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OCTAHYDRO- PYRROL 3, 4- 131 PYRROLE DERI VATI VES AND
THEI R USE AS HI STAM NE- 3 RECEPTOR LI GANDS BACKGROUND
woJo0771doodoNVENTI ON 5 This application cl goTpus20e/062329

benefit of U S. Provisional Patent Application No.

60/ 776,509, filed February 24, 2006, which is herein

i ncor poCal AH YRR OBPY¥RRMI© [34-B PYRRO UEEDERIMAITEENNI cal
Field  AND THER USBVAS'HISTAMIRIEBS RECEPTOR LIGANDS

oct ahydro-pyrrol o[ 3, 4-b] pyrrol e conpounds,
conposi tions conprising such conmpounds, particul ar
salts and poBARKGROUNRCGHTHEMNVENTI®GNr naking the
conmpounds, salts, and pol ynorphs, and net hods of
treating conditions and di sorders using such conmpounds

arils & o tﬂé‘“ﬁ'is ﬂa@ Eéfé?ﬁ ngJ ?Wﬁvnsﬁﬁ#é@eﬁﬁ&ﬁﬂﬁﬂaﬂ@ﬁ

H stamne I1s a well-known nodul at or of neuronal
No. 6&(3?6 609yf IeAtFebasaany 249 2006y wiséchois hergindncorporated iyor s
f &eenr orted in the literature, typically
re erep%ng} $EMEYs histanine-1, histami ne-2, histanmine-3,
and hi stam ne-4. The class of 20 histam ne receptor
known as the histam ne-3 receptor (al so sonetines
Technigsl Fisldt he hi stanine H3 receptor or the H3 receptor)

@}#ﬁgﬁﬁﬁ‘i&{%gl?@ééécgg}ﬁ s pyrro[%)ig 4%]@?&%@@0%58%% t he

compcssmcﬁm empasing isush cohfiounes| partiealar sak® ahacvowm@?duson

hi stam nergi c nerve termnals (Nature, 302
thereof 1ogthods foRmaking thei Grmpeunds, salisAnst Pelymerpks, aid methods
r
of trea‘ilﬁﬁlgoglfjﬁwﬁwg% deélgys ; ré’[;guﬂﬁ%@:b %E@Bal{ﬁoﬁe%vdo%gﬁg&lpons
and al so in peripheral organs such as the
st rointesti naI t act. Hi stamne H3 |igands have been
of Related ¥pdul ate the rel ease of histam ne,
h
ﬂ‘é"ﬁ?%b@%asm L@Wﬂrﬁm&%‘“g 8P heBfEnaf BN it toast four
types bhhistamineabteptoesthave beem réforteatiinl theilitarature, typlcally referred
neur qQtr mtter release activity in ani nodel s . of
to as RisGae T, RRRINe 2OWSETNeTy, 25 Nisamitee thS Fgs Rle
histandifé ré tér RRVIFE BS ﬂ@é h%'té%ﬁﬁw%% ré_ééop‘ioﬂ"'@‘i’sd@éméﬁﬁw%g called the
searc and the de opment sel ective
h;stamme dahtrecemtgonr ﬁtesHamt:@hmra\gmhelmd(totpéw g roletinal .
|stam$e H3 rle tor. Erom gene cloning to H3

neurotrinsnlpgpgdpé e 8?‘]’6@ PYT 8Y~°r$8m ews Drug Discovery
(ﬂ@ﬁbstémlﬁe-@?-@%ﬂé’ébto%gﬁﬁst ;ﬂiarﬁiacol&@id#ll? characterlzed on
327:117-123 Leurs and Ti mrer man,

histamipergis jerye teﬁanélﬁe@{aiWe 302:832:837 61983 Fdw@jgtamme Ha

recept'tzst ise%lt) %rtg @%@Lﬁ g’%e) th%%le%%é Oo‘f'&{éﬁ I[&g l{ygﬁlggmoiﬂetpgbcentral nervous

systerﬁamhnn pariphepdlireivals $ystémrand alsd ihepnrmmrallorganﬁlsualh a@s the
ands can m)nst r e ant a%ﬁg I nver se ago&
gastfomteﬁta?al itrgct. o ﬁﬁaﬁi'n@ 3iligengs E@@a rfbiown 1o ke

modul%g&fﬁ'tét %ﬁ% e '%gn r a_’IdHrije'a v‘h%é‘%&s em | n\t/)ﬂ Pﬁolmes%m%(tﬁer

neuronranmnmers ngw existense of pi;receptory ah@yneiaéstabmm in
hesity, and al so@ggrl pheral .and  system c ?ct iviti eé
modulgflag neliERENSHYBERIPAST 2D S0EPA rapdels of disegsgiingigate

the utlﬁfgcﬁorﬁﬁanﬁﬁé l-ﬁ %?aﬁb@ﬁﬁﬁﬁe ‘Pnfea@rﬂgﬁf)b'm%é’seé' D r Ris rh?ats' Metivated
cept or - nodu Ing activity exist, It
a seambﬁef |andathetdevploomem ohdskledctivedts mmpmrra@msts and
t n@ trati Iac, VIth% at the Hr orsthatI can ?—l

an ag‘?’HE HPe RIFARING, s £26© %’ £ 9ieclgaing jp Ha
for therapeutic nmethods. 4BBRI EF DESCRI PTI ON OF THE
DRAWNGS FIGURE 1 is a powder X-ray diffraction
pattern of a L-tartrate rnonohydrate Form A pol ynor ph
of
2-(4' -[(3aR 6aR) - 5-rnet hyl hexahydropyrrol of 3, 4-b] pyrro
| 1(2H) - yti -1, 11- bi phenyl - 4-y1) pyi 11azi n- 3( 2H) - one,
FI GURE 2 |s a powder X-ray dlffractlon pattern of a
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25FIGURE 4 is a powder X-ray diffraction pattern of an
anhydrous tartrate pol ynorph of

w@2q0aneM@aR, 6af t) - 5- met hyl hexahydr opyrrol o[ 3, 4-PIY$2001/662329
1(2H)-y1]- 1,17-bi phenyl-4-yllpyririazin-3(211)-one.

recepﬁir@#ﬁ@s'mawr@w DMudi ﬁh’sdﬂivfaf’y ﬁzﬂ%@l@ P 1ET-N20f ARBNg, et
anhydr ous héﬁ; ochl ori de pol

al. Nailrea 42 8dR 7619 (9Bt HrR @rehyarBpyRarIest SThe History of Hs

] " yl I pyridazi n- 3(2H)
Recept Y Bl R S, R BRI Vet on -1 s
gThe(at:B(tEnt of msitaa’ﬂpldrl-q rpyemtol'm{:@n Be mpggified beregulated by the
erivatives an

admirigtyafiarge oh'ﬁ";@m’B? 6133‘:393@?[)%%5{ f}’fg} %%L[{qsv%%“ favongtrate
antagBﬂ@PQH\'ﬂ&s@f g%?a y @i %gﬁﬁﬁ Efcttl(/ft)) PgF ei‘armj ey histamine Ha

ar'maceut i accept a est er
recepmrsdhaug hean linkdd dacbndidions (ﬂﬂdpﬂisorﬂersnaiatedéoﬂhe whaeiral n
K C3-05 cycloal kyl, qr , (C3-05 .
nervofiy ShRiERTPHEAG ISt reani Y and RUET Hesological pErcessen
obes:iﬁé ahﬁ%ﬁﬁggmérﬁl M@%?ﬁ@ﬂnc @Eﬁ\hﬁ(és s%hfﬂlwé’éb" m%tv%ﬁhﬂ asthma

are each independently
and aﬂqmco@urmtiSaWktpDugm Naﬂmapla,%ses bf compatird femaingtiating Ha

receplgtuRBeiBtio BV E G moug oo bonprb 0 RRY BSaiRfp
compbbeds @énioﬁ@ﬁbtuﬁ? Qc@fltyF@ th&3, reBeitoratheit B36 bieSncorporated
f|t|eroalki/C uorealkoxY al kexy, thlealkoxy

into pharraagenticat compesitiens usaful ordherapgutieyribads.sul f ur
carbonyl, al kyl ene, al kyl carbonyl, al kyl am ne,
-C(:N-Cal kyl)-, NR4, -C(=0) NR4-, or -NR8C(=0)-; L2 is
a bond, oxBBREEF DHBCRIETION LMYHE RRRYVINES

,\}5@ U &%5& Pt nga@r_%)ray d}ﬁfaqiig& ;E';;S?‘rl lé&lotgrtgfg morohydrate
Form YGURRIERG 2. (AEKSHRREN -5 HohAhEXARESIRIE A Akl
1{2H)RA]- drid bR eatyl- éqt}py@utamm?éﬁlc}?one_ hydr ogen or al kyl ; and

R M ks T e A L
Form @‘%IW% bealis Sﬁ“@m%a@)@&e%@ylﬁ@fﬂ?ﬂ&b;ﬁ&@rcﬂ@{@@-%%rc@f

i nventi on. ositions can be ‘adm ni st ered
(2H)ryi] édcbrptlt@naleﬁhbﬁ}phrl@amaﬁald)—oﬂet he inventi on,

L FRAORE 157 offlbe A BEDBR bl &P R mcblovis «

trlharﬁlﬁ{/&b@@ pb@niﬁplﬁ of 2UL[(3aRIBAR LY-mdtAyIRELARROp rroloP A4-
ounds of the invention can have the fornmula ([1)
b]pyrr@ha 2 syl-1, 1-biphenyi-4-yl}pyridazin-3(2H)-one.

FIGURE 4 is a powder X-ray diffraction pattern of an anhydrous tartrate
polymorph of 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-
1,1"-biphenyl-4-yl}pyridazin-3(2H)-one.

FIGURE 5 is a powder X-ray diffraction pattern of an anhydrous
hydrochloride polymorph of 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-

blpyrrol-1(2H)-yi]-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one.

SUMMARY OF THE INVENTION

The invention is directed to octahydro-pyrrolo[3,4-b]pyrrole derivatives and,
2.
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denonstrate an ability nodul ate hi stam ne-3 receptor

activity. Conpounds of fornmula (H) have the structure:
WO 7TRIMIR2e R2e- RRe R2bFt.la R7I R2" 1=v (| LDCBHUS2087/062329

pharmaceutically acceptable salt, ester, am de,

more Eéﬁﬁ:ﬂ%ly, @&ta’h%@ifd p%@@l@? ﬂ%]b%&btdﬁlﬂlgﬂiﬁes MEBRE ancdRdound

s al
of forrpyly (cbhl kyl)rret hyI R22, R21) RZG, -2d Fee,
and R2l each are |ndependently hydrogen, met hyl, or
fluoromet hyl, R32, R81), , and R3i each are
i ndependent |y hydrogee?d é},ﬁ@gqalkyl
Vogen or nitrile,

fl uor oal koxy, al kog%,
with the proviso t
R3°, and R' are g

ne , Toor nore of R32, |R3b,
hn at”l east one of R3e, e,
R3e, and R3d is fk Ikﬁla"‘", fl uoroal koxy, afkoxy,
t hi oal koxy, hal oge 2trile; Lt is a bond, oxygen,
sul fur, carbonyl, Ral k_%l ene, al kyl carbonyl, al kyl am no,
“C(=N-Oal kyl )-, NR4, R¥=0) NR4-, or -NRIC(=0)-: R4 is
hydr ogen or al kyl; Cyl is aryl, cycloal kyl,
cycl oal kenyl , heteroaryl, (b)r heterocycle; Z is a
ubstit R8 or g isre sent
ora pﬁgrrn@ca?lﬁ&g Y agg?/ﬁ)tag%%ﬁqﬁﬁ erag%éq%,lpro ug&gradg o:a%tlve

lsotopﬁ’é @Wﬁ'ekébf}’whéféwwaé |é}HyI @J E?W@l@éﬁl?ln)br (C3-Cs
al koxyl m nq, £ SLQ 51%/“3 car bon

cycioakwwgtmvf J;?nyJR R)<§ Wiy, Raniend Rcaa%wndepamentxr hydrogen,
|

5 A 5 R S P80 ARy rcron,

alkyl, @lispdalityil, dlucaoaiRoxy, Hikdky, Wﬁi&ox N:KdR?Qéﬁ(.i’—)@hRﬁl,e thh the

AR: Ol A A T T R

of Raaaﬁgllllgm %‘Pd RG‘C%T%}%@@]W%%%Gagw% aikg& qrio%lﬁ%ﬁﬁyp%gen or

nitrilejlet ;eraahor)d,,oxcygeh,eﬂ;lﬁﬁmpgmbenleﬁlky@&e leylrﬁl@onw,mjkmmmo
h ntly h
=N Peli i Rl BT Bty R O3 1 B Ry pep r i,

carboagioxéiﬂﬁéd\et BidyicaYShiyg, aayuamm% -C mwh@éekg f«\{r@(f: tl\?/%t?)? NRE-,

|nvent|on rel at es hod o
or -NRB@(#Q)- 6y’ is-argl, cydleptkyt, cycioaikenyl, hetaroaed, de"leterocycle

fo t reventl condi ti
oy isighluabdlobieiRoahenvhacRuBaRl b Rsadnis: R S R arergn
occur%iﬁlé |§¢1‘98ﬁ8dén%15aiﬁgrl afll pRHAGES tHA Tyagendl zhei mer’ s
di sease, asthma erglc rhinitis, attention-deficit
hyperactivity di sorder,R | pol.ar dlsorder cognitive
dysfunction, cognitiv Rd 'wT;s in psychlatrlc
di sorders, deficits of py deficits of |earning,
denentia, cutaneous cakRcijno ,drug abuse, diabetes,
type |f diabetes, depre®sian, Repllepsy
gastrointestinal disordersgtinflammtion, insulin
resi stance /0Osyndrone, jet |lag, nmedullary thyroid
cAnoimmpea&ifah@menubnlre&aeéstoqnmmeuﬁm;am;umlteons
syndrone, m|d cognitive |Egplrnent m grai ne,

compaﬁfagé‘p{wqr@ﬁ of ithe yengan h&?“@?%@%scafh% @QFE'E)@SP"M
in accHfRRRN o RIS TREY, SbicalP S TRIte PHTRdOaIS
regimsyridr wezment lor poprantionayf coaditions waddbsaordetsraddted to H3

ophrenia, seizures, septic 15 shock, Syndrone X,
recep%g@rég s syndrone, vertigo, and sleep disorders.

M Sddifién | ohiUnGs dfiRe MRidH@En 'o‘én%%e&@ﬂmﬁlé?ﬂ) hRd also
or preventing conditions and di sorders rel ated
conditions and disorders r& ated to the central

nervous systeminvolving nenory, cognitive and ot her
neur ol ogi cal processes, obesity, and al so peripheral

and system c activities, such those involved in

asthma, allergic rhinitis
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20and obesity. Accordingly, the conpounds and
conpositions of the invention are useful as a
wored7aenyent for treating or preventing H3 receptDUS2007/062329

nodul at ed di sease. Yet anot her aspect of the

demohBty&tetdroabilig! rabeslatedhissthivlead eddeptomdan RCc ©dns@inds of
ositions. Radiol abelled forns of conpounds of

fO"“UﬁbgBJﬁHeCh?Sﬁﬁﬁ&%%-prOV|ded as conpositions of the

i nvention and adnlnlsterﬁg in accordance with a nethod

of 25the invention, 5X(pleally1 for assessing or

di agnhosi ng condltlgn o s0M0érs related to H3

receptor activity; exapl e i n medi cal i magi ng.

More particul ar R3.<p F¢=on -RfYitting i sotopes of

compounds of the_j, | @ may be used for nedica

i maging in PET (pogitpen.emtting tonography), wherein

the | ocal i zat i onRBf letan1ne H3 receptors, and the

extent to which thes&'receptors are occupi ed by

| i gands, can be determined. In this use, the conpounds

of the invention possess at | east one atomof a

positron-enitting radioi sdibpe sel ected from 11C, 18F,

or o R A SRR P i S4B et o

therecﬁfOWh@KeﬁmWGs BAGL.C e cy@mamw @n (84-613 oyeloatiemeathyl; RZE R?,
20 F%?rt ccular ,bsalts and ééﬁ hs of certain caonpound

R ean%\%n@acéha@smﬂepen tyomslsegen. dﬁ@thdbr%ﬁ‘lugrm@ethyl

3 7] r S and
R Rﬂ’ Oh@ 8 ﬁ Egérﬁ’%\r/@é{] %‘nﬂ g@»“ﬁ@rﬁg %!R?l ﬂuél?ua'ri] ;
ﬂuorobfh@ky,aal&oxy)ttmoakduw MOgen ,pmmme;wtlf e mmemarthagwhha one

or mofng BT BOnbafac, Sl bocr AL (oaR Bt FERHEE RERCpooURYsand

;smﬁ?@aﬁﬁsﬁu%a%&gn&k&ﬂ? tﬁ%l K ogdﬁaicg&% h:?fqﬁtrflé’rU |s a bond,

treating or preventing con s and disorder’s by A
oxygead sizHirs carbanyl, tattieyl eraypdkyldarbonyid atwyhimhbedD(fw aliof)-, NR®,

(=)o B s Bl BheoBaic sy oy s YR

cyc;oém@msnmétbﬁfb%ylc Gﬂhétéibé‘ﬁ:lé%hs salibstituo BPBF B au;@nd
radlolabel % rms of t he conpounds are furt

repregierded ibyed-"Hey e R is msdmm Ben), aBdoR, R, @#WHE

akox G s@“%ga&wﬁ"{ﬂ%gt"%{?g}? S iing, gl ervalandl A
atkylcbﬂjcﬁfyi teﬂk;ﬁlé\ﬁfo&@f ca;kwwl naamdi@f caibokpnskanas cgsbaikyed

' as used herein nmeans an
fiuoroallwv, @al@alﬁoxxashai@alkwwameap Rydragpegsexialiky n@epanipt
I t h bpryb fined

v, AR5 By BIGUT L (RORBINGRTRLON, 00uRaRe 451 e
N(R" &8 (RBY; 1% igiat teshd, @,xygelets,dlfurlcarbrxm;pralhyﬂene alkylcarbonyl,

alkylaTHIBR sy Dak TS, er ok~ Rekyor RGSEFONEY, 1 Fdhns
cycloém}ﬁaey&logff h@t%r |, e?l@rb@ e; RPAENESIRIO Jher™ 4t

ty t roug an oxygen' at om
each Remresmm A mée;memimﬁb@wnikog&:yl@x;yalkyiccm cyielgallad eor a
not limted,to, .o Jar opi onyl oxy, and
“;VCF§¥99?@bb?QNGF pﬁWQS?éFW%ﬁ%¥R§ﬁ§* as used herein neans
a straight or branched chain 30hydrocarbon contai ni ng
from2 to 10 carbons, and preferably 2, 3, 4, 5 or 6
carbons, and containing at | east one carbon-carbon
doubl e bond Representative exanpl es of al kenyl
i nclude, hut are not limted to, ethenyl, 2-propenyl,
2- et hyl 2- propenyl, 3-butenyl, 4- pentenyl 5- hexenyl ,
2- heptenyl, 2- nethyl 1- hepﬂenyl and 3- decenyl
The tern1"a|koxy as used hereln means an al kyl group,
as defined herein, appended to the parent nol ecul ar
noi ety through an oxygen atom Representative exanples
of al koxy include, but are not limted to, nethoxy,
5et hoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,
pentyloxy, and hexyloxy The term "ai koxyal koxy"




iy

16

20

25

The term "al koxysul fonyl" as used herein neans an
al koxy group, as 20 defined herein, appended to the
w@2002n0099®m| ecul ar noi ety through a sul fonyl grEUpPPSAE7/062329
defined herein. Representative exanpl es of
al koxysul fonyl include,gput are not limted to,
rnet hoxysul fonyl, ethoxysul f&nyl, and propoxysul f onyl
The term "al kyl" as uB&d(helafn neans a straight or
branched chai n hydrocag ontaining from1l to 10
carbon atons, and prefg@ k¥ 2, 3, 4, 5, or 256
carbons Representative examnpl es of al kyl include, hut
are not limted to, nethyl,” ethyl, n-propyi,
i §Qs z - [S0- = gt il
nSBLREOR pafdiithe RRBLUYoptdcE Qlthoa bPLLREISY
modufatimgt ylcaepior acBvidy. dTheniwthpe i ysefulfoBireating, or preventing
dimeth Ipenéyl, n-heptyji, n-octyl, n-nonyl, and
condifioRgead disordérs related ?ﬁhé;;{%qqm@ram;gg}p@;igm ingiamgls. Such
. . . f ' g n
condiE e R R AL PP B el i R aie s,
attentiRepdeanitgidraetiityatipdrder, dfipalbkgiserder| cognities dpsitinelian,

counifs gelits B-psyCRiRE Beppiarb. o¢ iy of SRR elper 1PAmIng.

demehnfA e @ah&dlPEARMomS, dBEGBHIBECHRDERAN S RN AldBstedr OUP,
as defined -7- herein, "appended to thie parent

deprassiooc epilepayo gasiyointesiinghdisordergrioli@nrrdione sniiaresistance

xanpl of al kylam no, inclu t.ar t.Lim
synorB R g b SRl B gDl B MR 88ase,
metalfdlicydywardre, rhilg doghiveamiorirainanirainas meseicariie&Reérition

means an al kyl group, as defined 5herein, appended to
alterafipa, patienSiGkHEsSUNAEOIRER Bt RRUrAgRNIG INflaremaleny Phefityup,
' - her.ej e i VE I .
obse g BB Shher N R PE S SE AR By B over
syndromtd)schiaopbriia, wighitiveatdiioity bf stisipplopia; ashenyd, septic
ropyl car bon and the like, The term

n- I, ' .
shoclk, épWr QUPFo rT;ﬂL%@%%'S SYBAroRRe SientigR Al Heerdisprdessofiore
. i | i , . |
particBfrP I eIt RIIAM P RPEREEr HR AP BEARlpA aR ! &
disordRaprelstad edndiborexanp deorad¢rsaklayed td frendntrahokenderls dystem
. are not limted to, t hyl sul Fon and et hyl sul fon
invon i Eghom» Spaeyive Pld SBieh o RBREl ASCresse el syl also
peripléiatang 35staffic BERVIHES, &luh tREREPRBA.eHIN WRthRA! &rgic rhinitis
nol ecul ar noi ety through a sul fur atom
and obBRépr Asewrdingdly,éhecampicemdsfand dophpasitonmed thednvantion are
usefué3l rgg tanrﬁtgg ic;'p{rn}ﬂtng?drg@th 1§ Pp'%rﬁy%r%nrbyll-ig pe'ac%ﬁil%r mgp%ated disease.
" ek ¥Aviher aspastast the irtichtibh daiatas Bl adididtelled praneRedtical

chai n hydrocarbon group containing from2 to 10 carbon
compastiess. igialeglmdaipryps of compoungs of feyrarpa iy caare provided

taini " bop- car: i.pl :
as oofsBsBlons 5% i) ERGn HOR ARG B0 RRebidhlsE BT ragthod of
the inv@htion, ypiedliyt for agsetsthg oy HiaghospigayahtionsZaritt Oegridrs
3-butynyl, 2-pentynyl, and 1-butynyl. The term
relateddg; ldgrecarton setivite @ exareRIgdn mﬁcﬁ@ﬁl WeagigcMarg particylarly,

o L BLOA A BRREPHSH e PRLER o

imagiRg pm EEEN{patsitiean enitting ésmofraphiylj evhiareinutie, lotalizatioe ofot
.. 2blimted to, amnocarbonyl, nethylam nocarbonyl,
NistargiMasn (A CEPIT oA B g BRIt (R GES AsEHgied by

The term "am no" as used herein neans an -NH2 group
The term"aryl," as used h€rein, means phenyl, a
bicyclic aryl, or a tricyclic aryl. The bicyclic aryl
I's naphthyir a phenyl fused to a cycloal kyl, or a
phenyl fused 30 to a cycl oal kenyl. The bicyclic aryl
of the invention nust be attached to the parent

nol ecul ar noi ety through any avail abl e carbon atom
contai ned wthin the phenyl ring. Representative

o o o Y a1 "
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azul enyl, di hydroant hracenyl, fluorenyl, and
t et rahydr ophenant hr enyl . The carbon atons of the
wa@eoph/1gpooups of this invention are substitut edP@I/URR007/062329
hydrogen or are optionally substituted with
Elgan(ﬁsu @ﬁﬁ 'bte%féléﬁmh@@%ﬁ'ﬂﬁ#@@ﬁskﬂth%%&ﬁb&%ég @m‘]@qwentlon possess
al keny xy, al koxyal koxy, al koxy

at leag] ﬂk@ﬁ(?éﬁlﬂ @ﬁﬁwosﬂrcememwma@ﬁ@so n@s@ecf@ﬂffml a]\éﬁyfso

ana 34 SEEARESARL radh HHEF NG 30K e oMb tone i b

for stEIt”Dﬁhés zhE forlesgiple FPOr OXYhethJr@Qﬁailﬁdl'elafe@etb €ular
nit ro Kl thio, -NR7R13, (NR7R8)carbonyl, - N( R9)

salts aigl pplymarg NPRQ?‘S@'B(WPOWr@ﬂHB Nwerﬁena%aweé@ a@r e

compb’ﬁ'@Sﬁg Bgﬁ[b‘ﬁéﬁ\ cychqu%%S%éer &J? ep ylr%‘Qu%P/ gﬁrglggﬂndgsaﬁs and
pokymcﬁtsleﬂ; eThedhvantiontiso giflaneia t@boﬁwp&idnyils th&Bar&dntermediates in
roceBhh 5 e o . ] bt Bodeb e
ST el PEohpdlRRe oAb ritlge! P st
makingh’ezee:mmeomrc;sl mgtbogs far teeatinpoy gréerding qortdntmrramtﬂar

disordaye Y S ST a1y Fomaurs, dariglbiHiedEorfis &g carpounds,
partacgra@léﬁlts 35 caRAihnRAnRRUIRISN paARDRANAShIVAcHIS PRdSHin
nmol ecul ar noi et\}‘/@through an al kyl" group, as defined

compRends,randRenpesiiiens Foriaintagrpues Salts, AojympYIs, BR! ude,

raciol BByl GrfiSiarh ehEhelfris AR Ao R REB B Rlh, 27

means a -C(=0)- group. 25The term "carboxyl as used
herein neans a - CO2H . The term"cyano" as
used her &EIAWEERDESERIE : e dNYENOhe par ent
m)l ecul ar noi ety through the car bon The term
"cyanophenyr as used herein nmeans a -CN group appended
Definttiontdid epasent nol ecul ar noi ety through a phenyl group,
i ncl udi ng, but not mted to, 30 4-c¢ en
3 @Vﬁﬁb‘i&ﬁ'@'ﬁﬁs U%ﬁs’dfnéhe;?aﬁeﬁﬁefﬂm are intén ea%ﬁer#eértﬁﬁhe
foliowur%&é (Eﬁ( RSkl hsibg n neans a saturated cyclic
carbon group containing from3 to 8 carbons
EXhaéres "mfyl"cgrs:haed kgtein nudandearc giklyognoapy bs defined herein,

apperidfi Btk are PR Rl Frough X sariarsh B S ey

herei® R%b%éﬂr@&n@y@idrﬁ 1BY @F Qe A RN 19ktare ¢t FhiHeddof ééé’f\/ﬁ 1-
to car bons, for exanple, cyclopropyl, cyciobutyl,

oxopr@nul &y Hispathyly 1 -oxoReRY r1n9x@§»5vloanﬂén9mpeiﬁyiused

B R, ST BRI SNBSS g v,
appe%&i@th@%@nﬁﬁ&@@le@&n@%ﬂﬁﬂ’%mﬁ Keoxlgémeatdarde

cycl opr openyl cl obutm cycl opent enyl ,
Repre%ﬂaiwewpleﬁﬁ PEWENY e, b@ﬁ@f@:p@t lémtieféﬁ@uacetyloxy

3%: toms of the cycl oal kyl or
prop&@ﬁ&&glakgny?tﬁﬁp upfof the invention is substituted

WIrhb térm lalkeryl2as ubed iHeueintrsesed ectraihit 0o mmyien Chaln
acyl oxy, al kenyl, al koxy, al koxyal koxy, .al kgx

hydrogaiRan, eHaIBHE Trom & B JP ﬁ?ﬁ??”st aRd pesipEahlY gnyi - X S |fp<rﬁ
carbo"f‘lgk%hc‘f%ﬁfé"}%? E?'é@é} PHefc% CL céﬂjb't') ubl@H%ﬁ?oalﬁ%%Fé’éBfXatwe

ano, cycl oa uor oal koxy, ornyl

exampwsocaﬂ adignyl ha:lltu'_@ ut Byel noxijmitéxy bir, @tlyawtylwprmmm%methyl-
2»pr08é@d¢\§%§§th%pgn%f) q\@é\% Rgg(ég ery ! bﬁﬂ)f-'@,gpt%xl, and

RD and R10 are defined hePein. The term

"cycl oal kyl carbonyi” as used herein neans a cycl oal kyl
group, as 15defined herein, appended to the parent

nmol ecul ar noi ety through a carbonyl group, as defined
herei n. Representative exanpl es of cycl oal kyf carbonyl

include, but are not limted to, cyclopropyl carbonyl r
cyclopentylcarbonyl cyclohexylcarbonyl and

I T . - I T] o
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nitrogen atom Representative exanples of dial kyfam no
i nclude, but are not aolimted to, dinethylarnino,
W(dizm/hgwam no, ethyl nethyl am no, and butyl nmet hBCEIE2007/062329
The term "fluoro” as used herein neans -F. The term
3-decky@roafkyl ” as used herein means at |east one fluor
group, app pended to the parent nolecul ar noiety through
a'ﬁh%lta(m alk@yp asatseddierasgmeans an alkyl group, as defined herein,

appertilig e PR RE RO B a o 5 i ¢ oo

Reprdsentdtive @x@figed vt aik@kf/ Immudmmulnmke nbf lirhlted mn ) rRéthyiky,
pent af | uor oet hyl, and ,2- trifluoreethyl The term

ethoxy £ ITaBP KAl &BIAPOXYsDYiOXY, ﬂe&@tﬁxmﬁy QF%I%'BBWW | uor
h
ﬁ%gegrﬂﬂs kg%y gr %g‘ée@%‘?@fnfrﬂ@é%ﬁh %;Ifdr@ dtb¥p, as defined

hereurR@@lpeaaetﬁ &b thee;)amntmhcﬁsmﬁér frioiedy ¢raxbligh yaniotted rudienxyogroup, as

re not Llimted to, fluorone i fl uoronet hoxy,
def'”%drhﬁrﬁﬁbr%%W@QW*VBWQ?Q%%P%@@H%WE ORHICHITE, DUl a1 not

Efmlte& 'Ed ftéH Wu?%ﬂg)?é‘t}ﬁox% P% Sgﬁifg%{&? gﬁ;‘%ﬁetﬁafyé{ﬁ fﬁgdle Io g on

methias/nlesbdxmerel n neans d, Br, I, or F. The term

al k ed he n.nmeans at | east one
nbio i Ao BRIEE H%?iﬁhfe'%me@ o0k gaHh @ defined
heresmp%@HHéﬂ toEHeEhNrenif h%!@&hléﬁm@ﬁé’f?l‘h’rou@ﬁ atedikpefohsr & n,
Repr esent ati ve exanpl es of hal oal koxy i ncl ude, but are
defmaqbineneirm Reprasentativel m@m@ﬁ@ﬁgtkow&fkylumlbm bighare nehd

imite§ E7 B IR 2 hobieh i Pomeforet il ArfineiBRumptow.

am@w ‘dRoRyRarnaneNds 09dehglen nigzingtah dibeyghowd) as
group, as defined herein. Representatijve

defmeé&%@fﬁ!%@%ﬁ“ﬁ@d@F@Parﬂ%ﬂlﬂﬂ%@m@mﬂ‘qoﬁ%th{@ﬂgh|an$9cféanﬁo
arous S DL By, RALHGP AN bbbl TR R M g b

are ndtdinmtedhiet maibq@cﬂ'fboraﬁ aethogydrebenyi, am@fat -sutaxycarbonyl.
n_gn- ar ormti c c lic gr oups .that contain at |east one
h

b fairh Ik s P B AP 1o HErEyEps ap &/ -Orarendt i
T
as deﬁmﬁ hemmt Rephetemtativectesnples of afkokgsultefyl metlidee Iboivare not

e SRR i SO Pt gl
a*rh@ 'ié}ﬁ{ 3RYY ab UskH H PSRN S BERHY oF bfaddhRaSHAat
contain a bivalent nitrogen atomhaving a free site

hydrot:aiboat aandainingt fromhletch &9 eaboyatpms; and preferaldy doRndct € or

o carlf B RSB LR 0SS Gl AR

methyl aéth?ln”ﬁtiﬁ*op}'lh%d—ﬁlfdﬂ?yl hebeiRsgb-butdsisusrdyihirebityl, n-pentyl,
refers to an aromatic ri ng cont ai ni ng 30 one or nore
isopeniat, dyeoReshd n- haéxdeadeﬁttwem éet-aimnethypentu.rdgen,

b li
o0, FAEP BTy, B R R R eter varyi 1 ngs

aTrBe @@mm mkﬁdné'omehas rediealenhgloapulatvetdiarh o steaighioor 1
wherein LI and L2 and 12 are defined in fornula

L2
brancbpsi chain hsrqrov%moaﬁ Hraan ddppidhcason f‘iqmsnﬁqpéﬁﬁn atgim
|
oxampled of Tend RIS LU aREASTIRN fo. Moy ~CRIGHG [P TIRH -
-CH,(Bhisre bids @, @B HeC Hy @HSC Elon Baidn O Ct(CHaBH-one

eroat pm i.ndependent |y selected fro itro
ORD eI Ak IgENR S Hget B yﬂ)&%é@éﬂﬁ%@%ﬁn@%ﬂﬁ%ﬂ%
two doubl e bonds; such a rimg nay contain one, two,
three or four nitrogen atons, or may contain one or
two nitrogen atons and one oxygen atom or nay contain
one or two nitrogen atons and one sulfur atom or may
contai n one oxygen atom or may contain one sulfur
atom The 6- nenbered ring contains three double
bonds, or alternatlvely the 6- nenbered ring may

AN a e ~
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exanples of 5- to 6-nmenbered heteroaryl rings include,
but are not Iimted to, furyl, imdazolyl, isoxazolyl,
wo swrhi@ol yl, oxazol yl, pyrazinyl, pyrazolyi,PCT/US2007/062329
pyri dazinyl, 20pyridinyl, pyrimdinyi, pyrrolyl,
herelﬁ %Idp%ﬁ@bwt@ i b@ﬁ&rﬂh@éi&buiaf oty aE@ugRYA NH group.

hi'adi azi nonyl , oxadi azol yl , oxadlazolon¥
Repr@e@éﬁita@. amwwlesmiaékﬂ&wmo ingludaybut areingt fimjted to,
d I d
et AT R0y BN SO o, 20

oThe &emﬁ Oalkﬂcamvb%rsa@bém t@ey:@tn mebas MR‘WgrbupgaS asfined
used herein, refers to an 8- or 12-
hereinveapRenead ip dye PrEE snelpeiWaF V@I@tv ﬁl@rwbreerwb@ﬁél FPURDAR

deflneTQ:T héfdh. ahg s%fnté PFe ﬁ%g?eggﬁ(ﬁﬁa?%ﬁ?ﬂu% it &fe not,

st one eroa om oxygen, sulfur,
limiteditd rragléwicaﬂnm;m ethglcachdrst, asaaoplicafbdriyg ri- pumymanimnyl and
maybe attached to the parent nolecular noiety through
the I’kﬁ"ny avai | abl e carbon atom or nitrogen atom cont ai ned
W'I'ﬁ@'t%\‘rx‘i hﬁk?@&ﬁérﬂ?f ¥4 uéé@ﬁerﬁ@ﬁﬁ@aﬁﬁr‘é@élk\gﬁg%mb &fifbd
bi cyclic eroaryl rings include Ind
hereibeanpendedng ithe semmiamiﬁymowtmdiamIQWa suifonyi group, as
enzoth|

aefingEREI5T o hPITsTyA Ve i br Bk 2ty ROk fg: but are not

nm:te@ss@wetwlsuwhyl EN| éﬁ%@uﬂfﬂﬁirl, qui noxal i nyl,
t hal azi n pteridinyl, purinyl, napht hyr| di nyl

cThﬁéqemmyaIKyItmo a@pae@ etginnnaas ke alkyl group, as defined
hereir.: a';brp%ngégrt? ;tnih)% %Pérﬁ]n&%eéulm %‘?&kbﬁf%ug)ﬂ e %ul&tﬂgﬁj%rsn of

Repréé@a@ttativeeébtarﬁples\dﬁatlciyﬁhaoﬁﬂﬁtudﬁpbutcarerndlIilcm@dl eethylthio,
substituted with hyd[jogen or optionally substituted
ethyltWOo tertbbethiueRddexytiBiBendent | y sel ected from acyl,

T Ren "Rk as Bed Mkein Shediy A KN ofb W?%‘”
hydro&aktyimgnhpmmaaﬁmgwymalﬂ Wharb&hlqtbﬂﬂsn, and aﬂrmmydiy 2, 3,4,
b | k fl k
or 5 AR, BRG] o408 Sa7 PO Al b P b

Rep e%@lgl% R8)ca%nyl %ﬂﬂg&&b mBI'qu(aobuPa;‘r%anncét'NR‘IY\If(%%i-to acet&lenfxl 1-

propymhaefyropvuyihéttaﬂwad,yﬂl pentyﬂyl @ndSL-hBWmelr ed het er oar yl
r' ﬁare su 3titute wth 0 or 5
G TBE Ro it STt et okl mPns o e, A BmPRenber e

dsaw;énaw gf@ug%tpzkeﬁéé&l o m,r pa@'ﬁt afcﬁeamsmotetlo_let oghly ébrbénys

substituents er oar

groupy ﬁ@uﬂﬁln@ﬁ hetreini mﬁs@wam eemplassefimmiglo inglude tsare not
imito 17 A Bga L 5 Eh By Bhe B FL PR EraocHRBty. e

ethylhetrgtzeainetearboRlge nonocyclic heterocycle is a 3, 4, 5,
6_or 7 nmenbered ring containing at |east one

héteteqn Sﬂmi’mﬂ@éeliﬁ%hli‘@rﬁ'm@e@@ﬁ S6t-BYTXgreRPt he group
CoNBLo 4P st 8P e BhE efnfl. atzelBEEItr o
aryl. Tbedistdlioagrdfis 0aphthyhd Shenihéused toerbeslealkyli oga phenyl fused

contai ns zerao .or one dou and or three
to & REIKAY b T BeRINIB Y G JRE THENLPB AT S et Torthe perent

r
moleGé MoictyhiBydh afy TETATE TabotaITRoRRMA) Bk g phony!
ring. \Rmmesseakeiwet eg@hb@s ofithé bicyslibaryl inohude, b ase not limited to,
aut o tituent formagn aromatic

diycdiigSh h'aéﬁawoweﬁﬁha”ﬁﬁ}vgrmmﬂéc‘?ev'caﬂﬁea ed to the

parent nofecul ar noi ety t hi ough any carbon atom or any

ni trogen atom contai ned within the nonocyclic

het erocycl e Representative exanpl es of nonocyclic

het erocycl e include, but are not limted to,

azetidinyl, azepanyl, azirldinyl, diazepanyl, 1, 3-

25di oxanyl, 1, 3-clioxolanyl, 1, 3-dithianyl,

|n1dazoI|ny|, |n1dazoI|d|nyI |soth|azollnyl

o, o o o - o o
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di hydro-1H-indolyl, and 1,2, 3, 4-tetrahydroqU i nolinyl.
The non-aromatic heterocycles of the invention
weasnowat ed wi th hydrogen, or optionally subseCT/usmd7/062329
with O, 1, 2, 3, 4, 5, 5, 7, 8 or 9 substituents
tetrahyﬂl%l%ﬂﬂ%%rﬁw Sﬁleetﬁtﬁﬁlcf rff’lms@%rac@ﬁa’ 'o@EMen@mhﬁmé a
al koxyal koxy, 10al koxyal kyl oxycar bonyl ,
blcyci@l awb( saf o 2 CarICIQﬁUyséLﬂi biswglic araal Rwaed tal a<9yc‘dgafb@rm}| orr

bscyclgy%rx/ @%Eg‘}%%ﬁm@ﬂ oaI !a'tn 9% I?@Eﬁgﬁ qﬁyﬁ\'%oparent

moledifdradbiey thrb@% gen caFt}tﬂT @Doyn cdiméfr@c;ywltikzyiler plnema,n magt o
nitro, alkylt -NR7Rs, (NR7R8) car bo

Reprqsnmtwemmm(smf tsisychg 31y HAgiRGIode bl@%ﬁﬁl%k”@fa& to,
azule gl;w?q%ﬁ)gﬁrg'g ﬁY'”Ql?Of@QV% éagﬂeleﬂ ?? rb%é@&tb%qyrln di ne.
2T!4é thita) atdienef, theenyiajrdl pi;l oattos iredHpn @ne substituted with

hydrogé[g :o%ag%gépgpﬁ g(kﬁu%h@tg W{hﬁ%@ﬂﬁg@ﬁd%@ndenﬂy selected
from z&mﬁ@ YCQ{YO? If{bxg( élk%x%]@ex@%ﬂ(oxyalky! alkoxycarbonyl,

hydr oxy" as
alkoxwemrmb hékcamsuﬁelayisaikml atﬂquga:rbmrpylz@meuﬁ@wh alkynyl, amido,
use ans

carboyuinRy: aroepkaDuREReay futef TN RonEaR R ugtooen.
hydroR?rIWHroiﬁﬁdll@ﬂUﬂr@FcémbeﬁMot Bkouab, awlRéiaWNRéRé)uemoaﬁyl -

g erein, Representative _exanp
SO2NGFar( &(y)aaan(RnLS(az{B Jowhetgia FhoR |arﬁ!1 Fﬁearet ipdependently

selec%ﬁ%@fﬁﬁb@%ﬁ%@égm X?EB(X/‘ ¥C;03|k¥ﬁ and aryl, and R™ is

selecfedIratnhbid geaypent wlkyl, E(I”kQCZﬂ?&!b&lkyiﬁ}elmyictwb(erta_t@/the%ﬂ]he

term "hydroxy-protecting_gro neans a i“@iﬁf' t %e&{!
groupwmacwhemyd)gm% th@@ﬂ&&ﬂr%ﬁaaﬁ@ua@tﬁﬁﬁ& Tufd here

f
the ol B p10 S gl N Bl o b S A ST o7 P &
8, or .0V here tHeoanygtduyl is domng@dlooa«yhéimwmber of substituents i |s 0 1,
- met yet hoxynet hyl , 2-

2,3, %vt@ yPSPl yl ) et hoxymet hyl , benzyl, triphenyl methyl,

2Tﬁe%eltrﬁ "én@ ))F? ?YJEed heﬁéﬁ Yﬁearﬁaoaﬁ éWT@_;%Wﬂ Sd d’éﬂned herein,

u

ut yi di tyl di phenyi'si’l yl',” met hyl ene
apperaet il theameohm@mmmoaemmweaalalkwgmum asrdeiiped

hereiiy KEPE I EHE SOMDNF ShpryrsyebEuRE BPCA e fited o,
benzyﬁP@%’F\@ﬁ saﬁm@nhmpﬁémlgmyps by reaction of the

npound th contai ns the hydroxy E»‘é with a base,
s&“bh tagn “garbonylf sstuperddidraia, maaas a royp| ect ed

n_al ha Lal kyl silyl
¢ SRR &bl et B ALl il 2 %H@@‘b@# are. o an
alTiqglteimh ogeiry nit eseddréldih means amdmgkmrm mdtaehes tethe
for exanple with net hxrl odi de, benzyl i odide,
parent mpeleaylps Mojety throughdhe £88180- chl ori de,
b |ll i n
oBEA R4 Lo AT G B 5 NG Bbenaea o
the paemt hiaecér tnotety mhimoghté ;brimtyl gcmt;:aumtsludnhg ytdradiynited to,
group with amdaﬁang cet The term "[ m na"
4- Cya&@%@f‘)"n%ﬂ‘yﬁ@?@l & group. The term

0] ed.h | cveli b
T A S s s SO
groupgcontpinirs frdef 3 hed cbtbdrer. eExgmplesarfdydioatkvt h@lam@ﬁdopropyl

T P R B TR N

of hydrogen, Cl.4 alkyl, CH: 4 cycl oal kyl, and aryl.
The term " (NR7R8) al kyl " as used herein nmeans an - NR7R8
group, as defined herein, appended to the parent

nmol ecul ar noi ety through an al kyl group, 15as defined
herei n. Representative exanpl es of (NR7R8)al kyl

i nclude, but are not limted to, 2-(nethylam no)ethyf,
2 (dlrnethylan1no)ethyl 2-(am no) et hyl, 2-

o o, ] " - o —r .



