N " N~ 127 ° ~" | " 452.98 128 N 451.97 N p~~-N N O

OIN/ NH= NHNH NH NN N- ~( N~N) 129 481.95 130
waZ®7060173N O-N 0 0 O-N O F 171 WO 2007/ 0617 3FCT/US2006/044461

PCT/ US2006/ 044461 EXx # Structure M+ Ex # Structure
MH NH2 A\N/ / -~N LN /N NH2 131 535.91 132 N "
454.97 N\ H{ O>N FXF F,F NH NH N~ N NH2 NH 133
448.02 134 N 318.03 N NH NH2 \ NH NH2 NH N~ i N 135
\ Nb 470.96 136 N, 11 N ''" 475.92 N

\
NH, N\ NH

—

N
K/N Va

/
HN

¢ N\

N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-yl)cyclohexyljmethyl} indole-3-
carboxamide

[427] Prepared according to the procedure described above for EXAMPLE 22, except
using indole-3-carboxylic acid in place of acetic acid. MS (ES+): m/z 505.46 [MH+].

EXAMPLE 85
cl

aa———
NH, N\ NH

NF —

P
IS

1-(4-Chloro-1H-indol-2-yl)-3-cyclobutylimidazo[1,5-q] pyrazin-8-amine
[428] Prepared according to the procedure described above for EXAMPLE 2, except using
. 1-(tert-butoxycarbonyl)-4-chloro-1H-indole-2-boronic acid in place of 1-(tert-butoxycarbonyl)-1H-
indole-2-boronic acid. 'H NMR (400 MHz ~DMSO0-d6) 6 1.91 — 1.98 (m, 1H), 2.08 —2.15 (m, 1H),
2.42 -2.46 (m, 4H), 3.97 — 4.00 (m, 1H), 6.42 (bs, 2H), 6.67 (s, 1H), 7.09 — 7.14 (m, 3H), 7.43 — 7.47
(m, 2H) and 11.83 (bs, 1H). MS (ES+): m/z 338.26 [MH-+].
EXAMPLE 86
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o OI!lll

475.92 138 "
wo-bboodz67 92 140 LNN 521.03 523.08 N Br
2007/ 061737 PCT/ US2006/ 044461

'\ NNNONH2 NHNH2 \ NH N~ N 137 N "
AN 457.08 N NOd-\ S NH2 NH NH2 NH 139
O O rATRS2Mb/044461

Ex # Structure M+ Ex #

Structure MH# NH NH2 NHZ NJ i N NH 141 " " 427.05
142 vN /N 457.02 N N _ S NHZ NHNHZ 1 NH 143 ~N
444,20 144 t11,"N " 425,92 N N, N OS O/ ONHZ NH
G i N NH 145 ~NN 376.98 146 N, 337.97 N " 339.92
Op-CH }v° NHZ NH
.
NH, N\._-NH
N N

HiC~g

1-(1H-Indol-2-yl)-3-[1-(4-methoxyphenyl)cyclopropyl]limidazo[1,5-a]pyrazin-8-amine

[429] Prepared according to the procedure described above for EXAMPLE 2, except using

4-methoxyphenylcyclopropanecarboxylic acid in place of cyclobutanecarboxylic acid. "H NMR (400
MHz, CHLOROFORM-d) & ppm 1.46 (s, 2 H), 1.58 (s, 2 H), 3.76 (s, 3 H), 6.78 (d, J=8.80 Hz, 2 H),
6.77 (s, 1 H), 6.82 (s, 1 H), 6.98 (d, J=5.13 Hz, 1 H), 7.03 (d, J=8.80 Hz, 2 H), 7.15 (t, J=7.52 Hz, 1
H), 7.23 (s, 2 H), 7.44 (d, J=8.07 Hz, 1 H), 7.65 (d, J=8.07 Hz, 1 H) and 9.36 (br. s., 1 H). MS (ES+):

m/z 396.15 [MH+].

EXAMPLE 87

1-(1H-Indol-2-yl)-3-[1-(propylsulfonyl)piperidin-4-yllimidazo[1,5-a]pyrazin-8-amine

[430]

Prepared according to the procedure described above for EXAMPLE 59, except

using propane-2-sulfonyl chloride in place of "butanesulfonyl chioride. MS (ES+): m/z 439.06

[MEH-+].

EXAMPLE 88
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NHZ Ol N b N 147 N~ 304.95 148 ""J 452.95 sN N- O
/ NHZ NH NHZ NH W 149 N 305.20 150 LN AN 389.83 N
w0 boDo61738 WO 2007/ 061737 PCT/ US2006/ 044461 BERCHUS2006/044461

Structure M+ Ex # Structure MH# NH NH2 \ NH NH2 N- N
151 ~11 bN 426.97 152 456.79 N1 O O NH NH2 \ NH NH2

NH N~ 153 NLN N 443.97 154 LN N/ 475.94 RINNNON

NH2 \ NH NH2 NH N W ~N 155 ~" N 492.76 156 475. 85

N O\

1-(1H-Indol-2-y1)-3-[1-(phenylsulfonyl)piperidin-4-yljimidaze[1,5-a] pyrazin-8-amine
[431] Prepared according to the procedure described above for EXAMPLE 59, except
using benzenesulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z 473.29 [MH+].
EXAMPLE 89

Nz N\ NH

N/ o

Q!

s
=z
Z

-

§=0

\

S
'n%/\/

F

1-(1H-Indol-2-yl)-3-{1-[(3,3,3-triflnoropropyl)sulfonyl] piperidin-4-yl}imidazo[1,5-a] pyrazin-8-
amine
[432] Prepared according to the procedure described above for EXAMPLE 59, except
using 3,3,3-trifluoropropane-1-sulfonyl chloride in place of "butanesulfonyl chloride. MS (ES+): m/z
493.19 [MH+].
EXAMPLE 90

S

NH, N\ -NH

N/ -

5

S —H
O
H;,C\“\\-@
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os / HN NH2 8 NH2 NH 157 L-1 , N 460.13 158 "LI"IN

(r)" 375.98 N OOOH NH2 NH NH2 \ NH N N N 159466. 97
waed7/66767 451. 98 O- O NN 174 WD 2007/ 061737 PCT/US2006/044461
PCT/ US2006/ 044461 EXx # Structure M+ Ex # Structure

M+ 1 NH= NH NH NH 161 L 304.19 162 N, N N 405.02 N

O NH= NHNH \ NHNNN- 163 ~11 N Lv ° N sN 433.18

164 532.90 FF F 1 NF= NH N N NFi NH 165 11476.95
166 N 410.02 ~-NN No\ ~gFf O NH, NH=\ NH

trans-3-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-¢]pyrazin-3-yl)-N-[(1S)-1-phenylethyl]
cyclohexanecarboxamide
[433] Prepared according to the procedure described above for EXAMPLE 72, except
using (18)-1-phenylethanamine in place of cyclopropylamine. MS (ES+): m/z 479.11 [MH+].
EXAMPLE 91

S
Ny N\ NH

NZ" —

5

7
HN
o

Br

N-{[trans-4-(8-Amino-1-(1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-yl)cyclohexyllmethyl}(3-
bromophenylacetamide
[434] Prepare(i according to the procedure described above for EXAMPLE 22, except
using 3-bromophenylacetic acid in place of acetic acid. MS (ES+): m/z 557.21 and 559.20 {MH+].
EXAMPLE 92

=

NH, N\ NH

N~ N

w5

cl
N-{[trans-4-(8-Amino-1-(1H-indol-2-yl}imidazo[1,5-a] pyrazin-3-yl)cyclohexyljmethyl} (2,6~
dichloro-5-fluoropyridin-3-yl)acetamide

[435] Prepared according to the procedure described above for EXAMPLE 22, except
using (2,6-dichloro-5-fluoropyridin-3-yl)acetic acid in place of acetic acid. MS (ES+): m/z 522.21
[MH+].
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167 N 321.92 168 N 333.87 NNN / 1 NHI P\l \' NH

|F6 381.83 ""NON /N 169 N. 170 495.97 ~N ~../ 383.72
wa200l617BH a N NH=S N ~N i N 440.89 171 46BCPESABR044461

fio Q442.86 VHNG C-6 175 WO 2007/061737

PCT/ US2006/ 044461 Ex # Structure M+ Ex # Structure

M+ pcurd F6 NH O N 172 ~N N 468.84 NHZ \ S 354. 74

470.50 233 N 356.98 F cur NH6 NHCH3 J L-, A NN NHz

FN;:I 173 480.20 234 LIz~tl NN 335.84 HN O O cH,
CH, EXAMPLE 93
H
"
NH;
N N
I\/Né/i)
N
3

\\O

Benzyl 4-[8-amino-1 -(1H-indol-5-yl)imidazo[1,5-a] pyrazin-3-yl]piperidine-1-carboxylate

[436] Prepared according to the procedure described above for EXAMPLE 24, except
using indole-5-boronic acid in place of 1-(tert-butoxycarbonyl)-1H-indole-2-boronic acid. MS (ES+):
m/z 494.97 [MH+].

EXAMPLE 94

~
NH, \ NH

N

5

o//"\NH

HN>§N
trans-4—(8—Amin0-1-(1H-indol-2-yl)imidazo[l,S-a]pyrazin-3-yl)-N-benzimidazol-z-
ylcyclohexanecarboxamide

[437] Prepared according to the procedure described above for EXAMPLE 68, except

using 2-aminobenzimidazole in place of 3-aminopyridine. MS (ES+): m/z 490.97 [MH+].
' EXAMPLE 95
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CNrd NFi  NH NH= " NH - N N 174 452.97 235 Lz~, "
442.96 (J NL o'~ N- CFA CNrd C NH3 NH NHZ~ O N

woRoM0MN7375 L. ." ' .466.20 236 480.98 "_ CH3 PCI/TBL006/044461
NFZ PA\NHW F v N~ 176 N 339.92 237 ~" bN 421.83 s
6"H6'-"'q CH s~ FF NNHNH \ NHF N177 " ' N

426.91 238 549.91 N~ O HHto 1IN N

1—(1H-Indol—2-yl)-3-{1-(quinolin—Z-ylmethyl)piperidin—4-yl]imidazo[1,5-a] pyrazin-8-amine

[438] A solution of 1-(1H-Indol-2-yl)-3-piperidin4-ylimidazo[ 1,5-a]pyrazin-8-amine
hydrochloride (30mg, 0.09mmol), 2-formylquinoline (17mg, 0.1 1mmol) and triethylamine (0.019mL,,
0.14mmol) in 1,4-dioxane (1mL) was treated with sodium cyanoborohydride (5.7mg, 0.090mmol) and
microwaved at 300 watts, 120°C for 20min. The mixture was concentrated in vacuo, the residue was
dissolved in methanol loaded onto an SCX ion exchange cartridge, and then eluted with 1M NH,OH
in methanol. The semi-pure material thus obtained was then subjected to semi-preparative HPLC to
afford desired product. 'H NMR (400 MHz, MeOD) & ppm 2.13 - 2.33 (m, 4 H), 2.90 (t, J=10.86,
9.60 Hz, 2 H), 3.47 (d, J=10.11 Hz, 2 H), 4.29 (s, 2 H), 6.74 (s, 1 H), 7.02 - 7.11 (m, 2 H), 7.19
(t,J=8.08, 7.07 Hz, 1 H), 7.47 (d, J=9.09 Hz, 1 H), 7.58 - 7.65 (m, 3 H), 7.69 (d, J=8.59 Hz, 1 H), 7.80
(t, J=8.34, 6.82 Hz, 1 H), 7.96 (d, J=7.33 Hz, 1 H), 8.08 (d, J=8.34 Hz, 1H) and 8.39 (d, J=8.59 Hz, 1
H). MS (ES+): m/z 474.23 [MH+].