10

15

20

25

30

25 as defined herein. Representative exanpl es of
(NR7R) sulfonyi include, but are not limted to,
waeioneebd onyl , (rnethylani no)sul fonyl, PCT/US2007/062329
(di nmet hyl am no) sul f onyl and
particliigF Flé/fbfgftbrﬁ/ kattir el siichi®@ Rydirocihtort §lotip coMtaAngtrRdrR A0 '5
as used herein neans an anino group attached to
carbome‘opax@rmrplemw@lpprw vayctebuig, and ereepepiyended with an

WAL SRiash o el B iy s s Biedon opepe
contailnﬁwgsﬁbm &ﬁSfcéftmﬁdﬂeogfaWﬁadm shitbom- @“&frbbu dioaprrbonds.

Ci_4 alkyl, C3-C4 cycloal kyl, and aryl, and R 9 is
Exampleisetcygloafksmyt W@'W'%ﬁ@?%\fh exlenutenylacygigpentenyl,

ovooredy SRR At oE oot el To?

I\Eﬁﬁﬁ bf/tmﬁtd’rbnﬂmrhemﬁmeieycloaikyl &f@ctcmikenﬂg&ﬁﬁiﬂ(cﬁzblé

invention é'ss,%%tlﬁffc%@wﬂ%&ﬁbﬂ e P R S EREHEP B P78
a;kengzsgg@(e éﬂgé()%y c%pa|k8§g§|ﬁgeaﬂ<ekwaerbeﬁgnﬁ!kaﬁy.ﬂ{mo

I'hc are not Timted
alkoxysudfonmgtk, Iaydyarailncbt)wbbﬁwinyikybuﬁonyi alkynyl, amido, carboxy, cyano,

cyclogl iy TuaPaIN HelahBh Melgk T oo, Haierd tb o
hyd roxwlkw%@céﬁt@t 8%4, i géiwﬂuo a.wwd(mﬁw BarRARS -SOONER®)
groups bnten g?dto prote trog}q atomagalnst

(R'), BRI GalREAcwherein cidr. iy iRigRSyaptE | areeefieduhergin.

N:I}fltag en@g@ﬁ@lﬁl}go%}e%%h Ivesé%emggﬁggrﬁgfcﬁ)%ikyl group, as

defingtehéredt, iappendBd &b e paromt Moganapmoidag thioagl rsocgrbonyle
acetyl benzoyl benzyl , benzyloxycarbony|

group; g defined hieesip| Rarrergatatiy: oxpaples Qfé‘rwi%hvgﬁég%?ﬂmvd@,
but Ry fHbioBF sl omiy SRR RAEEREY, R0 gt oups

cyclci@é)&;lmbemEdnd)ny@opepmuaybmrylsecondary am no groups by
reacting,t

o O 0 a0y s OO KL B SEHTAT A MESTS AP EIAIRU R, a5
deflneﬁ?}\?!%‘irfdagﬁq%gbﬁgo %%géré?ﬁlrﬁcﬂﬁculéf‘nﬁ;‘[éw'thn‘o"ulbh a‘;lnaélﬁyl dftoup,

r exanpl e as represente
as defihbgy h@mflhycﬂ%apdese(raaﬂn;d exatapea®mf cacl@ﬁﬂwjalkxdmme dwuit are not

imiteg 3« e RO WU PTG mathy S dignesimb i, iy 2!
cyc&o%ﬁzirﬁ%\io"(ﬂst’@ EfSoalRY) aﬁ‘@! lir$ Héft@ﬁ)érh@fe!rgﬁa a®aturated cyclic

for ‘ex e ace%/ Ghl oni de, 20
hydromrtmygr@hlpmqrmnm@émI%mgpa@ons or example, cyclopropyl,

v B SRR S50 B byBEL P mooty oo

alky i?mbt butyl - O C=0) 20, trifluoroacetic anhydrl de and
henyl net hyl chl oricle. The term "oxo" as use
h@h@.tarrﬁe@% y{aeoo” ap &sed hgreis uneans wo weagaéewe?ﬂ@ﬂ
R e g AT

mtrog@h@t@ﬁt Rep@letanratlaetexmatplwobdlabwlaﬁﬁmbenﬂpﬁerbwtgawa|rmt
as hi stam ne, and al so enconp

suc asses co
hmltea rt@vmﬂwéhwamm §¥bet§§1|@ﬁ"'§@’s@thyfmﬁFEY@@"&%oﬁﬂfgg%tygrr‘%thy'am'“0--
q&qggﬂsﬂ%mn ag%eﬂrﬂe\‘ezﬁrrﬁé'% g eceptor activation by
an receptor agonist, such as histam ne, but also are
alihe teon |"i11hmrbratkyl“rasrmsmi leereld Beres eptamst QOEIWDYQIQTCAED

appeBfid I RARD] BRI HDCROAPro s N SN B10 T G alRet: <

a radi oacti ve atom or radi@hctive isotope, wherein the
radi oacti ve atom or isotope spontaneously emts gama
rays or WD 2007/ 100990PCT/ US2007/ 062329 energetic
particles, for exanple al pha particles or beta
particles, or positrons. Exanples of such radi oactive
atons include, but are not limted to, 31-1 (tritium,
14c |so 18F 35r 2 b 1-31, and 121 5 Cbnpounds of

o, . o N Y a1 T4
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Summary of the Invention_ In addition, certain
enbodi nents of the invention further describe
w@ewpaenes of forrmula (I1). | N conpoRCES29H7/062329
formula (1), L1 is a bond or alkylene. LI is
hereir’ ﬁ&ﬁf@@watﬁ/e' SbeRsled 8f ﬂ§0r@ah@n ﬁ‘lcﬂlde-’@l'bl&l/ h@ﬁoﬂ-lﬁnﬁ@d to,

preferably a bond. and L2 are

ftuoronmte)ﬁeﬂlﬂemdIvefaybéﬁfUJ%@rngthw| Q&l’éafitm!'@ﬁféwbtﬁw 22.%4nd L2
riftuo bond. In addition, there is disclosed
fflo (?EIE) unds of formula (1), wher ei n R2a, R2b, R2c, Ra2d,

RPRe tarhe"iibtoalkbxaraes ligel bgein miedisratagedt ek fluoro group
enbodi ment, there is disclosed conmpounds of for

appended tothemarantamolesslar nagistydhrough aa fEOXRAEOW. n&@‘"ﬁd
hereal‘iuﬁ%ﬂés‘é%%tw%té}earmﬁlgé‘%f ﬁMSjlro%Q@y i85 & ateInbt iffietio,
I's scl onpounds I'nvention mhereln
fluoroR%thd;’cWeief&nﬁoMwyetrdammmymmgepentﬁﬂaomemaa(yabed 2,22~
di scl osed conpounds of formula (1), wherein LT is a
tﬂﬂuomaoxwz 20i s a bond; Rae, Rab, Rae and Fed are each
%‘?&%‘i‘"fo%yi“'a% i%%%reln%gﬁﬁ%’ 4 'Gi(ﬁlti)ﬂrouﬁy cl oal kyl,
cyc oal kenyl'; heteroaryr or heterocycle, wherein the
h&he tean Jhalot oh'&t%mg&rycasws&ci kerpirmaeans @, Barl, ar F.
h roat @ ected f ni.t rogen, ,Qx
oihs a SroRliety oo PPRIL PR aidF i Sheflpgen. as
deﬂneﬂ:l ﬁél‘&?ﬂapde@ldédﬂ”@&t@e Qé@‘rﬁﬁcﬁéclﬁabﬁ@;ét?mhro%ﬂ drSaikoxy as
pyri dazi none. Preferably, ounds of formula (1),
definathbersim ReRresestativieyexariples jof halasdmxy indugle, @thafﬁmot

imieqE5 205 ne Bt Sng GRAGABrRIIRZTE oy

amele @¥in Piyalbermel” ra@n%eh!meﬁemmeﬁs caldast oRk hlasogmr as
preferably a nethy There al so exi st
defm@rb@wmped@@srtpW@aw;smme%aarnq'@;w oMg |f=)n alkyl group,

o0 ol SRFR S sl BB Ao R0 se iR
limite@Y3, dtiomnydthylc 2eflumabdthll, trifucromiekiemybentaitaeoetayy,landaz-
heterocycle wherein the heteroaryl or heterocycle

chlor@r@rf&mﬁ%y& or 3 heteroatons selected from

mfhéqgﬁ‘ﬂ 'h@t’é}’&%'&[e and ysel ?\HFemPrre@é/r‘s%q'wohbﬁbnﬁéttd SRRE

ne heteroatom’i's hitrogen. In a nore preferred
groupe;rtbablcmrﬂatn ﬁlyl@asfsorwhet&mﬁonpt Nonairbrylatlﬁheterocyc[es are non-

aromBHaRVIIDTES A RGN &t st BB TS g iR obpon-
aroméﬁ’é Hléie?oég}dlc%'ﬂ&jﬁs BNAGHBESHALIE ﬂb{e\t‘om@ﬁé@bﬂuﬁh@ﬁfiéﬂ@éd

Speci fic ‘enbodi nents contenpl ated as part of
below.nkletarpoycligl ringsi arelaggisectselue the amnt molsruled leieW through a

carbq{qe Rppyg:? g\tﬁmq‘t&gm %r%ﬁé B]':!B% Ip; Bfatefocsic)ltc rmlgﬁ thal‘l col[ltaln a

bivaléraritesgdn bloen hav:ng a f#dd ca &t StadRiment| B‘;@ rmterqwbilmruegmay
h ydro pyrrol o[ 3 rrol-1(21-)-yl1l1-1
be CW@Q@@W!]]BM@MU@%@@H%F énc)lety though a nitrogen atom.

naarfisly. GRAEoRRos MaPy PRENES IR > 7 P o

4 TheaBirbaRetdvodyt"y hi axath yere pylref@ﬂscib 3ida eb}m;tmr@g ddrzaining
y1l] -1, 1' - bi phenyl 4- carbonltrl

one b WYBH@@'HWF%EW@@& sl oBT Bopan. BReREnaNd 4

i
suiuf, S HBE oo e apanile oo el o el eserbed erens
Hetemdnyipmgscé reliohﬁ@:te;d]ty) +thd pmnerﬂurpd:alenyllar majelyboniot It | d)reL

wherg!p lﬁ%n%ﬁ%?%d g Hé{ @gﬁgdr 0%/& 03}%( 14 rr oI

R) -1-(4 -net hoxy 1 T1P- br tenyl - 4-y1) - 5- net hyI octa
hyd ropyrrol of 3,4- bipyrrole; {4'-j(3a R 6 a
R) -5-nethyl h exa h yd ropyrrol o[ 3, 4-b] pyrrol - |
(21-)-y1]-1A rbi phenyl-4-yllacetonitrile;
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1-{4'-[(3a R 6a R-5-rneth yl h ex a
hydr opyrrol o 3, 4-b] pyrrol -1(2 F1)-ylk 1, 11-

WQ v poeny| - 4-yl } et hanone; PCT/US2007/062329
344-[ (3aR16aR) - 5- met hyl hexahyd ropyrrol of 3, 4-b] pyrrol -

nitrogef&forrd) -yl i phenyl } qui nol i ne;
(3aR, 6aR) - 144- ( 6- et hoxyp¥r| di n- 3-yl ) phenyl
Y

r hiee kﬂ;n&trawmy@bcy hﬁtﬂ"@ "ProppyF 6@11@mbered Leteroaryi ring’,
as usFghTeih VAR5 e 44@5 SRR gk BbitiatiBl B i ohe

heter@atbﬁfr ipd @@ﬁn‘c@#m&(ﬁwd lﬁmh}tdfgmy okpged, 3 sulfur. The 5-
yrrol hen |1 pyridjne-2-carbonitrile;

meml(egg#g ri@gmqnia_uns F‘MO ubga %q:r,:fiq pr %,rﬂngjm@_ygzgﬂtglﬁ one, two,

three ?gf%rkléﬁéﬁéf&gﬁé ﬁrﬁﬁoa% E%ﬁt‘aﬁ IB%? %F & [fﬁro‘bew Yt MFPone

oxygenlatoln, phenyy edntail) ede orbtrdipltaziea atoms and one sulfur atom, or

may W%B{O,&{e?@g}}gs p b%pohrg%yﬁccgn%ﬂwe sulfur atom. The 6- membered
ring cB%Q{)Wré helBedHdRy bF lterHadiGaly, M@ﬂ%é}ﬂb%red nng rrlx?\llo

enzot I'azol e, (3aRl6aR)-144-{1 -I'm dazol -
contahler? dojibis- htmdsrvyltmn én@r;hgdvfreroiib@rrrrtg i@[sglbstltungq wﬁyran OX0

aroupy ByRheggre, the,6: membsred. rina mAKSERIAM 219111 Mise g gt

n|trog;;@:h)éﬁid5|§’|l§.¥2 fﬁia‘?[&)n‘ﬂaan %@]maﬁogen atoms and one oxygen atom,
) - 5- et hyl -1-14' - (nmet hyl'th i o) -

or may cDDtajn shergr g nlgmg%aéprm ond ¢ Qs $er%l|r &l@N40pNgy contain
one 0( %\gé{%gr%er\aatﬁg{% Tn?f ”g‘f/’} ?tg 24t yY C%%tﬁyl/ et am’/dr op
nltrog‘,éhralbg{s?;rg}%] e bwt(%nl Iaqmm I ;I’hg 5- ar 6- n?embered heteroaryl is
a a ne exa ro rro 1-
connac‘t@ég athe w]eni Wm%%rn@meéy &%rpaa %W.qaééoq QEQFQ]‘ @grﬁ)r“? 1
mtrog;é?ﬁ détop ) O{%Fg \Aﬂﬂ‘@&ﬂ% W&\BE?Q)&lﬂetérodmtrrh@/ | REpRsentative

examb%RifﬁiaFﬁ)J -Gomendidrgd hbtéréam r|ngs include, but are not limited to,
rrol e;

3- h
fury, (%@ﬁz%aﬁ):g@éz)@%g% o orasRi oy BHBH, PYsZohbrrarrdazin,
[S]
L %Z%'ﬂeﬁiﬁ%%%%'ym*%?'s*%%’ow'b}“&;?'?51“0““
oxadlaitQ%gEckmyatplonyl oxatiaziviopiye dlyigzalyl [thienylatriaziny!, triazolyl,

6 1141 hyl t h
trlazo \g|C%ﬁ %/%’ : ‘b%f‘%‘i"gﬂg}ﬂropyrrol o[ 3, 4-

b}ﬂPulértéﬁh eblcycilc heteroaryl or “8- to 12- membered blcyclfc‘ heteroaryl
25(3aR, 6aR)-5-net hyl -1-P-(trifl uorornethy 1Lbi phen

ring’ y:tsusedym‘pr@m aeipos pgn |80,| %E 304181 pyir tal r@embered bicyclic

ie .
aromg\‘lg ﬂgél 635?”3 %d%ﬁlr&%é f;lf %}82’}% f]]tBe i'lrn:g%agctg@éh replaced with
at ledsBafe @@F@métdmbbhéﬂ;fel}ﬁémcﬁmbhybumr ahd nitrdigen. The bicyclic

1- bi phenyl - 4- 30ypoct ahydr op){r m o[ 3, 4- r|‘]\ pg/r role; .
heteroaryl of the invention maybe attached 1o the parent molécular moiety through
any available carbon atom or nitrogen atom contained within the heteroaryl ring.
Representative examples of bicyclic heteroaryl rings include indolyl, benzothienyl,
benzofuranyl, indazolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl,
benzoisothiazolyl, benzoisoxazolyl, quinolinyl, isoquinolinyl, quinazolinyl,
quinoxalinyl, phthalazinyl, pteridinyl, purinyl, naphthyridinyl, cinnolinyl, thieno[2,3-

dlimidazole, 1,5-dihydro-benzo[b}[1,4]diazepin-2-on-yl, and pyrrolopyrimidinyl.
-12-
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(3aR, 6aR)-114- (2, 4-di net hoxypyri m di n-5- Aphenyl ] - 5-
nmeth ylocta h ydropyr rolo[3 , 4-bl pyrrol e;

W@ 3mR1@aR) - 1- (4' -fluorol, 1 PCT/US2007/062329
r- bi phenyl-4-y1)-5-nmet hyl oct ahydropyrrol o[ 3, 4- -19-

hH@Yérb?I ¥ grou &@ﬁﬁé@ﬁ@m@n”ﬁhﬁma%oﬁd’cﬁhé or Bﬁ.‘f}ﬁﬁ@%re

hen ydropyrrol o[ 3, 4-bi pyrrol e:
su bst(MthMlﬂamlCﬁaa)?nSQIn@wtimaﬂemhyﬂfmfpiwﬁbISupSflwleb]E?pyr rol -

mdep&ng%mgy %ei?grt%grf*fq{g he nt,/ BIC‘& %Iﬁ%ﬁﬁ@)@/a!koxy

Ik b k 4, 551]( Sﬁﬁbﬁ I, alkyl, alkylcarbonyl
a ox{@k Y%I‘g%?éﬁfﬁ ﬁﬁ)’é?k@ @ih’ﬁr(}trl f?%qororr\éta yl, a i/car onyl,

aikaUlbeylpﬁ%MU'fllMaikyﬂylo@mmww 6Ya0a, wcéqﬂyyﬂ rffagoalkoxy,
formyi,%?qﬁsﬂ%ylr%ﬁaa] Iiglﬁargﬁgﬁn h\g/dﬁ)x% hy%o mé/fahkyl mercapto, nitro, oxo,

-NR’®, GRRERY daetoyl, 08T Bi( R YL By rahdl—Bl;(Rg)SO (R“’) Monocyclic
(3aReaR) 5-mett] yl- 144 (2- napht hyDp L;loa:t ahydrozy
hetergany| ana- cm%wqrabgredﬂetg;qaaryf rngs are su s ituted with™0, 1

or5 su&s?%fw&a@ ?é\@ hétet@&rﬂl&rﬁ)@hlyzld gﬁ%{j} gfcgfcﬁcr:rg%@féél%

rings ﬁge{ dubdtit3dRyia®) 1 52, tdh i, Be”x‘a&ym@)pymmum[lts Heteroaryl
- 2F1 1- 15 h 1-4-ylleth I

groups Qe (esaon IRy B FERTTAS AR T Sy 1 of of 3. 4. It pyr o

- ¥hakemy 1ﬂet2erécycra"m@ﬁaﬂewcwnbpaé L83 hBreth 2hdknene, or
(3aR, 6aR)- exa

monqcaclpym@tercn{y:elealglbz}l pyxyplm gateyqqutﬂ pheayrenpcyclic heterocycle is a

3, 4, %,061 @8%%%@5 c{r%?glgtintfirtlgfg abiﬁ%shpmalqeéer%toin independently

selectel PbRRB oﬁ‘p cMhélQﬁr‘igaBﬁ@f P whES Of Be 4= b ﬂ}’h’(eﬁhl@ered rlng
4" -[ (3aR, ) - 5- met h 1hexahydropyrro| o[ 3,4 ’\Lapyrrol

contajs] gyiproatom safec@ti rersrthR@gUD SoRsistiiht O 8a The 5-
memt%r%_%& ﬁ%%%zé_alm&@f% EégE)ﬂQWou%ié Bord ¥hd ohe, two or three

heteraatarishyelactealfstn diny graioéshalstiiaysiO| B and S The 6-or 7-
(3aR, 6aR)-114"' - (2, 6-di net hyl pyri di n-3-y1)

mem!pewdmg @ayrﬁ@nfﬂm SN @bWW@Pé‘ﬂb%]%ﬁ"Pbﬂd@d hErReh ring,
whenﬁﬁ%q&j\ﬁﬁq%%%g iRfePPYdded it3adtbhictize with a substituent to

form an EemrhytlouhghW@eapyno@;dBp hétdropyele id eonnected to the parent
mo[equq@@fpg)%%y %Pug ta@,yﬁaéag o}nag)é/%bg ﬁf{tgqggoqﬁggtohﬁE:gnLt%anerdkoi_thin
the wﬁaneé¥é% Hétéaﬁyé@gﬁépr@gémé&w@%&amweg OPMBREERIIB heterocycle

rrol
includg, ibpih arg hbplirpidech o, razetigion|, @aepaoyli adridinyl, diazepanyl, 1,3~

SR s S R Ve S (L
usoth:(aﬁaqﬁﬁy@a&imfaz@sﬁauhyﬂmb@%éhr(ﬁ |$8>?e7ﬂild2ry}/|rﬂn@ﬂpﬁ©ﬁﬁﬂl n-1-
enyl}octahydropyrrolo[3 4- b]pyrro e;

oxadaé(za!mi sardiszaginy) Dxaaalind. exazolidinyh p;n%ay@vfa@mef@myl
pyraﬁgl,)pwgﬁ}f nkrP?)R/?g%% n?/P,Bb FI%I|IR£'| pf}ﬁ‘&!’f’c}’ﬁ e‘?rahydrofuranyl
tetrahydrothienyl, thiadiazolinyl, thiadiazolidinyl, thiazolinyl, thiazolidinyi,
thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl,
and trithianyl. The bicyclic heterocycle is a monocyclic heterocycle fused fo a
phenyl group, a monocyclic heterocycle fused to a cycloalkyl, a monocyclic

heterocycle fused to a cycloalkenyl, or a monocyclic heterocycle fused to a
13-
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(3aR, 6aR) - 5-net hyl- 1- 044- (4- ni tr ophenyl ) pi perazi n-1-
Aphenyl | oct ahydropyrrol o[ 3, 4- b] pyrrol e,

wWQ@2{0444099( 3alR16aR) - 5- met hyl hexahyd PCT/US2007/062329
ropyrrol o[ 3, 4-1Apyrrol -1(2H ) -

er I |
monolg%b‘h@h?éﬂér‘&cgbi%et“lﬁ?élﬁ%%c%(ﬂé%gg)f%‘l?gile; i5 fbsng?tggrtg Zﬂlae?] pelarent

molecyldrpheieiy thoetgthady op;bqroatomomaby piiragescatom contagr within
444- ’_fta met

the meﬂcs)ffllg}'rb%Eefrﬁéy(g% ess Bﬁ\é%w%gg{eg %%cychc heterocycle
include? QMf ér‘é‘ @bt IFindite @YFE f@bénzdcﬁ&ﬁﬂﬁ‘ G%eﬁzd‘tﬁ{hhdly!yz :3ldihydro-

(4- razin | perazin 3/ henyl j oet a
1,4- bmmdmiwlxz)ﬁdbhmdr@}bg@ﬂz@péanyf 2 3 hycﬁm %enzothlenyl 2,3-

ol B B T By 2 1 v

4‘thé ﬁoﬁé’arb(r%aua HeadRbchelesof the imesationl sapstitni@idolisil hldiigen,

or omzmailv ﬁl«'béWF%deﬁE Padi ATyt) DéhZofi PF PISEDSIIUSAR 6aR) - 1
mdepeﬁn?%n"t%sr’ei sﬁ@g'f% g |deg§ﬁ\}/]aiQém @M Lind-RBRA%Y) - 5

ropyrr
alkox%@hﬂﬁl&&y@b@fhﬁyé}kmxflmm@ Pyaiysutfomyl Salyip afkytcariboryl -

eSSl SR BB Do,
haloa?as%% ?uqal hal%'gfé%r ﬁ?dir%x} X*dmrawrew RRIACAHS! Sitro, alkylthio,

enzyl phén r nef hyl oct ahydr opyrr ol
-NR'RY, 3NR”R%)p9rhrom:yé SOzN(Rg) (R'%), and N(Rg)SOQ(FJ

CRaTHOBR bR ES o holbrp R R i R AR E R

asomdam% 1" DRI pi $H%é&b[¢aw LRliazepi2BUH ybhdhemyditing 30

heny I et hanp

2,4(1 id@é"ﬁicbamy t1er[mp{cuttu@;zcar%ﬁl’iér@oﬁypwf@mﬂij HEopgeligagdidiing-

one, Hy1 'ﬁg?fngg’ﬁ@p ’rp&y'gé?@%@ﬁ pyrro étﬁ%ﬁﬁ@r&gHWE“@ 1°ne

and 1H-bdnZoldhinRleok2(3H)carmdoni bi | e,
{4- [QBaRg%a 5- net hChexahydropyrrol(BS 4- b] pyrrol 1(2H
) Th tetom ehydrexiprrsiyF9 i iedm Bgans an -OH groug.|

RTﬁrQ rgﬁ ng}r‘]if P%){agl%ﬁ'agé’ AE8AY et Qh Pharks B IRYE( (9#9 ﬂ&@t{’:’xy group,
as deﬁﬂedj ﬂléfia,ﬁa;ﬁmﬁ)de;a tohé pahentahylecolay rmaseiy{tBrotgh] apgikyl -
aroupss ARfIngD T %g%a shjs esaoplbediifigyonali inugs, but
are néﬂﬁﬂﬁé’c’ }@WB%%R Efﬂyld?@xyeﬂ;)/i 2-methy|-2- hydroxyethy& 3-

aR) -'5- met hyl hexahydropyrti of 3 b]
hydrogypmlyi 2(ejhydientpenty) airpj/2+e’fhyblr4rrh2d reery heptyl.

TSl AP B TSR R SR B appiece

hydrok ups a asnstundeszrable reactions during synthetic procedures.
y yp%t% b (q R 6aR) - 5- et hyl hexahydrgog rrol op[3 4- b] pyrr

Exarrmlesi@fziﬂj oY~ pmi@ﬁtwg ggﬂulp@nw:l@dgwraraa@t fimedity. one:
meth?)g,f c—‘it?\%ﬁ'})%?ﬂg%@ﬁ%q@'?h@(tll&%%ﬂrﬁé%ﬁw bol o[ 3, 4-b] pyr
(trimethdsiyNetzdynistAyIPBehgaziriphdhdhietiyie2,2, 2-trichloroethyl, t-butyl,
trimethyisilyl, t-butyldimethylsiiyl, t-butyldiphenyisilyl, methylene acetal, acetonide
benzylidene acetal, cyclic ortho esters, methoxymethylene, cyclic carbonates, and
cyclic boronates. Hydroxy-protecting groups are appended onto hydroxy groups

by reaction of the compound that contains the hydroxy group with a base, such as
-14-
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5-(444-[(3aR

, 6aR) - 5- met hyl hexahydr opyrrol o[ 3, 4-b] pyrrol -1 (2H ) -
wQ kdophenyd | pi perazi n- 1-yl ) pyddf ne- 2- car boni t r i P&F/US2007/062329

(38 R 6aR)-144"-(2-met hoxypyrimd

traethy‘&égnnet %hfi]a r%aﬁggpgé%tjed“f‘rdrﬁ%n%lk{)fyhahdieealkyf trifilate, trialkylsilyl

octa rrol o 3
haErde5tr{a4kyl$|(yBHF§La6®, aryld:aikyisﬁyltnﬂate or an alkylchloroformate, CHal,, or

ad!hatgbogpgﬁttgh%qteﬁ %ﬁ&% ﬂhg@hﬂlgggﬁ%rb{aﬁlgyf éégl y13 1,1

tnethy@[lgﬁﬁﬂbtﬁla@et%l%hlbtﬁ@@ benzylchlorlde or dlmethylcarbonate A
aR) - 5- net yrhexanydro%{rro o[ pyrrol -1(2H

protegtmggroug aisp. ey Hsngnpendg cmtp.ajtaydrﬁxggmg by feaction of the

comrd3X28 S0 T Mol ot P ot

("Sw@t&m Brido"{«fk défﬁmeﬁ} lekeresit fglans b d&(p)FBZotoup. 1 4) .
11- bi pheny1-4-A-5

nElamerab‘t'raﬁsmﬁwrasOM%ﬁdshqwm Fpans|a;SH group.
{
i (N T dse et megnpfioth Riang R araup, gp defined
herelrﬁé&)pllglfgd%dlh@'df@paﬁaﬂ@?ﬂict?ilbﬂrp}efy dﬂsrleugh a nltrogen atom R’and
a a razo
aféleacfms#@@ﬁwem %@J’?e@@a‘rﬁm%%gr?w 6?@5%1"{9 Shiypgen: Cra

6aR) - 5- net hyf hexahyd
alkyl, @:3 %@4 b‘?pfﬁrm 1(2H) -y1] - - 22-

1Tlla¢erm HARTRE )a’-tksng Bpysediherd( tharsnen -NR'R® group, as

aefincy §Tey - Appenianie i neErb eyt oy RV FBRRRA R

as defined herein. Representattve examptes of (NR'R®alkyl include, but are not
6-nmet hyl -1-{4' -[ (33R,_6aR) - 5- net hy]| hexahydropyrrol oI [31
iamlteducb]qogmeﬂwlang ethyly 2- (gn:nethylamtno)ethyl 2-{amino)ethyl, 2

(ethylégﬂkﬁ%ﬁ@iﬂ;}ﬁé&% lr@ytbfeﬁ'k?héiiﬁ%roggfrol op, 4- b] pyrrol - 1(

2he ydin ANR'R® e@b@ﬁm ladugbt pyréid aaeans34R lrl)!RE)IR%group, as
2- (4" 4(3aR, 6aR) - ycl obut yl hexahydr opyrrol o[ 3, 4- bl pyr
defmerdomerﬁ(rz rpppDded tqthe patshé mplectlgn meigty ﬁe@ua b3 cathoryle;

grounggdpflf\?%gﬁr%am _ res?rﬁ[eq ee %1 Iregpoir(lr\jﬁ R[ }ﬁg:arb%rjyl mciude
but are{c Himitedi th pimemydatbyrivl- (mahgiehyum)@pworqazu h-3(2H) - one
[ e.are oseo{hg?I ounds of

. ~In ad
(dImeﬁafﬂam|n&)tz§rp§§nﬂlﬂifﬁéhﬁmﬁiaﬁ@mmCia oRVh -L3-Cy3
7
L6} REFTIEY SFISRORr BRSNS SREROUIRS chonpnas
defineahberZin, sappedd&? tatite parens nrmib@ﬂalr maredy tlysugb mm!foanyl group,
as cofSh bR BRrried P AP oA e S or dudd, but are
not hrﬁ@l 581%hs@mfbn%r(mé@mlgﬁﬁac%uifwqbpﬁ@tﬂymuﬁamﬁw and

Chem stry Devel opnent, Toronto, ON; Canada),
(ethylmeéhmmajsvlf@w 0 (Canbrl dgeSoft), or were given

of PSRN Rt Vo enf T gt “NindeRSid Siachea

to theS3drbt toRsty tR MM isdsshanapereleeniienbn Rorgrotprassddiine
given chem cal nanes is well known to those of

hefelfbr&i’i%%u%ﬁs%'pup tp WhisleisAPIERdeRFBLIRIS) ouptas definast heygin.
%is E@gct%)éi' rdmafe B}cﬁfpe%ﬁs‘?&ﬁ{gso%r%éh, C1.4 alkyl, C3-C4 cycloalkyl,
and aryl, and R'? is selected from the group consisting of C1.4 alkyl, C3-Cq4

cycloalkyl, and aryl. Representative examples of -N(R®)S0,(R') include, but are
-15-
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asymmetric or chiral centers are present These
stereoisoners are '"'R "' or "S" depending on the

wa@enfiepeeat i on of substltuents around t he chi redT/vsa0bT0652329
atom The terns ''R ' andused herein are

not linfRH oI - ﬁ{e'tlﬂpl%eﬁ?aor%‘%glfﬁﬁé’midé | UPAC 1974

ecommendat i‘ons ect1 on E, Fundanent al
Sthee tarorheBION(R®)( iR PasaisadtiereinGneans alld(Rs)( REY) g13480

attachiiip SO keTRcahanger tadte AR BuBhhER g RistuREs

groupWM Rébr@sér'ﬂﬁtﬁ@ eRsnpled b -50 MY RAj(IFOR) inSheleeBUSARENG limited to
i nci'ude enantioners and di astereoners, and m xtures of

(dfmeﬁfwiaamunobméfmybmndj NagytadehexykNsmefnds wiamyhl

ol St T r S PR Mo dSoz BV o Tt o

STié tarRY"MBOGEM BlSte il LHrotpn BaiuRedNETER MEENO thaRl gralips
] centers or by preparation of racem c m xtures followed
intendeg todyeiagt pattrogen alamorgatnet tiné%raﬁe saftieasdusiog aynfhetic
ar f
procegnree(s f\tletr § ‘?ot'é%{u'?%?mﬁ%f x‘% s %%béé}‘rg)g aﬁ%%xﬁgﬂlte'g NeSknzyl
derivatives admcalmnbldiarrbvat;m aPedfened oftrdden mmdthg@owxam e

acetyg he ol dgh b barvacSgo R Geny (b s oRnylron, ey
ten_bﬁﬂgkiﬁ%?h{%{gqabe%Ré%ﬂﬂmé ngmrm%r@ée@t i Ay tﬁﬁqaﬁ%éw

naf or d and Tat chel'i, "Vogel"
(trityl) TéNitrbgek-podteBling gragls Degprendet emits prignary Br bee@l‘ldamn
n.Scientific¢,&.Technical Essex_ ONMPO.
amincsJPRPSENGRRRRTO e Py bhybE et SRS fhst e Srethi it pase.
such @é tr@@ﬁwgﬁim@% & %@g@w QB|ceked AbrCar angt BAIicRD @nCalkyl
S5colums or (3) fractional recrystalllzatlon met hods

tnfnateoafg@mgnbydmtﬁm fonoxamplerasigpreserded by an alkyranhyslige

(oGS 2 TR IR EGRAPeRaE 1 SRR SR L e

0OC=0%L09a0dcy) héiﬁieafalnvaikyﬁ@hlaﬁﬁbrr@étbebr apalighsLMoposialige, an
si des of the rqlélgg(arel ative to each other (trans) For

arylsuieambelide cyrdha Néatky el fo PPBIRIS ARBYIGhegridse
t
benzcﬁﬁcﬁ{ ir?licg@é nt{én'igfbvgmfde; lbgehzglbg@?a rBBH%btgiBﬁ?é ' ﬁ?m}yﬁ‘lﬂﬁna@y

phemﬂslﬂfdrryafmoric%} mivadoyltindride dtet-batyd-GCA0)aD strifisoneacetiof
npounds of the invention may be prepared

a“hy@'ﬂﬁ regiterneRyImednicBaids-ci al i y avail able starting
TRHEREM Sk SE] ekl Meahgqaby transtor mt | ons, or
prepared 1n single Isoneric rmby purification of
N ke deres “mﬂfdnlyé’ as mmidererramans @mex(6).),- Quoetp.25met hods

28 UEy eteruine Gapacaiadinial cpeghliadssand Bebdibel
compb@ﬁﬂé/ HaldrbdaditireBeRbr SBHITBhAY AP PY receptor agdnist) @Hhﬁ' as

be understood that the conpounds of the invention nay
histarpines epd alsuencampassasrsampendeknoves agéipnersei agonists”.

vk 835615 AR B BRI PR Haf AFBr®y an

recepiMBRMIMNSS sOdh BERistavE, babalenay % & indtbit intrinsic Hs
| sotoporners, wherein atons may have different

recepjgs RVEY. for exanpl e, hydrogen, deuteriumand tritium

e e T B R L

in whizhtht¢eagiasict dfahe atdmt ieairadieatiivenatane ot eefi mctfverisotope
nmodul ating the effects of histam ne-3, particul arl
whergin $pe ArdiaactivenataRbal SRIOPSGRIANIREOUSIY $miis 0eeTag 6%3/%
In particular, the conpourids and conpositions of the
i nvention can be used for treating and preventing
di sorders nodul ated by hi stam ne-3. 5Typically, such
di sorders can be aneliorated by nodul ating the
hi stam ne-3 receptors in a manmal , preferably by
adm ni stering a conpound or conposition of the
[ nvent| on, eit her aI one or | n conbl nation wth anot her

L, o o g Y 4 T
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R2b R2 R-solLt_0,14.2..cy2 | NR3b R2e 15 (1) wherein

R, R2a, R2b, R2c, R21, Rze, R2r, R32, -3b, R3c, R3,
WQLq7A®99Cyl , and Cy2 are as previously descriBedus2007/062329

herein. There is also disclosed a nethod of treating a

energ E"?)?ch"@é’ lgeﬂarﬁ@@délﬁﬁé’ a%QM?éﬁbé@%Hr@élé@%ﬂfosstrons

m ne- rece or act Vlty Is of therapeutlc
Examb@sejﬂ auchgad@anbvmewm@mucm iyt acerhel lmised iy Holtrtium),

14 18 Chg hay, ysceptible to said disorder with a
C, dlfre §|oelflt~'I 'II)) %‘P‘? flve anmount of a conpound of the

formula (1), WO 2007/100990PCT/ US2007/062329 (I11) or

a pharmaceutically acceptable salt, ester, am de, or
Compo i

8 ST OURL u. pehtiodherein, R is al kyI C3 05

iRt KB EEn RVBRHHRIRALA() e Ty e

8umnﬁ@c§zwlthe ofveritioar ametitition, BénamFabbod%E’r@ntmﬁthBamleramh
are independently hydrogen, alkyl, fluoroalkyl,
further dgeeidke R@WDUWRQ?%}) 8% koxy, hal ogen, or nitrile,

o BB ) 00 T B
bond.Rat is abdn&axt allwlédmoit?olaldmferaiﬁlwtmmmai koxy, al koxy, ,

sm 8{](; Iﬁgxy, ngb\ﬁ‘%ﬁpe% gongﬂgﬂ @ﬁrﬁgn%e?er‘ab?xlyg nd L?

area%bﬁgl ani no, - (=\-Qal kyl) NRA - C(=0) NRa-, or
"is hydrogen or alkyl; Cyl is ary

cyta«bd:tudam thecg/ tsl distlkeeny Competiods af farmude (Ihe/vl@r@wBFa R?,
c gl S Qr a group represented by -1 3-
R*, 2d “Hﬁ?@?&%éﬁ rOQEQI acyl oxy, allcenyl, alknxy,
a|r+<9mbk @mbodahéwmféréyé ms@lds@@ymﬁ s, of formula (1),

al koxyi m no, fon al ky al kyl car bony
wher@mpawmtmmarf R""'i @gnwr % A6, SL@?&M Wéﬂc’m hydrogeﬂ

Altel’l'l,%l @ebké’rﬁ)}%@g;@%&ﬁbgé) éo:y%@hﬁ&é ﬁ:@algp%l*@@* %l}"]lerem R¥* R
aahlwthahe eachydgeM R7, NR7R6 - N(R7) 0) R9
r- O NR7R8, or N( R7) 302(R10) La is a

sthets arealspshigaloses ma%@d%q)ﬁ(fwfealao&khwhef%lmy| 5 pnd L2
isa bB%'ﬁb@b‘kﬂaé and & ale leag(q ﬁ% dﬁ@ﬂé%{l 1&(6 @X/g 13 aryl,

i'sraryl, ‘cycl oalky eteroaryl
cyciob!kyle cocipalkenyl? Gatutoay) oRBeta‘Rﬁbycm, wherdinRhe l'aattemcw or
heterggf LI” Er%}gt% haa'rse’i | %er%ei'rl]e Spée{tgmgys%rl&ged ’fromlnltrogen oxygen,
and sulfur, provided that at least one heteroatom is nitrogen. In a more preferred
embodiment Cy? is pyridazinone. Preferably, compounds of formula (1), wherein
R'is alkyl; L' is a bond; L2 is a bond; R?, R®, R*, R%, R*, and R¥ each is
hydrogen; R* R® R* and R* are all hydrogen; Cy' is phenyl, and Cy?
pyridazinone. More specifically, R' is more preferably a methyl.