EXAMPLE 96

1-(1H-Indol-2-yl)-3-[1-(2-thienylsulfonyl)piperidin-4-yl]imidazo [1,5-alpyrazin-8-amine
[439] Prepared according to the procedure described above for EXAMPLE 59, except
using thiophene-2-sulfonyl chloride in place of "putanesulfonyl chloride. MS (ES+): m/z 479.16
[MH-H.
EXAMPLE 97
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CH6 176 WD 2007/061737 PCT/ US2006/ 044461 Ex #

Structure M+ EX # Structure M+ o H C NHz NH IJHz N
WORON0EL7378 b 472.62 239 \ N~ 480.02 HH o O NPC¢T/US20bb/044461
CH 00 Br MoNHNH=\ NHCH 179 ~, N A" 550.68 240 "
~- J N 419.89 552.50 4N cH, d NH= NH NHZ NH N, 180
" 456.63 241 "N' 467.92 N C S NH NN P N NN [|NNN

"~ 181 471.89 242420.97 o g ocry FF -NNH

1-(1H‘-Indol-2-yl)-3-{1-[(3-methylphenyl)sulfonyl]piperidin-4—yl}imidazo[1,5-a] pyrazin-8-amine
[440] Prepared according to the procedure described above for EXAMPLE 59, except
using 3-methylbenzenesulfonyl! chloride in place of "butanesﬁlfonyl chloride. MS (ES+): m/z 487.94
[ME+].
EXAMPLE 98

CHy
1-(1H-Indol-2-yl)-3-{1-[(1-methyl-IH-imidazol-4-yl)sulfonyl]piperidin-4-yl}imidazo[l,5-
alpyrazin-8-amine

[441] Prepared according to the procedure described above for EXAMPLE 59, except
using '1-rnethyl—1H—imidazole-4—sulfony1 chloride in place of "butanesulfonyl chloride. MS (ES+): m/z
477.20 [MH+].

[442] The following examples were prepared according to procedures analogous to those

described above, utilizing where necessary known literature chemistries,

Ex # Structure MH+ Ex # Structure MH+
NH, N NH NH, N-NH
NZ N\ == N7 =

500.93

99 g 100 St 433.06
502.91

N
Cl
}L@ °//LCL\\
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S N W 182 523.93 243 ~N '" 487.97 NHNC OOo \ /

CF6 OHa N fIN H CH ""~NH2 O 183 Q 496.05 244 N
we1i®700173H ~N eN H, cO0 177 WO 2007/ 061737 PCT/US2006/044461

PCT/ US2006/ 044461 EXx # Structure M+ Ex # Structure

MH#+ NVI° HCH3 NNH= O N 184 510.00 245 N 405.03

Jr-o cHOCH el 1 CHG Nil NHNFt NHNNN 185

483.89 246 tJ\ 499.95 501.96 CF{CNn) NHx NH NH= NH

N 186 WN " 404.18 247 /,N 423.83 425.93 F6C o.

Ex # . Structure MH+ Ex # Structure MH+
NH, N\ NH NH, N\ NH
N7 == N NP N
101 K/“éj 433.02 102 K,rug 404.96
N N
°'>\CL( °)/N3r

Z

a

i NH, NNH
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et I\/N /N
N F
O'?\
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N X
N
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N, JRH NH,
x . ¢
105 6 48327 106 N é 452.04
4 4
. [e) o
\ S 7
NS <N
NH, oMM NH, \-NH

N/
Y/ N
107 K/Néj 514.92 108 K/N\é\) 500.89

\
e ™ NH, N\ -NH
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K/N /N rl‘:/ //N
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e .
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NH2 NHCI 'N NH2 ONH2 NH "X-N NXN N d " Nt\N O\
WO 260061787 196 WO 2007/ 061737 PCT/ US2006/ 0444 6RCT/WkiAd6/044461

IS CLAIMED IS: Caiml1. A conpound represented by

Formula (1) 2 Q iXs "X0o'X5 X3 X4 2R3 (1) or a
phar maceutically acceptable salt thereof, wherein: Xi,

and X2 are each independently N or CG(E )aa; X5 is N,
C(E)aa, or N(E )aa; X3, X4, X6, and X7 are each
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het erogry& taral’lryl, hetegroaral Kyl, hetg ycl yl or
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B are regpectively, 5 and menbe¢red aropgtic or

het eroaromati c rinpgs, fusg toget her tqdorma

S-henzo[b]furyl and 3-indolyl; ampd excluding

2-1 ndol yl ~2-benzoxazol e, benz ¢t hi azol e, orea

2-benzim olyl, @-am nopyfrol opyrim din- s 4
- am nofynrel Spyri n di n- 6-y and|7-deaz -xad&H0osi ny|l
azo (derival fVes when X1 &%%BXE> are CH X3,y 6, and X7 arfe
r ;

C, and "Xé\ﬁnd X4 afe N 458.32
5

6
d
O- menber ed het eroafyomati c |syst em|excl udi ng
I
2
y
I

N, o
Chiral
P \ F y
\——_ N O’\F/ NH, N-NH cu
323 460.09 364 LA 487.01
b 488.90
oo | .
O Q E  Chra
N/NH,/\ H O NH, \NH O
N. /N N7 =
324 ~ é\X 480.21 365 N 470.37
N ocn, b
| O)PNC"'; .}‘OH
o

Chirgd
: ¢
NH, B-NH CH, e, $ofn O
NZN= = Cl
N T 521.27

325 SN~ 471.11 366 St
é\) N 523.27
Hy

191




or Q is -A(R)n,A(Y)n" wherein each Ais the sane or
different 5-nenbered aromatic or heteroaronmatic ring,

wae@7nbe3two are fused together to form an 8- nearbesmde/o44461

heteroaromatic system R is independently, hydrogen,
N( Co_8al kyl ) (Co- 8al kyl ), hydroxyl, hal ogen, oxo,

aryl (optionally substituted with 1 or nore R31
groups), hetaryl (optionally substituted with 1 or nore
R31 gr oups) Cl. al kyI -Co 8al ky1C3 80yc| oal kyl ,

1D QF M\

Ex #

7NR321|%%'E *%3;;[’1‘(‘ | dfg( o) O’ 4 ,\%#q;'s%' T A

MH+

326

[Co. 8alkyl - NRR11COR321, _-|C)- 8al Ky - NW C02
Bal kyl - R321R331, -|Cd- 8al Ky! - CONRS'
oH
8

- Co. 8al R311) S( O 0-[2R321, |- C 8al
 Co. Sa&gyl/ws 0O 0. 21 ;55 5429 [{- O C1a

»Co gal kyll- O Co- 8al ky 1%3- yclodl kyi, - To-

Bal kyl - - 8al kyl het er ocyfcliyl ,

r Co- sal kyli- O CO sal kyl aryl}, |- Co-8al kyl aryl yF-om

L Co- sal kVI | TPdt aryl, |- Co- 8al Kyl hetier ocycl yl

Barkyl 443.22

327

" N(R311) - sal kyl het erocyc] ¥

Co. sal kykr O Co. gal kyl het gryl, - (o-sal kyl - S Co- 8al kyl,
Co- 8al kyl Co. 8alkyl C3- [8gycl oal kyl s

Co- splky f ; ~gow 8all | cyl hetlerlocycl iyl
+ Co- sQlL,K%Ul -S- CO. sal k I, |- -saIkyI .
Bal kyl hetaryl, -Co|8 %’W R%% -|Co. 8aIkF@3?'l"

Co- 8al - N(R31) - €o. gal kyI (3- 8cyfcl oal kyl QCO sal kyl -

Co. 8al Ky N( R311) | Co- sal Kyyl|ar yI ,

328
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R31,

wo soo70aependent | y Co- 8al kyl

R32a R33a R31la R32l1a R331la R312a R322a R332a
R341a R313a R323a R333a and R342a in each

i nst ance,

optional |y substi t B BUSW06/M4461

an aryl, heterocyclyl or hetaryl substituent, or Co.
sal kyl optionally substituted with 1-6 i ndependent
hal o, - CON(Co_8al kyl ) (Co. 8al kyl ), -COCO sal kyl),
-QOCo. Bal kyl, -Qaryl, -Onetaryl, -Onheterocyclyl,
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gal kyhy (G’ sal kyl ) ,| hydroxyl}, hal
het ag CO 6al kyl | - al Kylagyc
380 dal kidEo- 8al kyl ) -5%)‘6?0 7. %o 425.39
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1Co-8al kyl - O Co. 8al |yl cycl yi| @ Q
4Co- sal ky} - . Bal |kyl het ef dcycl y - Co- &
2007/ 0617 / US2006/ 044461 8a kyI aI kyI aryl,
4C0. 8al Co_8alikyl hetaryl, -Co_gal kN'1* - Co_8al kylj,
382 1C0_8 - S-Co. galaRgkeyEl yI383 e 555.55
{C0- gaksy, - S- Co. Bal [kyl het ef deycl ] . ER
100 gat%K1- S- CO 8allkyl aryl | |- C0. Bal kyl -
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THIFS) AR fgﬂomhg(:&@o%%a; are expected to be active as inhibitors of mTOR. Where

shown, X can be

N or CH.
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,  NR31C(=NR32) NR33R31'" NR31C(=NR32) OR33,
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benzi m dazol yl, optionally substituted benzoxazol yl,

optionally substituted benzofuranyl or optionally
waemsist7at ed benzot hi enyl. C aim 10. The conpoREUS2006/044461
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WHATMNZINMIHD NH2 NV i NI~ ~/N /N NH2 NH NH2 NH
Claim 1. A compound represented by Formula (T)
NH, /Cl1
—Xg

@

or a pharmaceutically acceptable salt thereof, wherein:

X, and X; are each independently N or C—(E),,;

X5 is N, C—(B")a, or N=(E),.;

X3, X4, Xs, and X; are each independently N or C;
wherein at least one of X3, X, Xs, X, and X, is independently N or N—(E'),s;

R’is Co-10alkyl, cycloC;.palkyl, aminomethylcycloCs_jealkyl, bicycloCs. ealkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, heterocyclyl or heterobicycloCs.jealkyl any of which is optionally
substituted by one or more independent G'! substituents;

Q' is ~AR)mB(W), or —B(G")uA(Y)m;

A and B are respectively, 5 and 6 membered aromatic or heteroaromatic rings, fused
together to form a 9-membered heteroaromatic system excluding S-benzo[b]furyl and 3-indolyl; and
excluding 2-indolyl, 2-benzoxazole, 2-benzothiazole, 2-benzimidazolyl, 4-aminopyrrolopyrimidin-5-
yl, 4 -aminopyrrolopyrimidin-6-yl, and 7-deaza-7-adenosinyl derivatives when X, and X5 are CH, X,
Xsand X7 are C, and X, and X4 are N;

or Q' is ~A(R"Y)mA(Y)m, Wherein each A is the same or different S-membered aromatic or
heteroaromatic ring, and the two are fused together to form an 8-membered hetéroaromatic system;