There also exists an embodiment describing compounds of formula (1),
wherein wherein L' is a bond; L? is a bond; R*® R® R* and R* are all hydrogen;
Cy' is piperazine, and Cy? is aryl, cycloalkyl, cycloalkenyl, heteroaryl, or
heterocycle, wherein the heteroaryl or heterocycle moiety has 1, 2, or 3
heteroatoms selected from nitrogen, oxygen, and sulfur, provided that at least one

heteroatom is nitrogen. In a more preferred embodiment Cy? is pyridine optionally
-17-
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al kyl, C3-C4 cycloal kyl, or a (C3-C4 cycl oal kyl ) am ne;
provided that Cy2 is not R26 There is al so disclosed a
waoretoheehdof treating a mammal having a condi ti oPCT/U&2007/062329
2007/ 100990PCT/ US2007/ 062329 wher e nodul ati on of
substlmtéﬁ@ml"ﬂ@é’nd eceptor activity is of therapeutic
enefit, 'said nmethod conprising adm nistering to a
s'umr@calsnawsmga phasusceyidab cemposiighdamyisinga aampeund of

orm AR AL g PR, 2 comound of the

CSEé@iﬁb l@ﬁmddlmeﬂtsecrmémbla@éd e éﬁm@&tﬁb@nveﬁﬂ@h dbaitichgle,
2, or 3 heteroatonms selected from nitrogen, oxygen,

but ararrwtsbmltaqirto provi ded that at feast one heteroatomis

B L A MR

carbohBrighenyl, and Z is -L3- Cy3 and L.3 is a bond, Cy3
IS not accljc am ne of formul a R2d Rac, f
Sl AR PaR frisoRBTE OV R TR 4 WAL 2kl 1

n re nodul ati on of histam ne-3 receptor
b;pheﬁ@ Qbét%it\éﬂ%f t herapeutic benefit fromthe

adl nﬁ(mf?.lﬁraﬁi)#daprmlrmxubmﬁmmdslcdﬁ 4tmpyabh ! HPyI-Wier ei n

t he, condi tion or di sorder Is selected fromthe group
biphepylrikraf %”g?' Al zhei mer' s di sease, asthnma,

aktesdR @HrIss- bﬁﬂyihe'iéﬁ?dﬁlr@fb%r‘étd ¥, 4db1pofrees (2Hh Jmpi al-biphenyl-

dlsorder cogni tive dysf unctlon cognitive ficits in
4-carlpryitthé;at ri ¢ 15di sorders, deficits of nenory, deficits

Ok B SRR o RS SR s By

carboﬂﬂhl'eepsy, gastroi ntestinal di sor ders i an amTati on,
insulin resistance syndroneg,

t Ayl(SaR. Gedk)h- fﬁyﬁ@pr%ﬂm&wﬂ)h%m@p@vmm[@ éata:]ayrrol 1(2H)-yl}-

q nme, mld cognitive inpairnent,
11 "biﬁ%geﬁgfﬁe(}%r%mgﬁ%nd attenti og al terat rrgn not i on
S4CKE@E£aR)86-Qfdtlesﬂlss'xalﬁ@im@wrageiﬁ @b]pﬁrtcﬂtm(@ti) oliik1,1"-

obsessi ve conpul sive di sorder, pain,
blphepwr%CﬁéQﬁW@‘% sease, polycystic ovary syndr one,
ni s V% WG f H 10[3,4-
SE SR ARBR Sy P o AR o
blpyrgyandr ome, vertigo, and sleep disorders. In particular,

AP AAB B EP PSRRI RO pialy. Pl agls! (2H)--1.1-

biphefVERSHEBEIoRitAleSease, or denmentia where nodul ation of
P eﬁ& yr;] ne-3 receptor activity is of therapeutic

bér{éf-[(BaRrﬁaR)tWQhwhax@lmwwmch #bipyrpduitald)-yi-1.1
bipheﬁg%l}ef{%;{c)ﬁz In particular, the nethod of treating a

schlzophrenla or cognitive def|C|ts of

SGNUZPPAR SARY-5- e Oéﬂgagmghm \orblelB, 4b

receptor WO 2007/ CT/ US2007/ 06 g29 act i Vi ty i's
Vi]PhQﬁ\ﬂ}lthe’eriD@utl c benefit fromthe adninistration of a

0 articular, the
nﬁ%ggg}aq"( {;%rn%% &M]am 3- ng?er% gr col epsy, sleep
methﬁbﬁ@h@@f@yr@ﬁ[ﬁmab]pwro@bes| ty, V\/ner e nodul ation of
i stam ne-3 Pt or activity :
{4'-[(3aR,6aR)-5-me hthexahydmpyrro!o[B 4-blpyrrol-1(2H)-yl}-1,1'-
biphenyl-4-yl}methanol;
5-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-

yliphenyl}pyridine-2-carbonitrile;
-18-
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5 of therapeutic benefit fromthe adm nistration of a
conpounds of fornmula Ot As an inportant consequence
wo@boorheoabi | ity of the conpounds of the inventPOHUS07/062329
nodul ate the effects of histamne-3 receptors in
cﬁjdmah m{@qm&umhwﬁ%amb@ql){;ﬁénwps- met hod of the
i hventi oh can affect physiol ogi'cal processes in humans
methysediabydmopygolol3 dHijsywelg, the conpounds and

i Li , pf for,nul ' i 1), ful f
PR PrE - Ira BrevRhirrE R S bl e a8 Ger s "
methyl@stdhgdegyihyiols alpymeed receptors. Typically,
treatment or prevention of such diseases and di sorders

cametbyeb{&deR. ByR s etreethyihaxphyd@pyaolatddcpeyrrol-1(2H)-
L gt.agine- 3.1 tors in a mamual, by adm nistering a
yi]phe@gﬁp@?ﬂb&%&ﬁﬂﬁ%@si tion of the invention, either al one
of3ar)6gR LAt Hoimitbzd)- apigpiertyljaE-eatylagiht/d asypald]3 eff-
a therapeutic reginen 15Particularly preferred are
blpyrrelgipounds of fornula (1) or (11) as described in the

DAL Tor PR B G TN B Pe R dob Pl -
b]pyrrg_[m) , can irae adm nit st Ie(raefl tg ahsuibj g(r:td ng: ﬂgasuch a
t@%ggﬁé%ﬁgﬁfzﬁﬁ%@??wgﬁﬁﬂgﬁnk'“%f yi"é"r’rpounds are

yljoct@NdrbEytr@b| /4 3srlef or a method of treating a
20manmal havi ng "a conditi on where nodul ati on of

h{ZstRafaRg53netyept{drpyaicin-¢ghenyloctaydremestalold,4-bpyrrole,

benef it , in th t.hod | | i st .

seah s PR al ToR e PR R B b
biphefgin®edfsbrifilch ormul a (1) or (11) to a subject having,

or susceptible to, such a disorder. Conpounds usef ul

f 6taR.AeR t[ﬁdd:%bemwi@W&Wﬂ@?ﬁ“W]&I ude but are not
meth %Jgéggé'%gx&g@?%ﬁﬁg}&f&%l fied In the exanples, and

or'the histam ne-3 receptors.

S8R, 6aRPpSLMethi-hgr gfyaicin-Gaypienyiimetatydtapyridie]3,4-blpyrrole;
treatnment and prevention of di sgases or conditions

r lakk.BaRyd IRt QirilHeraRYRgHUB A IPBENYIERapl es of such
j i are, for exanple,

meth\gét)?tgﬂ??@ﬁ?ggﬁﬁg’?tg]h%@?éct ivity disorder (ADFID),

def#ej(3aR BaR)tA-evethhexatemeopyralo Brtbifvsrehd €2H Bollt H-

., deficits of nenory, |earning, schizophrenia, cognitive

b'phemé‘fé’“é/h?@'a@fm@chi zophrenia, cognitive deficits and

d hQOyAl . At | ' I | : -

R A e e A S e A Ryarobyrrolols.4
blpyrredd,zures, allergic rhinitis, and asthm, notion

ST BaR B Eb I B ShtBuben RS0 Bnosz
yijoctiRydrbperrolefEsit)pyrrsléabet es, type 11 di abetes, Syndrone
X, insulin resistance sgndr one, netabolic syndroneg,

pb3aR}.SeRePuaetyl-Addrvipat-hilcbipdieny-tylpeisayaiopysiokad,4-
b] rrg)i[esor ders, narcol epsy, pathol ogi cal sleepiness, jet
YT ag, drug abuse, nood alteration, bipolar disorder,

d (3T 5aRME-melis/e v metiofrBinstrore, ibioiengl-4- burette' s

5syndrone, Parkinson's di sease, and nedul lary thyroid
yhoctahydoryralolhétdRgRle: and pol ycystic ovary syndrone.

R e e i

meth)doamh?dro@?rmk@aﬂulﬁpydnollfbtIslor ders isfdem)nstrat ﬁd by
exa e 0 in oW, N ef erences. The
LR Ba R S et B eny-4 -5 MAdhipaRn Ve ey ralar 4-

but not linmited to 10t hoseSpecified in the exanpl es,
to treat attention-deficit hyperactivity disorder
(ADHD), and deficits in attention, may be denonstrated
by Cowart, et al J. Med. Chem 2005, 48, 38-55; Fox,

G B., at al. "Pharmacol ogi cal Properties of ABT239..
It Neurophysiol ogi cal Characterization and Broad
Preclinical Efficacy in Cognition and Schi zophreni a of

o ~ a2 2 ~ . o, . s O~ a
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20Char acterization of a Series of New
1H 4- Substi tut ed- | nni dazoyl Hi stam ne H3 Recept or
wae@ana®yq Li gneau, et al. Journal of Pharmacob@QySanto62329
Experinmental Therapeutics (1998), 287, 658-666; Tozer,
b];)yrrMe Expert Qm ni on Therapeut| c Patents (2000) 10, p.
1045: M T. ern, "GrI-2331" Current Opinion in
adaR, éaRhﬁdn%wlo pHiér(anansitini b esylediahydropytpleht Adiayrrole;

N T TR e

blpheﬁ}lﬂ?h}mléthalﬂp Brain Res , 67:61-69 (1987); Tedford
. Pharnmacol , Exp. Ther., 275:598-604 (1995);
TeaFobaR k- (Ardibemsid dReraudoiphomdrs:  22: 22 (1996)
Brai n Res. 131 151-161 (2002);
meth@ﬁaﬁﬁdﬁgpﬁf&oﬁ td'quﬁ\l%at enti on defi cit hyperactivity
QM 6eR)- Bahbmh)‘(s{squfg;oran@tm&pﬂ givbigfhemgiad -
ments." Annual 30Reports |n I\/ledl cinal Chemistry
YUOCWW%’V”@ﬂ?’ﬁbM”%%hvvewtzer and Hol conb, H. H.
il f t -deficit
B e MR SRR i “%zfﬁ.“ nin
methylltmtahycdrgayrmb{&)ﬂttgpyr(rQIGOZ)31 p. 1207. The ability of

| Vi BaRPESugl 1 R 1 B soiSo BesbDpy B 243 tipyrole

t hesel-apgE-R, 6§R memyﬁa@@hyaﬁapyh@ld B%ﬁ]p?ﬁﬁﬁﬂ‘@l—ﬁ)ryl] 1,1

~and "di seases vv|t def| cits of nmenory and 1eéearning, nay
biphepy-4tylietenpaeekimng; " Two novel and sel ective

TSR Eﬁ?@ﬁﬁ%%aﬁw?%ﬁ)‘?ﬁw RureBiAN G, b

b|pheﬁﬂa4_§l}éﬁf{ahéﬁtlon Fax, et al. Journal of 5
ar macol o ¥ and experi rrent aI t her apeutics (2003 Jun),

3@6{*3[)(38% gemetndeexavdeeryranels+-RiRvEToHIE2 H sylds br

. t h t

biphef R T B, GO on Resear oh' (2003 -
5@ERUBAR)-2]4'-(53ethyBAexdednapytslo[R4-spyabl- 1 —yl)—blphenyl -4-

"Hi stam ne H3 ant agoni st thioperarnide
yil- Zﬁ%ﬂg%érﬁ%t |y enhances menory consol i dation and

d 1.0 chi §_or
S opo?sm%e%lgﬁwgqo%e ri ﬁk?ry;s#ﬁqbfﬁg b@g@m dance task
yloctahydropetroBEhdxb)pynraie; Brai n Research 154 (2004)

L DSy By S SRR S g

terph&RAERESHO (-,,‘Jﬂ%g6) 734, 316-318; Chen, et al Brain
Resear ch 19928 839, 186-189 " Effects of hi stam ne on

MBz8R BaR)d dde 6- frearopyridier 3-y)t s 1 hipherti-yiiaz e
rats", . Passani, et al "Central
methﬁ?@?bﬁ‘?'}?@ H%E) %’9 t?@%ﬁ%"ﬁd cogni tion" Neuroscience and
B zdre Bar). acal-(Redigethy J%ﬂmﬁla -32/)-1 p18iphEhgI-4-yl]-5- The

ablllty of he compoun of the invention, including,
methsﬂa@tahwdrqnyﬁvtc&%l4rlaipytrﬂ@se specified in the exanples,

Vi f
S BER SRR B E R0 B B A 5
methﬂ@@t@h?ﬁﬂﬁ@ﬁd}{cﬂigﬂﬂpyrr@eﬁ I\Ieet al 20" IF’ha!r malcol ogi cal
perties o : ur ophysi ql ogi c o
cﬁai@@ﬁe@athﬁrawww@xspmpwe@dm By T HPEY- 14141
W . Schi zophrenia of a Potent and Selective
terph%ﬂgrﬂ el Receptor Ant agoni st", Journal of
PBe(ﬁr{ée[@ai@ﬁaRl)di ﬂeﬂmmmhydrop'MnEﬂdﬂe’ub]mfsro( 200%) 313,
g % nhancenment of prepulse inhibition of
yE]ph%qy Piqeéa‘?’ﬂ RCBUNQMNENS) 3 recept or ant agoni st s
t hi oper ami de 25and ci proxi4tan " Brownan, Kaitlin E.,
et al. Behavioural Brain Research (2004), 153(1),
69-76; "H3 receptor blockade by thioperam de enhances
cognition in rats w thout inducing | oconotor
sensitization 11; Komater, V A, at al.
Psychophar macol ogy (Berlin, Germany) (2003), 167(4),
363 372 AA Rodrl gues, FP tJansen R Leurs H

~N~ N .y . Y 4

D



10

15

20

25

30

151 zqui erdo, Arch. Int. Pharmacodyn (1986), 283, p.
193-198; Kanei at al , Psychopharnacol ogy, (1990) 102,
w@2®120094B8; Kanei and Sakata, Jpn. J. Phar nacobCT/US2007/062329
(1991) 57, p. 437-482, Schwartz et al.
1n ol t [ ess.
R0 T Lol A0 ph s
meth;(lciﬂeﬁycﬁgwyrraw Wtdpwrolet al ., Trends in Neurosci

9 4 13 th ds of

R Bk BR A e TR o MRS T o, ¢ hose
phe‘iﬂ%ufah?ardwrrb&ﬂae:xamh@fe to treat epilepsy, and
seizures, miy denonstrated by Harada, C, et al

" (3a, 5&Rb6ymefffyédt [4di-madopRedppersizn-1a sel ective

hi. st agi t ' dal oi d ki ndl ed
v'>ph%@ﬁgﬁ%gﬁro&%%ﬂo[%?@g&ifﬁ'eéﬂ| et n (2004) 63 p.
6§R BSmBRIy- 16{8, -[ay 4 Ysitcopaem ) piberakin- 1-Eur . J.

P armaco (1993) 234 p 129-133; Yokoyams, et al
]thﬂ@ﬁ’@@ﬁdwrf@ﬁmrﬁ'b]Pb!HPlﬁacoI ogy (1994)260, p.2

VAT BaR) BRI SRR - f%biﬁ%@ra e
yi]phaiyl}p:pi%mmn INglitsertriomitrilel 1994) 42, p. 685; Chen, Z.,
( macol ogi cal effectéw@f carci ni ne on

@%ﬁﬁﬁéﬁwgtwgdr[&n@ BN E-BRPREIPZIBY ti sh Journal of

3- 680 R Leurs, R C
yl)ph%@@gpﬁ?ﬁga n’g&}g—{lg’]'i nﬁ%ﬁaﬁi " The nedici nal cheni st ry
af&iaﬁ BeRaﬁem\Btl‘o/l—ﬁe{ﬂe[ﬁt(ﬁaﬂnetifylwrtglaMBSM pipegatinsit-anmi ne

t Dr R h (1995) 45,
yipheos Ryt SeRan. Prog. Drug Res. ¢
(ﬁ?agibﬁﬁ)-stanetﬁw -[4R4-pipkenarmipiidatinl {-nume,

tam ne and "Sei zures: Inplications for the
yliphemdlatiadyedronytrolafd 20lpy o 990PCT/ US2007/ 062329 of

OB oy B R BRIk T D and T

yi)phettifaeehgdropyedlddst-byrew;y devel oped histam ne H3

ant agoni st, decreased seizure susce tibilit

TR G AR B e e A s T - BleYITOLAGH) i nd

7(0):70-73 (1995); Yawata, et
yl]phé‘,ﬁ%pgﬁ%{ae O?SWam'r%r gi ¢ neurons in devel opnent of
ef8drR BuRg- 1s@-[auftesthiyipyBmidined 1) pib bexin-drylPhanpl}-5-
Rese ah 132 (@OOL& 13-17. The ability of the
meth!@@ﬁ‘ﬁg&i woygPlalfd-PIRVERIS on, including, but not linited
ﬁaaFﬁ BARS. 5;@%%313 '1@%('4% rhﬁad?r?(gmﬁénazfrpﬁ reat allergic

ni'trs, strated by I\/bLeod
)phéiiyi]octdhygmpy@cﬂb{ﬁ 4—Ia]m/zrlota C, DeGennaro CuI ver

O T e e T ool Mﬁ@envfk

p,pegggﬁqng?ﬁdogaohﬁh;@n experi ment al rmdel of nasal
conges Rhi no! . (1999a) . 391- 399,

M 8RRl l@emzsilprsgwﬂv Sﬂaﬁbﬂovtahvdlwyrrom[amcbkwwple

SO ERRRT Dein el RBe ¥y rap g - tyrote

U$A{4 1347 88RE-FSmieth Wwyamrwrokqaaes]@%g%mwwmeayt} -2-

wDrugsfor hma, Allergy and
Ph@ﬂ&ﬂsme A. Delaunois A, et al , "Mdul ation of

R LR e e A S

mpydmgms " European Jour nal of Pharnacology (1995) 277,
50, Di rnltrladou " Fun
ParGii aﬁgrﬁqﬁ ermatbnPaay FepiioialBlRara HRY s viRhao )
fibres evidenced by 20hi stéini ne Hrreceptor nodul ation
inrat lung and spleen,” dinical Science (1994), 87,
p 151-163 The ability of the conpounds of the
i nvention, including, but not [imted to, those
specified in the exanples, to treat notion sickness,
di zzi ness, Meniere's di sease, vestibular disorders,
and vertlgo ~may be denonstrated by Pan, et a

AR A L
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5i m dazol e hi stam ne H3 receptor antagonist " European
Jour nal of Pharmacol ogy (2004)487, 183- 197; Hancock,

WGO2087/100090 al . " Hi stam ne H3 antagoni sts in noREl/ES2907/062329
obesity" Inflamm res. (2004) 53, Suppl enent |

1.1-bPhenicafsoriphd: as by E "toll, M Fujirniay, and A
%ﬂ‘ n? Tt?laoper a;rtét 'de, A histanine Ha receptor

a{@t h@@lﬁlt’al%) thfbék%wﬂppyre@sﬁ’sﬁbéwrr@é (™M) nduced
ke.in rats," Biol. Psych. (1999) to45(4), p.
V']Phewggpmy 9than fes’ et al, "Effects of a novel

th—"f((a%'R BSRH8- rh@ﬁﬁ;ﬁté%%h?@»‘o@%ﬂﬂlc%df @yﬂraﬁ‘ﬂ@l—ﬂnﬁfb@ﬂﬁomtnie
i ntake and’ wei ainin rague
Abé-ﬁt{@a%ﬁa%b@rréemwttﬂxam@mﬁp@{@é -b Dwott@(?wg
00 Mal Ml of, et at "Influence of a
yt]phe&&'ﬁﬁg”@%iarﬂﬁ ta?n ne Ha receptor ant agogl st on
hmpt—['qahlareaR PRigthylaekawdrypyireie[B, 4 HjgkeolaridHpody

i nternational Journal of OoeS|ty
yt]benzsk}am benzomitrilei412; and C. Bjenning, et at,

SN RIPI AU DSBS RER ALY AR Lor

yilberizgQpyrimidik@-amirtene Sprague Dawl ey rat," Abstracts

AR R A HT
e R RN e O 20

5376 14203aF€68R65metta/ﬁ19xahyd wipyrioto[3 drblpyrol 1 (FH) he
[ L ' { t | ted t th
yipherHER BV IR AR o 1 eat pai n. i nol udi ng
n2y5an 333&3 GQR')JE :@@ﬂygﬁﬁa@@atdmmms &mp@ﬁﬁpm&maﬁﬁﬁtenyn
by

g Lanmbert, d aud
1 3th@i’@li-3r3d)nw? awr3(3H)Gr@tt . Alberto: Bart oI | ni |

SR SR SR RSB F RGP P

y!]pheﬂyﬁPW@zmﬂa}dﬁtwm -2Marbdiiitrieu, E. Exper| ment al
eval uation of the anal gesic ef fi

affaMmpaRitile&- H!@“b@@/@b/”m‘d'ﬂh%yil}ﬂst ﬂttﬁ)fﬂ\@"r‘)@t%yit*étept or
meth\}_}(gé/tgt}%&r@ggtrplo{[‘?a EE‘#]BYFFOi'!:Bar macia, (2001), 49(2), 23-30,

he bonpounds of the invention,
| Bl @B arg Bam)tS nethylhexatedropyrraoBib oo \sddi( 2 Hp -1 -
to tr t sl eep disorders, including
b'pheﬂﬂrwﬁ%}'{%nsﬁdc ROAB Sgl cal sleepiness, and jet |ag,
0
TR AR S B A A 2 -
1,1- bmmmyhé-yﬁasﬂdam-%ﬂlﬂa}gom st" British Journal of

Eﬁfﬂ%ﬁéﬁ %g’éﬁgl’ﬁ/ﬁga[& *1%‘5 Qgrazgﬁzté,g) 1 1-Rinkeny}4-

oct&h@irBpiResiof3L8 recd IO 325-330; antl et al ,
vl @ropisﬁgcho gﬁ%colo ﬁ%996 15, 31-35; Ligneau,

ef3ait 6a a(3 6tdlmﬁﬁwh’é wgyolawt)acﬁjeblph@mlaﬂ -yl}-5-

meth @SR IEEbY TR I raR0, Chmrar ki ew con i | ecki and <
Sg%sacmwh -5Gathydl1-[ Rh?fﬁtr@jzl - 1HPpgrae-alyl)- 1(113&99en§124 p.

anul a, et a Neur osci ence (1998) 44,
yiloctalmgirayrrolpiid-bleyrrale; | Trends in Neurosci ence (1991)

(b ARF B« by Rizol-4 - Ly oipHeAVRC!

yE]octaHya?bpymxlw[:B @ef];byltmﬂes Pot ent, Conforrnationally
Restri ct azol e Histamine H3 Anta

oni st s"
DR b R A TSNP TDS0a 0lel . S B 2HY -
The ability of the conpou®ds of the invention,
including, but not Iimted to, those speC|f|ed in the
exanples, to treat drug abuse. Anphetam ne is an
abused stinulant in humans. It, and sim |l ar abused
drugs stimulate | oconotor activity in animals, and it
has been found that the H3 antagoni st thioperamn de
suppresses the | oconot or stimulation induced by

1 . = Y 1~ T o Ar-1 * 1T .
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Cogni tion and Schi zophrenia of a Potent and Sel ective
Hi stam ne H3 Receptor -34- Antagonist" Journal of
webarmewel ogy and Experinmental Therapeutics, 3AGI/LSH07/062329
190, 2005; Chen, Z., et al "Pharmacol ogi cal effects of
, L0} 2R hAgergi ¢ neurons in the brain"
11 b%?%ﬁygﬁgﬁgﬂﬁﬁgfagﬁygﬂgfnacology (2004) 143, 573-580.
Thenatbik 1-{4/-[(3aR heRy-Sapetmikexshydrapyirrpleidid-bipyrrol-1(2H)-yl}-

, i ncl udi but limted to, 5th ified in th
1.1 “%’E‘%H%‘F%‘S’ﬁb%&ﬁigﬁ)”ﬁbg]uI Iear yot hyr oiogecZPgiCInolrr:, e
TBlAAADR1-PGtouR Bk RQ—SOM@EI?IWW@WWBWM&VWOM 2

denonstrated by Polish Med. Sci. Mn (1998) 5):
1,1-biptienyISt-oltagridinfdl 6)-ehehi st ani ne H3-receptors in the

ok 8 b ey BB EEy BlorS Aol Bkl 47
bipheayl-4-ylibiridam-8@2Heespt ors signalling in epidermal
tunor cell lines towith Hras gene alterations

| 14 iR BoR) Resy qaluguexahydsapprolo]3 adupwsal-1(2H)-yIl-1,1-
biphe&?&??ﬁg@ﬁd‘%@}aﬁ@%0°n are particularly useful for

enti'ng a condition or disorder
32—f{¢'e[($af§,6aﬂgfﬁqtriednﬂM@fdmﬁtoﬁuénﬁm[?oi—ﬁmwwv1&H)qyellbiplnérwln
iLsease, or denentia. Conpounds of the invention are
4'y‘}“bérq'*i‘§£quﬁ}“’l“§lazﬂﬁn“§féﬂ)'PB‘?" treating and preventing a
condition or disorder affecting schizophrenia 15or
cognitive deficits of schizophrenia. Conmpounds of the
i imvanhtiiiom there arardisdosed cympsands of farmtulz dt) wiergid when L'

. reventing. a ndi tion di sorder affectin

s 2 bR o Rty s TR ot dRp® S5 deiogPetEfmtings of formua

(1), whEkdiuhedrL 'abeshdnd, afetodl is penage ahg\elss| BiCyd e is a
ingredjents in the pharmaceutical conpositions of this

bond,iandely| smadacyséic eatine@f &ymalat o obtain an anmount of
t he 20active corrpound(s%h,t hat is effective to achieve
the desired therapeutic spense for a particul ar
patient, conpositionsr& fge of adm nistration. The
sel ect ed dosage | evel %&b pend upon the activity of
the particular conmpound, [t he~rpaute of adm nistration,
the severity of the cofidi tNon being treated and the
condition and prior nedicalR'history of the patient
being treated However, it is within the skill of 25
the art to start doses of the conpound at |evels | ower
t ??Pnéfo‘?ﬂﬂgro‘? thd f ﬁﬁ?ﬁ\ﬁ%ré 'Fl%rrﬂﬁ)eb){ ﬁ@)ﬁd/bﬁa%ﬁ%@t&f? vershon
efrect and to gradually 1 ncrease e dosage until the

5.01 (destliopdd éfyf Adbtanced detdreistg . DevelopmiWe naw s €arointo, ti,

cana 3o ah CHorTbRE! 4 R ek B b e e
consi§BRE AHBACH rRMehdAUR. 3PRE pratiRE&f R4S IyniRY ABMBX S themital

pharmaceutically acceptable salt, ester, am de or
comppuods frgrf struntumist end &f iessigpingt ¢hercicapetimiures fiam given

dm ni st d h tical LLi
chemfiglbdiris Wt o hASE B ey TR el nat s on
WChhpimdarof i fveRBonReRuEtistdd yterssiephakd @headiii er s
The phrase -35- "therapeutically effective anpunt"”

of
asympedrie onphital ¢epters e PrRsaiti dhene sliRseaissnTers erert’ or "S”

. t_ dj .
cepef?BY B B cLHBAGATBR AT b OB g R TAF et on tom.
The temek R atd &Sttt hdreinvild cdrdigu ratmst axodefireeevBPAQ har4
the total daily usage of the %ﬁgFounds and
Recoggmgastationsier SectineEi Rvriamentahrrerepenemisdy Heduts Arle
attendi ng physician within the scope of sound nedi ca
judgment The specific thet@peutically effective dose
| evel for any particular patient will depend upon a
variety of factors including the disorder being
treated and the severity of the disorder; activity of
t he specific conpound enpl oyed; the specific
conposition enpl oyed; the age, body weight, genera
heal th, sex and diet of the 10patient; the tine of

o, . . o - o - . Y
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into nultiple doses for purposes of adm nistration;
consequently, single dose conpositions may contain
waumhvienyeunt s or subrnultiples thereof to nmakePdpusine7/062329
dai |y dose. 25 Methods for Preparing Conmpounds of the
CherrL”’f@m 430 13:30 Théf nﬁ/e%ﬂaﬁ%%féﬁnﬁétésf\@arldﬂ;\é%ié#éaﬁbcﬁﬁ&s%d

etter understood in connection with the f | ow ng
mixtuprthhetdf @nddhese arenppeciicalydscluded within tst $ca1p@ of thisans

inven s B PIEO ST M SR BeaTP (L aR S hopRgrs. and mixtures

of enéﬂlﬂ@%ér@tdr@r@st@ﬁeo&ﬁ@ss qmm&aa@t@rém@orﬂéw @smpddids of the
| ow are: Xantphos fo

lnvenuors msiysiel piepansd gh@tbghcafbofr@ngzonanﬁmlww sugiiphienstarting

mate@%%@qﬁg%%]tghenﬂr@ﬁgg G not'jlrﬂientebs Qr B\ﬁ Pﬁ@ﬁ)aragon 8) racemic

mlxtuflsiéstwl@)md aresyutiorEidickrioavn &1 thpke af etdihary sHALG th@raft
hi gh -35- WO 2007/ 100990PCT/ US2007/ 062329 pressure

Theser mﬁﬁh@ﬂ%m isRatubgn A5a xempafieg Py.(ébaﬁ%@weaﬂ QfchBiturgof
enant Hagﬁééwuhlga{r\}%@%@f 5 pspaﬁﬁg’l’cr itn%tﬁe%lg{hnq gnriXt{j reer ?f butyl ;
dlaste'FEﬂé\mfem by reaibiglliaatiore pr Thdmatogtaphyl arat oplaeial dbaatidn of the

. THE for tetrahydrofuran; and,Ts

opticallPulr SrBHSOT SR Py SRoiesH bRy Franine Heandne
Smith, tanfiqf tcﬁé!P“%@éﬂ%efé&Hé&( of PFac'f’u@BfO@Pdeé @E‘iﬁﬁ’ﬁﬁh&"r 8th edition

suitably rangihg 17-30C. Copper iodide is
(1 QS%delwnamrBammﬁc & Teclﬂd@aJAE)saeEGM@Tm @rm@sed M2) direct

way roc 10 ml or 30 ass vi,al
separgyih S BTG RS SicH Bhadtindls & oty ahrdatrdbile
co!unﬁ?éﬂﬂ*(ismt‘ﬁor%ra‘@crggfaﬂilz@ﬁoﬁlﬂﬁetﬁédélg the Enrys
nt hesi zer from Personal Chem stry AB (Uppsal a),
eép@?ﬂ%ﬁﬁ@f\m@ Bveatien smpoexist as sisAIrd@ng IseIORE: (zgvherem

TO
substUOBE SR Pl ol A R PR R SARE A come
side dfelas Fingricis) restivindesadi cthewasrorconshditecided of theaing relative

total 1rradiation tines counted fromthe begi nning of

to eaghather (Rt ifol SXaMRIRBICIANas aRd FFHARRENRFN X DRe
prese@tﬁ/ gﬁ agcf@:é Bt g%?énﬁﬁl]ﬂ%@&dasﬂdqwﬁgf%é bﬁe%%ﬁ{)é‘é 8 s‘i’r‘iagle isemer or

a mixhwreloé tise eiseanddesnts Isoererm untlmidushss griexhd isom@npotinds
eni cal . Abstr cts Ser v .the Anerican
compliads ek heuBaEig My bepiePaEt] SKrBsicalY s ce ahercially
avail S SRR ﬁ*ﬁtéﬂlaié s e?féét!ve or amcﬁ%&&%%‘ésop?régﬁa@d in
I nventi oh can pr €par ed vari ety of synthe
smglqousoo‘@aim:rfesﬂ Ftas/p:méleatlm of/mlm escefihe sisaard yhowﬁqmersbauch
a imte enes 1- .20, Schene, 1 .
meth i el Papde Ment St il & oAt Py inolude

sepaﬁaﬁﬁﬁ%%n@éds\{ﬁ/ @Ery%@a!ﬁmlﬁ%r@ﬁwaﬂg?apweml on nmay be
obt ai ned as describe in Schene 1. Conpounds of fornula

[ It,shanist b pnearsteochthad ithe Fompgunéxrl theonventigremginepsess

tauto%lfléxlgggﬁso ;é%ﬁ%’l gg ggﬁl%rtﬂiﬁlsgﬂ{éng A rTul?a’t ﬂ{%e% \Mc% constitute an

aspedticf alhe thvantibn Clo paisd dsidefstded Mdtahe combgurﬂd@ oREhe iRSbntion
Rk, and R3d, are as defined in formula (1), X1 is

may @ﬁ%trﬁswéofqp@meué whared ping mayIepdiffarant weigitpefon x2
t
examk?gﬁ'ﬂ‘?é{‘%n Caf%aféyfs ghé%@@ngﬁﬂ nbt%} ?'ﬁn@saé% ({}OEBF and "°F.

pal | adi um acetate (Pd(OAc)2) or

t'Egb 1){Id t di pal | ad Pd2dba3
Meth ris(di enztl egﬁgﬁe one) di pal I adi um ( a3), a

racem c2, 2i - bi s(di phenyl ptésphi no) - 1, 11- bi napht hyl
(BLINAP) and a base such as sodium 5tert-butoxide in a
sol vent such as but not limted to toluene, with the
reaction carried out under heating conditions between
about 50C to about 110C for about 12 to about 20 hours
wi Il provide conpounds of fornmula 3 which are
representatlve of conpounds of the |nvent|on The

o o o e o o



20

10known to those of ordinary skill in the art of
organi c synthesis. The reaction of amnes with aryl
whalordewoand aryl trifiates i s known to proceerCT/HS100nE062329
presence of sodiumt-butoxide (NaOt-Bu) or cesium
@b ﬁﬁﬁ'@)ﬁkﬁ% G %ggﬁ%oéaﬁbﬁsr@f tRE %’f«%?ﬁ%noire%s@ﬁh %r FbalarRg
suchas, but not ed to, copper netal or !
the eftm:ltst aflhiatandine s tpatriscufad( b}&/h%)amme -3 antagonlsm agomsm or

s RISt VLR ARG e i
can bb '(u@bH G8k ttr@atlr%l 2P préentihy diRirlersimbiLiRRSS BY htamine-3.

Bu) 3P) under ambi ent "or heated conditions to

Typ:c:@lhp\%udle disondersmeoubel smetierased byaodylating die bistarniee-3

econ s o B A0 5 P 5 A @ v o

the mb@‘ut&ﬁf eRhaealohB o is ebi®iMatRmokitRandinex attive bgbuigfer, or
pyridine. References that describe exanples 200f the

exam ﬁéd@l@l%@%@elﬂ@ E8iReNi n the fol | owing: J.

"Bl R heq AER Mo R8O Ablpfore a8 30aing

but nt&]ﬂu(elﬂ%&hbsé spé’mﬂ&hbla%e:oem;)calnd,s of. th@lrg/en@bendemonstrate the
1158-1174 (2000

bt 3a"
ablhtyﬁ@@‘fp_cggmarpm?c ihye 2gd gq%ﬁ%rhé org\lstamjn 3 antagonlsm
Such Qbﬁ%f&% Etca g%eé%efuﬁ%ftﬁ@ﬁeéﬁ\%ﬂt%?}%%revg%rﬁéﬂé ] mber of

general tornula 1 described in Schene
histaraine- :amduatbuenmasgasrwrcmdnmmeeﬁmmufe@ nact@ydewvrr@@&% 4~

rature. For .spgcifi xa henk X

b]pyrrg?e %ngppggug {:orgtegﬁafgggs) c@z&%%@g% sn?% actevns AR Fe Bmuta:
di met hyl oct ahydr opyrr ol o[ 3,4-b]pyrrole where RL and
R2l are nmethyl, and R2', RZb, R2, R2d, and R2a are

hydr ogen is descrl bedR d[eis(g‘wi_la@gﬂ n Schenke, et
al 30(US Patent 5, Q?dl 9
3f|uor05nethylo ;@Io[34b]pyrrole
wherein Rl r rret Iuoro and R26, Rat, R2d,
R2', and R21 are Ip{;Y 0 en In t he sane reference
(Schenke, et al. 25,071,999) is described
et hyl 3-
met hyl hexahydr opyrr ol J[‘s 4- bi pyrrol e-5(1H) - carboxyl ate
, a conpound which may - 38-
2007/ 100990PCT/ US2007/ 0623@9 be treated with Iithium
wher&h 4 Wm@dﬁmﬁw RPHR2T @37 egacr e qtthy? (AT BRIER are
group to a hethyl ‘group and 'produce
as prévléusiymbshym@thatwmir opyrrol o[ 3, 4-b] pyrrol e, e wher ein

d.
RS S AR b o e et b
wher@’ ﬂ‘icﬁﬂﬂatﬁjrpgf]hlgt%%lne—% @%&Ffdr%%ﬂv;ﬁi ’@)df tRerapeutic benefit, said
y1l-2, 7-di azabi cycl o[ 3. 3 O%gct ane- 7- carbox%q)ate a

method@pmmannﬂﬁdmwetsmmtq Asabiagt WRYIRgIArtskisaaptiie ke aaikh

oS e A B o SO B B,

wherein RI and R2d are ethyl, and R2 R2e t-t20, a,

, RRe, and R21 are hydrogen. In Basha, etal. (US Patent
Publ i cati on 2005/ 0101602A1) is descri bed

t o6a- met hyl - hexahydr o- pyrrol o[ 3, 4- b] pyrrol e-1- car boxyl
ic acid benzyl ester, which after treatnent with

nmet hyl iodide followed by treatnent with HBr in acetic
acid to renove the benzyl ester, wll provide

5, 6a- di net hyl oct ahydr opyrrol or 3, 4-b] pyrrol e, wherein
Rl and R2e are nethyl, and R2a, R2b, R2°, R2d, and R2f
are hydrogen In the case wiere conpounds of formla
(1) are present as a racemc mxture, and it 15is
desired that enantionerically purified products be

i sol ated, colum chronmat ography of the racernic

m xture on a chiral colum may be utilized to separate
one or both enantiomers 20Schene 2
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nr N 1H aikyl 10 Alternatively, the nitrogen of

conpound formula 4, may be protected with a
wheaezgbwy car bonyl protecting group utilizi ng PCT/US2007/062329

N- (benzyl oxycar bonyl oxy) - succi ni m de or

benzyl oxycarbonyl chlorigde, and a base such as

di i sopropyl et hyl am n ad N soI \4%115 such as

di chl oronet hari e rLa ound of formula 5.