R'is independently, hydrogen, —N(Co.salky1)(Co.salkyl), hydroxyl, halogen, oxo,
aryl(optionally substituted with 1 or more R* groups), hetaryl(optionally substituted with 1 or more
R*! groups), Cy.calkyl, —Co.salkylCs.scycloalkyl, —Co.salkyl-NR*'S(0)6.:R*!, —Co salkyl-NR®' 'S(0)e.
NRR!, —C salkyl-8(0)osNR* 'R, —Cy.5alkyl-NR*"' COR®?!, —C, salkyl-NR*"'CO,R*!, —C,.
salkyl-NR*''"CONR®?'R3*', ~Co.3alkyl-CONR*'R*, —C, salkyl-CON(R*')S(0),.R*?!, —Co.salkyl-
CO,R*!, -Cy.5alkyl-8(0)o2R*", —Cosalkyl-O-C, salkyl, —Cy.galkyl-0-Co galkylCj scycloalkyl, —Co.
salkyl-O-Co._salkylheterocyclyl, ~Cosalkyl-O-Cy.salkylaryl, —Cy.salkylaryl, —Co.galkylhetaryl, —~Co.
salkylheterocyclyl, —Co.salkyl-O-Cssalkylhetaryl, ~Co.salkyl-S-Co salkyl, —Co salkyl-S-C.salkylCs.
scycloalkyl, —Co salkyl-S-Cy salkylheterocyclyl, -Co.galkyl-S-Cy.galkylaryl, —C galkyl-S-C,.
salkylhetaryl, —Co.qalkyl-N(R*"")-Co.salkyl, —Co.salkyl-N(R*")-Cy.salkylCs.scycloalkyl, —Co salkyl-
NR’'")-Co.salkylheterocyclyl, —Co.salkyl-N(R?*'")-Cy.qalkylaryl, —Cosalkyl-NR>*'")-C, salkylhetaryl, —
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Cosalkyl-NR*V'R*?!, —C, salkenyl, -C,.galkynyl, NO,, CN, CF;, OCF;, OCHF,; provided that Q' is not
N-methyl-2-indolyl, N-(phenylsulfonyl)-2-indolyl, or N-tert-butoxycarbonyl;

W is independently, hydrogen, —-N(C,.galkyl)(Co.salkyl), hydroxyl, halogen, oxo,
aryl(optionally substituted with 1 or more R* groups), hetaryl(optionally substituted with 1 or more
R* groups), C).salkyl, —~Co_salkylCs.scycloalkyl, —Co_salkyl-NR>*'28(0).R*%, —Cy.salkyl-NR*!'S(O);.
NRPRP! _Cy galkyl-NR*'CO,R*!, —Cy salkyl-CON(R*H)S(0),R**, —~Co.salkyl-S(0)o,NR*2R*#, —
Co.salkyl-NR*?COR>*?, —C,_galkyl-NR*?CONR**?R*¥?, —C,3alkyl-CONR>*"*R*%, —C, salkyl-CO,R*'%,
—Co.5alky1S(0)o.sR*"?, —Cy salkyl-O-C, salkyl, —Cy.salkyl-O-Cq.galkylcyclyl, —Co.salkyl-O-Co.
salkylheterocycloalkyl, —Cq.galkyl-O-Cy salkylaryl, —Cggalkylaryl, —Cq.galkylhetaryl, —C,.
salkylheterocyclyl, -Oaryl, —Co_salkyl-O-Cy_galkylhetaryl, —Co_galkyl-S-Cysalkyl, —Cy.galkyl-S-Co.
galkylC; gcycloalkyl, —~Cy.palkyl-S-Cy galkylheterocycloalkyl, —Cy.salkyl-S-Cy.galkylaryl, —Co galkyl-S-
Co.salkythetaryl, —Cq.galkyl-N(R>'%)-Cq_galkyl, -Co.salkyl-N(R3‘2)-Co-galkylc3_scycloalky1, ~Cysalkyl-
N(R?'?)-Cy salkylheterocycloalkyl, —Co.salkyl-N(R?'?)-Cy.salkylaryl, —Cy.galkyl-N(R*%)-C,.
galkylhetaryl, Co.galkyl-NR*"*R***, —C, salkenyl, —C, salkynyl, NO,, CN, CF;, OCF;, OCHF;; provided
that Q' is not 4-benzyloxy-2-indolyl; _

Y is independently, hydrogen, -N(C,_salkyl)(Co.salkyl), hydroxyl, halogen, oxo,
aryl(optionally substituted with 1 or more R*! groups), hetaryl(optionally sub stitﬁted with 1 or more
R* groups), Cy.¢alkyl, —Cy.5alkylC; scycloalkyl, —Cosalkyl-NR*'!S(0)0..R*?, —Cosalkyl-NR*"'S(O),.
NRPZR® _Cy salkyl-NR* CO,R?*?, —Cp 5alkyl-CON(R*')S(0)02R**, —Cosalkyl-S(0)o.NR*'R*?, —
Co.salkyl-NR* 'COR**, —Cysalkyl-NR*"'"CONR*'R*!, —-C, salkyl-CONR*'R**!| —C,salkyl-CO,R>!!,
—Co.5alkylS(0)oaR?!!, —Co salkyl-O-C, _salkyl, —Co salkyl-0-Cy_salkylCs scycloalkyl, —Cq galkyl-O-C,.
galkylheterocycloalkyl, —Co.galkyl-O-Cy.salkylaryl, —~C, galkylaryl, —Cy.salkylhetaryl, —C,.
galkylheterocyclyl, —Cy.galky1-O-Cy galkylhetaryl, —Cy.3alkyl-S-Cq.galkyl, —C; galkyl-S-Cy.3alkylCs.
scycloalkyl, —Cq galkyl-S-Cy_zalkylheterocycloalkyl, —Cq salkyl-S-Cg.galkylaryl, —Co.salkyl-S-Cq.
salkylhetaryl, —Co.salkyl-N(R*'")-Cg_salkyl, —Co.salkyl-N(R*'?)-C, salkylCs_scycloalkyl, —Co.salkyl-
N(R?*')-Co.salkylheterocycloalkyl, —~Co.galkyl-N(R?'")-Cy salkylaryl, —Co.salkyl-N(R*'")-C.
salkylhetaryl, —Cg galkyl-NR*''R**!, _C, salkenyl, —C,.salkynyl, NO,, CN, CF;, OCF;, OCHF;
provided that Q' is not 2-carboxy-5-benzo[b]thiophenyl;