Compounds of for undergo acid catalyzed 5

renoval of the ki Qn on;ﬁ group when treated with
an acid such as hfbl,. or8écetic acid in a sol vent such
as di chl or onet hane fOVI de a conmpound of fornula 6
Compound of for nti"a en treated with a conpound of
formula 7 according t% conditions outlined in Schene 1
W Il provide conpounds of formula 8. The renoval of

t he benzyl oxycar bonyl protecting group using heated
10t ri fl uoroacetic acid or bk her acids such as HBr in

ora pgég%éﬁ%ﬁfd gggﬁcgﬂtameég% %@%ryéhidééﬁdg g’r&dr‘ﬂg tHééﬁo@%ﬂerem
tis @wt gﬁ%s@gdé;?? n%m(ash@ avctloaiaw()mmot}w ngfgﬁlﬁfgaz‘: R R%,
and R earaainaApen sl Ton0si ToRM et RyBRITRIT R 10, R,
o oLl oghlily PRYEORE MBRL LN D e od o
thloalkmr,pcbmit@mbr ﬁdni&uwahlbem\dho thad W@T@S@ﬁt atqraef&é RSb

GRS A0, o
ﬂuoro%“@xk/a@lk@x@%hb@ﬂ@&?ﬁﬂélo?én abkyitrildral ' id esp e ofxygérh aétﬂ?f‘éll’

onpounds of in solvents such, as 4
carbongt, aﬂhyiﬂﬁ@edlilty@aﬂb@lhwoa|bv|ﬁ8’!¥ﬁ@né3( =NoDalkie:. Nﬁ‘iqyp( O)NR

or NG R hTREER L BCTs B ERThalky. blogaefy,

heteraéwarob%@érecy@@dz WhBiubatitienaRe or aagbuprepebenteddy o’
Iél et c%@g?m ne to produce conpounds of fornula 10.
Cy* eo @Sy Geyiony, alsayy alkeny cilke aalkgryalkyl,
f I
torf 8, B B RRUESBh L S oM My uon.

alkynglemias, chrboxy, tdyanar@,mtddik\dpﬂmnnaiksxedmioaikoxy haloalkyl,
par af or mal dehyd et one, or, ace

deh
halodaRo PHEP RISV, W GRte ore: SKINTGr ST AR RS, -
N(R’ffcg"—@gha % Le)q ﬂn@%‘r%(r@gségq - 13 405 'bBH@'é!)@‘gerne@Qﬁuron
nmpou ds o formula a carbon cofpound i n "
carbcnhytMlqdmmtdtWrbnnylhelkgtwmenc@GN -Satky mNR ,~C(=0)NR "~

or NI 0% SV R v lgaidE oV BieBienyt WO%@&&Q%@Z%W&YC*E‘
and F@“’t el RO1 R BRy 4'\‘5“%ﬂébcl@%c@r@é{ﬁtbeca@iﬂﬂbﬁéﬂid/er(t%%)r@éen Cra
3849-3862 30Conmpound of formnul a

4 (CA

alkyl #3@708890109H<4L oaBS(@sK‘mWﬁlfxﬁk‘ﬂiﬁmi@BoP@VﬂGd that Cy® is not
b] pyrrol e-1(2H) - car boxyIRg,cp aci d, hexahydro-,
1, 1-di et hyl et hyl ester, Sa&eGaR) or
(3aR 6aR)-tert-butyl ch 2e
hexahydr opyrrol o[ 2, 3- c]day e-1(2H) - carboxylate is
avai |l abl e from nmet hods descr in Basha, et al. U S.
Pat. Appl. Publ. (2005R°2006101602 -40- WO
2007/ 100990PCT/ US2007/ 062328" Al and Schrirnpf, et a.
PCT Int, Appl. (2001 ), WO 2001081347 A2. Corrpound of

formula 4 is_available jn,r c formco I .

£ TS aiop HiRGIORESER FIRthOd 96 UG & A ey gy condition
Morrisville, PA, 19067, USA and from Anichem [LC, 1

Deer Park Dr., Suite P, M&@routh Junction, NJ, 08852.

An alternative 5 preparation of conmpounds of fornula 4
may be obtai ned by hydrogenolytic renoval (wth

pal | adi um and hydrogen gas) of the benzyl noiety from
tert-butyl 1-

benzyl hexahydropyrrol of 2, 3-c] pyrol e- 5(1H) - car boxyl at e,
to prOV|de a conpound produced as a racem c mxture is

~ a2 2 — N NN N




10

15

20

25

13 al kyl Conpounds of fornula 4 may al so be
treated directly wiwth a base such as sodi um hydri de or
WG omiramogar bonate in a sol vent such as THE f ol P@mEs20bY062329
an al kyl 20 halide to provide conpounds of fornula 11.
wheréﬁ‘nbﬁ[x%%h‘b@'%t?ﬁﬂf@g yBesptef aét@ﬁt‘i}% ?f ﬂwé’i@ﬁé‘uﬁﬁ l@éﬁeﬁﬁ said
ar af or mal dehyde, an al kyl al dehyde or al {
methdcba:compusmgladm@twg oemsulinct baving spauseaptible fo said

asordgi R ErEpe  RIdlettes Ak f BERCHRR R b Rt .

h e,tnﬁ P 089S EICRIBE] 6l chittketiys Hers eyl ameiavokyclpr exdide
wher C&oun'Q Q? foﬁﬁﬁ(gllz Cﬁﬁpounds of fornulg 2512

havungﬁea oF daetafoiarhs é@*ﬁﬁ’tﬁ%f@@ndflff¢’®¢ﬁnﬂ>%(99ﬂa%% pliftig Pfqyided
i1 oynds; 3
at S ERFL SO MU P AP TSP Ll BERY" SEptaRey g~
cy? ah@%ﬂtﬁé’r@ﬁbmdﬁd%émh@m Lved abohbsamatjyé@b plﬁerwuaam z is 1_ -
al kyation of conpounds of fornulg treat ment of
Cy’ andl kylis adondeSYols 19t pyRleainenidempdands of formul a 4
in solvents such as but not limted to
di chl or onet hane, toluengi ethyl 30 acetate, optionally
in the presence of a basé-suéh as sodi um car bonate,
sodi um -41- WD 2007/ RG6Q90PRAY US2007/ 062329
bi car bonat e, cesium car a e, or triethylamne to
produce conpounds of fgfAu B¥. Schene 4 Conpounds
of forrmula 14, which may b%ﬁprepared according to the
nmet hods outlined in Schene wherein X2 is R6 and R6

| $hEhtheg ofBeabifg b hakealarsaidh REndRioRRIREEM@ion of
to one skilled in"the art to provide conpounds of 10

histarhipierdireceptyr adiiviy ispkthesneasdiemeneliy Boar theafisinid@tion of a

h
cofsé BYRRGL A SHPBEASHSbabR LR gRErIg38 LER Figp e
grouﬁ‘@i;@ QMG Al Biseiferisniisbard, Bisthrideattatipe-deficitdrypalactivity
presence, of aIIadlun1acetat

th
dlsorcier( bnpéyaﬂdéfmﬁp W@gﬁm\fﬁd%ﬂm@@ﬁm C%Gfa“\ﬁa@%fi% fspsychiatric
cisor iSSP o gt e b e AL e oo apingma

drug éﬁjmmiﬁﬁeit@slstypé lIathaluéteém‘emesabnubmmy\/\gmtr@nmtmai
nds of for

. conpo rea |on 0
disordarb apUARTRtion: SN RESIANCRISBETE Jeh ags MafUgh thyfd
cammﬁﬁﬁéQ%Eﬁﬁﬁﬂg9¥w&ﬁﬂﬂ9§8 a@% E@&ﬂ%ﬁ@s&ﬁdﬂhﬁ@xﬂﬂdbogﬁﬂve
eroaryl boronic aci oronic acid esters
impaipinaat; ohigteona masod mndradteptios eftemation, adiesesigingssagarcolepsy,

neurdUa Y & G o ObRS T Qbsresive sk plE RS B, 3°

Ot G By St Gy bﬁ@@;&hﬁb RRirdd, Sognitive deficit
Parkegg%ﬂlgggs%%()%zbﬁgfy Pd(Pﬁﬁfwrand ali gncl Sué)gngg/e SHeTS

of schizopirenia, phizy e, septio shock, Syndrome X, Tourette's syndrome,

dIC e phi no) bi phenyl, tri-t-Butyl phosphi ne,
verti ¥ g%i’%é?@ﬁ%%hosphine is wel | known to those
ki bheruian, theemafHodast treabiagukimanaaal h®nng ﬁhenm@naefaint

Od0|0(£§has been reviewed for exanple in J. Tsuj
hyperra@nwadqilaﬁf afhelnarudizsase Andanentimwbare BWUIBA'OH of

it 328 3L A5 P DR AR o Y ki or

conuﬁﬂ@hs?ﬁﬁﬁﬁﬂﬁ@@ﬁﬂs of formula 15 may be found for
exanple in

a ic Letter
2 fmzéﬁif‘p*mo@)e mﬁ’md Oféf“"rﬂi!?ﬁe%ﬁ@lmmg{ %‘fmg SGIF'@FP%@G‘%W
af
cognfffe S¥ficiig etz ﬁ”feﬁ%?‘h%‘%éﬂw?‘f’g%’&)” ofiiEfithe B receptor
Amer .

Dandegaonker, J. et~ Soc., 81.498-501 (1959);
Carroll, F. lvy, et al. J. Med. Chen1, 2229-2237
(2001). Boronic acids and esters of fornula 15
i ncl ude both boronic acids wherein R is 14, boronic
acid esters wherein R is an al kyl such as nethyl or
i sopropyl, and 5 al so includes pinacol borane esters
mhereln the tmo R'O groups taken together with the

o,
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Tabl e Exanples of Boronic Acid and & ronic Acid Ester
Reagents Boronic Acid or Boronic Acid Ester Commerci al
wEenra@99iChenm cal Abstracts Nunbed_CAS #), or PCT/US2007/062329

Literature Reference CAS #373384-19-1

activitg‘lsoé’fr tiﬁb ' dﬁ@%‘n@ﬁt ReFPIREGPRRinration of a compounds of formula
- met hoxypyrim di ne-5-boronic acid Frontier

(). Scientific, Inc., Logan, UT, USA'

LT A2 e Pl BB AL 308 iopsy, sieep

dlsord@i?é“d%a &Wlﬁ@ﬂ@ Wher@fﬂtﬁiﬂﬂétnon%ﬂﬁlst@mlhbq?’ Byaptee sictivity is
dr oxy bor )-2' deox¥ur|d|ne and rel at ed

of themeuﬁc Sa@me fmmwghpmmlnusaam@ of 3ggmrgunsts efganule (1)

205 EhabebyipbbEbechiShfp of ME BRI P RFPES Wil

inventidh topbdidide mmﬁmswmrmmmimn ee@ptbmmmedis,aihed:o@ﬁﬁninds
#89641-18-9, Frontier Scjenti

descrinerdonametag o dnsaTion canaiast Bhgs PlaoIE BtpcassgS 1
huma%%ﬁ?%uﬁasmﬁ't‘ﬂ@ W tg%guég%hﬁ%ﬁnpwﬂ%ns of formulas

st a 0- and stituted
(1) or Py ardydeduidor reatinglandpdeveanding dBierades anddisotdsup motylated

o ST s LSS R s o
dlsorog?§ BhA (—ieffe%fél! B?%b%&l@@@%mdlﬁlﬁﬁng #3hitA8ine-3 receptors in a

Functional | zed dyi boroni ¢ Acids and Their Suzuki
mamlﬁabbs-a@@wplsﬁmmg%aommgdm compasitignyef the invention, either

R N
Jptpalarlf prettidd_are PO JLOOBARCE US2007 HeaR328bed in
Chem stry (2002 67(21 7541- 7543,

CAS
the Deteded Sipsegption 8bove.o M prefesedare the campeainds of frygia (1.

s@P\’[fﬂiE’é‘?@%é’g?’@ﬁ}égf i@@g !?)el:%rf'b% drﬂ%fété?egl'tﬂeassu%&t,‘t%vmg

such SldBrbet or ﬁﬂso@@(z&I@)to%@%ﬁWﬁe(szaomherapeutacai!y effectwe
rim di ne-5-boronic acid add

b
amounﬁa?EBe cegraund §%mﬁvwrwcw%f?9r EJP% Oéoégi@@ﬁlyaraat e

mam AdRidM WhBrehphbiragbh & $itartthe-5388&btor activity is of
4 ) rmany; %ﬁ« # 5874?-21-3&'@

therapeutic benefit, wherein the method is accomplished by administering a
therapeutically effective amount of a compound of formula (1) or (Il) to a subject
having, or susceptible fo, such a disorder.

Compounds useful for the method of the invention, include but are not
limited to those specified in the examples, and possess an affinity for the
histamine-3 receptors. Such compounds therefore may be useful for the
treatment and prevention of diseases or conditions related to histamine-3
modulation. Examples of such diseases or conditions are, for example, attention-
deficit hyperactivity disorder (ADHD), deficits in attention, dementia, and diseases
with deficits of memory, learning, schizophrenia, cognitive deficits of
schizophrenia, cognitive deficits and dysfunction in psychiatric disorders,
Alzheimer's disease, mild cognitive impairment, epilepsy, seizures, allergic rhinitis,

and asthma, motion sickness, dizziness, Meniere's disease, vestibular disorders,
28.
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2H Pyran, 3,6-di hydro-4- (4,4,5,5-tetranethyl- 1 ;3, 2-

di oxaborol an-2-yl) CAS # 287944-16-6, Mirata, M d;
w@yanagoofakashi ; Wat anabe, Shinji; Msuda, YUZRCT/US2007/062329

Synt hesi s of al kenyl boronates via pal | adi um catal yzed

|
vertlggoéﬁ(é bg{égﬁgesg;t/ﬁg glaeiﬂéé%é %ﬁﬁir&ﬁl@ X %!}Q%‘ﬁﬂes‘i’!téﬁbe

syndr#@%@&tall@l%syn&wmesaaml i) m@egugmﬁthlc pain, neuropathy,

steen G- AN AT PSSR T g e, mood
alteraﬁéﬁtmﬁ@@r dRdrlieRdepfissiAV eb¥esdieatsipyisivy @iRbider, Tourette's
harrna, Essex, UK , Tetrahedron Letters (2000),

syndmrr(elﬁ’)arkuesmsS giEs@se] and medwflandihvedd casiyema. Belanoma, and

po[yc%'ftuz“ od/a&}z g%@?r&nﬁ' f'ag g;a?i ||t\$ S{lt[l %{gg{nﬁé t]?hgqcretoﬁor modltllators and

conse(%reﬁﬂ?ﬂ% SoPpblAH W ih@lﬂb@sﬁlﬂa@ aﬁlpde\fé%o#txé%?i% 83ofders is
mstep Institut du PIN - University Bordeaux 1 351

demﬂﬁéﬁﬁ@t@dcﬂé’ examplesfaeng i the f@H‘é‘é'”@e’@E@(@”%@kSO Fr ance
T I
O EEE ARES 5 A, AT R

thoseBeezixdzolties Bxboptey, to Hebdatt@ﬁmmadd&ﬁcaiz@w&etbﬂv alisader
t # 1464,

(ADHEJSL%gq?aqﬂeﬁs(@ aﬁeg%gﬁl%%b&%&%&hé%tcg%m (Sowar‘t et 8 J. Med.
Chert: %Oﬁ ngr F‘bﬁ‘nf‘za}"e)t £l "@harmacologma! Properties of ABT-
- -benzoxazi ne Cat # Cros

239: IOI@@JTDphyMSI@gW Kléfialnqqteezz\itmmarm Broad Prechnlcal Efficacy in

Cognﬁaogﬁnﬁ%&/ aﬂéﬂ;{gpfﬁ gl .?E’g) or 9 %ele@wesl—hst%rpme H3 Receptor

Antag%‘h"ﬁt'h %U%aaQﬁ@ha?maéé@%y'anﬂli@enmentai Therapeutlcs (2005) 313,
hyt ho- 4, 4- di nmet - 2- 0x0-2H- 3, 1- benzoxazi n- 6-

176- 1§9|0) b%frf@is of histamineay! reqa@sor ligangls & E-28R4 rAngiowproxifgn in a

repedfAsadRED aypisangel ePET N BB BB ELRN bR Ensive ra
"mam B! o, BERAViBheABasiniRedcRth (98030491031 151-161;
(2002 / 100990PCT/ US2007/ 062329 a}

Vatessiet ai GRET HA90] 950045519998 BT eAEN LA BRI G 0gica
cm%ﬂg&i%@ (eggg ;&. & N1 LSNEYBERutRE- IrAbazd | iHiSRATRE M,

Receptor Ligands™; Ligneau, et al. Journal of Pharmacology and Experimental
Therapeutics (1998), 287, 658-666; Tozer, M. Expert Opinion Therapeutic Patents
(2000) 10, p. 1045; M. T. Halpern, "GT-2331" Current Opinion in Central and
Peripheral Nervous System Investigational Drugs (1999) 1, pages 524-527;
Shaywitz et al., Psychopharmacology, 82:73-77 (1984); Dumery and Blozovski,
Exp. Brain Res., 67:61-69 (1987), Tedford et al., J. Pharmacol. Exp. Ther.,
275:598-604 (1995); Tedford et al., Soc. Neurosci. Abstr., 22:22 (1996); and Fox,
et al., Behav. Brain Res., 131:151-161 (2002); Glase, S. A,, et al. "Attention deficit
hyperactivity disorder: pathophysiology and design of new treatments.” Annual
Reports in Medicinal Chemistry (2002), 37 11-20; Schweitzer, J. B., and
Holcomb, H. H. "Drugs under investigation for attention-deficit hyperactivity
disorder" Current Opinion in investigative Drugs (2002) 3, p. 1207.

The ability of the compounds of the invention, including, but not limited to,
-29-
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5Schene 5 R3c RSBr R2d R2aRSb R2bR2a Ra R2a 14 k

Rat R5 R3b RZI:jWa R2c R3b R2b --/ R2a R3a R22R2f R1
WO 1®7/100990 Similary, in a Suzuki reaction, coP@EDUS2IB7/062329

of forrmula 14 nay be treated with phenyl boronic acids

. ' ' h | b:adi - .
voseShod i Byt peassnens el daghaum dnpsstaisor
memop} aag hedrairnKaRidbe densodinatecthy bbwatreviehard selective of

. | but t. 1im,ted | .
TR AT T R
behav%gapcxﬁ@ n@@ﬂiﬁh&%%gﬁcét%h@?éﬁtéﬂ@tww&ga o, étQii ndinal of

| ternatively, conpounds of fornula 14
pharmreaplagysantexparidental herepeaittissc , 895 E30r FRA-8080

sonthofin B Gt P A SR8 GRERRY R, Bl R kit
propeRRIFAAYAES " Ofox, @ MBIl tikdamatien RigkebicH ©@0a3NeSHBappiom), S31-
such as o\ﬁégg?, sul fur or nitrogen, in the presence of

S32; BeyppertspB -ahiptpeing B amagonby tBiceeramige: 4ser ne

ceper B3R PR GRS AT BN PSh P sSSPl oy
dizocilpims 6 endpilavineoih & onpdiaidshibitotyheydidererd fask in mice”
Behayipual PondReTRATad s SOOIl Cutle GREGeE. S rpua
Schmygote%ergs' Arch. Pharmacol. (1998), 357, 508-513; Prast, et al. Brain
Research (1996) 734, 316-318; Chen, et al. Brain Research (1998) 839, 186-189
" Effects of histamine on MK-801-induced memory deficits in radial maze
performance in rats”; Passani, et al. " Central histaminergic system and cognition”
Neuroscience and Biobehavioral Reviews (2000) 24, p107-113.

The ability of the compounds of the invention, including, but not limited to,
those specified in the examples, to treat schizophrenia, cognitive deficits of
schizophrenia, and cognitive deficits, may be demonstrated by Fox, G. B., et al.
"Pharmacological Properties of ABT-239: Il. Neurophysiological Characterization
and Broad Preclinical Efficacy in Cognition and Schizophrenia of a Potent and
Selective Histamine Hi Receptor Antagonist”, Journal of Pharmacology and
Experimental Therapeutics (2005) 313, 176-190 and by " Enhancement of
prepulse inhibition of startle in mice by the H, receptor antagonists thioperamide
and ciproxifan.” Browman, Kaitlin E., et al. Behavioural Brain Research (2004),
153(1), 69-78; " Hs receptor blockade by thioperamide enhances cognition in rats
without inducing locomotor sensitization.”; Komater, V. A, et al.
Psychopharmacology (Berlin, Germany) (2003), 167(4), 363-372; AA Rodrigues,
FP Jansen, R Leurs, H Timmerman and GD Prell "Interaction of clozapine with the
histamine Ha receptor in rat brain” British Journal of Pharmacology (1995), 114(8),
pp. 1523-1624; Passani, et al. "Central histaminergic system and cognition”
Neuroscience and Biobehavioral Reviews (2000) 24, p107-113; Morriset, S., et al.

"Atypical Neuroleptics Enhance Histamine Turnover in Brain Via 5-
-30-
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-45- conpounds of forrmula 19 where L is nitrogen as

for exanple NH2 or NH(al kyl) in the presence of sodi um
wa 2ataedde or cesium carbonate in the presenceECDiUS®07/062329
nmetal catal yst such as, but not limted to copper

I " ipnal |
g aPin 4 epeantded s nge ek segpryonel |
Expertréntal Thetapephtios pt9%s 268, papeeh8-88Eh as di oxane,

+ne By ST gl e tEiantbBoNBHhd. B P hlied .
those %\Eemfs@ﬂgﬁme %ﬂble‘snfo tr&at dysBnMBn 2894hia# R orades,P.
Acc. Chem Res., 13805-818 (1998

Alzhem:fsedueeaw andlmlimcggﬂménmpatsmemssmqerdemo@%wtedm

P e TR

Esber(sh298) T At e rPakiviacoiByicarahe gepavibhiiproesties be At340821, a
reaction of halides such as conmpounds of fornul a 14

selectier and prisoL AEEsE hislenie dargcapler antaganistoRingdRmMicalf or
Pharrﬁé(@fq))%;)ﬁ]fi?igé(?@yégg d?jﬂ?’nhﬁyghgs?nw 8f a2 PRSG ﬁ@h%ﬁarﬁh%

de’ in"a sol vent
H3-aritegorisieciobebrivp i iometpayibf mrmn‘yd:@flcms irideicpd eyaViiKeBOf as

v S S R A e PR S

al I Al
151 (04 AR HSBAESAFraGoR N Canfiebst,

Pharraicql. (198887, p Cheitd; BoBanula2st abmaumeammcezmﬁm 825.993-
907 Hisg B & KBBRaY rail Be; (15087bg) 8 a1 42 Db AilBi0d 5RE°

Ofnt1 Tett
izquse*@@ AF%QI4Z 4%@%&2%%%@2) 19%'@? 28{?! elr'\?g@r g@%‘?‘iarg?t %lal

Psych@nhamenolosuc(QOQO 2ra$a:oi<emgamd Sakaigs drPod- et

Pharraea) g ST ey <chasmede S P Shaloby. The

Fourtf I%Q@ratlcf(h bt I;’f@l'ré&‘m %Ioa'mtand-lét}pfar (6@6)2&39@122’4635( 198V York,
lucki et a

(1995} 8973306 Véads el@ﬂ}ﬂfeﬂds 'Plé!)%*JT§§05a 199J1 16 §. 4them ,

e g L

those@penrifiedn tB6 eRAmpPIIBY) treat epilepllyt endaeizuees, may be
s SR BrEaton e of 5 SRR o 2 BRI o Scive
hlstar%ﬁ’l%m-l'anénﬂaggﬂﬁ?rcﬁ] &ty V\P&?]!%}H !EEHBIG%LQ?Z%S@BH% @esb@r&hsuiletm

a base or Wthout a netal catalyst
(2004&) B3, aist IcdPBpas @il oY okoiree ettaale Bui. & Burnacol {4883)

2 0 P ASTSAENY hbuhBnel o BB o 2,
p. 23 W@&%a‘?ﬁa ahd nnﬁrrfaoms W}?Qgs ﬁm&a@ B21; V3h&21t B94%ciences

Liu et
(200()4@6120291290(@&@11)31'& QIB!Y Prog. bleugghiol. mﬁélwfh?c:ﬁeﬁ% Chen,

7 o oo A b PRl A e
brain JBF;t;sH—%IIlmaE éﬂPﬂ@r&@adb?@@ (2020 4356che88D; R. L@&WC r

d R2d
Voli:nga;ar}d H Tlnn_lze[mag )]J hepm@dwnal @hemzsttyr%nd tﬂmga;pqaggtc potential
of ligands of the histamine Hj receptor”, Progress in Drug Research (1995) 45, p.
170-165; Leurs and Timmerman, Prog. Drug Res. (1892) 39, p. 127; H.

Yokoyama and K. linuma, "Histamine and Seizures: Implications for the treatment
-31-
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R2b..r.R2e rea HN)R2bl1 iR2e R3a -, I|-,---"Pf.1, .y

RRa .N. R2' 21 r RIR ' 1422 Conpounds of forrrul a
wd Zoomagoosl so be used to generate conmpounds of POF/I83087/062329

22 which are represent ative of conpounds of fornula

of epil%g Y n|§lmH (8 10@%&1@'@5 534 K. $RURArT, ‘Pg%koyama

tero ounds of formula 14 whe
K. Onbdest, &d Imutrta maxtﬁﬁowaian@we f"éﬁrﬂn #52A nady developed |h§tamme

i RO oSSR SRR BB 8 b

in mm@armgﬂﬁ%d E@UioNal PRErHBEE!, 17Re).¢d-TPNdios),0Nawaed veedn.
bout 120 to about 150C will provide corrpounds of

“Role mhmamlr@g:maumorm o deysleryeanbef epileptic ssizdmfpiBURdSI6E"

MO!GC‘E’S%#%%%%%FJ?%W&@%% Simlarly,
CPH® abhgls oPihel @it uhdbdomhe ndargiahemclidity, but not limited to,

1-acetyl pi perazine, the conpound of formula 23 in the
thoseﬂ)@@@ﬁdeﬂ #he sxamplesi kxtigsl @ %ﬁ@d@%%@}‘éu%ﬁgﬁmacmﬂyﬁe

demohEatsd dﬁy Kt eonﬁ) Rdip @60%%'(;99&, : be‘GQﬂA{?ﬁBrﬁJWér F.,

and so but 'oxI |n t'ol uene subJec e
Kreutmlcwmnhém\ﬂ ndeyndar, "%mmmMHmmcandlmlreneptor

blockads Fufio2s e S SREB oA L 8P GV RGT TN AR YT GREoR b

e e f i W
cong AP, 84 gk 8 S8 001 080 2

Robertiwt; BessoFraiisil.; Eolaerréiicmaidl(l wHey, grtovidéAtengyotabering-

PlougB Rttt Testtitg, REneaah, MPrOsEm blaEshh RERifitny;
Reseﬁi‘i:}‘l mo't basad resw Drags ErcA sty Ak dggo%v]gmm@snpfpp 133-136;

f or nul 6 The treatnent of co youn formula 25
A Deﬂ»auwazénpﬁ@hdé\/l@ﬁuiﬁb@wf acelyIghry %@apw and spistagce P

I clo
otec BT e G HORH AR ber RS EEARR N L Furonegr,
Journ@l @ﬁPhQﬁh&écﬂog\ﬂG’m Q7@Ng. M-QBBQDimltmthJu‘;lBt al. WiHudnctional
provi de conmpounds of formula 27 may be carrlgd ou

relatiqrirdép batvrgast east edlisand Qreenfétafwrﬁa figres pdde
h;stavﬁ%[eﬁgc%%gorj: rﬂohﬁla 4G 'n‘?ﬁétlﬁ}{rlu aﬁéi %b%@nk'e@mlncai Scaence (1994)

or cer 2 n hetero ngs and X3
87, phtépgen. or triflate (F3CSOZO ) the conver si on rmy be

d .out t t 20
C3be ity pf e fomhel i elned o, Ml g Pudat ifedto
those! ééfﬂc‘if%‘?d ihQné %&Q&Wésa% feat BN Fé.?ci{n%sérd” kzuﬁéss Menlere 8

oaryl then the conversion can be carried out ¥
dlseabea‘tes’l@uidmitmrdew andrvertigo, pnay bacemgnstrated by Pan, et al.

et SHERSTRAL [ ERTRAS AR MSRA ARPHT 2p(@) 74777 Ot o
al. Methods and Flndzngs in Clinical Pharmacology (199’9) 21(4), 285-289;
Chavez, et al. " Histamine (H3) receptors modulate the excitatory amino acid
receptor response of the vestibular afferents” Brain Research (2005), v.1064, p.
1-9, and by R. Leurs, R.C. Vollinga and H. Timmerman, "The medicinal chemistry
and therapeutic potential of ligands of the histamine Hs receptor,” Progress in
Drug Research (1995), 45, p. 170-165, Lozada, et al. “Plasticity of histamine Ha
receptor expression and binding in the vestibular nuclei after labyrinthectomy in

rat”" BioMedCentral Neuroscience 2004, 5:32.
-32-
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WD 2007/ 100990PCT/ US2007/ 062329 bi napht hyl and sodi um
tert-butoxide in a solvent such as toluene at 30-150
wW@E2005e0m09E 9 5 in addition, conmpoundBCTS2007/062329

formula 29 are obtained by the treatnment of conpounds

Ofhé %EWW &f t%eV&cfntﬂpcﬁR{H%%friﬂé ar‘i\ferft@h”lﬁ'c%d?@l b@%b?l;ﬁnt?éé to,

is a hal’og 1) or a triflate 7380
those spenified om (thuet empwt fd freat ti:hmﬁ@hémebmrﬁﬁolu ﬂdﬁ)%@s

Syncigfie SoPsti F5 SiFarT AU i P K6 D hevRUIEL arcREr ec

demohé‘trét’éﬁ tﬁPHQﬁécbcfld A A v eralobESity Bffetts df Re3T asD, Whiesee! Non-
Is a | ate may he made from phenol s by t r eat ment

mdawlemsstarmme tls se¢snden artaganisheé Eprereaicdairpel of agrenacology

(200454B7P1 €9 967! BARLIY, AV | @blier Bl ARlLHE BIRAISARRS H models

of obdsng thikineores. $2004)f33) Suplptarnene! 847—848 as well as by E. itoh,
di brorno(trifl uoronet hoxy)benzene
M. Fuliniaye med22 s Intby 'Bbaﬁgﬁ@mld%gﬁastamme Ha receptor antagonist,

poueiff ATRTES S CIRIEPEVIRA o oo LR TBEE Py (199
45(4)j 5. AV H48M Sllde ,Yakey, dealf,UEffbels dfreead e histamirdd He redaptor
outlin

antagEOIRhJa RSt OF PRI aNg greidig Uays i Sprague-Daliey s,
Abstré(??PSS&lbﬁﬁﬂoY N’@ﬂl'rt%blé‘i(ﬁa r1©Qrﬁ§5§'ﬂ9 @NbVeﬂﬂBér %@B%Wgﬁnlﬁf et

I nvent i on. Sch ema
al. "Infoarce of a selecAvwhuaéamara Hn yecmpt@mmagmlgt o hﬁ/p@th@liafﬂﬂﬂ

neur R30I ol ) ST RAPRL Bty

(200530t hebpcpd 12 dnarouBianhRighedai. destipheesly airhintstered
Scientific literature, or %be prepared from

ciproxiempavates sypethatamis Metapyinedavebtiand estantyeaduersstorse
v, GRS R S0 P

SympaRiire] Befiai] Sapgh, #PdEl (Navemtss, H@@(h)y Bakata 'Sogtra?pyl
and al so i ncl udes pi nacol borane esters

"Hypathalapaio ngret hisiesine mgdblates af iRty fﬁé‘e%lﬂarbva gﬁ'ﬁw
resea?%hn_ﬁgée%%t g}g%ﬁqyﬁ% §§3ﬁd| oxabor ol anyl noiety.

nds of erein R6 is a hal ogen may
b&heradiiite df Wid torapylndsooithiedneentas:, mclta:tnyg admadiimited to,

thosecgirefieddh (06 RO & GRBbORGs TSI HEH REl HPSIMGRALARE
neurdpéthy, n&Nb8'demdrisi@ted by Malmberg-Aiello, Petra; Lamberti, Claudia;
Ghelardini, Carla; Giotti, Alberto; Bartolini, Alessandro. British Journal of
Pharmacology (1994), 111(4), 1269-1279; Hriscu, Anisoara; Gherase, Florenta,
Pavelescu, M.; Hriscu, E. "Experimental evaluation of the analgesic efficacy of
some antihistamines as proof of the histaminergic receptor involvement in pain.”
Farmacia, (2001), 49(2), 23-30, 76.

The ability of the compounds of the invention, including, but not limited fo,
those specified in the examples, to treat sleep disorders, including narcolepsy and
pathological sleepiness, and jet fag, may be demonstrated by Barbier, A. J., et al.
"Acute wake-promoting actions of JNJ-5207852, a novel, diamine-based Hj

antagonist” British Journal of Pharmacology (2004) 1-13; Monti et al.,
-33-
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Al ternatively, conpounds of fornula 18, wherein R6 is
a hal ogen nmay al so be treated with heteroaryl boronic
W@ei0d30090 het er oaryf boroni c esters accordi ng POI/UR®07/062329
procedure outlined in Schenme 4, to provide conpounds

Neurog%yéo i aag%lo&ﬂe(ﬁ 606) QXSM—%aLe e, OB"réfh ‘R0 COODOURES p.

ereln S IS a eterocyc ic or
325-386t Moot ¢ alr, |Nuyropwcéméarmacmlhgy p‘s&%jtéﬁml édtdailigneau, et

al. Joab oY Rhg %&E@bgﬁéﬁﬂéﬂﬁb T-GRMEL RS (1h58), e 858-c66;

Sakainef I anfengd;i g%@meugﬂadz@g'r@m@tzﬂé@mkfém@zwunﬁnm th
a conpound of fofmula 18 wherein R6 is a hal ogen or

Nsonwalnf@ameJ Physiadonld@miased., (ERERDE 7 ¢. Ebfids el anis et al,

oursREBARE B 2 PERATCuPHh. 09, 5080 b Kbl Rfghes 1001

14, p. I4|1r5 tad Menti, 26 UBUE. - Hhexmdeo {1 38| Em,qalmlm\@rak IC., et
presence of a netal cat ala/w{ such as,

al. "4- ﬁ’d)@lﬂpamsa@@rbw Uteot rdanna alivﬁﬁa‘t@ae@o'\i@aﬂwazole

Hista rﬁF\teaH ﬁ%taggnasg?a%{?ﬂg g @b&ﬁﬁ%ﬁd’@gnﬁw&wsﬂﬂzﬁg 3038,

t The tetitpof thephospiunds ofrthe dhweetibs, mettiliray bdit ovafimijted to,
those%%lgaggxgapgggeeg%g{egetq g?é%ﬁér%ﬁc : hg}qu}ﬁ?%in%elstagxegbeused
stamu%gng @ﬂ@%% 617} %‘?{% g\g?i%reéb@bd d’?{ig %m@ﬂﬁ&?odcﬁ‘ﬁatoliggtmty in
animaiesand :1338@59818ur@c1998)the By gahegenigitthmperartider suppresses

e DR st P2 6 i Sabing oSl ar

likely ﬁ! be u%ﬂﬂ fd{QFéatbngAdrﬁﬁjab'i@éVés(rﬂ@g%b defnodtrnad %y@la@ham J
Chem 7727 729 (2001); B. ng

Kllpatgck &.. l “Thomngaamids, th@ﬁeieptlvw@tqmwfimaeqepgtg%ntagomst

R RS T NS e

of phdtinaRiologheticah mgg aovers (2006) vol. 47 pl49; WD
P 00247199W. 5 r

| e 62. Exanples of suitab
hébe bl pi @emmrgf%@‘rtbﬁa@wtwea@@mdéng it @@éﬂwﬁd to,
those%ﬁ%c@%@ J\'tﬁ%gg?rﬁ sg'hd;ﬁ%g@%ﬁa éﬁ%%tzo”"b&%ﬁér‘éda@o%’e?”e
depretsb@ng:oﬁ@@smmé odmpolsing dis82ler parat Totedtelsysymdrome, may be

demoppsaied P D %ﬁﬂgﬁ%ﬁaﬁﬁﬁt ecbwﬁ%s%%%ﬁ? 89 (18667123
1331- ﬁggg%ﬂlg@%wg% phoﬁ H—.!%\K %@I l{@b@@ 142 ()

215-20131 NAP) , sodi um t ert but OXI de in tol uene as descrl bed

Scheme th f 4,
' ReS R of therameBisils Sipb iSvsaRoMatsfia it Fmitga to,
thosecﬂ [RUQA®E S BREM Ugﬂié WRdabPafi@ishtd di8ead¥)a disease wherein
07/ T00990PCT/ US2007/ 062329 ami nati on usi ng

patuerfte mad@ﬁlyxﬂ@lraaidhtydanrmhateyraﬁ@weotw @nﬁumema brain dxave dow

dopa%ﬁ}%plgo%?ﬁ? %f tgé ﬂ%ﬁ@ﬁ%g’ﬁ% ggﬁoﬁéﬁ@é%gt [-“:0 ttape' Histamine
Ha redeftodadifvatibn 3hibits aepaniid ] réceptodinticed 2AMMPYeRahaladion

ne), Pd(dppf)Cl2 and potassium acetate in di oxane will

in rat gtrtﬁialoﬁém@%n%@uw'e@pefl@ﬁw 8 ) SEhere! 13-184; Silpb @i @s,
n ni I
life S% t15§1 )D%%Sf{ét? x?gdﬁ)bétgélpﬁ]l% it nyﬁoﬂ&ﬂ F%bp%hi@g of
ABT-—@?D Ip%drbphysmyighel phepsotedizdtipnfard Bmangttelanlcai Efficacy in
procedures outlinped in Schenme 13 foll owed by th
COQ”&'PB&%@@"'E%@“'?H%M% Petariénd s%@i@ﬁfﬁfelﬁwga Seridniegaptor
The conpound of formula 384shen treated with the
conpound of forrmula 39 in the presence of copper and
pot assi um carbonate in pyridi ne under heated
conditions will provide a m xture of both the conpound
of 15 formula 40 and the conpound of formula 41. The
m xture of conpounds is separable utilizing
chronatographlc procedures knomn to one skllled |n t he

~ 1 o r - Y
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25Schenme 15 WD 2007/ 100990PCT/ US2007/ 062329 41: 3644
Simlarly, conpound of formula 41 and conpound of

WO 200mb@9B86 when treated according to the proceduDg2007/062329
outlined in Schene 14, will provide the conmpound of

Antagﬁﬁfsfmjcﬁlrﬁéi ofﬁi’h%crhﬁ?ﬁiob@ arf¥ %rﬁﬁenﬂal Thé%beu{ttc‘s 313 176-

di ne
190, 2431?)5 Chen Exa’rraall é’g’hafmccweglcabeﬁtﬁ@iawk:arcnrmgg qnmlsilam@lrglc

nourofR ek =0 i ) et PP by T, e

fpiﬁéT‘éb AityloF tag drideaifade \M\Idhtlbh eine It @bt limited to,
formul a 45 according to the rocedure out |ned in

those spreified i3 tha exarpp!@m ‘@eff%femﬁdw’!ﬁm wayrefd ¢Femana.4aelanpma,

pOIVC\?S?E‘%QJ%MFg'{dg% aCco%dléggyﬂ%}} %eﬁ%ér §QP u’%@ M&fl [ nL@BHnH 998)

'ﬁm%ni'&}zmdd "IRbkéVd)fdﬁsttahan@ tyreuaptond irf hemrbifedation of

IsScheme 17 Simlarly,

neoplaﬁa@aw ravira, M o MipaioTH et ke G 4 B oG
49

Fﬁzszﬁvﬁﬁ&“t%taal Hj \f‘ée}ﬂ@?eﬂség%tgr% f§ gg\aamng dﬁ%&(ﬁ%@‘[&i 'hgﬂb?/ céliflines
with qumtsaltmﬁomes |Irnﬂamebozmﬁ% W 998) gi7ofEuel §):550-351.

c nds of fo la 50 Al't t I bonat

GRpoRNds OF e Buenlion dnt oD it oL SEALE BRg T
preveﬁﬁﬁnga%hamoﬁycwcﬁs@dﬁd@paﬂééﬁr@mﬁtﬁinu@@myw@cm

ed to heating the mxture of 2 nolar equivalents

Alzhemhersodiseaselsoraferhentiaul Gorgownds of thepinyenteu v panicutsrly

user PRI B R 2 o RO P i Yo

or cog?ﬁﬂidea@’éﬂﬂﬂﬁs&ﬁ%bﬁtz@pﬁﬁléomm dfihé @lvéerien are darticularly
nperature of about 80C to about 110C, and preferably

userbf@b treatisg endarpeRHiNg B EORSHAR IO dSDriRrAlTafdRIRrePlepAY
f 8 with
oo TR o TEHE Sl B RARED. 1 )

hAGﬂUJabdbéagEg!eSrelchﬁrﬂctlvé amgredrempd i tBfphabMAcepycaldi ne,
-met hyl pyridine. Preferred conditjons are heating
comp@@ﬁ@%ﬁawlwmaﬂm can e VatiedRo ps el ap ampunt of the

active C%Hgﬁ;gﬁgﬂ?d;(gf{haﬁ ¥ O @380 aécﬂ(é@e%%*&ie%lr@éf Q'Fié’r’é Hﬂ(FPéér?E)‘ﬁse

and potassium carbonate, in
for a partibulas pahiént, tmmpoadee aodnp«»dmdéa«ﬁrhnrﬁstrahﬂra BHie selected
ounds, of f or mul

dosagreiehgl wiriepen pie vy ST Ratiguiar GREROpdohe Bte of

adminibitdliosd We d8erith of 8RS ESndGdid bl tReledbad the c@ﬁ@i‘t'lbn aMa
2007/100990PCT/ US2007/ 062329 65 to about 75 C wi |

prior pedicatibistroyed theipaiisntfoeinaitrea®el. i Howarasd |tas;wgthga1|h1e skill of

e, SEBELASE S SRR L P R A4 e

deszré@ﬁ@%@e&% effiet ahditd graduAYTREeads ted dbesdgallintidRe MR¥ired
be used to provide conpounds of fornula 53 which are

effeC’irI%Qﬁb@éﬂdatlve of 5 conpounds of the present

U2 R r P SRS A
amougooPone astef cdrapsunds ¢flthEinvdntibnNan be employed in pure form
or, where such forms exist, in pharmaceutically acceptable salt, ester, amide or
prodrug form. Alternatively, the compound can be administered as a

pharmaceutical composition containing the compound of interest in combination

with one or more pharmaceutically acceptable carriers. The phrase
-35-
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(1E1), wherein Cyi is aryl, preferably phenyl, which

are useful for the preparation of 10 sone conpounds of
wo e0omab@9q 1 ). I n addition, the process al so di BCT/US®87/062329

the treatnment of a conpound of fornmula (111) with

"thera?bl\ﬁgéafﬂ% d\}?‘)écﬂ@é‘ difduaSof iBe RV HAMACSTRE Lﬂrﬁkcé?\ti@ah ﬁt@ézﬁ%lba

wherein RL is an al kyl group T
sufficiaht@rmatuntef tbemompamsl todrﬁahdwrde@atat ag*eascpﬁatﬂ@ penefit/rigk

ratio SR BUEa d e g e CeErHIR T el SRR pwaes Mgt the

total Gag¢ ﬂba@é‘ ohtsScEAPbURd éh@@@h@»@mmﬁ@t@fdme Hventisp il
g dqﬁ¥ano bor ohydri de, or sodi um borohydride. In a
eci

by &he aﬂe@dmgmhrr@ﬁtan wrﬁl@mathﬁ;spape 08 seendmediea) judgment.

The sé%t?ﬁéh@e?éaéutf%ik%%g?k%é&v’é quv%sfoq a‘?\?ﬁrﬂ%ﬂt‘&ﬂa%at“ el 2

depentcf el auyboy eiffgetorslhcluding the disbeldriehtgrersttedfand the
ounds of formula 52 with alkyiatin ndltlons

severkpauetdiseier. At & e SRRSiis sorppKn %Eﬂﬂ e ip SeRitic

compé?%m{n‘? %mﬂ %/eggthé: gﬁe eﬁtgtys)\g@ igh #feﬁér?l%%?m 58k aPAHOUTdRe

patiend; thedipne pf admirdstration, irbitiewh dainsiG istratien hymd rdty phertiddion of
in, a solvent,K suc HE or .di o at. a tenperature

the SASBIT B EIBIS, STAPYEO; B aion SETTe f%tx%%n‘fb@?) GsdiadiaRt

comb?ﬁ'ah?n Br %em%f&érh@al%tﬁ ﬂtel%@uf%lcc}ﬁn @hfblc?ibd %n@eﬂde ma@tors
in formula (1) and X | oro, ronD , es

well knowhlimthe middicabadsi dF@r@ecapmlmdtstsorﬁelt within theill o the artto

start 4sep. 0t HaPPUaD bitvelt Rl aBa RRER G B d e

theraﬁélﬂicléﬂé&l/ dhi 46 gradUWy indreabotiie dddade untilahe deshed @ifBE is
| owed by treatnment with RL-X will provide conpounds

aChle‘tﬁdfor mul a 53 Furt her nore, the treat ment of the

élt '{dé?tﬁ?%}t g;)? 'Eg&gh(ti%noéf oﬁ#’e{J Ee, o tigjdgéevtﬁftﬂl?e

comg@@zﬁkﬁ@@f it Bveny@nedniitibieesd tcEQII’nUatarn ogIoWeplaaxaﬁa! may range
transfer catal yst known to one Skh{léd in the art VVI [

from afeytiOefe0 %Wmd@odm#@rmogme'g PHEYPPERS ! of oral
f f It t
somirS LT oyl ERTAOUN R T e Bnd B i ML 0001 1
about«'ﬂ tl rig/kg bp:ldnge:lghtc dfr;jesnrmis tbé effecting dalﬁﬁdoymcm de mig\hgred
treat nt 0 formul a

into mylh G66s T RAPASSDRE SdBs atiors opseqianil Hanlpiose
compgglﬁgﬁé ﬁ%{}y&ﬁttaiﬂrs&%%rﬁ%ﬂ%'or@b%ﬂﬁpleé therBsf for rﬁé@é‘ @B the

cl ng reagent, such as but not limted
daily dogi.um t ri acet oxybor ohydri de, sodi um cyanobor ohydrl de,
or sodi um 20 borohydri de, provides conpounds of
formul a 63 The process of preparing conpounds of

Methétﬂﬂ@r’”P&eééﬂlﬂQ Cbﬂt@@s@tﬁ@ﬁt\ﬁeﬁﬂorﬁ he mi xture of the
onpounds o ormul a erein Pis a nitrogen
p"rfbe sompuyngs i phe iiyentien sab bedretiarmndegsteed in connection
wit 6% K58 REE € BREHRL S Y mEN Ry Bl iy

whicho@seonfpdaldsaginime prpieed. 26and Xant phos in a sol vent
Sui t abl e carbonat e bass are, for exanp pat assi um

cAbbevationsrwiiel ihaie baepdisaddn the g@ﬁt‘fﬁﬂl%‘%ﬁlfh%éfih%%
ana PR oA b By RFBl s 4 SRS S A phing) -

dimethykamtﬁec?lﬁ@:@ﬁdﬁ@hﬁN&P foa 2| Zdiis(dipdeeaty the sphind )-1,1'-
Xant phos_in t uene_ an ated t refer .
binaphUIbareR (B DUBREREEROS Do R0 AT ARGEIETE SORLESOr high

compl ete the 30reaction t®frovide a compound of
formula (illc). The resulting m xture can be cooled to
bet ween about 15 C and about 40 C and diluted with a
hal ogenat ed hydrocarbon, followed by filtering the

m xture, and then concentrating the m xture to provide
an isol ated compound of general formula (1110). The
conmpounds of 56 (I | I a) (II Ib) and (11c) have the

A A A ~ oA A A A



10

15

20

25

10pot assi um carbonate in N, N-di met hyl forrnam de to
about 120 GC to about 150C under an inert atnosphere.
wabm@7aapounds can be isol ated by cooling the PEKUS2087/062329
to between about 15C and about 40 C, partitioning the
RInM&8Hr aﬁil"ﬁ/ AN iSosbyPAtoRRdME P HhdthYl, MeOH
p"""ssmﬁrﬁﬁ‘ge sol utg aﬁfﬂ ?tﬂJ e

en concent rati n% t he org ani c
for metoamnli bis for owitbisestdiopyluRdsfoppaliagivm, By lortejt; blﬁ‘sﬂ TEA for

wiethy (e oo BT erSriG (1) CRRB et AL HBg IREr
para—t@fuén%[]%@t(ditﬁ‘ﬁ forwssigiyndiPeadeteid, Wt for'rdoen I@erﬁb@m{ure or
Preferably the nitrogen-protecting group P of $1lle)

ambieing terhherajiersr Hotaply, ramgmg)ﬂr@@f’@orﬁappe@no ide ds Cu paliadlum

aoeta@zg{%ﬁ%c@ g;{h%wgigwg d%:ﬁ%r{ﬁj t%‘g&fgn pPorc%tsg% al TQO mi or

i g \Y@H dRigredhaaenémt
o0 4B SL Y ) PO R el e o

carrled\nutt gslrugrtbta@nmsesmtbewger oo RerspoalGhenmsty é’\B #irpsala).
John W
A xRl i ol b SR ARl PRbees bt kR B

standbfiBabs@BhAES levdl (3DOWmagRmurboaaryaf hot stakid cthaokide,
or, alternatively, treatnent wth a base in the

reactiph dsascendsr @FW%%C@WE@PS reflect tobpldARiUAR (BRespeted

I
L
descrfp@bﬁﬁlrep(ﬁdtéd wfthéliitc)r,attﬂe s wiveibble coahmsrdiailly, ﬁ.‘rAS‘y nombless

thereof |n conbi nat | th a, phar maceu
ma e re MR tarpuREBrOAEGaHbid Gambounds by
Chenﬁ@é]%é‘?r%%’c&ée“‘b”e SIMHBMMEACAPCREhAEAGIREH! Bed ayd Il

ne or nore non-toxic pharrnaceuticaliy aCceptable

knowmmthmfoTﬂmamhaklﬂmmﬂard:al conpositions can be

farmul ated for _oral administration in solid or u .

¢ ShitcomsptnS ot 18 ip o BENGRF biFheEr Paa Sty of Shietic
proceBtfad) REpRIseAtITBHrb&EdUred 2R BRERH Gh ORltlate dRE RRItABIS,

carrier as used herein, neans a 15non-toxic, inert
Schemekild]7seni -sol i d or || quid filler, diluent,

encapsul ating material or fornmul ation auxili ary of any

type Sonme exanpl es of t.eri al.s which can serve as

phar maceutically accep{g‘m—%ﬁ%&rl ers are sugay.s such

as lactose, glucose and sucrose, starches su‘h a§ corn

starch agd potato starch; cellul ose and

derivatiies such as d| U{n car boxyr rEet

0

et W1 ~gel Nallose &8l e se 20acdt owker &l
traga%? :R%Fral t; gl n, talc’ coe &R%and
suppgsilt opy _waxesx! ont's s@ﬂ*ch as peanj o] cottonseed

oi | Rsaf"ﬂlo%er oil, gesane oil, ol i & oNI,Rcorn oi |
and soyb%an oi l; gI cols; such a propgl@he gl ycol ;
esterd such as et hyF ol eate and et hyI “iaurate; agar;

buffering agents such as magnesi um hydr oxi de and
alompriAdsygpEsgansd By &rml&aéewauc ﬁd&@ﬁa sendalVGatler ,

compoﬁﬂﬁgﬁosp ab’gﬁﬁ qﬁlépﬂﬁ% ﬁttallrﬁségb%érﬂﬁ mgigéﬁcg §|1C°h°|
Commmdsmﬂfmmaiamawvﬁﬁreml Rbisi araalkgl, syclbalkgl mwcﬁoawraykw

| f at |
aroursgeAEUed ) GHRTIRG] LRI, Hanena adtrt R 8iBt difigd i
formJlé ‘?1‘5%!1@:9 tl%%%do\ﬁl’tlf] %Wuﬁ%%‘f%mﬁfi@%‘eﬁ%@?ézﬁwa anR® R and

dants can al so present inth onposi ti on,
R aaeexsrdbfm@dtm i@ﬁzmlpmﬂjg%rstbr@fnldﬁ,eloéldeL Dbfd)rlda of freC&IQ2- and
fornmul ati ons The pharnaceuti cal conpositions of

this invention can be adnid-stered to humans and ot her
mammal s orally, rectally, parenterally,
intracisternally, intravaginally, intraperitoneally,
topically (as by powders, ointnents or drops), bucally
or as an oral or nasal spray. The term "parenterally",
as used herein, -58- refers to nodes of
adn1n|strat|on mhlch |nclude |ntravenous

o - N e
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be mai ntai ned, for exanple, by the use of a coating

such as lecithin, by the maintenance of the required
w@anviielogo si ze in the case of dispersions, andP@lU$1987/062329

use of surfactants. These conpositions may al so

where‘?r%(ta il nLagg‘H’.a'ﬁtyg 4 33& R, W%’Mth\é@pé%@ﬁlﬂﬂt@talys’t such

ting agénts, “emul si’ g 4%‘1 and di spersing
as buh@@ﬁmlieﬂ%wﬁdlwn a@etatﬁél’-" @@?Aep) of i croor ganl s nmay

RSB A S AL BRI g

2,2'- b%&!i?hénﬂﬁh@splﬁrﬁ@) ! hebﬂnlalbﬁthyl! {BINYP YodrfiDa l@%sd%‘éjbh@i@ godiltm
i ncl ude 1 sotonic agents for exanple, sugars, sodium

tert-butaKigeii la@ %QM@MH:‘@Ch|61{3ebUfF9}Q§I“6W§é’d0é{@|§@ﬂ9t WER tag reassion
f
camelphF R8BS LATRSELILG e AT Moo ARy

aboutal 43 FBH0tPONRsire avilkpvidelcg@batnds of formula Bwvmomrere
cases, in order to fprol ong the effect of a drug, it is
repregsitaiveleksomBPENd%O tf‘@\AF‘f%‘“ﬁ’bsor ption of the drug

I
bLAE GBBr AR o A BE IR SR hfded w R bhA iflales & B
knowit t(ytﬂ(mlel ofredioan2Sdlior mm ofratganiabymhesispdie eatéon of
sol b||| The rat a sorption of the dr t hen
aminsopih a8 Gles sad paa i ea e kBIE e Arogae i e pidiahoe of

sodluﬁf{){bﬁgﬁﬂ@z Nél@ﬁfoS')rd/rSd(a%kurﬁ'cé?ocﬁfﬁie QC¥§3@£ lih Hige b%sj@nce of a
ternatively, delayed absorption of arenter al
(E;.yl %gcetate

metalaxaammstgtmhezs @ungcﬁ lmited o, aopoepmeialar el R

PoCHr BRI o Tatba e e Ben Andatae

opt:or@%{ vﬁﬂﬂé #gAng 4Eeee ad] ﬁ@t geiRtited OBIRARNDBF Bi-tert-
et hoxyl ated isostearyl alcohols EEfol yoxyet hyf ene
butylphesphinet (GRU)BoHBAEEAMEENE 08 hegt jikang ioi previde new

oo AR PR e L Bl e i
triflate2 60 ]@?QB@M/W@QV%@I@%%e reactioh tad ési pertbrrraaidnfaor
ef

nor e ective distribution, rﬂ% npounds of t,ge
solventhsugh aoAiI0XaRe He!Uaneo PPBYATIER. | f@f%cswﬂﬂ%tﬂ&% %rexamp'es
of the rﬂ&,&%@@é m\égrtye %Hﬁ‘ihé\‘tﬂl%@ py'w igNBL &1l

m crosphere The

sorn e st erili
Chent. Ont Exia i EO4EB})’ZOSVI(11 998) dnPt Wiadleght a Acc Chem. Res., 13 805

o16 (RGBS bhS oS B, LTSEIBFAAERR P, v knong

et al. CORP RS, '@ﬁ§1 gy %‘@loﬁ'j‘Yarﬁ)eBst\séﬂg’@ﬂal' n. @r@éhbﬁae‘f\ﬂtt@ém

or “sone ‘ot her ste e’inj ect abl e Tedi um i nredi at el y
576: 1Béf-b¢€e (1899). I nj ect abl e depot forns are made by

r o E’% m e Oeq){fﬁ @En%‘f t%lﬂ‘g%éfgi £ 835;(9r]ﬁ:)etc1]1 i éjcrh%gnéq are

availaQ;fPé Y)B/@“etnb% TEQlet HrcokiirisREReABEA G tHoltetdigrg. At brospafcific
pol ymer and the nature of the particular

examﬁtﬂsyﬁ?@hemﬁee@ﬁﬂldy@dpaf% 5r(%17f189%$) @?Sﬁg'bﬁél%ﬁse can be

d;me'ﬁ Eﬁﬂdﬁ%q@@&@%é@{g@% poI ;%ﬂ% dé deqﬁwxlyﬁé R:za R?

R, RZHJ &6d ®B% ard Bydrobah Ilsoﬂéscﬁlt:&@l aleo pjeepm@ﬂurbschenke et al.
entra p|n t he dru in |iposaones, or mcroenuIS| ons

(US Rateeh &Fé @.3 L@rw@meéladg;ct@hg@f@@grrom rmpw&?&m e
reguL t taz pds ffor gBX lef
wher(%lﬂlF?ﬂEa?\IuétR{?I ﬂBSF}é a(%[)a;lét éﬁdélﬁ retal %ﬁﬁéﬁﬁ ti’éydrogen In
the shryieiratoepos (ﬂahwket et &l US Rgtead 6107, 999)t|s1de‘sunbncbéthyl 3-
erile soli ch can, be dissolv
methyihgangsaYTOIS Lot TV TRE o1 B CaReY T & PPBPPH S s ) way
medi um just prior to use.-¥hjectable preparations, for
exanpl e, sterile injectable aqueous or ol eagi nous
suspensi ons may be fornul ated according to the known
art using 20suitable dispersing or wetting agents and
suspendi ng agents. The sterile injectable preparation
may al so be a sterile injectable solution, suspension
or enuIS|on |n a nontOX|c parenterally acceptable

o, e
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such as carboxyrnet hyl cel l ul ose, al gi nates, gelatin,
pol yvi nyl pyrrolidi none, sucrose, and acacia; c)
whevegomat s such as gl ycerol; d) disintegrati NRCEHUS2105062329
such as agar-agar, cal cium carbonate, potato or
be treét%g!! Bt fHh Gum RS Hgﬁri@éirgTHF%tr@d@cétﬁé ERYPSarbanthte
sodi um carbonate; e) Solution retarding agents such as
groupfo mamafiyil group) arb purchicech Satimetwieatanydropytioles3 4-blpyrrole,

wheret R R B R A g Ty cofor Roiber B B A4t d Tn
the solS REFRRIHCE (SYRBnRS, dtan! U8 RdeEnhs oY 910909 icddcribaddethyl 3-

l'ubricants such as talc, calciumstearate, nmagnesium
methy-Leadizabicyolo{H3 Hivstanayi-eadoyy ks Iascorgpeliignivhighy iy be

|, ' th
veatef Tt B b g O iq BB Sy et
grou pé@@'a&ﬂe?‘@ﬂ'@fdtﬁ)? anef _ﬁ:@yar,.a@ 2?@emhst.hy|ocltahyd&?;byrcba?[3,4-—d

conpositions o similar e e ed as

b]PYFTﬁHn\EEG@im Rq%ﬁtR%rﬂjeHﬁ?’@yh iﬂ%ﬁe%ﬂgélziﬁ%g F@ap@‘gg&%@l@i ng

) % _ : >
ol 7 Ry, A9t e BB GO B b
Ba-métabl-ietahydrageesio] 3 4dd pyresle- prhtboxyldmdcidremalylessteéd vadoh

stor BT B B SR T o
re mo@‘ﬂfd@&fi&%?@; it peNiak i56a-irhethViRya HWJYO;S&RFd;@['iB@Lb}’pyrroIe,

contain yi ng agents andb can adso'be 29f
whereiimﬁiicmdR%?rareh"aethyh@yldrlﬁaeﬁéeR RAcand K agrdireaen gn

tne ¥ L RSO STS! Blla W 8RR & EklatehBfire, ana
is des‘ﬁf%ﬂ%bﬁé:%r}@lﬂin‘fé?idéﬂ? pgﬁfiéé eksdudio be dsdialidngoReirel ease

of the active agen an include pol ymeric substances

chromatdgiephef the racemicanipbie Onon shirdcolwan ana pe wWhilizethio
adm ni stratio ef erably suppositories which can

separgge B'?%ffépgg" %@arﬁ{oﬁi}%“the compounds of this invention
with suitable non-irritating carriers such as cocoa
butter, polyethylene glycol or a suppository wax which
are solid at anbient tenperature but liquid at body 25
tenperature and therefopehame in the rectum or
vagi nal cavity and rel ease the active conpound x?
Li qui d dosage forns for oral adm nistrati an i
phar naceutically acc o)
rni ¢r o8nB®%i ons, s
elHX-HsH n addti Bn
i gui d)dosage forns

t abl e enul si ons, e

utN oS, suspensi ob§l, syrups and
“Hhe -actrved oundss—the—
contain inert,)30 diluents

co 1y used in theNart such as, fdf exanple, water
or other solvents, s6bubilizing agerfi®® and enulsifiers
such as ethyl al cohol, isopropyl alcohol, ethyl

carbonate, ethyl acetate, benzyf al cohol, benzyl
benzoat e, prepyl ene glycol .1, % butyl ene gl ysgl .x?
di net hy mam de, oils (i articul ar, cotted,

H Bt~ - 61- WO . 90PCT/ US2 062329 corn,

ar

gg‘ m R'LII ve, castor, g sesame oiis).. glycgrol,
rahydr of uf fr yl i , "potye&t hyl ene gl ycol s and

fa acid esters of spfbitan, and m xtugés thereof

Bes%%es inert diluentsy the oral conposig&ﬁns can al so
i nclUde adj uvants such_as wetting agents, ‘enul sifying
ané suspendi ng agents,gsmeetening, 5 flaghring, and
perfum ng agents. Dosage forns for topical, K or .
{ PalesRiRbN thinkiaoss A CPBIP N I{OTBHIF L A bS i @cted with a
i nvention include ointnents, pastes, creans, |otions,
gel s, powders, solutions,-¥prays, inhalants or patches
A desired compound of the invention is adm xed under
sterile conditions wth a pharmaceutically acceptable
carrier and any toneeded preservatives or buffers as
may be required Ophthal mic formul ation, ear drops, eye
oi ntnents, powders and sol utions are afso contenpl at ed
as being within the scope of this invention The

. e o T
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| i posomes may be used The present conpositions in
i posone formmay contain, in addition to the

w@ewpaenes of the invention, stabilizers, PCT/US2007/062329
preservatives, and the like. The preferred lipids are

t -
be”zﬁ‘%?‘ifcgﬁ"d‘at'*yﬁﬁj“ﬁ‘ﬁéc A L S S S
succinionggs heben@%ﬁbﬁcadmw ohmmﬁm Ehtﬁ)@étﬁﬁélsstm%a&nom in the

disopfpryleByEbR inSoRPOR kAT iERlsombthags Bl tely '

oompé&ﬁﬁ 8] forf®ta 8t Geiflp o@ﬂf@@ﬁol‘rﬂﬁlﬁ% fridly Wirddrg@lacid catalyzed
adm ni stration of a conpound of this invention -62-

remowabop met@@mbwmeggwfmm@eﬂ e a_ﬁ&/@mas
trifluo cga r{#lé ggl fﬁﬁ&%ég@&@' é(%ﬁilgﬂ[&trgwgmvﬁeﬁ% b¥Sid@ RBMbund

of forORY sraCewipsAd of fafneatGliterchesicarwitnd campagedsidormula 7
preservatives, buffers or propellant whi ch can

QCCOTH@QJPWQ@dGS’Dﬁ&%T@C# Brefiesee oyl Pé?/\éé%lcﬁm%‘ﬂgs b fSimula 8
|
The rGfNHR of (i BeBlidI aRBoffI ProRENATRIGNFOSRD IRRHAS |

triﬂuoctmuslatlcb@rsotbenpciids|srmghcasriﬁ5u'mdacesﬂc adncda of hy éwytiagenolysis
.. .also are contenpl ated,The unds of the inpyentiqn
utiizings Ry dsBogE S8 A9 8RR HTLFatBAT ARcRoeresss Yl sBapna o

thoseSiIfed: in ¥%& afSand &VI;@F}&% B6mb¥aRdE bPMrmIM 9amidmPsunds of
organic acid erm Ehar maceutical | y acceptabl e

formmgwmeretxe@teé Veititla disdssich asssagies Fyelrigenn arssfignttsgch as

ot SRR T8l BTN 2 R D3 e v ey
compﬁh%déﬂ’ﬁf fIhmRl£10 WHitHh Brd Rpresemetival oSesmgonmdl 6Bthe invention.
udgnment, suitable for use in contact wth the tissues

Alterrmteva anetheds efl direviealkyatioreefcampaias ofifatreuledkare available by

e PRpuA S0 A AR e 2 et
such as duehbehite@td dichidremettidng, tslaone kthgleacetate, at félmeperatures

term " pharmaceutically acceptable salt" refers
ranging 5o s&8 1% 19 ehoatiealyiie M PfaRenseSpE feﬁses%iﬁ#uas sodium
e
carbo'ﬁ%?é g%gg:hdrﬁ%ﬂfﬁﬁ‘énaté ?gﬁ@&gﬁﬁ% grL weﬂﬁg%ﬁﬂe fgﬂ prddtibe
compboxds of formuta r!OatOthr n@lt%hm:tsgﬁo«: thespavessionafdonmmunideenf

formufadiiato cssmhaniE-e oraue 1 b BRERE Dy ARG Sadirh' **
cyandiRlrbrid i @ﬁélb?nﬁidch JSIWHWW cé%nk}?ccﬂhﬁﬁé‘iﬁ@éjsuéh as

situ during inal i1solation and purification of
parafomaidehmmmtcufe tdnezceta}@ehyci@n Yot argpheranethpddpr the

t f
converEi et i & Tagnud s raulne s e R B ARG
reactiofl df oriuAde. of Beim @R © Wil a' datbbiey cbmpﬁm@r;hlc@cra&m@thane
(D-tartaric acid, (14-tartaric acid, phosphoric acid,

in thes;alesewe of sedidm wiareioxykorgbydride.as isuwelbigrewn & theosg skilled

v, ERSEATEI ANt USRI LE e

Chen&gﬁh(mt@ 38¢&M—3862l kyI hal i des such as net hyl,
et hyl chl ori des, brom des and

i gmrawnea@épwwaﬁm AbesTTE8R- oA sriRegn 25 BETGIO(3.4-
blpyrIEH - g@fgygwﬁr é;élﬁ!rjyl , aj;wcé“ §Si. di‘ngélayl%gﬁ}; Bs {?‘3‘%2{4‘3) or

such
(SaRkﬁaﬂjltdﬂébLaﬂ meixetlydie‘pyrramﬁe al-dqwrrd:dat‘i (lb&csd}ﬂxy%e lieavgilable

and phenet hyl es and h ter .o

from GT&IDERH 4siea A 10 EASeRsPb e Lo ot APPRIFAIt12085) 2005101602
obt ai ned Basi c addltlon s#td-s can be prepared in situ
during the final isolation and -63- WO
2007/ 100990PCT/ US2007/ 062329 purification of conpounds
of this invention by reacting a carboxylic
acid-containing noiety with a suitable base such as
t he hydroxi de, carbonate or bicarbonate of a
pharnaceutlcally acceptable netal catlon or Wi th

o o - M
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i ncl ude et hyl enedi am ne, ethanol am ne,
ci i et hanal arni ne, piperidine, and piperazine.
wab@7tiewm ' Ephar maceuti cal |y accept abl e est er "PCEHBES28E52329
herein, refers to esters of conmpounds of the invention
v h
A1 rff SEPEHLLPLY 5T AN, R0t RW B LtRa1 2 hmpound
of forpateedis avaijolenic raremacsiﬂrm :ccbrerre@cﬁlalltEfrarmIJ &s\WolPharmlLab LLC,

1o00 PUELASEHY L SRS 1oB8Y: LS RARY Rohobitic. 1

Deer F‘)éﬂ# PRl kit €8 b smoaltt hManQ\lU ap@gsal KM'ait@ﬂ‘izﬁfV@ are

preferted. Esters of the compounds of fornula (I i may

prepabatiqpr efpmmploweﬁso@fdongutao& oEwem obgingd ke hidwpgenglytic

emo 3R oy G BP0 R B ALl 1

benzﬂb(é&fa??yﬂr@fﬁﬁﬂo[w 3-Bjpaeriotb-a01H Rearbbkyheatd provide aaﬁ:)t'mbou nd

such as acetic acid, or wmth acid and_an
produgegiassa FRSeynic enixiirg is pervides Beschsinkead. @t &l &hEatente
507135 AR SO BT PR oIS B o
msxtuﬁemm@Utﬁldmrcamtmeno@@phhe)macbmai)da!wnaes td/eg rlmuapm fioythose of

reacti on of the 2500!‘&;40 nd Wltl“l basg
ordinah SHlhIBRFFEORTESR SPLTAShY| @Eap BPRNGaTeTipalyepure
| ) rom its
(3R ER)TATRT N ATBLROIORS Loy IB TN L 81t ro
racemiedotmon of the conmpound with an acid such as
hydrochloric acid and an al kyl carboxylic acid such as
acetic acid, or with acj and an aryI carboxylic acid

such as benzoic acid. m “pharmaceutical ly
accept abl e am de, as used herein, refers to non-
gs of the | ngLon derive f r om armoni a, /@/
OlN’t 6-C6 al kyI nes and sec@nd F‘ Cl t o- 05 di Hl k
Hes—tnst HE ca &1 of—seeortl ‘e may
0 be in the mof a 5- o rrenbered he er cycle

nt aining one nifrogen atom des deri vedi‘trom
agnoni a! Cl- tm(%k I kyl pri rragya hi des and @- etkyLCZ
di'al kyl secondary amides are preferred Amides of the

c SOOIt RE K e ol ke AR AR R Bosiich as

sodnu@ﬁhﬁ@ﬁd@bﬁs@d|epﬁn§£60ﬁatmnca)srpiwmtcalcemﬁ 'ﬁHﬁlfntt;a\Bed by an alkyl
i mary or secon ps eact i on

haiidea@rﬁmﬁtﬁ F%@PO%&% af fosmulre A BT rg?%f&  GpripeRAds P&ﬂfmu'a

4 Wh?t'i‘ 'ttlé%féod\ﬁrth %Qﬁafoﬁﬂgmghg@@ arﬁél&?iaﬁ@tﬂy@@ or%kﬁkétort@zalfcbl%@ved

e case O conpounds conta ning car oxy ic acid
by tregrtoneps with rsedphamanemnobadnmje wilkerovidsl eorapoends afrf@rmuta 1.

Comfip it StprhdstF BRoBH E? B hau THIDLRE Ll oGE dhd
d:chsétdn%trmh@w BRwvide &&ﬂsbuﬁdebf femaRen. Seelhdimds of formula
di cycl ohexyl " carbodii m de or carbonyl diimnm dazole, and

12 when fieltdd wiih sempgiuatipf fermida 2fanco a@m eomiltlﬁns outlined in

schefe il Brdios fompabAs rF Byl e WHiO e bR SSmBu Y
compiiisast teelifventien aeidrmnenn ted Kstised bﬂd)féctta!lwatldnsﬂc h

as acetic acid, or with acid and an aryl carboxylic

commtrmissaféwraga Hebi bpatragntdl @hod halides or Blales \t«f@h aPmpaHgdS
of fOf@B‘H? W sgﬁbeﬁépgﬁ%gé Tbﬁ ﬁé?ﬁﬂ{%ﬁdmﬁ!ﬁﬁo@%fﬁ%@r Eétﬁ?n& iyl

acetatBaopRseilyiie td yresenepblblmsprauthugs sodium carbbreateesodium
pharmaceutically acceptable prodrug' or i prodrug",
as used herein, represents4ihose prodrugs of the
conmpounds of the i nvention which are, within the scope
of sound nedi cal judgnent, suitable for use in contact
wth the tissues of humans and | ower animals w t hout
undue toxicity, irritation, allergic response, and the
i ke, cormmensurate with a reasonabl e benefit/risk
rati 0, and effectlve for the| r |ntended use. Prodrugs

o a1 o, . Y

o
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bi phenyl - 4-yl | pyri dazin-3(2H)-one L-tartrate

nmonohydrate Form A crystalline solid can be identified
whyoochendact eri stic peaks in its powder X-ray PCT/US2007/062329

diffraction pattern. One with skill in the art of

bicart{’i‘}ﬁ%lté(tde%ﬂm CARIBRRE YorREIHIRRINBRb DrédudLesthbyuhdebt forula

11. 2-(41-1(3aR 6aR)-5-net hyl hexahydropyrrol o[ 3, 4- b] pyrrol

-1(2H)-y11-1, 1.-biphenyl-4-- yllpyridazin-3(2H)-one

L-tartrate nonohydrate rmA solid by as few as one
characgerlstlc peak |nﬁﬂb%ﬁder X-ray dlffract3| on

patt eRf Two-theta angl e positions of characterlps iC
paaiks~n-B powder X-ray diffraction patterrR (Zly\ Cy?
100990PCT/ USZQO?/ 062329
R T6aR)RIB y@{bfopyrrolo 3 ﬂlz
R2b 24 k31 - bi ph nyl"Z Ipyrl azi n- tR';wtrate
1o oh}/drate Form A ar_é 3_900. 2, 16120 , 1 16} 990 2
R#= " n{1RF 2, .18.120.2, 19.72-10.2, 19. 98®R?,

23. 960. 2, 27.650.2, and 28.930. 2.
—52-{4r - R3aR, 6aR) - 5- Met hyI hexahydr opyrro’?‘“o[s 4- bi pyrr ol

1- .bi,ph d
LCoaouaR o R b e e el e
methcﬁﬁ 8iithinés in gﬁlﬁéﬁnéa hieatbmt % @SREBaﬁd Rétiabtdrilesahy e treated
haracteri zed by the powder X-ray diffraction pattern

accordh@m rmetheislrEW?. toTate silest il the giraishprevigsi oreepynds of

o BT R e TR Fpopn
of forvﬁuIeﬁM whED. tﬁea‘i«ed WltHTMrﬁp@um!E sﬁbmme’r B vﬁw@rslra?Cy%&]a(rﬁD or

b is 8.660(6). A c is 6(3) A, to afford a_cell
hetel”%ﬂvhr?é dsrfingd 3wty the SCWféP’@fOHmﬂfa @), e eregeace g Ragadium

s LRSI A Bl Ahalh et e ey r
of soiikérlit'sébuébi%asebtﬁ rﬁﬁﬂ%)m&dl\ibttb!;abhextabpmp@pw and water under heated
rol o

condfipnehgbaut Bl 1oog Passt 78 3% FiPiedide omapypds gf formula 16
MRRARX LR EoF Ay MR ﬁéﬁéﬁxi hﬁiﬁe%oéﬁcﬂtrﬁiéfbsb%ubﬁ%@tthéée?d

char acteristic pea
repredemtbdan/tcwnpqnmdsemﬁfo@elamt wna Iaryllandwh@tbeoeavit bm’f)mc acids,

bOl’O!’?&%L) es earls ang r[gmsatcroY b\é?a%le% uta) e preesetn(():ero aq:vasye SR t ' fy
sodluaﬂ &ér%bﬁﬁfﬁ?@ﬂ&, or REtif\d Sivaisdicr Ry teabRl drofurBhRil0kNe,

bi pheny1-4- 20yl }pyridazin-3(21- 12\ one
in thel_prteaeweaofea mH@ﬁHym sewcesuah Bsgullipdiupy digsetaies BEURMRPN3)2,

or PATRR0 SF S bFnE A G UM TR BRIRERL T e act or 1 st c
dlcy@@%glp%@hm@hex I &-t-ButyipessEphinie, prttisRrupf)phodghine is

6aR) - 5- Met hyl exahydr opyrrol o[ 3, 4- b] pyrrol -1(2H)
well knmn o, tmoseh iSbaH@wlihﬁ ajigp sy Pras rergepF 1) hageneral

et 588 BRIBDY o S, 3Dy Py e an

Catali@ts@ﬁﬂo@atxcmé iA@rhadd; SyrEhdde, Hhr2/ikk§& Spnandew York, 1995.
20.630. 2.. The inventign a}so rel atgs to crystallin

Referenpa-AesgHking daRpPeRaraion ol Aesonif aciis Pk @ssaPounds of
formljléy%r%y g?%f%%cﬁ efamplia in Br T ngN%III,S%t ?_i[) Organ;c Letters,
2"4201ty@006mi1\drﬁ)dBlrtdkhbdhmrhyeﬁah,t'éetr@we[dﬁtol(i,%RZBﬁRX2®1) W. C.

Black,ghahy Uit i) PrGA ke Aote £l et aFpaen T

trihem hydrate exists as a crystailine solid
characterized by the powdet2-X-ray diffraction pattern
shown in FIGURE 3. The crystallographic unit cell

par anmet ers of

2-{4" -[ (3aR 6aR) - 5- net hyl hexahydr opyrrol o[ 3, 4- b] pyrr of
-1(2F1)- -67- WD 2007/ 100990PCT/ US2007/ 062329
yi]-1,1t-bi phenyl-4- Apyridazi n-3(2H) - one hydrochl ori de
trlhem hydrate have been determ ned as: a |s 7 3 A, Db

- NN PN e o



10can be identified by characteristic peaks in its
powder X-ray diffraction pattern One with skill in the
w@eao7abéooamal yti cal chem stry woul d be abl e to PEEUS1097/062329
identify the
Dand%g(%ké 3ﬁ%ﬁéﬁbfﬁn@$&¥' @M@Bwiﬂomers@w @é.?r@rﬂ IRy retel .
enyi - 4- 'yl } pyri dazi n- 3(
Med. ﬁhdmcmilﬁd?ﬁ@?ﬂ@mle)m hydrate solid by as few as one

JaeioBi B anaiARTa st dpe I3 dBa e HIRSBY berupar e Lsren
R'is I—P%ﬁmb%cﬂj @M@Whéréiﬁﬁ'% bh 06 5ath ﬁétrﬁ@thm @'f;s@p T-and
['(3aR, 6aR) - 5- net hyl hexahydr op érrol ot 3, 4- bi pyrrol -

H)
5 also mc;m(iesztpmabmlmwﬁpeeﬂsterylwfwennd gitwody @Fglpuaﬁéaken together

o S 5 £ TS iR .
Theref$8 manyaryd 2btdroatdl, 888 heteradgtlid bdidnittcids 26d beronic acid

invention also relates to crystalline
estersptiat a[e( guRlabliryommercially or that can be prepared as described in the

o PSSR E BTN Bt iphitiatii

10 boronR}écﬂdé(s@Reégﬁ)tstéllsabhml|heb(@fqlid)mmmg/tat£bdano[ 3, 4- b| pyrrol

1(2H)-y11-1, 11- bi phenyl

-4-yl } pyridazi n- 3(2H) - one

L-tartrate anhydrate exists as a crystalline solid
characterized by the pOV\qL§5|e>< ray diffraction pattern

shovvn in 25FI GURE 4

]
2N )]

BOEOEW‘E Pat’fﬂedfaﬁﬁfp{wf‘a?%i@?f';;

characteristic peakg

%W‘fi*% c.%s ﬁfC@aﬁggZ i %&;@ﬁ%

2 p&rlﬁﬁtﬁia@ﬂexﬁﬂ heaenie@gidone

GRS A3<RRB4-T% t he art of

2-nagtabyypyehidsteefibetraryic we
acitthe 2-{4%

Hrdnlier Stieetifi Ineadodgan,ildBndBAy

THERRnfiank-240mbRysnexany
bo %L ¢ deid~ P ‘pheny1-4- 30y

yd rate solid by as
inits powder X-ray dif
angl e positions of char
X-ray diffraction pattar
nmet hyl hexahydr opyr r ol of
. 11-bi pheny1-4-yl | pyrj

E el FRInghgladmbiy NetHerbhda 1) -
'C}AQS 570825 '223}‘(2@%1‘1:99% R%&Ho%@f 3

\Rfﬂﬁa .peak

i aggﬁg @%f@eax w;@ﬁ

Ine
ugfn rg plc:%aqrﬂ 3“9’1]19%5)
2A(B), AQF'EL\ one tartrate anhyd

pynidine-3aberomic3ddid2, 8. 69(.
110. 2, 15.350.2, 15.93Q.

QAS 1602657, Fmrgieo Sgientific, Inc.,
UhgaﬁOUW4Qﬁ9%22 400. 2, 23.0402,

2 4a@|ﬂ1éiﬁo>€‘ﬁﬂm3md g5 nven
boIiSh&H! 1 ne

tCA #8059 1:8-at Bsoritier Scientific, Inc.,
Lo an, UT, USA

o]}
rgé”'@b*% OIS PRRITE Co
nhydr at e.
2-(4-[(3aR 6aR)-5- 1Vl et
b] pyrrol -1(21-1)-y11-1,
)-one hydrochl ori de anh
solid characterized by
pattern shown in Fl GURH
2-{4'-[(3aR 6aR)-5- Meth
- 101 (2H) -yl]-1 ,V-bip
hydr ochl ori de anhydr at ¢
identified by character
diffraction pattern. On

Harasar,
L T ey

eréﬁ"é h@i@@tﬂ@/l@gf Nes. yargl Raye R
tBryceovadin X-.rigfbii Emrad'ﬂmﬂﬁment
& .Chemistry, Synthesis (2003), (7), 1035-
y1 088 fopdiiomlized| Rfridlyibdodpig rAcids
ey T helir BLzakirC@ssiCod{liagl) - one
REYoRLTeicsd®@NleFan be

anal ytical chem stry wo
t-he

'ﬁéﬂe%ﬂg%%ginﬁs' F‘ rE?oP’QﬁerXWQth

tdh
Ul\/l i ‘?bfchrr;ﬁ? Ynéi%%ﬁ? g%c

-M-[(3aR, 6aR)-5-rneth
1(2H)- yip , V-biphenyl -
hydr ochl ori de anhydrate
characteristic peak in

pattern Two-theta angle
peaks in a povvder X-ray
[(SaR 6aR) nnet hyI hex

y| Hexahydr opyr r ol of 3, 4- bj pyr mil-
4-y1) pyridazi n-3(211) - one
solid by as few 15as one
its powder X-ray diffraction
positions of characteristic
diffraction pattern of 2-(4'-
ahydropyrrol 0[3 4 bj pyrrol 1(2H



b] pyrrol -1(2H)-y11-1, 11- bi phenyl - 4-yl | pyri dazi n- 3( 2F1)
-one does not contain nore than about 10% of any ot her

w@oopoengh and, in particular, does not contai NnPEMUS2007/062329
t han about 10% of any ot her form of

2={4r={(3aR 6aR -5 VW(%%/sﬂrW?@@m(’M%UWAﬂ?%@@
oy B BB HT Y T 1 G g 595 MJ@ oW, et al.,
anor phEus §f;ol vat egy][ Io: ﬂé}n Ei? %V tﬁ?enyl and

desol df and ’PWFEF““% Me&F abl
e oubat anti a1y parer it apr = Brererabl y,

pyrgnigineeb-Biroaic agithut  95%pueectavrradi Angew. Ehgst.dnt. btk
pintioolnastér 2- { 4' - [ ( 3aR16aRU%14):2620-2622 (2001).