G"! is halo, oxo, —CF3, —OCF;, ~-OR*?, -NR*"?R*%, ~C(O)R*"?, —-C(0)C;scycloalkyl,
~C0,C; seycloalkyl, -CO,R*'2, —C(=0)NR*"*R*%, -NO,, ~CN, —~S(0),2R*'%, ~SO,NR*"?R>%2,
NR312(C=O)R322’ N-RBIZC(=O)OR322, NR3120(=O)NR322R332, NR3128(O)0_2R322, —C(=S)OR312,
—C(=O)SR3]2, _NR312C(=NR322)N-R332R341, _NRSIZC(=N-R322)OR332, _NRBIZC(=NR322)SR332’
~OC(=0)OR*?, ~OC(=0)NR*’R**, ~OC(=0)SR*"?, ~SC(=0)OR**2, ~SC(=O)NR*’R**,
~P(O)OR*?0R*%, C,_joalkylidene, Co.10alkyl, Cz.r0alkenyl, C,.0alkynyl, —Ci.jalkoxyC.ioalkyl, —C;.
10alkoxyC,.jpalkenyl, —Cj.j0alkoxyC;. joalkynyl, —C,palkylthioC, ;ealkyl, ~C;.jealkylthioC, jealkenyl, —
Cia0alkylthioC,.palkynyl, cycloCs salkyl, cycloCs.galkenyl, —cycloCs galkylCi_jealkyl, —cycloCs.
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salkenylC,_ alkyl, —cycloCs.galkylCa joalkenyl, —cycloCs salkenylC; joalkenyl, —cycloC;.salkylCs.
roalkynyl, —cycloCs galkenylCs calkynyl, —heterocyclyl-Co.j0alkyl, —heterocyclyl-C,.qalkenyl, or —
heterocyclyl—Cs.j0alkynyl, any of which is optionally substituted with one or more independent halo,
0x0, —CF3, —~OCF;, —OR’", -NR*">R**, —C(O)R*"*, -CO,R*", ~C(=O)NR*"*R**, -NO,, -CN,
~8(0)6,R*?, ~SO;NR*PR*Z, ~NR*’C(=0)R*®, _NR**C(=0)OR*®, ~NR***C(=0)NR*ZR*?,
—NRSBS(O)O_ZR?’B, —C(=S)OR313, —C(=O)SR313, _NR*3C (=NR323)NR333R342, ~NR? 13C(=NR323)OR333,
~NR*¥C(=NR*?)SR***, ~OC(=0)OR**’, ~OC(=0)NR*"’R**, ~-OC(=0)SR’", -SC(=0)OR*",
—P(0)OR*POR*®, or —SC(=0O)NR*’R** substituents;
or G'! is aryl—Cq.0alkyl, aryl—-C,salkenyl, aryl-C,.ialkynyl, hetaryl-Co.0alkyl,
hetaryl-C,.joalkenyl, or hetaryl—-C,.jpalkynyl, where the attachment point is from either the left or
right as written, where any of which is optionally substituted with one or more independent halo,
—CF,, —OCF;, ~OR*", -NR*®R*%, _C(O)R’", ~CO,R*"??, ~C(=O)NR’**R***, -NO,, —CN, —8(0)o-
LR, _SO,NR3RZ, —NR313C(=O)R323, —N'R313C(=O)OR323, —NR313C(=O)NR323R333, “NR*BS(0)o.
2R323, —C(=S)OR313, —C(=O)SR3‘3, -—NRSZSC(=NR313)NR333R342, —NR313C(=NR323)OR333,
~NR®*C(=NR*?)SR***, ~OC(=0)OR*"”, ~-OC(=0)NR*"R*?, —~OC(=0)SR*®, ~SC(=0)OR>",
~P(O)OR*POR?, or —SC(=0)NR*"*R*® substituents; provided that G'! is not N-CH,CO.H when R’
is 4-piperidinyl;
R, R R®, R3", R321’ R33', R312’ Rszz’ R332, R341, R3’3, R323, R333, and R342, in each
instance, is independently
Co.salkyl optionally substituted with an aryl, heterocyclyl or hetaryl substituent, or Co.
salkyl optionally substituted with 1-6 independent halo, -CON(Cosalkyl)(Co-salkyl), -CO(Co.
salkyl), -OCysalkyl, -Oaryl, -Ohetaryl, -Oheterocyclyl, -S(O)o-aryl, -S(O)o.2hetaryl, -S(O)o.
sheterocyclyl, -S(0)o.2Co.salkyl, -N(Cy.salkyl )(Cosalkyl), -N(Co.salkyl YCON(Copsalkyl)(Co.
salkyl), -N(Cysalkyl YCO(C, salkyl), -N(Co.galkyl YCO(Ci.scycloalkyl), -N(Cosalky)CO(Cs.
salkyl), S(0);2N(Co.salkyl)(Co.salkyl), -NR''S(0)1.2(Co.galkyl), -CON(C; scycloalkyl )(Cs.
scycloalkyl), -CON(Cy.salkyl )(Cs.scycloalkyl), -N(Cs.scycloalkyl YCON(Co salkyl)(Cosalkyl),
“N(C3.gcycloalkyl YCON(C;.scycloalkyl)(Co.salkyl), -N(Co.salkyl YCON(Cs.scycloalkyl)(Co.
salkyl), -N(Co_salkyl)CO(Cs.scycloalkyl), -N(C;.scycloalkyl)CO,(Csscycloalkyl), S(O)i.
2N(Co.salkyl)(Cs.gcycloalkyl), -NR''S(0),.5(Cs.scycloalkyl), Casalkenyl, Cysalkynyl, CN, CF,
OH, or optionally substituted aryl substituents; such that each of the above aryl, heterocyclyl,
hetaryl, alkyl or cycloalkyl groups may be optionally, independently substituted with —-N(Co.
salkyD)(Co.salkyl), hydroxyl, halogen, oxo, aryl, hetaryl, Cosalkyl, —Cosalkylcyclyl,—Co-
galkyl-N(Co.salkyl)-S(0)o..—(Cosalkyl), —Co.galkyl-S(0)o..—N(Co.salkyl)(Co.salkyl), —Co.
salkyl-N(C,.galkyl)CO(Co.salkyl), —Co.salkyl-N(Cy.salkyl)CO-N(Cy.galkyl)(Cosalkyl), ~Co.
salkyl-CO-N(C,_salkyl)(Co.salkyl), —C;.salkyl-CO,—~(Cy.galkyl), —Co.alky1S(0)o2—~(Co.salkyl), —
Co.salkyl-O-C, _salkyl, —Cqsalkyl-O-Co_salkyleyclyl, —Co.salkyl-O-Cq satkylheterocyclyl, —Co
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salkyl-O-Cy.salkylaryl, —C,.galkyl-O-Cysalkylhetaryl, —C, galkyl-S-Cy.salkyl, —Co salkyl-S-Cy.
salkylcyclyl, —Co.salkyl-S-Cy.galkylheterocyclyl, —Cq galkyl-S-C,.galkylaryl, —Cy.galkyl-S-Co.