2- rﬁétﬁ?l'b?hbmé@b@lﬁﬂﬁw rol q[S¥YMebEN OMG1(2F1) - y11-1, 1t - bi
amHﬁ 4-yl | pyndazi n- 3(| HdinriclPeetlsassssd 400K5Sdd, Dor e
an about 6% of any otiher30005pHRHy20AS #859742-21-9
TR “ggrwg?‘zég "”‘ COE RS 3875341675, Tiiidta, W@Pby&%

(4,

g 5 ApRe,S ?8\"’
leX@ﬁ?roiarIQ 2Wh) phenyyI Ze)l(c lj%{?}?%\(@ ﬁ;§(ﬁgr§jﬂ%&

anor phous, sol vated for rPea lagigm-sglalassy
desol vated forns, and t Heflatra fer oides) with Plﬂa@*é(hraﬂﬁr e
preferably, a "substant|iSunthegis(2€00346), /& 8% to a
1(2HLPyridiagcarbogyleadaid, t HaDABBORBEIHY H;, &\ verbetileisyntHesis
3,6c8M§ER- Ju(ma $6rm of 244-of-4L4RaRr8aRIrophridines bid haiicaiyrd
tetfa‘?ﬁé‘th(ﬂo Q[Zadﬂ:fxab@bﬁlér‘iﬂ Fahhtetlbuduie Rirdsdieupling with cyclic
2- ;X)han outﬁ%@?@ Bsta Zlg)vinﬂ%o?&%tgge@aﬁ%oao%ﬁ! R.,mow

parti cul ar, does hot gc:@%m e—(é gWeG%BRH’j;ﬁ%?}j gg@d}y

other form of 2- {4" -
[(?al? RQQ\ 5. neth he

(5-Cyano-3 Ry HENharoRic y| ]
acignor phous, sol vated for
desol vated forms, and tHesﬁuaduHNerUnIZGKSdmﬁmﬁ@&i%@hé

conpri sing 351 cours de la liberation

2-01-1(3aR 6aR) - 5- net hylm:ggﬁ&yd;@daxrzsxtm 3, 4-

bi pyrrol -1(21- 1) yll-1, llirahb@henyl 4-ylipyridazin-3(2H
Thian 'r"ég]i%d'f 0 aBRl Yo7 PAE igh €heMhiEalOonpaRY Ahed- A

Begagng&}lﬁl ;Ecprg 'E‘ﬁcg reat CAWIT0837 TASYIMENEm tabBratories,

2-{41-t(3aR 6aR)-5- MWWW
Benzpthiazole-pdanrenicradig pharyat #4- 1464syPicdal P pedpbrenegeals

salt or pol ynorph formil ated together 25¢-h one or
4-ette/l-Tdd-4, 5,5-etpheeathye qubachl C§ 1263@PBabtmsc@rganirsst8s
13)2&1(¢)Qa.lﬁjnygade§9r)43b¢ad faor the conpositions Such
tgﬁ%&ﬁﬂﬂfﬂbﬁz@%ﬂﬁé& ng 2-{44(3aR, 6aR) -

such as

B’g—fy ﬁ aropyr T oliokisefmerS €D T & bkéjyfnﬂﬁesi@i »0602,%,
dazi n3( 2Hj -one sal t
tet . t Oié%ﬂx@nster ed and can be u:‘e] @I n”tTEQ
(fﬁh@‘hﬁ’g d‘n%ﬂ% Yhedie 30j AVEM |onet L' st i 4007 AP
oxg-2&si v Qné@iétz"bﬁ pol ynprph i n pl ace of éygﬁﬁb’iﬁ?d
ylahiashic a0idl d readi |y understood by one with skill in
the art Powder X-ray diffraction (PXRD)

a i s of sanples was conduct in the foll gw n
R ROICasaTSote G Y e PPRrLRY Plieiss s hefhose
descRb&PRT ?é*kég)f ot WT%%%&RQQ@&P&I/ W%@@@l%a%%@ogpn\eamyagra
e sanpl € in a thin |ayer on the sanpl e hol der and
gently flattening the sanple with a m croscope slide.
For exanple, the sanple med#have been ground to a fine
powder with nortar and pestle, or with gl ass
m croscope slides for limted quantity sanpl es.
Sanples were run in one of three configurations:
circul ar bul k 5hol der, a quartz zero background pl ate,
or hot stage nmount (simlar nmounting to a zero
background plate) D'ffractlon patterns were

I | T P N N ] T



30have the sane angul ar position (two theta) For
exanple, if a diffraction pattern peak from one
wW@2t7/200990 s determ ned to have a peak positi onP@f/USD0T062329
for conparison purposes the allowable variability
R L R T I S R
Ishiyadnd, fe’tatt"i'eirahmt@rer@ﬁﬁ?e%lt@ &0tined to have a peak
position of 5.35 and the allowable variability allows
the peak to be assigned a position in the range of
5.15 - 5.55, then the two peaks being conpared are
consi dered to have the 3, aagul ar 5 position (two
° theta) because there is—e—efggp bet ween the two ranges
of peak positions. Single crystal X-ray Rsd
di ffraBfd on anal ysis of sanples was conducted;ﬁn
png.Branner. Sanpl es for X-ray dlffr§§ on
were preparedrdy affixing selecf%d
shs tgbgl ass e Bh epoyy adRésiven
r2odli f/igzaged on data to colletfed¢u3|NQ REAEET SMVART
ystem with an (ABR%a R&t ector (50 2ﬂ,Omﬁ\
R2 X ayR?5our ce: I\/a) Dat® were col | ecte[ﬁ athl -
Rédlolabelled Cbnpounq Use Conpounds an F%onposntions
1f the invention al sfare useful as diadfostic 15
tools The ability of PET 05|tro emtt
t §rm@arapm SurukigpRetion, &Oé'? f%@lﬂfeéﬂomaw@éﬁ%?d
! -
with (ERENPBEDNG o0n Br R e 1 FohitRe 5%%6 AR Bt 2
10 (daoycrﬂmm@etphicmmﬁnw}bmmeaybamdwpo@lslsrgarmsbdsmhajg (KR© 4 Jerdrf smciigm
in histamn evel s recagni.zed. Thi
carbodifi 1 7 iirs Asolde srusbpelaitict iiERR8EEng  Shdopanol
and wgg tht GG | tdat8d 2bABIEEhS B gabu@éb e €6 WBBL{ 5B °@htd Brovide
rugs_ The topic and use of positron- en1tt|ng I i gands
mmnpbundsnéﬁﬁnpmmﬂﬁses has been generally reviewed, for
exanple in "PET |igands for assessing receptor
occupancy in vivo" Burns, et al. Annual Reports in
15 I\/ledi cinal Chem stry (208dHem3®, 267-276;
"Li gange¢ eceptor interactions as studied bﬁ@EET
'rqigdc-thﬂg for drug devel opnent” by Ja(pn etala
di ci ne 25(Hel si nki) (1999)2d e

RG

4 Positron sem_ssi on tonograph
;3§§@% tqug*gz ugmdLsceyef@
opment" Buns, et at Current Cﬁ? i
(1999), 3&%) 388- 394 The ég ‘

i nyention, synthesized with "C, 18 om her
_gﬁgltron emtting isotopes are SU|tabm% Ilgand tool s
for PET; a nunber of positron-emtting reagents have
bﬁﬂ@rr?éiﬁr)ém ReFipERfds JF forAuad I1abheY amcbétn@etktmg\@nér@te
those skilled in the art. Especia sui tabl e
compeyngs @ frymyila 2Revhiah are reseseniating o GampaHBds AbGEMula (1)

20 ComiAE A Bk 6 s QBN MR BERIERES bl AR, whori

L1 is & trepsruntisn elich lag oxygeny fulfuhos eitwiyreimtre (18@Eenc® upcagyer
be incorporated into the -72-

owdgpend IRSERIETTAJT? 1D 6 BRine e‘ﬁﬁsuhaw@y Gapdittangbehvenn
abou{C gﬁ:"ggé B8R T56 ng wi h%réﬂ&é’ [‘89{9%&\1@5‘ o@?ori'rilc@z b'wrﬁé"ﬁ‘ ahe

out” "accor to a net nown
remesbhkmedcﬁnonmeuadsofﬁ&nmwdnmgwtAHenmnnemmadedmogmﬁdhdb

25 desofy I mastanat habiensidh o eplpaURIE A ROl A per

studi es For incorporation-4-of 16E into conpounds or
conpositions of the invention, conmpounds of fornula
(1), wherein RL is 1-hydroxyethy|, can be treated wth
nmet hanesul foni ¢ anhydride or triffic anhydride and a
base in an inert solvent such as dichl oronethane, and
the resulting conmpound (a nethanesul fonate or
trlflate) ~can be treated mnth 18E—f|uor|de by nethods

a I ' g, o
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25A reactor was charged wth 10 g of

R- met hyl benzyl am ne, 100 ni of EtOAc, and 9.19 g of
wae@Nio00vBt hyl bronpacetate (15.15 g) was addedP@ntisSionz062329

m xture was heated to 50-60 C for 10 hours with

compBifdL HTpERF TUHLISE KERULDER 58] By AIEL RNl
the prbyezﬁcﬁb olsafiurh3%Nadte solcetivom pathmqaart@m e resenaf oba metal

BNETR T R e
also oga'ttéhgl)y WEP?% A ich(ds, Bt an‘l%ﬂ}féd e NP ng) - acetic
cid WD 20077 100990PCT/ US2007/ 062329 A sol ution

tertbut),ﬁpqusmﬁ)e mmwntetshyh asriognea delteoe amdipyidingl aresvelt

now) fisedeiapiBGRere Aol sreliias BRSCARERCL) Brfilon 808

Ange@t Chefl. . Far, #32tuB1pe67 UPogB)e ONP! Rtdiferst d he\cm @hame Res.,
was concentrated under reduced pressure and

13:806s8pB 61RE0I Jvids\Walfaad al. TheOr: Lehpmi, §§: b‘r%’ﬁ?ﬂa(?@o%f Y.
Coor k!B ABRSH {0y, SERLPBRS). it

Chent. I57EE1BW6L(HGQE}<aan e AS Ethyl
1&61@@51#%@%&%'@&%5?’!5\%5&)( c?ﬁ%lca{p%g%grrgg&fo% of ha]fld)égrs?zlc a%(
|
compé“}ndsﬁ)f Wﬁ'\@@ 180k eatfﬂ.ﬁ%dsﬁ&fggéﬁu%qgj hér B! @0)&(@.9%% for

_ t ol uen‘e“vvas | s 170
examplguhycabeyltis jhepresenbe 84 awtast swhuas bt roft limited to sodium

o B R )Y G 5l i yShence o

a me‘rﬁl BatiamiRd Bafali@t BLxh 45 Wy palibaiuas dricefile ré Akl khown to
hours then at 95 C for 12 hours. After cooling, the

thosemkileddn theertewith exastples dasaribediBiHF9vigost EQO%'I@EN Cdem.

it £§; 87 360051988 8 J5 T 6B 8 80 LR SRt s
123: 10?%@@72&@0&19?&&(@%&@ epal.of. AheR cgwéﬁacmclmsl?-@z@z—
ter, and thor oughlé shaken. The | ayers wer

1220%&%%1@1*&& hawccaet uéda@ . YR B ﬁa%%d?e?&& (#000);
2 4l LT 4 T

R o TR e L8R BRI 7o VAR

Chen’prSiﬁSU‘r‘@ 1@638 QBM@ @B?o)n PQIAraVM}ﬂ(D@bt a\lasJ Amadr, mHemm eSoc.,

121 4@5%@7&(1@9@? % Rebtiad BUlGSNBIT Sbtoneh <2 deobropds

I
(199812 O Oer FoF oI PhrRyT 230 PRI M. Prlusk et el J,amer.
Chenb%dea| 1 £1iB30-+33H60XCEE); d\h tdmga ehaled. Ong. kfbtmer(s1$197@:}-745

(19963 B atest e deble BheRad bt 4 A3 B TP aHHE T Fafapgoto ER

Can. §Od“Hém0prés@tafmb83)
(R)-'1- phenyl et hyphexahydropyrrol or 2, 3-cl pyrrol e5(1F

1)’-\itemabwgynaﬂwed(>l1:gms3hg) descrizedip rpasticmididilides| Susheas

compgiipd RELHEMR b WiEsdridodias ghP ol 18 §nsR Ll g fir 5Bon

as a thﬁil“irﬁthe'ﬁbk%s&he‘é Bf & baé with drelmEb it e ddyéwsz(srubh as Cul or
Filter Aid and rinsed with 200 nL of MeOEIto provide a

palladiemdipesiatoint apalivagt Iehagydisrethpiiormamidecsiplvgne are

t hy. .

desorteativ ey skl dr Of S S5LUT58P4 @OU 1 11)Varng b

Bloorg|ﬁba O‘Ihéﬁnl_@w -89 Br894a2009 31 G. IAumlaMtUdUledfCﬂaE& 6]

hexa dropyrrol o[ 3, 4- A%rrol é

44:1203- GO A (2B CL Y- I Shitl AR5 s et o805 1801516 To
this was added a sol ution4s+ G -di benzoyltartaric acid
nono- hydrate (231 5 g) dissolved in MeOH (591 mi-fr 95
m. rinse), and the m xture was stirred at 60 5C for 2
hours during which tinme crystallization occurred. The
slurry was cooled to 18 C over 6 hours, and the
product was collected by filtration and rinsed with
I\/DO\I (2 X 330 m_) The product vas drled at 40 45 C

o A NN o " o, " A T IS N
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Unl ess ot herw se described, reactions were carried out
under anbient conditions (ranging 17-27 CC), under
woRdorogem Unl ess ot herw se descri bed, col urm PCT/US2007/062329
chromat ogr aphy neans flash chromat ography carried out
(2001 gfu r@ct‘?dyfér‘:& eﬁ.??ﬁet:%ﬁ%dhﬁ? by St Welrh ( bﬁ@ﬂﬂ ahf ¢ "esenef ot
dinary skill’in the art of organi c synthesis.
al., TelExiaatp| ¢1:1283aR286 (2000).
6aR) - 4' - (5- Et hyl - hexahydr o- pyrrol of 314- bl oyrrol -. 1-y1)
- bi phenyl -4-carbonitrile 25 Exanple 1A (3aR
6aR) - Hexahydr o- pwr ol 013, 4- bl oyrrol e-1, 5-di carboxylic
acid 5-benzyl ester 1l-tert-butyl ester 30(3a ft
6aR) - Hexahydr o- pyr r ol o[ty pyrrof e- 1-carboxylic acid
tert-butyl ester (3.0 g, IZ2.5 mol e) and L2-Cy?
N- (benzy coxycar bonyl oxy) - succi ni m de (3. 428* ]43/.\7‘/1
3 "y N

as stirred at roomten‘peratuR%’
R¥*¢ Hen Copceptr at ed ung@{C\}zacuumtoR .
R2 wedr3aThe resjdu purified gy hR3a
mat ogr aphy HRQ% et hyI -75- acet tewin hexane) to
Rzaprkgw 8 the titlegonpound. 11-1 (CDEE3) 6 pprn
%ig’- 7.43(m 5 H 5.13 (s, 2 H 4%2R‘433(m 1H
39 - 3.74 (m 5H 3.20 3 37 (m H 2 84 - 2 96
(m fl) 1.92 - 2.03 (m 1 1-1) 1.66 - 1.82 (m 1 H
1,46 (s, 9 FE). Ms: (MtH)s= 347 5The starting nmateri al
(Gaﬁhpo@ﬁa)sdﬁm’fm@ﬂ@ RSy EMOdﬂéuéedblcpgem@b&a d¢empounds of
car boxyl ic acid tert- hut ester S # 3;(?880 094) |
formuleag2 waTIt afsareRie SR tathac Pl {outbouis @ et wiRerept' is a

f
vond SHATY % BIRAP A HRSu, QEppebRpaighigy o
when (H29d4g mmummmmdlsdﬂsfommfac%rwhmmWﬂ isha ipepd o is seiected

esol ved by chro a chiral . col um
from th6rara CONSPLIS LK A70 R0 1t eopregPRSs aF o Bt and
potas@ﬁjrﬁ"? enefd i'ﬂ%ﬁ.uhélm%a@r'it?er Hdatéd condiubed béﬁﬁ% about 120 to
di aza |cycloa arie derivatives", US 20051016
about( BII0Y) wilExmvisleecarBpadiaRpf formula 22 which are representatlve of
ahyd rrol of 3. 4-blpWol e- 5-carboxylic acid

compBgH%%E?égvéya%cﬁy The product of Exanple | A ((3aR
6aR) - hexahydr o- pyrrol o[ 3, 4- bi pyrrol el, 5-di carboxylic
acid 5-benzyl ester 1l-ten-butyl ester) (4 5 g, 12.5
nmmol e), was stirred with a m xture of dichl oronet hane
and trifluoroacetic aci2chemed / 15 n) for 2 hours,
The sol vent was renoved under reduced pressure, and
the residue was 20basified with saturated sodi um
bi carbonate, then extracted wi th di chEoronet hane (3x).
The conbi ned organic | ayers were washed with brine,
dried over sodiumsulfate, filtered, and concentrated
under reduced pressure. The residue was purified by
col utm chr omat ogr aphy (0. 6% ammoni um hydr oxi de and 6%
met hanol in dichloronethane) to provide the title
conpound, 'FE NMR (CDCI3) 6 ppm7.28 - 25 7.40 (m 5
H 5.12 (s, 2 H 3.74 - 3.87 (m 1 FE) 353 - 3.71 (m
2 H3.353.48 (m 1H 3.18 - 3.32 (m 1 H 3.01 -
3.13 (m 1 H 2.88 - 3.01 (in, 1 H 2.70 - 2.83 (m 1

1.87 - 2,03 (in, 1 H 1.58- 1.76 (m 1 H. M

(M-Ht= 247 Exanple 1C 3DTri fl uoro-nmet hanesul foni c
acid 4'-cyano-bi phenvl-4-y1l ester Commercially
avai | abl e 4-cyano-4' - hydroxybi phenyl was di ssolved in
di chl oronet hane. Triethylamne (2.5 equiv.) was added
and the mixture was stirred-at roomtenperature
Triflic anhydride (1 3 eguiv) was added slowy, and

i ght and
rer ude
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20

the resulting solution was stirred for 2 hours. The

m xture was diluted with saturated aqueous sodi um
whermanmonat e and extracted wi th di chl or or net harer/T8mw07/062329

organi c |layer was washed with brine, dried over sodium

sul fat e, flltered and concentrated under reduc Ac

pressure “The residue was purified by coI u

7.76 (d, J=8.82 Hz, 2 RG =8. 82
406 (d, /sagHz, 2 .H REs
e @B 10paR, R0

6 144, - Cvaho- Bprényl 4-y1) - hexalllyclxogpyrrol of 3, 4
REDT pyr Rl e- 5- canggyllc aci d benZ¥ ést@r The

pqgﬁUct of Exanpl e (trifluoro- netgpﬁésulfonlc acid

—=+cyanobi phenyl-4-ylester) (135 ng, 0.55 nnnle) t hey
product of Exanpl &4C 19${ng, 0.61 mmol e), &IW/\Nun
acer ni c- 2p¥® \/)

i no -1 ]ZQ |naphth_y:12d( P, 20

, 0.03%2 & §®di um t%ert - b2 a3 0. 83
nT nol e; Wer, é@ shn 1.5 m_of tolﬁ gl;@eated at
80C under f 6 hours. The m xtur S cooled to
room t enperatyTer? di | uted with wat eg2eang” eért'r act ed

wi t h di chl or ggret hane (3x) The conbi ned @r gani cs were
dri ed over 280di um sul fate and concent#ated to provi de
t he crude product, which was purified

cBimiatogompiginds i e A RAR B AT ——
the cc_?@ tﬂ)cfgg{q Fmula bg |n‘%ﬂg%@sdenc¥%f (MH) *=- 424. Exanpl e

tns(d|6a@y|@enb§ee<t@hw:n@as@wsurﬁI mﬂ%@i’wg(ﬂmhelwwhbsbhmﬂw -
-4-carbonitrile Th%o uct of anple 1D ((3aR,

binapbiy) and sadiuncieikeuts ngwlgubjected to microwave heating
unae BN B LA RALEOLE iR RESUFragte, e

complinds bf fdﬁﬁfmeétéwi"tergitteﬁeﬁtzrccarcﬁn@tmcsradaﬂ'd)lr[es Riobwih E]@ remove
was concentrated and triturate or t hape.
an acehb OFY) He® AETaden Alep) S @fh {Jlﬁn'iﬁﬂg ?ﬁgﬁ@ ﬂbe
7 i r i.gn
compBihéi 7S nibehfteh AAICRRETRONENE AR AGTide BRIt
formutdn Qﬁnﬁﬁ@gacammwr(sosﬁ%mﬂmnnmrﬂmDmum efrfdrreva 25 into

e LSS SR RS bR

formula? 58. fheHfeatthdit 07 c@ 6Qnd§ of ﬁ)rﬁﬂdla ﬁ‘@wﬁh compounds of
2007/100990PCT/U822 062329 , 2 H 6.66 (d

formut 26 ZRHX),. ifereimRI i awt,lcysi)oaﬂ%mycio;aﬂwy( rhetqronayyi@rm

eteraﬁf’cg %\Hh >3@ |§%§%(qeﬁ1 orlangjﬂger,(\%&pr?wib@eiggﬁcgohﬂgééﬁbrf{B ci)r:r_e

skilled %@ﬂféﬁé‘f@ wil ?Tbﬁd&tcbyﬁpdw&@fm%!@mﬂﬁ r7ohalBe éalbib\mmlmﬂer
enyl-4-carbonitrile The prod

dlﬁermta@qﬂcﬁtaqnsaiqp@mdm or@trm@a@mlt &t %as%%’b%hﬁe@/qk?ﬁl@ﬂs
cycio%fkﬁaﬁn gg%égbﬂﬁ:%%— Fl’zfgﬂglﬂrh E@g?%gfdmuﬂa Ry ﬁéi\%geﬁ ¥ Hirlate
(Fgc%bmgeﬂn@éoﬂmb emmeua@barrmd‘ out Hy heating & mixietc—:h ana solvent

10(1 ,. 0,225 nrnole) was added ang}[ut he mxt(ire was
such @ﬁ.wﬁmﬁue Indbm RrespEieaRia 8asR SHCh RS MUt NehiEMHes{Qr e

] Y54, 4 P A otlion e car

out bpaghticg Whd mixinrenia, thdrpresiermeemf sodi um sul f at e,
trs(0{begy KIaR AP BT GYLP RS s (9980t 2 355 GineRy PRSP Rino) -1

chromat ography (el uting w48 a m xture of 02% 15
amoni um hydr oxi de and 2% net hanol in dichl oronet hane)
to provide the title conmpound (1 1 ng, 46% . 1N NMR
(CDCI3) 8 ppm7_64 (d, J-=1,36 Hz, 4 H 7.50 (d, 38.82
Hz, 2 H 6,65 (d, J=8.82 HZ T2 H 4.14 4.23 (m 1 H)
3.47 - 3.60 (rn, 1 H 3.27 - 3.39 (m 1 H 2.92 3.04
(m 1H) 270- 281(m1H) 2.38 - 2,67 (m 5H 2. 11
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30 The conbi ned organic |ayers were washed with brine,

dri ed over sodi um sul f at e,
wapmenomeduced pressure.

filtered, arid concentrated
The residue was puri f PEOUS3N07/062329

col um chromat ography (eluting with a mxture of 0.35%

binaplztﬁg

or omet

Jr3.74 Hz, 4 H) 7.50 (
J=8,73 Hz, 2 H)

4.16-4.

dJEb@MﬂL %@ Q@toﬁra% iR: és@W@rﬁtmﬂ' ad #luene at 30-150 °C.

provide the title conpound
WO 2007/ 100990PCT/ USZOO?/ 062329 (CDCl 3)

1H NWR
5 ppm 7. 63 (d,
5 Hz, 2 H 6.54 (d,

J=9,
%21 H) 3.48-3.55 (m 1 H)

3.31-3.38 (m 1 H 2.90 -

3.01 (m 2H)2ﬁ'34(f
J=7.96 Hz, 1H)246-

252(m 2H)

and -Exanpbes wer
ieaeri bed aboveR\M
gagents were subspia
Tabl e 1:

@accordi ng

e exception
fiédRrefo obtain the

Exanpl es Sé . Xar npEe.

»it 1 ed conpounds.

t kut Eng Material Reaction procedure IR :nulling
é—orrpound 1\4.918%a, nt NIS'H NM ( .5 ppm 764 (d,
7=1.70 Hz, 4 1-1), 7.50 (d, .14 82 Hz, 2H) 6. 64(d.

7=8.82 11z, 2 11), 4 12 - 422 (m, 1 H), 3.46 - 3 57
(‘tmaddition, )aor@@mds & fegnylar29 arewbtameslsay th@ thetme\ﬁlt of

compts, of e e it Preodlla FyTuieCag BRIl hatogen
(Cl, BAT &k §Qﬁﬂ§@3(@$—")38020) LBing-conditions outlined in Scheme 1.
Compounds of formula 28 may be obtained from commercial sources, or are
readily available according to methods described in the scientific literature, or in
the case where X' is a triflate may be made from phenols by treatment with triflic
anhydride in the presences of a base. Examples of readily available suitable
compounds of formuia 28 include but are not limited to 1,4-dibromo-2,5-
difluorobenzene, 2,5-dibromo(trifluoromethoxy)benzene, 4-brome-2-flucrophenol,
and 5-bromo-2-iodobenzonitrile.

Furthermore, compounds of formula 29 which contain an x* group that is a
bromide, may be further treated according the methods outlined in Schemes 4, 5,
6, 7 or 8 to generate compounds of formula 16, 18, 20, 22 or 27, respectively

which are representative of compounds of the invention.

Scheme 10
RSC R3c
3d 6 34 &
R R R R
e

X! R3b (R'O),B R3b

R3a R a

30 17
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Propvilicxall vd rop=al of 3.4- bk3npj.: 11.21.1U A :11-

hl Pher 1311-4- (m 211), 226 -242 (17., 2 H), 2.10 -
wW@100110099m. i | de 2.23 (m, 1 11), 186 - 2 04 (iPCT/LSHP7/062329

TAO - 1.54 (in, 2 11), 089 (1,1=7 29 Fl:, 3 11),;

'\@V\(I&b Hatiell) drcoddourddlorasttuld ﬁf augiaiiablStam dnmercial
4'-1(3aR ear?), '"H Nmt {CDC13) 8. ppm 7 64 (ci,

supplisxanin additon, compounds of formula 17 are also available synthetlcally
through methods described in the scientific literature, or may be prepared from
compounds of formula 30 by methods described in Scheme 10. Compounds of
formula 17 include include both boronic acids wherein R’ is H, and boronic acid
esters wherein R' is an alkyl such as methyl or isopropyl, and also inciudes
pinacol borane esters wherein the two R'O groups taken together with the boron

atom form a 4,4,5,5-tetramethyl-[1,3,2]dioxabarolanyl moiety.

Scheme 11

Compounds of formula 18, wherein R® is a halogen may be treated with
aryl boronic acids or aryl boronic esters according to the procedure outlined in
Scheme 4, to provide compounds of formula 31 wherein Cy®is an aryl ring.
Alternatively, compounds of formuia 18, wherein Rfis a halogen may also be
treated with heteroaryl boronic acids or heteroaryl boronic esters according to the
procedure outlined in Scheme 4, to provide compounds of formula 31 wherein cy®
is a heteroaryl.

Compounds of formula 31 wherein Cy® is a heterocyclic or heteroaryl ring
connected to the parent molecular moiety through a nitrogen atom contained
within the ring, may be prepared by the treatment of a heteraromatic compound or
a heterocyclic compound with a compound of formula 18 wherein R® is a halogen
or triflate. The conditions needed to effected this transformation include but are
not limited to heating in the presence of a base such as, but not limited to, sodium

t-butoxide or cesium carbonate, in the presence of a metal catalyst such as, but
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J=2.03 1h, 411), 7.50 fd, J=8.8 / Hz, 2 and

ti-butyl- 6- 10, 6.64 (d, 1-4 82 Hz, 2 H), 4.13 -
W(alz(ubem(ﬂm butyl hexahydr 4.25 (in,! 11), 3 46 PCBUS®07/062329

(in, |1 opwoloi3- ,4 - 3,7 - 340 (in, 111),

o g o T i
such 4s,&@1t not limited to, BINAP, tri-tertbutylphosphine in solvents such as
dioxane, toluene and pyridine. References that describe these methodologies
may be found in the following references: J. Hartwig et al., Angew. Chem. Int. kd.
37:2046-2067 (1998); J. P. Wolfe et al., Acc. Chem. Res., 13:805-818 (1998); M.
Sugahara et al., Chem. Pharm. Buil,, 45:719-721 (1997); J. P. Wolfe et al.,
J.0Org.Chem., 65:1158-1174, (2000); F.Y. Kwong et al., Org. Lett., 4:581-584,
(2002); A. Klapars et al., J. Amer. Chem. Soc., 123:7727-7729 {2001); B. H.Yang
et al., J. Organomet. Chem., 576:125-146 (1999), A. Kiyomori et al., Tet. Lett,,
40:2657-2640 (1999); Hartwig, J. Org. Chem., 64(15):5675-5580 (1999); Pu, et al.
Tetrahedron Letters (2006) vol. 47 p149; WO 0024719, p. 127, Example 62.
Examples of suitable heterocyclic and heteroaromatic reagents include but are not

limited to piperidin-2-one, 1H-pyridin-2-one, and 2H-pyridazin-3-one.

Scheme 12
OYO\§< Pd,{dba)s
N : BINAP
ﬂl { . Br—@-Br NaO'Bu <>
To!uene
HN\ 33
a2
1) TFA
2) CH,0
NaBHZCN
! !
0o O
N B-8 N
8] 70 0
ol ZE o
o Pd(dppfCl,
KOAcC
36 Dioxane a5

Similarly, the compound of formula 32, protected by a tert-butyloxycarbonyl
protecting group (Boc), when treated with 1,4-dibromobenzene along with
tris(dibenzylideneacetone)dipalladium (Pda(dba)s), racemic-2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), sodium tert-butoxide in toluene
as described in Scheme 1, will provide the compound of formula 34. The removal

of the Boc protecting group using TFA in dichloromethane followed by reductive
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1(21-11-Y34 1'- 2.03 (in, 1 11), 1.23 - 1 49 out

J=44. 07 1 az, 4 11), 0 890, /7..7 12 117., 311); MB
wMbmn1609g9e (MA Ir: L 346 Garbonitrile BEXHTEPDB062329

5 Product of Exanple 2 t((3aR6aR)- 111 NWVR (CDC)3) 15

amind®BMuGirkfforthalddry@Biandldodium cyanoborohydride will provide the

compound of formula 35. The treatment of the compound of formula 35 with
444 4' 555 5-octamethyl-2,2°-bi(1,3,2-dioxaborolane), Pd(dppf)Clz and
potassium acetate in dioxane will provide compounds of formula 36.

Scheme 13

0 0
N N N
! NH 4+ pr 7 gy CulkzC0a - Br—O—N \> + Br—(;-\>~f\i \>
N s pyridine — N= = N=
40 41

Compounds of the present invention containing a heteroaryl ring such as
but not limited to a pyridinyl ring in the Cy' position may be prepared by following
the procedures outlined in Scheme 13 followed by the procedure outlined in either
Scheme 13 or Scheme 14. The compound of formula 38 when treated with the
compound of formula 39 in the presence of copper and potassium carbonate in
pyridine under heated conditions will provide a mixture of both the compound of
formula 40 and the compound of formula 41. The mixture of compounds is

separable utilizing chromatographic procedures known to one skilled in the art.

Sch___._e_nz@ﬁ

ch O @5) e 008

The compound of formula 40 and the compound of formula 36 when
heated and microwaved in the presence of dichloroditriphenylphosphino
palladium, 2-(dicyclohexylphosphino)biphenyl, and NaCOj3 in a solvents such as
a mixture of ethanol and dioxane will provide the compound of formula 43.

Scheme 15

5.



5-1sobury4- T=1 36 Hz, 4 H), 7 50(d, .1=382 Hz, 2 and

hexahydro- 425 (n, 1 H), 3 44 - 3.54 (| n, 111), H) ,
w®id4/140d90 1=( 82 1-1z.: 2 11), 4.13 1sohnty| t PCT/US2007/062329

pvrrol 013. 4- al dehyde bloyrrol-3-YIL 3 29 - 3.41

(in, 1 H,2.86 .. 299(|m, 1 bi phenyl - 4- Fr), 244 /

o-H)? 70 (rn, 411) 2 06 PQPF@Eg boni ori | e (in, N
F N 86 - 1), e </j’< / 8

41

Similarly, compound of formula 41 and compound of formula 36 when
treated according to the procedure outlined in Scheme 14, will provide the
compound of formula 44.

5
Scheme 16
O 5 5 O
S Ff CulK,CO "5
ﬂ'}*’ + Br—{jf 22 . T;}—N‘ N
=N N’ pyridine ‘N ==
38 45 46
/
Pd(PPh3),Cls N
0
O
O
36

/
O N

Examples of other heteroaryl rings in the Cy' position of the compounds of
formula (1) may be prepared accordingly. For example, the compound of formula
10 38 when treated with the compound of formula 45 according to the procedure
outlined in Scheme 13 will provide the compound of formula 46. The compound
of formula 46 when treated with the compound of formula 36 according to the

procedure outlined in Scheme 14 will provide the compound of formula 47.

15 Scheme 17
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177 (in, 1 H, 082 - 0.98 (in, 6 11); M5 (M EH) =
346. E anok 6 Product of Exanple 2 44(3aR 6aRh |a NWR

W@ gDch@p9@m pprn 7.04 (d, Exannale 1E 5- . 1=2P@BUSN)7/662329
Hy, 7 50 (d, =S 90 Hz, 2 and cyclo- (cvcioprotAlm
Hy, 665 (d, J-8.59 az, 2 1-1), 4 18 - pa opanecath
etliyllllexahydi 426 (m I11), 3.51 -359 (rn, ol a),

ox-al del l'ycle 21;11nolof 3. 4- CO,R™
cozR“ / | NH
N N

(XN} £11 38
8'1& + /©/ § " —

49 cy' 50
L
/Cr /Ej . /E:r

52 53
O N~ 0 N\ @] N\ el
A N )
~ . | .

Similarly, compounds of formula 48, wherein R is alkyl, when heated with
compounds of formula 49, wherein Cy' is aryl, and preferably is phenyl, in the
presence of palladium acetate, Xantphos, and cesium carbonate will provide

5 compounds of formula 50. Alternatively, other carbonate bases also can be
suitable, for example potassium carbonate. Typical conditions include but are not
limited to heating the mixture of 2 molar equivalents of compounds of formula 49
with 1 molar equivalent of compounds of formula 50 along with 2 molar
equivalents of cesium carbonate and catalytic quantities of palladium acetate and

10 Xantphos in toluene at a temperature of about 80 °C to about 110°C, and
preferably about 95 °C. Compounds of formula 50 when heated in the presence
of compounds of formula 38 with copper iodide, or copper powder with a base in a
polar, high-boiling solvent, for example DMF, DMA, pyridine, or 4-methylpyridine.
Preferred conditions are heating compounds of formula 50 in the presence of

15 compounds of formula 38 along with 8-hydroxyquinoline, copper iodide, and
potassium carbonate, in a solvent such as DMF, to provide compounds of formula
51. Compounds of formula 51, wherein R™ is alkyl such as methyl or ethyl, and
preferably ethyl, when treated with 33% HBr in acetic acid while heated to about
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3.31 -341 Om1l1), 2 S7 - 309 (in, 2 M 3v110} -
H), 273 - 283 (in, 1 H, 256 - 2.70
wae@umyoee] - 1. 11 - (in, 2 H, 2 25 - 2 43 (in, 2P/ IS DO UB2329

- bi ohenvl-4- 223 (in, 1 a), 1.93 - 2 05 (in, 1 a),
65 to 9@6@&075 o W:;I!:Erovade §d)m9§und§‘o9ﬁ>rﬁflﬂ]£a7 52 ggotat%d%a%léo dalt.

\Y/S)
Alterr(afu?gly q;gm;aogmls of formuta 51 can{be treated with base in ethylene glycol

to prof R ad 0 oA R ARSI OIS S PR G ey
be us?M 13 plovide bompenyds éf fcﬁﬁmié)ﬁslvtvmeﬂx ere Femevdetalive of
compeumys of et presenidRueRino- Pyeelrs eontemnkied gitin thesserpe of
the m%ﬁt‘i:orfe‘%'tqetp%ct,eég%ﬁﬂreﬂgﬁﬁ fle compounds of formula (1I1),

H
N

(1,
wherein Cy' is aryl, preferably phenyl, which are useful for the preparation of
some compounds of formula (1). In addition, the process also discloses the
treatment of a compound of formula (I11) with alkylating conditions to provide

compounds of formula (IV)

(IV),
wherein R is an alkyl group. The alkylating conditions comprise treating a
mixture of a compound of formula (lIl) and formaldehyde, acetaldehyde, or
cycloalkyl ketones, with a reducing agent such as sodium triacetoxyborohydride,
sodium cyanoborohydride, or sodium borohydride. In a preferred embodiment,
the alkylating conditions comprises treating a mixture of a compound of formula

(111) and formaldehyde with sodium friacetoxyborohydride.
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To a solution of (3aR
6aR) - hexahydr o- pyrrol o] 3, 4-b] pyrrol e- 1-carboxylic add

wa 2eovAm9vy| ester (18.31g, O 86 nol) in met hanedT/(45807/062329
m ) was added par af or mal dehyde (52g, 1.72 nole) and

mﬁ? ﬂ’eé&ijéﬁ’r d%%n%%f rfo%dofgérnﬁlﬁlgnﬁé \ﬁﬂﬁ%‘[l@ﬁé&fﬂ? cfd?{d;ﬁ'oqqs known

I um cyanobor ohydri de Wdas then
to onelskilgdk inuthe aﬂawusmnomd@obcanpmmﬁ ofefvpeukt 2. eFooexdraple, the

treatniint e bpGinetigne! [t sa vt & bae Sshias B gani ¢

d|zsop|rc§b’ﬁz§rgl{/dllé;ﬁdése!{tﬁghfIglts(tgﬂgegﬁ%‘%tyri]fdnhlﬁéﬁﬁ@ @ﬂ\ﬁbrﬁ%ﬂ@ﬁ@%rﬂqﬁ@r
dloxam@&dﬁ)ﬂpsrqum hetneenrabout Hy 834 7t0-atmug (GTfoIIQWH)i k. 34-
treatmrd it{h cfmigbubo 58 1Grfud R SR wieldhn & 2 gefied i hiitilia

and X as l’:hﬁﬂco(lb?onic ibdd,- rt@syl ot trikBtewilP bhovidétololinds &) formula

83. ABQW)BI’NE >@<§’ﬁ9 éﬁ%‘s ;59'? 2 @Bé? Snﬁﬂigﬂeﬁ‘y@'kﬂﬁ%@fl U@é#d@o%ﬂ treatgeny of

compﬁ&ﬁtﬁds BW U?Bf(ﬂg(\ lﬁnﬁgﬁég |r9 %’l\fh} aggﬁml?te ggout 0
escri repara |on 0

°C fonawbdm;aua@unwﬁlmtrsagm]vmqaneﬁe cddwpﬁ:url%&t@‘ﬁbrrﬁul@?g’g 999

91) whi h whi
FurthgrEage, i BRI PE I TRA Shamerhis OLBEBHENER Bnd R)-X
with SHERES hOARNICE IS AR 9Bt anl 9465 QBB ForgBhicaolint

Basha,
conta n:hnr@atmhaye Itmbfmmtajmtu kr@ww‘r@sdne sJSEI@@UEm@Ja&DMI( 2006,

73 3 h
comppuy iR pEtof Bpie 53 el irBabhEMPreodufiiRisibr iy 52
with r@dl Lﬁﬂwétarﬁfwaﬁéﬁ&@h@t@ﬁs kREwR 18 th@sesﬁl?!l@i ﬁu)thl)eriarﬂﬁtliﬁﬁ&oide

was added aqueous 3N FI Cl
compw&dme@ oy laskd r Aedomlingwdhe tg@imennf compounds of formula 52

with oS R SO P BB A AUBRINE Ve

cyclodiRgikatsnewm s tHeegteednte bha agtiesng ré@@é\h%;dfﬂa@bﬂﬁmcﬁt Imnited
¢ )H of 9-10. The m xture was concentrated to dryness
osocﬁtw@

fea@@t@xmr@hmdwdwﬂ icly pReb Y@ hywiidavar SERIAY
%.met hanol and 1%
borohgﬁ :éi‘é Fﬂg"'ﬁ%?’é’@ dﬁ:ﬂ rcgﬂg{r?%’%l%ngrresﬂgne?nto provi de
t ke prmctessammepmhg ddinpdEdSODfokrnla (IDClsBite8 tppeatng the

mixtwffeb &gh%gopéyo'&nﬁ%f%]f%@tﬁéﬁlf Eﬁvh!gregpg P3i§ %griltrpaﬁar? %s’é_\r;nctirk%g
group(ﬂﬂ:gu as R rﬁ? Elnﬁte%ﬁo"a'qkoﬂyc'a'pbog‘ryﬂgomgguﬁas)gWlth co%nﬁ'%nds of
formul@{lli!@)\MH)esalle\] |Smﬁj(aarp1 mtﬁre d&ghenate base a pailadlum source,

and XS G pusoivert. SUIGRIE (BaTale Broeemil PR Hogosiim
carboﬂagt@oﬁ'@"@nﬂh cathdndte brosmieng gakadibmldoulice 28n %e”fﬁ?'e&)ampie

tri s(di benzyndeneacetone)clipal | adi um (340
palladisyp|asetate or palladium chloride. Preferably the reaction is carrled out with

cesiufi} bRzt Pl A Rl sR SRR totben8 AR e 1o

prefe@blyZZ: tSriphile vefwedh Si5aINePa and@bolit 910 POlivedmpie the

heated to 70C under N, for 16 hours. The ni xture was
reactipn & eEP\ide PEOMRARSEYIdPUREa (Hia)utlbe reulingaixiura san be
cooleg)ﬂs Egﬁ}/e?éjn 3%661 1‘13 “@Eﬁﬂ %%LPQGQC(M ?m{T&? v@ﬂ?hgﬁ enat
['cS wer | ed over sodiums ere

hyd rocalmmnfcﬂmn@d! ta,niﬂ]’EQJUTg ﬂweeﬁixhge chnd Mm%wwatlﬁg lﬂh? nﬂxture
m xture of 5% nethand_in 20 di chl ormet hane) ta
to PYOHW%@OM% £PMPeURg rh senaral farmue ( ﬁ'@@}OTWOng B
ppm 7.25 - 7.30 (m 2 H) 6641 - 6.46 (m 2 1-1)
4,07(m 1 H) 3.47 (ddd, J=9.1, 7.7, 5.9 Hz, 1 H 3.19
(dt, J=8.9, T3 Hz, 1 H 2.95 (ml H 2.68 (dd, J=911,
3.0 Hz, 1 H 2.55-2.60 (m 3 H 2.32 (s, 3 H 213 -
2.22 (m 1 H 1.88 -1.98 (m 11-1). Ms: (MtH)t=
281/ 283. 25 Exanple 7D (3aR,
6aR) 41 (5 I\/Et hyI hexahydro pyrrol of3 4 prrrol 1 yl)
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103 H 2.14 2.25 (m 1 hi) 1.96 (d, Jr7.12 Hz, 1 H).

M5: (M41) 4= 281/ 283. The follow ng conpounds and
wExanmpdwmso wer e made according to the procedur eBCT/US2007/062329

outlined in Exanple 7C, with the exception that

I11a), QiibS eXfDEE quﬁ,r bstituted to obtain the

(ita) ?i t?eﬁ%nﬁﬁ%ﬁ?ﬁé ablcg”%:g Exanpl e 8-38. Exanpl e
St arti Rg. terial iksu[tin; cp_npoundpha.. 11k gnd
arapje 8 Pndua ci f (3aR 6aR) -1- 1H NWR

(CDOS) 5 747( r[5Hz 2 HY V-al.El2Ple 7C
(4" - met ho 2‘42( 915HZH2 1), 6 94
(d18 2111; (\[Cf J.,..3 81 Hz,
(m 1 1-1), 3 ('S, 4-
(itla) (Hib) cy' {Ihc)
Br

wherein Cy1 is aryl, and preferably is phenyl, and P is a nitrogen-protecting group.
Heating compounds of formuia (illc) with the compound of formula (lild), a
carbonate base and a copper source in a high-boiling polar solvent produces
compounds of formuia (llie). Preferably, the carbonate base is potassium
carbonate. The copper source can be copper powder or copper (1) iodide. The
preferred reaction is carried out by heating a compound of formula (llic) and a
compound of formula (Ilid) with copper (l) iodide, 8-hydroxyquinoline and
potassium carbonate in N,N-dimethyiformamide to about 120 °C to about 150 °C
under an inert atmosphere. The compounds can be isolated by cooling the
mixture to between about 15 °C and about 40 °C, partitioning the mixture between
and organic solvent and a sodium chloride solution, and then concentrating the

organic solution provides compounds of formula (llle}, as shown below

3
N
N
ey + |l A O/

2N

(1id) Cy (lle)

Removing the nitrogen protecting group of the compound of formula (llle) provides
compounds of formula (l11), wherein preferably Cy' is p-phenyl. Preferably the
nitrogen-protecting group P of (llle) is ethoxycarbonyl, methoxycarbonyl, or tert-
butyloxycarbonyl. The preferred nitrogen-protecting group is ethoxycarbonyl.
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1,1' - bi phenyl - 311), 350 - 3.60 (m 1 1-1), 32? -3.33
(in, I H, 291 - nethdx.}Tia 4 ,d) 5303 (m | H, 2
w®007/109907 (m | H), 2 52 - 2 62 (m 3 11 1 ,hor/mbio07/662329

TILL 34 (s, 3 H, 2.11 -2 26(m 1 , 1.S9- 201(m

come i DM 6ORH S8 b s o s
are diéaaén@)n 5 ViipGrderebaid P.GA49. Waitd,-Rmoteive- Gl)oups[ﬁxéhgphe
Synth(ealss 03 gcﬁﬂ%&_&ohr@l\?@%&g goglaalggijOHﬁ (15959 F’referred methods
of removing nitrogen-protecting groups include the treatment with hydrogen
bromide in acetic acid or, alternatively, treatment with a base in the presence of
ethylene glycol.

The invention also provides pharmaceutical compositions comprising a
therapeutically effective amount of a compound of formula (1} or (I1}, or suitable
salts and polymorphs thereof, in combination with a pharmaceutically acceptable
carrier. The compositions comprise compounds of the invention formulated
together with one or more non-toxic pharmaceutically acceptable carriers. The
pharmaceutical compositions can be formulated for oral administration in solid or
fiquid form, for parenteral injection or for rectal administration.

The term “pharmaceutically acceptable carrier”, as used herein, means a
non-toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or
formulation auxiliary of any type. Some examples of materials which can serve as
pharmaceutically acceptable carriers are sugars such as lactose, glucose and
sucrose; starches such as corn starch and potato starch; cellulose and its
derivatives such as sodium carboxymethyl cellulose, ethyi cellulose and cellulose
acetate; powdered tragacanth; malt; gelatin; talc; cocoa butter and suppository
waxes; oils such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil,
corn oil and soybean oll; glycols; such a propylene glycol; esters such as ethyl
oleate and ethyl iaurate; agar; buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's
solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic
compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as
well as coloring agents, releasing agents, coating agents, sweetening, flavoring
and perfuming agents, preservatives and antioxidants can also be present in the
composition, according to the judgment of one skilled in the art of formulations.

The pharmaceutical compositions of this invention can be administered to
humans and other mammals orally, rectally, parenterally, intracisternally,
intravaginally, intraperitoneally, topically (as by powders, ointments or drops),

bucally or as an oral or nasal spray. The term "parenterally”, as used herein,
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"6 64 (cl, 1=8 82 H, 2 1-1), 4.12 - 4.23 (m [/ H), 3
76 (s, (Gvano- rnet hyl hexany 2 H), 3.49. - 3 63
W@ 207140949, 3,24 - 3 36 (TII 1 11), 2 90 - rP@EyUS2007/062329
dropyrrob[3 ,4 305 (m 1 , 2 70-2 80 (m iii), 251 -

refers%o %oéé[‘% ﬁ‘ﬂdrﬁgﬁﬁiﬂébg szlch Woé &’é”ﬁltl(a@enéué")lntrgmjc@culér 25

mani ¢ acl d yrrol -
mtrapbnﬂd)\,eal MBT&(M) -subBtfaneous, intraarticular injection and znfusnon

Pharmaceutical compositions for parenteral injection comprise
pharmaceutically acceptable sterile agueous or nonaqueous solutions,
dispersions, suspensions or emulsions and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Examples of suitable aqueous and
nonaqueous carriers, diluents, solvents or vehicles include water, ethanol, polyols
(propylene glycol, polyethylene glycol, glycerol, and the like, and suitable mixtures
thereof), vegetable oils (such as olive oil) and injectable organic esters such as
ethyl oleate, or suitable mixtures thereof. Suitable fluidity of the composition may
be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the
use of surfactants.

These compositions may also contain adjuvants such as preservative
agents, wetting agents, emulsifying agents, and dispersing agents. Prevention of
the action of microorganisms may be ensured by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, and
the like. It may also be desirable to include isotonic agents, for example, sugars,
sodium chloride and the like. Prolonged absorption of the injectable
pharmaceutical form may be brought about by the use of agents delaying
absorption, for example, aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is often desirable
to slow the absorption of the drug from subcutaneous or intramuscular injection.
This may be accomplished by the use of a liquid suspension of crystailine or
amorphous material with poor water solubility. The rate of absorption of the drug
then depends upon its rate of dissolution which, in turn, may depend upon crystal
size and crystalline form. Alternatively, delayed absorption of a parenterally
administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle.

Suspensions, in addition to the active compounds, may contain suspending
agents, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite,

agar-agar, tragacanth, and mixtures thereof.
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examBik, b9 Migradtioni thrdddh &Fbacteriphemthingilter or by incorporation of
sterilizing agents in the form of sterile solid compositions, which may be dissolved
in sterile water or some other sterile injectable medium immediately before use.

Injectable depot forms are made by forming microencapsulated matrices of
the drug in biodegradable polymers such as polylactide-polyglycolide. Depending
upon the ratio of drug to polymer and the nature of the particular polymer
employed, the rate of drug release can be controlled. Examples of other
biodegradable polymers include poly{orthoesters) and poly(anhydrides). Depot
injectable formulations also are prepared by entrapping the drug in liposomes or
microemulsions which are compatible with body tissues.

The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter or by incorporating sterilizing agents in the form
of sterile solid compositions which can be dissolved or dispersed in sterile water
or other sterile injectable medium just prior to use.

Injectable preparations, for example, sterile injectable aqueous or
oleaginous suspensions may be formulated according to the known art using
suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation may aiso be a sterile injectable solution, suspension or
emulsion in a nontoxic, parenterally acceptable diluent or solvent such as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer's solution, U.S.P. and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic
acid are used in the preparation of injectables.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, one or more compounds of
the invention is mixed with at least one inert pharmaceutically acceptable carrier
such as sodium citrate or dicalcium phosphate and/or a) fillers or extenders such

as starches, lactose, sucrose, glucose, mannitol, and salicylic acid; b) binders
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butylene glycol, dimethylformamide, oils (in particular, cottonseed, groundnut,
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Dosage forms for topical or transdermal administration of a compound of
this invention include ointments, pastes, creams, lotions, gels, powders, solutions,
sprays, inhalants or patches. A desired compound of the invention is admixed
under sterile conditions with a pharmaceutically acceptable carrier and any
needed preservatives or buffers as may be required. Ophthalmic formulation, ear
drops, eye ointments, powders and solutions are also contemplated as being
within the scope of this invention.

The ointments, pastes, creams and gels may contain, in addition to an
active compound of this invention, animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof,

Powders and sprays can contain, in addition to the compounds of this
invention, lactose, tale, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally
contain customary propellants such as chlorofluorohydrocarbons.

Compounds of the invention may also be administered in the form of
liposomes. As is known in the art, liposomes are generally derived from
phospholipids or other lipid substances. Liposomes are formed by mono- or multi-
lamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any
non-toxic, physiologically acceptable and metabolizable lipid capable of forming
liposores may be used. The present compositions in liposome form may contain,
in addition to the compounds of the invention, stabilizers, preservatives, and the
like. The preferred lipids are the natural and synthetic phospholipids and
phosphatidylcholines (lecithins) used separately or together.

Methods to form liposomes are known in the art. See, for example,
Prescott, Ed., Methods in Cell Biology, Volume XIV, Academic Press, New York,
N. Y., (1976), p 33 et seq.

Dosage forms for topical administration of a compound of this invention
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within(thetseppe lof 8)is invention. Aqueous liquid conggositigr?s comprising
compounds of the invention also are contemplated.

The compounds of the invention can be used in the form of
pharmaceutically acceptable salts, esters, or amides derived from inorganic or
organic acids. The term “pharmaceutically acceptable salts, esters and amides”,
as used herein, refer to carboxylate salts, amino acid addition salts, zwitterions,
esters and amides of compounds of formula (1) which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of humans
and lower animals without undue toxicity, irritation, allergic response, and the like,
are commensurate with a reasonable benefit/risk ratio, and are effective for their
intended use.

The term "pharmaceutically acceptable salt” refers to those salts which are,
within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic
response, and the like, and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well-known in the art. The salts can be
prepared in situ during the final isolation and purification of the compounds of the
invention or separately by reacting a free base function with a suitable organic
acid or inorganic acid.

Representative acid addition salts include, but are not limited to ascorbic
acid, (D)-tartaric acid, (L)-tartaric acid, phosphoric acid, salicylic acid, sulfuric acid,
trifluoroacetic acid, and hydrochloric acid.

Also, the basic nitrogen-containing groups can be quaternized with such
agents as lower alkyl halides such as methyl, ethyl, propyl, and butyl chlorides,
bromides and iodides; dialkyl sulfates such as dimethyl, diethyl, dibutyl and diamyl
sulfates; long chain halides such as decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides; arylalkyl halides such as benzyl and phenethyl bromides
and others. Water or oil-soluble or dispersible products are thereby obtained.

Basic addition salts can be prepared in situ during the final isolation and
-83-
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lithium, sodium, potassium, calcium, magnesium, and aluminum salts, and the
like, and nontoxic quaternary ammonia and amine cations including ammonium,
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine and the such as. Other
representative organic amines useful for the formation of base addition salts
include ethylenediamine, ethanolamine, diethanolamine, piperidine, and
piperazine.

The term “pharmaceutically acceptable ester”, as used herein, refers to
esters of compounds of the invention which hydrolyze in vivo and include those
that break down readily in the human body to leave the parent compound or a salt
thereof. Examples of pharmaceutically acceptable, non-toxic esters of the
invention include Ci-to-Cg alky! esters and Cs-to-Cy cycloalkyl esters, although C-
to-C, alkyl esters are preferred. Esters of the compounds of formula (1) may be
prepared according to conventional methods, For example, such esters may be
appended onto hydroxy groups by reaction of the compound that contains the
hydroxy group with acid and an alkylcarboxylic acid such as acetic acid, or with
acid and an arylcarboxylic acid such as benzoic acid. In the case of compounds
containing carboxylic acid groups, the pharmaceutically acceptable esters are
prepared from compounds containing the carboxylic acid groups by reaction of the
compound with base such as triethylamine and an alkyl halide, alkyl trifilate, for
example with methyliodide, benzyl iodide, cyclopentyl iodide. They also may be
prepared by reaction of the compound with an acid such as hydrochloric acid and
an alkylcarboxylic acid such as acetic acid, or with acid and an arylcarboxylic acid
such as benzoic acid.

The term “pharmaceutically acceptable amide”, as used herein, refers to
non-toxic amides of the invention derived from ammonia, primafy C-to-Cg alky!
amines and secondary C4-t0-Cg dialky! amines. In the case of secondary amines,

the amine may also be in the form of a 5- or 6-membered heterocycle containing
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primary or secondary amine groups by reactlgrrl %?Ithce gg&mund that contains the
amino group with an alkyl anhydride, aryl anhydride, acyl halide, or aryl halide. in
the case of compounds containing carboxylic acid groups, the pharmaceutically
acceptable esters are prepared from compounds containing the carboxylic acid
groups by reaction of the compound with base such as triethylamine, a
dehydrating agent such as dicyclohexyl carbodiimide or carbonyl diimidazole, and
an alkyl amine, dialkylamine, for example with methylamine, diethylamine,
piperidine. They also may be prepared by reaction of the compound with an acid
such as sulfuric acid and an alkylcarboxylic acid such as acetic acid, or with acid
and an arylcarboxylic acid such as benzoic acid under dehydrating conditions as
with molecular sieves added. The composition can contain a compound of the
invention in the form of a pharmaceutically acceptable prodrug.

The term “pharmaceutically acceptable prodrug” or “prodrug”, as used
herein, represents those prodrugs of the compounds of the invention which are,
within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic
response, and the like, commensurate with a reasonable benefit/risk ratio, and
effective for their intended use. Prodrugs of the invention may be rapidly
transformed in vivo to a parent compound of formula (1), for example, by
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. Stella,
Pro-drugs as Novel Delivery Systems, V. 14 of the A.C.S. Symposium Series, and
in Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American
Pharmaceutical Association and Pergamon Press (1987), hereby incorporated by
reference.

The invention contemplates pharmaceutically active compounds either
chemically synthesized or formed by in vivo biotransformation to compounds of
formula (1) or formula (11).

Salts and Polymorphs
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4- yi}p?r‘?&é‘z’?h %(?H) QnQ %%Eéﬁﬂa@é %I\E/)é‘tal'ﬂ)ate 2(3|7r;]-@anrtrg?e(' ﬁfd%})hb{é kalicylate,
sulfate, hydrochionde and tnﬂuoroacetate salts. Particular polymorphs of the L-
tartrate salt and hydrochloride salt also are described herein.

More particularly, the invention relates to crystalline 2-{4'-[(3aR,6aR}-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]- 1, 1'-biphenyi-4-yl}pyridazin-3(2H)-
one L-tartrate salt monohydrate. The salt exhibits at least two polymorphs,
designated as 2-{4"-[(3aR,6aR)-5-methylhexahydropyrrolo]3,4-b]pyrrol-1(2H)-yl}-
1,1"-biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate monohydrate Form A and 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1-biphenyl-4-
ylipyridazin-3(2H)-one L-tartrate monohydrate Form B.

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-bjpyrrol-1(2H)-yl}-1,1"-
biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate monohydrate Form A (also referred to
herein as "Form A") exists as a crystalline solid characterized by the powder X-ray
diffraction pattern shown in FIGURE 1. The crystallographic unit cell parameters
of 2-{4'-[(3aR ,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1"-biphenyl-
4-ylipyridazin-3(2H)-one L-tartrate monohydrate Form A have been determined
as: ais7.6A, bis7.4 A, cis22.7 A, or more precisely where a is 7.588(3) A, b is
7.428(3) A, cis 22.700(7) A, to afford a cell volume of 12768 A%, or more precisely
1276.3(7) A%, wherein a, b, and ¢ are each a representative length of the crystal
lattice and the unit cell angle B is 94.1°, or more precisely 94.093(5)°. The salt
crystallizes in the monoclinic P2 space group.

2-{4'-{(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1"-
biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate monohydrate Form A crystalline solid
can be identified by characteristic peaks in its powder X-ray diffraction pattern.
One with skill in the art of analytical chemistry would be able to readily identify the
2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol- 1(2H)-yl}- 1, 1*-biphenyi-4-
yl}pyridazin-3(2H)-one L-tartrate monohydrate Form A solid by as few as one
characteristic peak in its powder X-ray diffraction pattern. Two-theta angle

positions of characteristic peaks in a powder X-ray diffraction pattern of 2-{4-
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b:pher';?ff 4- yr}pyr:o(azsn StJiH) oneg E—tartrate monohydrate Form B (also referred to
herein as “Form B") exists as a crystalline solid characterized by the powder X-ray
diffraction pattern shown in FIGURE 2. The crystallographic unit cell parameters
of 2-{4-[(3aR 6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1"-biphenyl-
4-yl}pyridazin-3(2H)-one L-tartrate monohydrate Form B have been determined
as: ais 7.6 A, bis 8.7 A, cis 40.3 A, or more precisely where a is 7.551(5) A, b is
8.660(8) A, c is 40.26(3) A, to afford a cell volume of 2633(3) A®, wherein a, b, and
¢ are each a representative length of the crystal lattice. The salt crystallizes in the
orthorhombic P2,2:24 space group.

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1'-
biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate monohydrate Form B crystalline solid
can be identified by characteristic peaks in its powder X-ray diffraction pattern.
One with skill in the art of analytical chemistry would be able to readily identify the
2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo]3,4-b]pyrrol-1(2H)-yl-1,1"-biphenyl-4-
yl}pyridazin-3(2H)-one L-tartrate monohydrate Form B solid by as few as one
characteristic peak in its powder X-ray diffraction pattern. Two-theta angle
positions of characteristic peaks in a powder X-ray diffraction pattern of 2-{4'-
[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1"-biphenyl-4-
yl}pyridazin-3(2H)-one L-tartrate monohydrate Form B are 4.3910.2, 10.45+0.2,
11.9210.2, 12.52+0.2, 13.45+0.2, 16.71£0.2, 16.9240.2, 17.62+0.2, 17.90+0.2,
19.1020.2, 20.46+0.2, and 20.63+0.2.

The invention also relates to crystalline 2-{4"-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-bjpyrrol-1(2H)-yi}-1, 1-biphenyl-4-yl}pyridazin-3(2H)-
one hydrochloride trihemihydrate. 2-{4'-[(3aR,6aR)-5-
Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1-biphenyl-4-yl}pyridazin-3(2H)-
one hydrochloride trihemihydrate exists as a crystalline solid characterized by the
powder X-ray diffraction pattern shown in FIGURE 3. The crystallographic unit

cell parameters of 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-
B7-
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length of the crystal lattice and the unit cell angles «, B, and y are each
respectively 86.3°, 81.0°, and 77.3°, or more precisely 86.258(4)°, 80.957(4)°, and
77.330(4)°. The salt crystallizes in the triclinic P1 space group.

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1'-
biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride frihemihydrate crystalline solid
can be identified by characteristic peaks in its powder X-ray diffraction pattern.
One with skill in the art of analytical chemistry would be able to readily identify the
2-{4'-{(3aR 6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1-biphenyl-4-
yl}pyridazin-3(2H)-one hydrochloride trihemihydrate solid by as few as one
characteristic peak in its powder X-ray diffraction pattern. Two-theta angle
positions of characteristic peaks in a powder X-ray diffraction pattern of 2-{4™
[(3aR,6aR)-5-methylnexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1*-biphenyl-4-
ylipyridazin-3(2H)-one hydrochloride trihemihydrate are 4.03+0.2, 13.9210.2,
15.55+0.2, 15.61+0.2, 15.93+0.2, 16.1520.2, 24.37+0.2, 24.66+0.2, 25.12+0.2,
25.68+0.2, and 27.90+0.2.

The invention also relates to crystailine 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1-biphenyl-4-yl}pyridazin-3(2H)-
one L-tartrate anhydrate. 2-{4-{(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-yi}-1,1-biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate anhydrate exists as a
crystalline solid characterized by the powder X-ray diffraction pattern shown in
FIGURE 4. 2-{4-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl}-1,1'-
biphenyi-4-yl}pyridazin-3(2H)-one tartrate anhydrate crystalline solid can be
identified by characteristic peaks in its powder X-ray diffraction pattern. One with
skill in the art of analytical chemistry wouid be able to readily identify the 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl]-1,1-biphenyl-4-
ylipyridazin-3(2H)-one tartrate anhydrate solid by as few as one characteristic
peak in its powder X-ray diffraction pattern. Two-theta angle positions of
characteristic peaks in a powder X-ray diffraction pattern of 2-{4'-[(3aR,6aR)-5-
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exists as a crystalline solid characterized by the powder X-ray diffraction pattern

shown in FIGURE 5. 2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-yl}-1, 1'-biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride anhydrate
crystalline solid can be identified by characteristic peaks in its powder X-ray
diffraction pattern. One with skill in the art of analytical chemistry would be able to
readily identify the 2-{4'-[(3aR,8aR}-5-methylhexahydropyrroio[3,4-b]pyrrol-1(2H)-
yil-1,1-biphenyl-4-yl}pyridazin-3(2H)-one hydrochioride anhydrate solid by as few
as one characteristic peak in its powder X-ray diffraction pattern. Two-theta angle
positions of characteristic peaks in a powder X-ray diffraction pattern of 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-bpyrrol-1(2H)-yl]-1,1"-biphenyl-4-
yl}pyridazin-3{2H)-one hydrochioride anhydrate are 6.27+0.2, 12.59+0.2,
15.15+0.2, 16.7120.2, 18.49+£0.2, 18.95+0.2, 20.31+0.2, 20.97+0.2, 22.44+0.2,
23.82+0.2, 24.03+0.2, 24.67+0.2, 31.90+0.2, and 32.75£0.2.

The L-tartrate monohydrate Form A salt and L-tartrate monohydrate Form
B salt generally demonstrate better relative oxidative stability than the 2-{4'-
[(3aR,8aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]-1,1'-biphenyl-4-
yl}pyridazin-3(2H)-one compound. Accordingly, a L-tartrate monohydrate Form A
or L-tartrate monohydrate Form B salt may be preferred for formulation and more
suitable for administration.

As used herein the term “substantially pure”, when used in reference to a
salt of 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1"-
biphenyl-4-yl}pyridazin-3(2H)-one, refers to a salt that is greater than about 90%
pure. The crystalline form of 2-{4-{(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-yl}-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one does not contain more
than about 10% of any other compound and, in particular, does not contain more

than about 10% of any other form of 2-{4'-[{3aR,6aR)-5-
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than about 95% pure wherem the (‘(rystalhne form of 2 {4' [(SaR 6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-
one does not contain more than about 5% of any other compound and, in
particular, does not contain more than about 5% of any other form of 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yi]-1,1-biphenyl-4-
yl}pyridazin-3(2H)-one, such as amorphous, solvated forms, non-solvated forms,
desolvated forms, and the enantiomer.

Even more preferably, a “substantially pure” salt refers to a salt that is
greater than about 97% pure, wherein the crystalline form of 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-bjpyrrol-1(2H)-yi]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-
one does not contain more than about 3% of any other compound and, in
particular, does not contain more than about 3% of any other form of 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1-biphenyl-4-
yl}pyridazin-3(2H)-one, such as amorphous, solvated forms, non-solvated forms,
desolvated forms, and the enantiomer.

Compositions comprising 2-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
blpyrrol-1(2H)-yl]-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one salts and polymorphs
also are contemplated. A suitable pharmaceutical composition comprises a
substantially pure 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-bjpyrrol-1(2H)-
yl}-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one salt or polymorph formulated together
with one or more non-toxic pharmaceutically acceptable carriers as previously
described for the compositions. Such compositions comprising 2-{4'-[(3aR,6aR)-
5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1"-biphenyl-4-yl}pyridazin-
3(2H)-one salts and polymorphs are administered and can be used in the
methods of the invention as previously described for the compounds of the
invention, except substituting a desired salt or polymorph in place of a compound,
which would readily understood by one with skill in the art.

Powder X-ray diffraction (PXRD) analysis of samples was conducted in the

following manner. Samples for X-ray diffraction analysis were prepared by
-70-



15

20

25

30

| api pi nyl b bi phenyl -4- 13), 2.12 -229 (In 1 11), 1.92
- 2.0l (m | H: M5 ut-onic acid ylloctahydropy

WO 2000/90990 b) pyrroic (t v1+. 1-1)-347 r 1. 3kanpi cXOI/US2007/062329
Product of (3aR 6aR)-5- 'H NMR (CDCl.1) 6 ppm 7. 47

sprea n@ﬁé@sﬁh’p‘%m %XIEHFO\ ﬁ‘1€~z7&ﬁﬂl@tﬂﬂéerlar(dﬂf%em(ﬁﬂat%:%the

P--17.63, 10 85
sampl@-wmh aynitrdacmme SHde3 F(oei examplg th sarRple ma)m)avesbgeq around

to a fie 5opier yitbaanzl 3nd popfs, A iass mglRaRb¥AaEs orygited
quantity sBRpRdCsambbsiveRCk A :h)tﬂTeQﬁMhree configurations: circular bulk
holder, a quartz zero background plate, or hot stage mount (similar mounting to a
zero background plate).

Diffraction patterns were collected using an Inel G3000 difrractometer
equipped with an incident beam germanium monochromator to provide Cu-Kq4
radiation. The X-ray generator was operated at a voltage of 40 kV and a current
of 30 mA. The Inel G3000 is equipped with a position sensitive detector that
monitors all diffraction data simultaneously. The detector was calibrated by
collecting the attenuated direct beam for seven seconds in 1 degree intervals
across a 90 degree two theta range. The calibration was checked against a
silicon line position reference standard (NIST 640c). Samples were placed on an
aluminum sample holder and leveled with a glass slide.

Alternatively, X-ray powder diffraction can be performed using a Rigaku
Miniflex diffractometer (30 kV and 15 mA; X-ray source: Cu; Range: 2.00-40.00°
Two Theta; Scan rate: 1-5 degree/minute) or a Scintag X1 or X2 diffractometer (2
kW normal focus X-ray tube with either a liquid nitrogen or Peltier cooled
germanium solid state detector; 45 kV and 40 mA; X-ray source: Cu; Range: 2.00~
40.00° Two Theta; Scan Rate: 1-5 degree/minute).

Characteristic powder X-ray diffraction pattern peak positions are reported
in terms of angular positions (two theta) with an allowable variability of £0.2°. The
variability of +0.1° is intended to be used when comparing two powder X-ray
diffraction patterns. In practice, if a diffraction pattern peak from one pattern is
assigned a range of angular positions (two theta) which is the measured peak
position +0.2° and a diffraction pattern peak from another pattern is assigned a
range of anguiar positions (two theta) which is measured peak position +0.2° and
if those ranges of peak position overlap, then the two peaks are considered to
have the same angular position (two theta). For example, if a diffraction paftern
peak from one pattern is determined to have a peak position of 5.20° for

comparison purposes the allowable variability allows the peak to be assigned a
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then the two peaks being compared are considered to have the same angular
position {two theta) because there is overlap between the two ranges of peak
positions.

Single crystal X-ray diffraction analysis of samples was conducted in the
following manner. Samples for X-ray diffraction analysis were prepared by affixing
selected single crystals to glass pins with epoxy adhesive. X-ray diffraction data
was collected using a Bruker SMART system with an APEX area detector (50 kv
and 40 mA; X-ray source: Mo). Data were collected at —-90°C.

Radiolabelied Compound Use

Compounds and compositions of the invention also are useful as diagnostic
tools. The ability of PET {positron emitting tomography) and sPECT to probe the
degree of receptor occupancy in humans and animals by endogenous ligands
(such as histamine for the histamine Ha receptor) or drugs (such with a clinically
used drug that affects brain histamine levels) is widely recognized. This
constitutes the use of PET as a biomarker to assess efficacy of pharmacological
interventions with drugs. The topic and use of positron-emitting ligands for these
purposes has been generally reviewed, for example in "PET ligands for assessing
receptor occupancy in vivo" Burns, et al. Annual Reports in Medicinal Chemistry
(2001), 36, 267-276; "Ligand-receptor interactions as studied by PET:
implications for drug development" by Jarmo Hietala, Annals of Medicine
(Helsinki) {(1999), 31(8), 438-443; "Positron emission tomography neuroreceptor
imaging as a tool in drug discovery, research and development” Burns, et al.
Current Opinion in Chemical Biology (1999), 3(4), 388-394. The compounds of
the invention, synthesized with ''C, '8E . or other positron-emitting isotopes are
suitable ligand tools for PET; a number of positron-emitting reagents have been
synthesized, are available, and are known to those skilled in the art. Especially
suitable compounds of the invention for this use are those wherein a ''CH; group
can be incorporated in by reaction with "'CHal. Also, especially suitable

compounds of the use are those wherein a '8 group can be incorporated into the
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of "8F mto compoaﬂds or compositions of the invention, compounds of formula (1),
wherein R' is 1-hydroxyethyl, can be treated with methanesulfonic anhydride or
triflic anhydride and a base in an inert solvent such as dichloromethane, and the
resulting compound (a methanesulfonate or triflate) can be treated with '°F-
fluoride by methods well known to skilled in the art of synthetic organic chemistry

or medicinal chemistry.

REFERENCE EXAMPLE
The following Reference Example describes synthesis of a compounds
used for preparation of compounds as described in the Examples. Such methods
are intended only to provide examples of how such compounds can be obtained
and are not intended to provide an exhaustive list of how to provide the desired

compound.

Reference Example A

Ethyl (3aR,6aR)-hexahydropyrrolo[2,3-clpyrrole-5(1H)-carboxylate dibenzoyl-D-

tarirate salt

Example A1l
{{R)-1-Phenyl-ethylamino)-acetic acid methyl ester

A reactor was charged with 10 g of R-methylbenzylamine, 100 mL of
EtOAc, and 9.19 g of EtzN. Methyl bromoacetate (15.15 g) was added and the
mixture was heated to 50-80 °C for 10 hours with stirring. The mixture was then
cooled to ambient temperature, then washed with 50 mL of water followed by 50
ml of 15 % NaCl solution, to provide 100 g of an ethyl acetate solution which
contained 15 grams of (1-phenyl-ethylamino)-acetic acid methyl ester (96% yield).

Example A2

{1-(R)-Phenyl-ethylamino)-acetic acid
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resulting precipitate was filtered and rinsed with 10 mL of isopropanol then dried

under reduced pressure to provide 2.4 g of the title compound.

Example A3
Fthyl 1-((R)-1-phenylethyhhexahydropyrrolo[2,3-clpyrrole-5(1H)-carboxylate

A solution of (1-(R)-phenyl-ethylamino)-acetic acid (25.6 g) in 384 mL of
toluene was heated to 90 °C. To this 170 g (1.1 equivalents) of a 15.84 wt.%
solution of allyl-(2-oxo-ethyl)-carbamic acid ethyl ester (U.S. Pat. No. 5,071,999)
in toluene, was added over 20 minutes and the mixture was stirred at 90 °C for 14
hours then at 95 °C for 12 hours. After cooling, the product was extracted with 2 x
115 g of 20% citric acid solution. The citric acid solution was diluted with 205 mL
of isopropyl acetate, and the mixture was neutralized with a solution of 51.2 g
K,CO3s in 120 g water, and thoroughly shaken. The layers were separated, and
the aqueous layer was extracted again with 102 mL of isopropyl acetate. The
organic extracts were combined and distilled under reduced pressure to provide
an oil which was then diluted with 125 mL of methanol to provide 140 g (100%

yield) of the title compound as a 30% by weight solution in methanol.

Example A4
Ethyl hexahydropyrrolo[3.4-blpyrrole-5(1H)-carboxylate

5% Palladium hydroxide on activated carbon (13.9 g, 50% w/w in water)
was added to a pressure reactor. The product of Example A3 (as 506.8 g of a
25.9 wt % solution of ethyl 1-((R)-1-phenylethyl)}hexahydropyrrolo{2,3-c]pyrrole-
5(1H)-carboxylate (131.3 g) in MeOH) was added, followed by a methanaol rinse
(37 g). The mixture was heated to 50 °C under an atmosphere of hydrogen (40
psi) for 4 hours. The mixture was filtered through Hyflo® Filter Aid and rinsed with
200 mL of MeOH to provide a solution containing 78.9 g of the title compound.

Example A5
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which time crystallization occurred. The slurry was cooled to 18 °C over 6 hours,

and the product was collected by filtration and rinsed with MeOH (2 x 330 mL).
The product was dried at 40 - 45 °C to provide 198 g of the title compound. Chiral
HPLC analysis of the Cbz-derivative of the product indicated that the product was
obtained with 99% ee.

EXAMPLES
The compounds and processes of the invention will be better understood
by reference to the following examples, which are intended as an illustration of
and not a limitation upon the scope of the invention.
Unless otherwise described, reactions were carried out under ambient
conditions (ranging 17-27 °C), under nitrogen. Unless otherwise described,
column chromatography means flash chromatography carried out using silica gel,

a technique well known to those of ordinary skill in the art of organic synthesis.

Example 1
{3aR, 6aR)-4'-(5-Ethyl-hexahydro-pyrrolo[3,4-blpyrrol-1-y)-biphenyi-4-carbonitrile

Example 1A
(3aR, 6aR)-Hexahydro-pyrrolo[3.4-blpyrrole-1,5-dicarboxylic acid 5-benzyl ester

1-tert-butyl ester

(3aR, 6aR)-Hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxylic acid tert-butyl
ester (3.0 g, 12.5 mmole) and N-(benzyloxycarbonyloxy}-succinimide (3.42 g,
13.7 mmole) were mixed in 15 mi of dichloromethane. The mixture was stirred at
room temperature overnight and then concentrated under vacuum to provide the
crude product. The residue was purified by flash chromatography (20% ethyl
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The starting material (3aR, 6aR)-hexahydro-pyrrolo[3,4-bipyrrole-1-
carboxylic acid tert-butyl ester (CAS # 370880-09-4) may be prepared as
described in the literature, for example the method of Schenke, et al., "Preparation
of 2,7-Diazabicyclo[3.3.0Joctanes"” U.S. Patent 5,071,999 (1991) which provides a
racemate which may be resolved by chromatography on a chiral column or by
fractional crystallization of diasteromeric salts, or as described in Basha, et al.
"Substituted diazabicycloalkane derivatives”, US 2005101602 (2005).

Example 1B
(3aR, 6aR)-Hexahydro-pyrrolof3.4-blpyrrole-5-carboxylic acid benzyl ester

The product of Example 1A {(3aR, 6aR)-hexahydro-pyrrolo[3,4-b]pyrrole-
1,56-dicarboxylic acid 5-benzyl ester 1-teri-butyl ester) (4.5 g, 12.5 mmole), was
stirred with a mixture of dichioromethane and triflucroacetic acid (15 ml/ 15 ml) for
2 hours. The solvent was removed under reduced pressure, and the residue was
basified with saturated sodium bicarbonate, then extracted with dichloromethane
(3x). The combined organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography (0.6% ammonium hydroxide and 6% methanol
in dichloromethane) to provide the title compound. 'H NMR (CDCl3) 8 ppm 7.28 -
7.40(m,5H)5.12 (s, 2 H)3.74 - 3.87 (m, 1 H)3.53-3.71 (m, 2 H) 3.36 - 3.48 (m,
1H)3.18-3.32 (m, 1 H)3.01-3.13(m, 1 H)2.88-3.01 (m, 1 H)2.70 - 2.83 (m, 1
H) 1.87 - 2.03 (m, 1 H) 1.58 - 1.76 (m, 1 H). MS: (M+H)"= 247.

Example 1C
Trifluoro-methanesulfonic acid 4'-cyano-biphenyl-4-yl ester

Commercially available 4-cyano-4'-hydroxybiphenyl was dissolved in
dichloromethane. Triethylamine (2.5 equiv.) was added and the mixture was

stirred at room temperature. Triflic anhydride (1.3 equiv) was added slowly, and

-76-



10

15

20

25

30
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woretonaeobo H) ; Ms. 04+11) 309 Exam 21e3a Pr oductPaif/US2007/062329
(3aR 6aR)-1- '"H NWP. (CDC13) 5 ppm 7.98 (ci, 1=6 78

the reggbtlnb#ogglo Ev’ééefrg }_B?ec? %r(f'hourss '—"ﬂhe mixt8 Whb 'dﬂlui%d"ﬁn;tlz 7

and di benzai |
saturdtad agdebls sadﬁlm b:o@rﬁtﬁ!e(tmanﬁ @d;l)acte!{:i with dichi@onfathang. The

organigyayegivas e ey T bitad, & YiBr sptin syl Fllbrety, shp °
concéﬁ)traté’d Zﬁdeﬁre@i@cé@pr@sﬁé The8siduéd wis plFied?by bdlumn

aci d nmerhYl ocEatr Ydi
chromatography to provide the title compound. 1H NMR (CDCI3) § ppm 7.76 (d,

J=8.82 Hz, 2 H) 7.66 (d, J=8.82 Hz, 4 H) 7.40 (d, J=8.82 Hz, 2 H). MS: (M+H)"=
328.