salkylhetaryl, —Co.salkyl-N(Co_salkyl)-Co.salkyl, —C,_salkyl-N(Cy.galkyl)-Cy.salkylcyclyl, —Co.
salkyl-N(Cy.galkyl)-Co.salkylheterocyclyl, —Cy.salkyl-N(Cy.galkyl)-Cy.galkylaryl, —Cq galkyl—
N(Co.salkyl)-Cy.salkylhetaryl, —C, salkenyl, —C,.salkynyl, NO,, CN, CF3, OCF;, OCHF,,
—Co.salkyl-C; gscycloalkyl,
-Co.salkyl-O-Cy galkyl,
—Co.salkyl-N(Co galkyl)(Co.salkyl),
—Co.5alkyl-S(0)o.5-Cpsalkyl, or
heterocyclyl optionally substituted with 1-4 independent Cy_salkyl, cyclyl, or
substituted cyclyl substituents;
E! in each instance is independently halo, ~CF3, —OCFs;, —OR?, -NR*'R*?, -C(=O)R*,
—CO,R*, —CONR*'R*, -NO,, ~CN, —S8(0)0.R*, —S(0)o2NR*'R*?, -NR*'C(=O)R?,
-NR*C(=0)OR*, -NR*'C(=0)NR*’R*, -NR*!S(0)0.,R*, ~C(=S)OR*, —C(=0)SR?,
~NRYC(=NR**)NR*R*, -NR*'C(=NR**)OR®, -NR*'C(=NR*")SR*', ~OC(=0)OR?',
—OC(=O)NR*'R*, -OC(=0)SR*!, —~SC(=0)OR*, ~SC(=0)NR>'R*2, Cy_j¢alkyl, C.j0alkenyl, C,.
1alkynyl, —C,.;0alkoxyC;.s0alkyl, —C;.j0alkoxyC,. oalkenyl, —C,.joalkoxyC,.oalkynyl, —C,.
10alkylthioC,_jpalkyl, —C;. 0alkylthioC;.jpalkenyl, —C;_jpalkylthioC,. ealkynyl, cycloCs.salkyl, cycloCs.
salkenyl, —cycloCs_galkylC;.palkyl, —cycloCs galkenylC,. palkyl, —cycloCs.salkylC,. galkenyl, —
cycloCs galkenylC, jpalkenyl, —cycloCs salkylCs yealkynyl, —cycloCs salkenylC,_jpalkynyl, —
heterocyclyl—Cy joalkyl, —heterocyclyl—C,. oalkenyl, or —heterocyclyl—C,. joalkynyl, any of which is
optionally substituted with one or more independent halo, oxo, —CFs, —OCF,;, —OR?', -NR*'R*,
—C(=O)R*!, ~CO,R*, —C(=0)NR*'R*, -NO,, —-CN, —S(=0)p.,R*', ~SO,NR*, ~NR*'C(=0)R*?,
~NR*'C(=0)OR*, -NR*'C(=0)NR*R®, -NR*'S(0)o,R*', -C(=S)OR*, ~C(=0)SR?>',
-NRYC(=NR*NR*R?', -NR*'C(=NR**)OR*, -NR*'C(=NR**)SR*, ~OC(=0)OR*!,
—OC(=0)NR*'R*, ~OC(=0)SR?!, ~SC(=0)OR?, or —~SC(=0)NR*'R** substituents;
or E' in each instance is independently aryl—C.joalkyl, aryl-C,.joalkenyl, aryl-C,.
walkynyl, hetaryl-Cs.alkyl, hetaryl-C;.jpalkenyl, or hetaryl-C,. oalkynyl, where the attachment point
is from either the left or right as written, where any of which is optionally substituted with one or
more independent halo, —CF;3, ~OCF;, ~OR*!, -NR*'R*?, -C(O)R*', ~CO,R*!, —-C(=0)NR*'R%,
~NO,, —CN, —S(0)o2R*', —S(0)0.2NR*'R*, -NR*'C(=0)R¥, -NR*'C(=0)OR%,
—-NR*C(=0)NR*R*, -NR*S(0)..R*, ~C(=S)OR*, -C(=0)SR*!, ~NR*'C(=NR*3)NR*R?!,
—NR*'C(=NR**)OR™, -NR*'C(=NR**)SR*, —~0C(=0)OR?', ~OC(=0)NR*'R*?, ~OC(=0)SR*',
—SC(=0)OR?, or —SC(=0)NR*'R* substituents;
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in the cases of ~NR*'R®2, -NR*''R®?!, -NR*?R*?2, _NR*?R*!, -NR**R*®, and
~NR*ZR*®, the respective R* and R*2, R*!! and R*®', R*? and R*?, R*' and R*', R’ and R*%, and
R*® and R*® are optionally taken together with the nitrogen atom to which they are attached to form a
3-10 membered saturated or unsaturated ring; wherein said ring in each instance independently is
optionally substituted by one or more independent —N(Cy_salkyl)(Cpsalkyl), hydroxyl, halogen, oxo,
aryl, hetaryl, Cosalkyl, —Cq.5alkylCs scycloalkyl, —Cogalkyl-N(Co.salky)S(O)o,Cosalkyl, —Co.
salkyl-N(Co galkyl)S(0)o.2N(Cosalkyl)( Cosalkyl), —Co.galkyl-N(Co.salkyl)CO,(Co.galkyl), —Co.
salkyl-CON((Cy.salky]))S(0)o.2(Co.salkyl), —Cq-galkyl-S(0)e.2N(Co.salkyl)(Co.salkyl), —~Co.salkyl-N(Co.
aalkyD)CO(Cy.salkyl), —Cp.salkyl-N(Co.5alkylYCON(Co.salky)(Co.salkyl), —Co.5alkyl-CON(C,.
salkyD){(Cy galkyl), —Co.galkyl-CO,(Cysalkyl), —Co.salkylS(0)o.2(Cosalkyl), —Cosalkyl-O-Co galkyl, —Co.
galkyl-O-Cq galkyleyelyl, —Cq.palkyl-O-Cy.galkylheterocycloalkyl, —~Cq.galkyl-O-Cy salkylaryl, -Oaryl,
—Cq.galkyl-O-Cy.galkylhetaryl, —Cysalkyl-S-Cy.salkyl, —C, salkyl-S-Cq salkylC, gcycloalkyl, —Cy salkyl-
S-Cy.salkylheterocycloalkyl, ~Cy5alkyl-S-Co galkylaryl, —Co salkyl-S-Cy galkylhetaryl, —Co.galkyl-N(Co.
salky])-Cy galkyl, ~Co_salkyl-N(Cy.salkyl)-Co salkylC;_scycloalkyl, —Co.salkyl-N(Cq.salky1)-Co.
salkylheterocycloalkyl, —Cq.galkyl-N(Cy.salkyl)-Co.galkylaryl, —Cy.salkyl-N(Co.galicyl)-Co.salkylhetaryl,
~Cy.3alkyl-N(Cpgalky)(Cy.salkyl), C;salkenyl, C,salkynyl, NO,, CN, CF;, OCF;, or OCHF,
substituents; wherein said ring in each instance independently optionally includes one or more
heteroatoms other than the nitrogen;

misQ, 1,2, or3;

nis0, 1, 2, 3, or4; and

aa is 0 or 1; and provided that the compound is not trans-4-{8-amino-1-(7-chloro-4-
hydroxy- 1H—indol-2—yl)imidazo[1,S-a]pyrazin-S-yl]cyclc;hexanecarboxylic acid, cis-3-[8-amino-1-(7-
chloro-1H-indol-2-yl)imidazo[1,5-a]pyrazin-3-yllcyclobutanecarboxylic acid, trans-4-{8-amino-1-[7-
(3-isopropyl)phenyl-1H-indol-2-yllimidazo[1,5-a]pyrazin-3-yl} cyclohexanecarboxylic acid, or trans-
4-{8-amino-1-[7-(2,5-dichloro)phenyl-1H-indol-2-yl]imidazo[ 1,5-a]pyrazin-3-yl} cyclohexane

carboxylic acid.

Claim 2. The compound according to claim 1, or a pharmaceutically acceptable salt thereof,
wherein X, and X, are CH; X; and X; are N; and X4, X and X5 are C.

Claim 3. The compound according to either claim 1 or claim 2, or a pharmaceutically
acceptable salt thereof, wherein Q' is —AR")xB(W),.

Claim 4. The compound according to either claim 1 or claim 2, or a pharmaceutically
acceptable salt thereof, wherein Q' is -B(G' ) A(Y)m
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Claim 5. The compound according to either claim 1 or claim 2, or a pharmaceutically
acceptable salt thereof, Q' is optionally substituted indolyl, optionally substituted benzothienyl,
optionally substituted benzothienyl, optionally substituted benzimidazolyl, or optionally substituted

benzoxazolyl.

Claim 6. The compound according to claim 1, or a pharmaceutically acceptable salt thereof,
wherein X; is CH; X,, X3 and X; are N; and X,, X5 and X5 are C.

Claim 7. The compound according to either claim 1 or claim 6, or a pharmaceutically
acceptable salt thereof, wherein Q! is —~ARDmB(W)a.

Claim 8. The compound according to either claim 1 or claim 6, or a pharmaceutically
acceptable salt thereof, wherein Q' is -B(G")A(Y)m

Claim 9. The compound according to either claim 1 or claim 6, or a pharmaceutically
acceptable salt thereof, wherein Q' is optionally substituted indolyl, optionally substituted
benzimidazolyl, optionally substituted benzoxazolyl, optionally substituted benzofuranyl or optionally
substituted benzothienyl.

Claim 10. The compound according to claim 1, consisting of
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Claim 11. The compound according to claim 1, consisting of
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Claim 12. A composition comprising a compound according to any of claims 1 to 11, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

Claim 13. A composition comprising a compound according to any of claims 1 to 12, or a
pharmaceutically acceptable salt thereof; and an anti-neoplastic, anti-tumor, anti-angiogenic, or

chemotherapeutic agent.

Claim 14. A composition comprising a compound according to any of claims 1 to 13, ora

pharmaceutically acceptable salt thereof, and a cytotoxic or angiogenesis inhibiting cancer therapeutic

agent..

Claim 15. A method of treatment of hyperproliferative disorder comprising a step of
administering an effective amount of the compound according to any of claims 1 to 11, ora

pharmaceutically acceptable salt thereof.

Claim 16. The method of treatment according to claim 15, wherein the hyperproliferative

disorder is breast cancer, lung cancer, non-small cell lung cancer, kidney cancer, renal cell carcinoma,
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prostate cancer, cancer of the blood, liver cancer, ovarian cancer, thyroid cancer, endometrial cancer,

cancer of the GI tract, lymphoma, renal cell carcinoma, mantle cell lymphoma, or endometrial cancer.

Claim 17. A method of treatment of rheumatoid arthritis, hamartoma syndromes, transplant
rejection, atherosclerosis, IBD, multiple sclerosis or immunosuppression diseases comprising a step of
administering an effective amount of the compound according to any of claims 1 to 11, ora

pharmaceutically acceptable salt thereof.

Claim 18. The compound according to claim 1, consisting of
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