Example 1D
(3aR, 6aR)-1-(4'-Cvano-biphenyl-4-yl)-hexahydro-pyrrolo[3,4-b]pyrrole-5-

carboxylic acid benzyl ester

The product of Example 1B (trifluoro-methanesulfonic acid 4'-cyano-
biphenyl-4-yl ester) (135 mg, 0.55 mmole), the product of Example 1C (198 mg,
0.61 mmole), palladium acetate (2.7 mg, 0.012 mmole), racemic-2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (BINAP, 20 mg, 0.033 mmole) and sodium
tert-butoxide (80 mg, 0.83 mmole) were mixed in 1.5 ml of toluene and heated at
80 °C under Nsfor 16 hours. The mixture was cooled to room temperature,
diluted with water and extracted with dichloromethane (3x). The combined
organics were dried over sodium sulfate and concentrated to provide the crude
product, which was purified by chromatography (6% methanol in dichloromethane)
to provide the title compound. MS: (M+H)*= 424,

Example 1E
(3aR, 6aR)-4'-(Hexahydro-pyrrolof3,4-b]pyrrol-1-yi}-biphenyl-4-carbonitrile
The product of Example 1D ((3aR, 6aR)-1-(4'-Cyano-biphenyl-4-yl)-
hexahydro-pyrrolo[3,4-b]pyrrole~-5-carboxylic acid benzyl ester) (760 mg, 1.77

mmole) was refluxed in 10 m trifluoroacetic acid for 2.5 hours. The solution was
concentrated and triturated with dichloromethane. The residue was redissolved in
dichloromethane and stirred with sodium bicarbonate powder. The solution was
loaded on a silica gel column and purified by chromatography (0.6% ammonium
hydroxide and 6% methanol in dichloromethane) to provide the title compound
(330 mg, 64%). 'H NMR (CDCl3) 8 ppm 7.64 (d, J=2.71 Hz, 4 H) 7.51 (d, J=8.81
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2.4] (d, 7=1 36 Hz, 3 H), 2.14- 2.29 On, 1 F1), 1.93 -
upyrro/ o[ 3,4- blpytiole 2.05 On, 1 H; M5 (M-1Ii) -

w@m#@mml e36 Prodp.ct nf (3aR, 6aR)-5- 'I-1 MWRUS2007/062329
(CDC13) 5 ppm 7 77 (s, 1 1-1), 7 71 (d, F.xamle 7C
4 361yl#o7l 4 dp - 565 B3, i -
Hz, 2%@@6’%‘% jg,ézgi%d Yirgort ats i1 490, 58 ﬁz% 2 )13?:{)2&IL

3.36 (ﬁ% 6¥5HQQ 86)=8.182nf,|&zH) 2 1) 2.29161,-1 4) 294 1. BBt(h’ar ridhdd$:
enyl-4- (n, 1 11.), 3.5Z- 3.63 (in, 1 B), 3 29 -

(M+H} A:S&tm 114), hyppllel1202 y1)-octahydrn- 297 - 3 ICE

(rn, 111), 271 -282 (rn, 2 H), 236 - 2 69 nronisatid

gylr_brol 2[3,14- (m 2 I—D,Ega]%%|e(§p 314), 2 12 - 2 28 (in,

(3aR, BaR)-4'-(5-Ethyl-hexahydro-pyrrolo[3,4-b]pyrrol-1-y)-biphenyl-4-carbonitrile
The product of Example 1E (22 mg, 0.076 mmole) was dissolved in 2.5 ml

anhydrous THF under nitrogen. Sodium hydride (95%, 4 mg, 0.167 mmole) was
added and the mixture was stirred at room temperature for 1 hour. lodoethane
(18 ul, 0.225 mmole) was added and the mixture was stirred at room temperature
over night. The mixture was diluted with water and extracted with dichioromethane
(3x). The combined organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated under reduced pressure. The resulting residue
was purified by column chromatography (eluting with a mixture of 0.2%
ammonium hydroxide and 2% methanol in dichloromethane) to provide the title
compound (11 mg, 46%). 'H NMR (CDCl3) 8 ppm 7.64 (d, J=1.36 Hz, 4 H) 7.50
(d, J=8.82 Hz, 2 H) 6.65 (d, J=8.82 Hz, 2 H) 4.14 - 4.23 (m, 1 H) 3.47 - 3.60 (m, 1
H)3.27-3.39(m,1H)292-3.04(m, 1 H)2.70-281 (m, 1 H)2.38 -2.67 (m, 5
H)2.11-2.25(m, 1 H)1.89-2.03 (m, 1 H) 1.08 (t, J=7.12 Hz, 3 H); MS (M+H)'=
318.

Example 2
4'-[(3aR,6aR)-5-isopropylhexahydropyrrolo[3,4-blpyrroi-1(2H)-vll-1,1-biphenyl-4-

carbonitrile

To a solution of the product of Example 1E (26 mg, 0.09 mmole) in
methanol (2 ml) was added acetone (132 pl, 1.8 mmole), and the mixture was
stirred at room temperature for 1.5 hour. Sodium cyanoborohydride (28 mg, 0.44
mmole) was added and the mixture stirred overnight. The mixture was diluted
with 2 ml 1N NaOH and extracted with dichloromethane (with 5% methanol) (3x).
The combined organic layers were washed with brine, dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography {(eluting with a mixture of 0.35% ammonium hydroxide
and 3.5% methanol in dichloromethane) to provide the title compound. 'H NMR
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11 Exa

The foliowing compounds and Examples were made according to the

procedures described above with the exception that different reagents were

substituted to obtain the titled compounds.

Table 1. Examples 3-6

Example Starting Reaction Resulting NMR and MS
Material procedure compound
Example 3 | Productof | Example | 4-[(3aR.6aR)- | 't1 NMR (CDCl3) 6 ppm 7 64 (d,
Example 1E 1F - J=170 Hz, 4 H), 7.50 (d, =8 82 Hz, 2
and iodo- propvlhexahyd | H), 6.64 (d, J=8.82 Hz, 2 H), 4 12 -
propane ropyrrolo[3.4~ | 422 (m, 1 H), 346-357 (m, 1 H),
blpymiol- 327-339(m, 1 H),288-3.02 (m, !
12HEV-LI ), 2,61 -2.74 (m, 2 H), 249 - 2.58
biphenyl-d- | (m, 2H),226-242(m, 2H),2.10-
carbonitrile | 2.23 (m, 1 H), 1 86 - 2.04 (m, | H),
1.40 - 154 (m, 2 H), 089 (1, =7 29
Hz, 3 H),; MS (M+H)'= 332,
Example4 | Productof | Example?2 | 4-f{(3aR.6aR}- | 'TH NMR (CDCl3) & ppm 7 64 (d,
Example 1B 5. }=2.03 Hz, 4 H), 750 (4, J=8 81 Hz, 2
and n-butyl- = H), 6.64 (d, =8 82 Hz, 2 H),4.13 -
aldehyde butylhexahydr | 4 25 (m, 1 H), 3.46 - 3.59 (m, 1 H),
| 327-340(m, 1H),2.87-304 (m, 1
opvirolofSd: | 1 i Ty 77 (m, 4 H), 2.09 - 246
blpyrrol- (m, 2H),2.12 - 2.24 (m, 1 H), 1.86 -
1(2H]" ,;}_»E 1 203 (m, 1 H), 1.23-149 (m, T=44 .07
Hz, 4 H), 0.89 (t, I=7 12 Hz, 3 H); MS
biphenyl-4- | (M+H)"= 346.
carhonitrile
Example 5 Pioduct of | Example 2 | 4'-{(3aR.6aR)- | "4 NMR (CDCls) & ppm 7.64 (d,
Example 1E 5-Isobutyl- ! j=1 36 Hz, 4 H), 7.50 (d, 1=8 82 Hz, 2
and hexahydro- | H), 6 .64 (d, =8 82 Hz, 2 H),4.13 -
isobutyl- pyrrolo[3.4- 1 425 (m, | H), 3 44 - 3.54 (m, I H),
aldehyde blpyrrol-1-yl)- | 3.29-3.41 (m, 1 H), 2.86 - 2.99 (i, |
biphenyl-4- | 1), 2.44 - 2 70 (m, 4 H), 2.06 - 2.19
carboniftile | (m, 2 H), 1 86- 202 (m, 2 H), 1.61 -
1.77 (m, 1 H), 082 - 0.98 (m, 6 H);
MS (M+H)"= 346,
Example 6 | Productof | Example?2 | 4-[(3aR.6aR})- | " NMR (CDDCl3) & ppm 7 64 (d,
Example 1E 3= J=2.76 Hz, 4 H), 7 50 (d, =8 .90 Hz, 2
and cyclo- (cyciopropylm H), 665 (d, J=8.59 Hz, 2 H),4 18 -
piopanecarb ethylihexahydr | 4 26 (m, 1 H), 3.51 - 359 (m, 1 H),
ox-aldehyde opyrrolo[3.4- | 331-341(m, 1 H),287-3.09 (m, 2
bipyrrol- H),273-283(m, 1 H),256-2.70
T2H-yH-1.0 | (m, 2H),225-243 (m, 2H),212-
biphenyl-4- | 2 23(m, 1 H), 1.93- 205 (m, 1 H),
catbonitrile | 0.85-0.96 (m, I H), 0.12 (d, J=4.30
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Product of (3aR 61ER)-5- 111 1.4ML1. (CDCl1l3) 5 porn

7.97 (d, 3=1 70 112, I111), Exanple 7C nethyl-14442- 7
w@X07/10989(m 3 H), 7.72 (dd, 1-8.48, 170 Hz, I1r¢d/ps20ariab2329

2- naplithyl)pheny 7.63 (d, T=8 82 Hz, 2 H), 7 39 - 7

51 {in, 29),]6.68 (d, naphthalmenes), bncidlyygdrnp wms
.1=848 Hz, 2| H), 4 24 - 434 On,(MEHK}F344855 - 3.67 (in,

bnroni ¢ aci d nlo[3,4- / 11), 332 - 3.43 (m 1 a). 3.04
-317 (nr, 1 H), 2.62 -13.1pyrrolc287 (n, 4 1-1), 243
(s, 3 F1),2.14 -230 (m | FT), [ 93 - 207 (m
1 H; M (1)1./TH 329 f 39
(1E)-144171( 3aR, 6aR) - 5%%‘& (?exahydr opyrrol 013, 4- bl py
4'-[(BaR),6d4R REméthythexbhydrepttolbl 3 Prdpiranlol(2 Howilak 1'-Biphanyi-4-

sol ufion of the product d of Ex I 10 (20.0
ny, uol 062 - 86- P ! CaﬁJOnltran 0 anpt e (
Example 7A

(3aR, 6aR)-5-Methyl-hexahydro-pyrrolol3.4-bipyrrole-1-carboxvlic acid tert-butyl

ester
To a solution of (3aR, 6aR)-hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxylic
acid tert-butyl ester (18.31g, 0.86 mol) in methanol (450 mi) was added
paraformaldehyde (52g, 1.72 mole) and the mixture was stirred at room
temperature for 1 hour. Sodium cyanoborohydride was then added and the
mixture was stirred at room temperature for 10 hours, diluted with 1N NaOH (450

mi), extracted with dichloromethane (5 x 200 mi). The combined organic layers

were dried (Na;S0y), filtered and concentrated to provide the title compound. 'H

NMR (300 MHz, DMSO-dg) 6 ppm 4.18 (m, 1 H}3.47 - 3.59 (m, 1 H) 3.34 - 3.46
(m,2H)2.75-2.90 (m, 1 H)2.71 (m, 1 H)2.44 - 2.60 (m, 2 H) 2.29 (s, 3 H) 1.89 -
206 (m, 1H)1.65-181(m, 1H)1.42-1.49 (m, 9 H). MS: (M+H)"= 226.

(3aR, 6aR)-Hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxylic acid tert-butyl
ester (CAS # 370880-09-4) may be prepared as described in Schenke, T., ef al,
"Preparation of 2,7-Diazabicyclo[3.3 Oloctanes”, U.S. Patent 5,071,999 (1991)
which provides a racemate which may be resolved by chromatography on a chiral
column or by fractional crystallization of diasteromeric salts, or as described in
Basha, et al. "Substituted diazabicycloalkane derivatives”, US 2005101602
(2005).

Example 7B
(3aR, 6aR)-5-Methyl-hexahydro-pyrrolo[3,4-blpyrrole
To a solution of the product of Example 7A (20.8 g, 0.86 mole) in methanol

(450 mi) was added aqueous 3N HCI (300 ml). The mixture was stirred at room
-80-
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70- | bi pmgnyl-%-&”i O pyriok daEisn: Bz0n8,4 tihe 1pmodugk 80fs,
Exanpl e 441B, | tarifyenyr e panedoas comdi Ay 3020 - 1.5e(m, 1 H), 291 -
f ol || oxeibaymheoD, Exanpl e 433 &b.hH). A(BaR76@R) Hhexahy 6 o3
| ayr roeE9ng, 1- bl i i vrr ol éb.5 3¢ 1, Hilk @4l r bh26drvi Bk £3IMRE0! (m,
pr oduct < E(%\’ﬁ‘ﬂwg‘:t?@ 208 M MiRE -CPRC12 (1 L) were
cor nbi ned anfddepgtoeiBB4eo 0 C. 1.54 L of a 20% KCH
sol ytion was|gaoled tojO0C then slowy 25added to the

= , . .
salt slurry an "t he bi phasic reacti.on mxture was

Exampiq § ¢ FGusly at Q ENMEFCRICIDPHPNGEP &, IBARHES

wer g = Qamwse d aébwsw éﬂ{)v&a%l @)E‘fgr‘*éé’tz 1),6(
W th 5,
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¢ i tﬁ’ﬁ@ B]I phenyl 4 yI ) hexahydr opyrr
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o r{J 3, 4- bj py MZE!F%'?FE(] car boxyl ate -89-
2007/ 100990PCHbiB2OD7/ 062329 To a vessel cont a| ni ng

4, 4'\-di brono Jy;%;ggtgm{me(lz. 48 g, 2_0 equiv.) and cesium

carbonate (138 eg..)--was added the product of

Exampis § moli@.ums 17. 91%% 20 N, (380 Hz §D)Claftmem 7Whi €90 (mhd

vess dEAR R di) Lﬁﬁ a47 (m4 BR8P (1812 B lljt—flé'ﬁ(m
was p{;ron h ijﬁgéﬁn ]Té‘u; (?3 III) Séé?mb H): 3 Iﬁﬂ 3 é
(0. 178 et 0BT

0. 04&“@%9‘1& and AEgRs eC ? ; %%‘(}% éizt(o Pur 29

was |added w § Npphdnkitd. Nd t‘he cat &l ys I ule on was
addgd to the|vesaehoort ai ning the 44r-

—‘

ﬁﬁ
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whmo0er8009%he m xture was cool ed to 20C and t 0o80P@I/U$2007/062329

di br onobi phenyl ,

cesi um car bonat e,

and the product of

Exanpl e 41C and the m xture was heated to 98 C for 12

di chl orornet hane was added. The resulting m xture was
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reaction is conplete the MXture is cooled to not m)re

than 45 C and is diluted with 20net hanol
m xture was cooled to 20-25 C,

(111 nL) The
the product is

collected by filtration and is washed with fresh

met hanol

(50
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The wet cake is dried in the vacuum

oven at not nore than 55C to provide the title
conpound (7. 259, 94. 8%
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WO 2007/ 100990PCT/ US2007/ 062329 consuned, giving a
clear solution. The m xture was diluted with 1N1 Ha

W@ 207009904 nrnol, 3 equivalents) and stirred POF/USQ7/062329
hour. The mxture was adj usted to pH 9.0 +/- 0.5 with

NN i385 '1%) Ties B0 (il
thenifij lg,{aedﬂ]pi nwet @@k\@(\n@ﬁ)msmed Wi th water and
dri aégokdmna-va%mﬂﬂn@m&n at 5about 50 C to provide the
title coppound (10.40 @, 88.9%.
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was | fihbtygemd| and #ri ed | ates 4l-150, 3Q70% @0 (i, g Y, 3t00 - PO, de
t he |t iDbérenic oppyesbiiep! 1149 614 X557 - 94504, 4 HRQER &GnpHk 2.42- 226 (m,
(3aR 5a8- 5- MePHFAellH( 4' 1 Hyir9ini @4 fm 5143 (1706 BY e Rkl -
4- ypoct ahvdr bpy?IPaiolr 3 MS(M%FIZ“E-’» The title

Exampiedfrpobindiicigds| pPebieRed 4d0 oMK (g Glo Stobe 7 mééawz,zm
descrﬁl‘%i@éﬁ—%mn %?%Wﬁl‘é‘*‘?[)”é(fb%“t i3P Bei2dg, 1 e7§ gép: g &,
Exar L neth

281 A f of™ .%“%rcdu%&”&fzﬁkdﬁﬁr@ ), 3 82~ 3.66 (m,
sub‘rEl eﬁ‘lﬁfﬁg glylr"glflﬁfl in ¢én H), 2.73 -

i L}al e 2 41
oo 1010 | IR %ﬁ?ﬁé ﬁ% e

T52|- 7.58 (M Rpyioled. 6

Exampldd]l | LPiRuct @b | - (3aR, &R)-6m ‘il th)R (SQ(ﬁﬁﬂz C‘M?i;)(arﬁamlz slrrl)v 39(9192
- 3.|IBkarfie 7CL | HnetByi8Q4— |21)8713(-m125 dn, BH),%.54 26 6B(m, 3HKK 11 -
2.16 - #&d26 (mpylidikp- 1.1995(m2.105 47m3.5% ()t ;H),NB 6 ( VB, |
357. pwidine-4-The/lpheyDesiEh rigl)conpadntis 1aind Bxadhes3sues &),
made baweisad ngdre ke gridéedut @s | Butl8P n2ef (m! Exafpl e
42. Iwith the et [tk 3280% er ent ¢ eagents were

ExampladBgt Progiche] td" -GHREPR)- t|HE NMR GeMBo Rfchmdbepm 7Vig)- 7.84 (m, 2
2007/ ExandoEpPCT 3%7/ 06237239 Téb{r@f* GB%a B] @ ABU 4?3
£

Exar|rt . —”gtalt 4n?g%(‘“vs1 )

5- meth gl | gt,aalI 0pyn gﬁg%ﬁ NV
El | ( R ‘
H) %47 - g%éngxlsf WB :

4.20 -433 (M. bl 53- 366(|n 1|-1) 3.28 -

Exampic23 J @mﬁuciloﬂl)@alaﬁz@@i« 3}11\&41(401)(:‘15)ddp)n,vsa(cﬁ1=9—152m&m),
(m |dikadhdle 7Q44 (41,8 | 1))7002dd]1 510 24, 280 K4yR HY, 6B} 2D B8 (46 Hz, 1
1 11);anlB4; | benzodioxol-5- | 1) 6.61 (d, 1=8.81 Hz, 2 H), 5.97 (5, 2 H), 4.12 - 4.25
methylenedi | yhphenyl]-5- | (m 1 H), 350-362(m, 1 H),323-336(m, 1 H),
oxybenzene | methyloctahydr | 292 -3 09 (m, 1 H), 252-2 82 (m, 4 H), 238 (s, 3
boronic acid | opymolo[3,4- | H), 210-2 26 (m, 1 H), 1.88-2.03 (m, 1 H); MS
b]pyrrole (M+H) = 323.

Example24 | Productof | (3aR,6aR)-5- | |H NMR (300 MHz, CDCl3) 8 ppm 743 -7 50 (m, 1
Example 7C | methyl-1-(4- | H),7.17-7.25 (m, 2 H), 6.61 - 6 74 (m, 2 H), 6.52 -
and pyridin-3- 6.62 (m, 21),405-415(m, 1 H), 345 -3 56 (m, 1
pyriding-3- | ylphenyl)octah | H) 3.15-328(m, 1 H), 287-3.02 (m, 1 H), 247 -
boronic acid | ydropyrrolo[3, | 270 (m, 4 H), 230- 234 (s, 3 H), 209 -2 20 (m, 1
4-blpyrrole | H), 1.88 - 1.98 (i, 1 H); MS (M+H)"= 280.

Example25 | Productof | (3aR,6aR)-1- | "I NMR (CDCl;3) 8 ppm 791 (dd, J=17 63, 7.80 He,
Example 7C [4-(2,6- 1 H), 7.40 (dd, =898, 1.86 Hz, 2 H), 6.86 (dd, J=7.80,
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Exanpl e 43 Prodoef of Exaratle.
ityl borem
c acid

41A nod
I (2H) -yi k terphcnyl- 3-
w@a0oboendvri |l e {M 1-14)-= 380.

PCT/US2007/062329

and 2.5-
difluoropyri
dine-3-
boronic acid

diffuoropyridin
-3-yhphenyl]-
5-
methyloctahyds
opyrrolof3,4-

339 Hz, 1 H), 6.64 (d, 1=8 82 Hz, 2 H), 4 12 - 420
(m, 1 H),350-360(m, t H),325-335(m, 1 H),
291-3.03(m, 1H),269-276(m, 1 H),247-264
(m,3H),232(s,3H),212-2.24 (m, 1 H), 189 -
201 (m, 1 H); MS (M+H)"= 316,

blpyrrole
Example26 | Productof - {4'- "H NMR (CDCI3) 8 ppm 8 13 {t, =1 86 Hz, 1 H),
Example 7C | [(3aR,6aR)-5- | 784 (d, J=7 46 Hz, | H), 7.74 (d, J=8.14 Hz, 1 H),
and 3- methylhexahyd | 751 (1, 1=8.14 Hz, 2 H), 6.64 (d, 1=8 48 Hz, 2 H), 4 28
acetylbenzen | ropyrrolo[3,4~ | 442 (m, 1 H),3.55-3.67 (m, 1 H), 3.34 - 349 (m, 1
eboronic b]pyrrol- H),3.12-3.27 (m, 1 H), 2.69 - 2 98 (m, 4 H), 2 65 (s,
acid HZH)-y-LY- | 3H),257(s,3H),215-230(m, 1 H), 1.94 -2 11
biphenyl-3- | (m, 1 H); MS (M+H)'= 321.
vl}ethanone
Example27 | Productof | (3aR,6aR)-1- | 'H NMR (CDCl3) & ppm 747 (d, J=8.14 Hz, 4 ),
Example 7C | {4'-(ethylthio)- | 736 (d, 1=8 81 Hz, 2 H), 6.62 (d, J=8 81 Hz, 2 H),
and 4- 1,1"-biphenyl- | 418-432¢m, 1 H), 3.51 - 3.65 (m, 1 H), 3.28 -3 41
{ethylthio)be 4-yl]-5- (m, 1 H),303-3.16 (m, 1 H), 296 (q, =7 46 Hz, 2
nzeneboroni ; methyloctahydr | Hy, 2.57 - 2 88 (m, =38 31 Hz, 4 H), 245 (s, 3 H),
cacid opyrrole[3,4- 1 213-226(m, 1 H), 1.91-2.08 (m, 1 H), 133 (¢,
b]pyrole J=7.29 Hz, 3 H); MS (M+H)"= 339
Example28 | Productof (3aR,6aR)-5- | 'HNMR(CDCly) 8 ppm 7.63 (s, 4 H), 7.50 (d,
Example 7C | methyl-1-[4- | =8 82 Hz, 2 H), 6.65 (d, J=8. 82 Hz, 2 H), 4.19-4.32
and 4- (trifluoromethy | (m, 1 H), 351-365 (m, 1 H),3.29-342 (m, 1 H),
(trifluoromet D-1,1'- 300-317(m, 1 H), 258 -2.92 (m, 4 H), 243 (s, 3
hyliphenylb |  biphenyl-4- | 1), 2.12-229 (m, 1 H), 1 92-2.07 (m, 1 H); MS
oronic acid | ylJoctahydropy | (M+H)"= 347,
rrolo{3,4-
bipyrrole
Example29 | Productof | (3aR,6aR)-5- | 'H NMR(CDCl;3) 8 ppm 747 - 7.55 (m, 4 H), 7 45
Example 7C | methy:1-(4- | (4, =8 82 Hz, 2 1), 6.74 {dd, J=17 .63, 10 85 Hz, 1 H),
and 4- vinyl-L1- | 663 (d, J=8 82 Hz, 2 1), 5 75 (d, J=17.63 Hz, 1 H),
vinylpnenyl |  biphenyl-4- | 522 (d, J=10 85 Hz, 1 H), 4 21 - 4.32 (m, 1 H), 3 52 -
boronic acid | yloctahydropy | 3 64 (m, 1 H), 329 - 342 (m, 1 1), 302-3.15 (m, ]
rrolo(3,4- H),261-288(m, 4H),246(s, 3H),212-227 (m,
blpyrrole 1 H), 1.92 - 2.04 (m, 1 H); MS (M+H)"= 305.
Example30 Product of (3aR,6aR)-5- | 'H NMR (CDCl3) 8 ppm 8.14 (d, J=2.03 Hz, 1 H),
Example 7C | methyl-1-(4- | 7 67 (dd, }=7 80, 2 03 Hz, 1 H), 7 49 (d, J=8.82 Hz, 2
and 4- methyl-3"- | H), 7 34 (d, J=7.80 Hz, 1 H), 6 64 (d, ]=8 82 Hz, 2 H),
methyl-3- nitro-L1- | 421-4.32(m, 1 H),352-365(m, 1 H),330-343
aitro- biphenyl-4- | (m, 1 H), 300-3 16 (m, 1 H), 2.68 - 294 (m, 4 H),
phenylboron | yhoctahydropy | 2 60 (s, 3 H), 244 (s, 3 H), 2.15- 2.28 (m, 1 H), 1.93 -
ic acid rrolo([3,4- 205 (m, 1 H); MS (M+H)"'= 338
blpyrrole
Examplel ] Product of (3aR,6aR)-1- | B NMR (CDCl3) 8 ppm 8.22 (s, 1 H), 7.37 (d,
Example 7C [4-(2,4- 1=8.82 Hz, 2 H), 662 (d, =8 82 Hz, 2 H), 4 11 - 4.24
and 2-4- dimethoxypyri | (m, 1 H), 4 02 (s, 3 H), 4.01 (s, 3 H), 350-3.61 (m, I
(dimethoxy) midin-5- H),3.24-335(m, 1 H),293-3.05(m, 1 H), 269 -
pyrimidine- | yl)phenyl]-5- | 3 79 (m, 2 H), 2.53 - 264 (m, 2 H), 2.35 (s, 3 H), 2.11
5-botonic | methyloctahydr | . 7 25 (m, 1 H), 190 - 2.03 (m, 1 H); MS (M+H)'=
acid opyrrolo[3,4- 1 341
blpyrrole
Example32 | Productof ! (3aR.,6aR)-1- | 'H NMR (300 MHz, CDCl3) 8 ppm 7 40 - 7.50 (m, 4
Example 7C | (4-fluoro-LY- | 1), 702-7.11 (m, 2 H), 6.58 - 6.67 (m, 2 H), 4 13 -
and biphenyk-4-yl}- | 426 (m, 1 H), 3.50 - 3.63 (m, 1 H), 324 - 3 37 {m, 1
4- 5- H), 3.01 (m, 1 H), 2.56 - 2.79 (m, 4 H), 2.38 (s, 3 H),
fluorophenyl | methyloctahyd: | 3 11.225(m, 1 H), 1.91 - 2.01 (m, ! H); MS
boronic acid | opyrrolo[3.4-
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Exanpl e 44 Pi oduct of: (JaR_,6aR)-1- 'H NMR (300
NlHz., CDel:i) 8 ppm 843 (dd, Rxanipl.L4 [4' 46-
wa2008/1d0490 2. 54 1. 1z, 1), 7 92 - 8 04 {in, 1ACTYS2087/062329
33 - 414 and fluoiopyridin- 7712 (m (i 1-1), 6.97-
7 gg (M T I Ty B2 T dom 2 2- 3-YI} -1, 11- H),
E@gﬁ?ﬁl Prodhcrot anisai%i 5. “}?ﬁm enel,) R 18@71 fd) 3-8 38 ﬂﬁlﬁ)
T JMb Rld RSty d: 4788 (344 16 11511 11, 7lsh)d, 1396 1, 131)16
(M |1 dnd)is 2| mhﬁ)p l‘mo- ﬁiﬁﬁrbﬂ) B33 (41E1)=3 32132 (15,668 (d
E) , | 2agh@alene? ta(lﬁifbpyil 8,48 Hz 951 ). £D7- 4.30l00, IrFON. %5 - 3 66 (m
nmet 1Wﬂlyd r eipparr ol Uil 34-3.3] pyT tm, &HE 2(0P 0 10U(m]l 1 H) 2.5M5
(ML{11)' - 374 blpymole 293 (m, 4 H), 241 (s, 3H),214-227(m, 1 1), 197
- 2.06 (m, | H); MS (M+H)"= 329
Example34 | Productof | {4-[(3aR.6aR)- | 'H NMR (CDCls) & ppm 7.55 (s, 1 H), 746 - 7 52
Example 7C 5- (m, 4 H), 7.39 (t, J=7 63 Hz, 1 H), 6 64 (d, }=8 82 Hz,
and 3- methylhexahyd | 2 H), 4 74 (d, =576 Hz, 2 H), 4.13 - 4 24 (m, 1 ),
hydioxymet { ropyrrolo[3,4- | 350362 (m, 1 H), 3.23-339(m, 1 H),292-3.08
hyliphenyl b]pyrrol- (m, 1 H), 2.69 - 2.80 (m, 2 H), 2.52 - 2 66 (m, 2 H),
borobic acid | M{2H)-yl]-L1- | 237(s,3H),212-227(m, 1 H), 1 89-206 (m, 1
biphenyl-3- | H); MS (M+H)"= 309
yl} methanol
Example35 | Productof | (3aR,6aR}-1- | '"H NMR (CDCl3) 8 ppm 798 (d, 1=6.78 Hz, 1 H),
Example 7C (4~ 780-790(m,2H),752-765(m,2H),731-750
and dibenzo[b.d]fur | (m, 4 H), 6 69 - 6.78 (m, 2 H), 4 21 -4 34 (m, 1 H),
dibenzofura | an-4-ylphenyl)- | 355367 (m, 1 H),333-347 (m, 1 H),2.97-3.13
a-2-boronic 5- (m, 1 H), 2.75 - 2.90 (m, 2 H), 2. 54 270 (m, 2 H),
acid methyloctahydr | 2 41 (d, J=1 36 Hz, 3H),214-229(m, 1 H), 193 -
opyrrolo{3,4- | 205 (m, 1 H); MS (M+H)' =369
blpyriole
Example36 | Productof | (3aR,6aR)-5- | '"HNMR (CDCI3) 8 ppm 7.77 (s, 1 H), 7.71 (4,
Example 7C | Methyl-14(3 | =1 36 Hz, 1 H), 7.50 (d, J=2.03 Hz, 2 H), 747 (d,
and 3- trifluoromethy! | j=1 36 Hz, 2 H), 6.65 (d, J=8.82 Hz, 2 1), 418 - 4 28
(trifluoromet | -biphenyl-4- 1 (m, 1 H), 3.52-3.63 (m, 1 H), 329 - 340 (m, I H),

hyhphenvlb

yl)-octahydro-

297-310(m, 1 H),271-282(m, 2 H), 2.56- 269

oronic acid pyrrolo[3,4- | (m, 2 H),2.39 (s, 3H),212-228 (m, 1 H), 1.91 -
blpyrrole 2.05 (m, 1 H); MS (M-+H)'= 347
Example37 | Productof | (3aR,6aR)-I- | '"HNMR (CDCls) & ppm 745 (d, J=8.14 Hz, 2 H),
Example 7C | (4-fluoro-3"- | 7.29.7 36 (m, 2 H), 699 -7 08 (m, 1 H), 659 (d,
and 4- methyl-1,1I- | 1=8 82 Hz, 2 H), 4 52 - 4 61 (m, 1 H), 4.21 - 4 36 (m,
fluoro-3- | biphenyl-4-yl}- | 1 H), 3 87-4.02 (m, 2 H), 3.55-3.64 (m, 2 H), 3.00-
methyl- 5- 351 (m, 1 H),283(s,3H),261-278(m, 1H),233
phenylboron | methyloctahydr | (5 3 H), 2.18-229 (m, 1 H), 1.91-202 (m, 1 H); MS
ic acid opyrrole{3,4- | (M+H) =311
bipyrrole
Example8 Product of (3aR,6aR)-5- | 'H NMR (CDCl3) & ppm 7.97 (d, =170 Hz, 1 H),
Example 7C | methyl-1-{4-(2- | 7 80 -7 89 (m, 3 H), 7.72 (dd, =8 48, 1.70 Hz, 1 H),
and 2- naphthyl)pheny | 7,63 (4, J=8 82 Hz, 2 H), 739-7 51 (m, 2 H), 6.68 (d,
naphthalene | ljoctahydropyrr | j=8 48 Hz, 2 H), 424 - 4 34 (m, 1 H), 355-3.67 (m,
boronic acid olo[3.4- 1H),332-343(m, 1H),304-317(m, 1 H),2.62-
b]pyrrole 287 (m,4H), 248 (s, 3H),2.14-230(m, 1 H), 193

=207 (m, 1 H); MS (M+H)"= 329

Example 39
(1E)-1-{4'-{(3aR, 6aR)-5-methylhexahydropyrrolo[3 4-blpyrrol-1(2H)-yi]-1,1"-

biphenyl-4-yilethanone oxime

To a solution of the product compound of Example 10 (20.0 mg, 0.062
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acid Exam)le 45 PF.Pill)ct cl.r. (3aR 6nR)-1-

"Il NWVR (300 MHz, CDC13) 8 ppto 7 28- 7.85 On,
wE2@7/16099pl 0 [4'42,6- 7 ID, 7.02 - 707 (rn, 1rPCT/¥$2067/062329

59 - 6 68 (m2 H), 4.15 43A and di net hyl pyri dE -4. 28

mmoléfm ﬂgrh*bgeﬁxa%s ag§ pgﬁdl(‘l@(t")@) 6!1 I, 6237\:%%1@) @&5%‘%(121592

hydrokvlafirkd) hytﬁoﬁﬁ(cﬁlde (6iTnimgyt Dlaﬂtlpmmmh)e n?ﬂaﬂnﬂxtuse wap stijredaat
80 DCEW’@&T} 60%6 h(jg);ﬁp%ncigh c?iyeq:tdpn?ove%i under reduced pressure. The
residue was purified by chromatography (eluting with a mixture of 0.25%
ammonium hydroxide and 2.5% methanol in dichloromethane) to provide the fitle
compound. 'H NMR (300 MHz, CDCl3) § ppm 7.44 - 7.67 (m, 6 H) 6.64 (d, J=8.82
Hz, 2 H)4.14 - 4.26 (m, 1 H} 3.51-3.60 (m, 1 H) 3.25 - 3.39 (m, 1 H) 2.89 - 3.04
(m, 2 H)2.67 -2.83 (m, 2 H) 2.55-2.61 (m, 2H) 2.35 (s, 3 H) 2.30 (s, 3 H) 2.16 -
2.25(m, 1 H) 1.89 - 2.05 (m, 1 H); MS (M+H)"= 336.

Example 40
1-{4'-(3aR,6aR)-5-methylhexahydropyrrolof3.4-blpyrrol-1(2H)-vll-1, 1-biphenyl-4-

l}ethanol

To a solution of Example 10 (35.0 mg, 0.11 mmole) in 2 ml of methanol
was added sodium borohydride (16.8 mg, 0.44 mmole). The mixture was stirred
at room temperature for 24 hours, diluted with water and extracted with
dichioromethane (5x). The combined organics were dried over sodium sulfate,
filtered and concentrated under reduced pressure and purified by chromatography
(eluting with a mixture of 0.25% ammonium hydroxide and 2.5% methanol in
dichioromethane) to provide the title compound. "H NMR (300 MHz, CDCl3) 8
ppm 7.36 - 7.63 (m, 6 H) 6.63 (d, J=7.46 Hz, 2 H) 4.93 (q, J=6.44 Hz, 1 H) 4.14 -
4.27 (m, 1H)3.49-3.67 (m, 1 H)3.25-3.37 (m, 1 H)2.93-3.10 (m, 1 H) 2.54 -
2.81 (m, J=41.03 Hz, 4 H) 2.39 (s, 3 H) 2.12 - 2.24 (m, 1 H) 1.97 (dd, J=12.38,
6.27 Hz, 1 H) 1.53 (d, J=6.44 Hz, 3 H); MS (M+H)"= 323.

Example 41
2-{4'-[(3aR.6aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-vl]-1.1-biphenyi-4-
viipyridazin-3(2H)-one

Example 41A
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agfer 5- niethyloctallyd ropyixolo[3,4- b]pyitole (rn,
1 H; M5 (MF11)'- 384. Exant 40. product of

wa@ ammﬁmo?) 1- 111 NNIR (300 MHz, CDCl1) 6 ppnP@I/681087/062329
11%) anple [4 (6- 8. 52(d 1=4.75 11z, 111), 7 33
3a a i

3Hyei)|tlel cd\ﬂnpoti)wd vBasZﬁepa&dﬂfacc{mdlng]iojihge pr@c@ﬂure d@sgﬂbed in
Exampie)7C oS BistiEinect F19bramagonenyiSer i i aipraiobenans: o1 NUR
(300 MEGOBER)Y Sor7 SBLHYA3 GhaB¥H 6.60 - 6.66 (m, 2 H) 4.17 - 4.23 (m,
1 H)3.52 - 3.61 (m, 1 H) 3.26 - 3.35 (m, 1 H) 2.98 - 3.05 (m, 1 H) 2.70 - 2.80 (m, 2
H) 2.58 - 2.64 (m, 2 H) 2.38 (s, 3 H) 2.15 - 2.26 (m, 1 H) 1.97 (m, 1 H). MS:
(M+H)"= 357/359.

Example 41B
2.{4'-(3aR,6aR)-5-methylhexahvdropyrrolo[3.4-blpyrrol-1(2H)-vI]-1,1 "-biphenyl-4-
vllpyridazin-3(2H)-one

The product of Example 41A (4.54 g, 12.6 mmole), 3(2H)-pyridazinone
(2.41g, 25,2 mmole), copper powder (1.60 g, 25.2 mmole) and potassium
carbonate (5.21 g, 37.7 mmole) were dissolved in 63 ml of quinoline and heated at
150 °C under Nxfor 48 hours. The mixture was cooled to room temperature,
diluted with hexane (15 mi) and filtered through CELITE®. The filtrate was
concentrated under reduced pressure and the residue was purified by
chromatography (eluting first with diethy! ether, followed by dichloromethane, then
elution with a mixture of 5% methanol in dichloromethane) to provide the title
compound. "H NMR (300 MHz, CDClg) § ppm 7.91 (dd, J=3.73, 1.70 Hz, 1 H)
7.61-7.65 (m, 4 H)7.51 (d, J=8.48 Hz, 2 H) 7.25 (dd, dd, J=9.40, 4.07 Hz,1 H)
7.07 (dd, J=9.49, 1.70 Hz, 1 H) 6.64 (d, J=8.81 Hz, 2 H) 4.19-4.27 (m, 1 H) 3.54 -
3.64 (m, 1 H)3.28 -3.38 (m, 1 H)3.00 - 3.11 (m, 1 H) 2.56 - 2.85 (m, 4 H) 2.40 (s,
3H)2.10-2.29 (m, 1 H) 1.89 - 2.05 (m, J=6.78 Hz, 1 H); MS (M+H)"= 373. The
solid (3aR, 6aR)-2-[4"-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1-yl)-biphenyl-4-
yl-2H-pyridazin-3-one obtained showed a melting range of 204-207 OC (dec.). To
a solution of (3aR, 6aR)-2-{4'-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1-yl)-
biphenyl-4-yl}-2H-pyridazin-3-one in methanol was added D-(-)-tartaric acid; a
solid formed which was collected by filtration and dried to give a solid of m.p. 218-
221 °C. In like manner, a methanolic solution of (3aR, 6aR)-2-[4"-(5-methyl-
hexahydro-pyrrolo[3,4-b]pyrrol-1-yl)-biphenyl-4-yi]-2H-pyridazin-3-when treated
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I oprinio[3,4- 1.90 - 2 05 (Fri, 111); M5 (M4l-DI=
390. Ni marde Ex.anpic 47 Product of 411-[(3aR, 6aR)-
WA ROONWE9( 300 MHz, CDC13) 6 ppm 7.72 (s, 411),PCEKSawDT/€2329
5- 75- 769 (m 4 1-1), 7.54 (6, 4=8 81 az, 211). 6
with Le@)-tattariaitid, faidiveld hesaimentiGiiot 8 ted s@bation 2nb1g3dditibr26f

diethyf pﬂ)e%oéén\ge % slg\égf 3 SZ%ngqugl}\km%%ﬁgrﬁ)r i Oloﬂt%q)flof((.bgR
BaR)—QV[@"J(?HD He‘ﬁwy‘l@ﬂe&&ﬁ{(dﬂo pﬁrcﬁ@ﬁ(& %ngﬁr&dm f\% Etlrﬂ%enylzé ?ﬁ W- 3
pyradazeﬂ ﬁmﬁh@rlimatad) with, pbgsphczr:coﬁm(i niollowesl; byn@r(cnmatpeﬁ of®
sotutton gave a solid of m.p. 224-229 °C. A methanolic solution of (3aR, 6aR)-2-
[4'-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol- 1-yh-biphenyl-4-yl}-2H-pyridazin-3-
when treated with salicylic acid, followed by concentration of the solution and
addition of diethyl ether and hexane, gave a solid of m.p. 115-118 °C. A
methanolic solution of (3aR, 6aR)-2-[4'-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-
1-yh)-biphenyl-4-yi]-2H-pyridazin-3-when treated with ascorbic acid, followed by
concentration of the solution and addition of diethyl ether and hexane, gave a
solid of m.p. 183-167°C. A methanolic solution of (3aR, 6aR)-2-[4'-(5-methyl-
hexahydro-pyrrolo[3,4-b]pyrrol-1-yl}-biphenyl-4-yl}-2H-pyridazin-3-when treated
with suifuric acid, foliowed by concentration of the solution and addition of diethyl
ether, gave a solid of m.p. 232-235 °C.

Alternatively, (3aR, 6aR)-2-[4'-(5-methyl-hexahydro-pyrrolo[3,4-bjpyrrol-1-yi)-
biphenyl-4-yl]-2H-pyridazin-3-one, the product of Example 41B, can be prepared

according to the following:

Example 41C
Ethyl (3aR,6aR)-hexahydropyrrolo[3,4-blpyrrole-5(1H)-carboxylate
The product of Example A5 (205 g) and CH»Cl; (1 L) were combined and
cooled to 0 °C. 1.54 L of a 20% KOH solution was cooled to 0 °C then slowly

added to the sait slurry and the biphasic reaction mixture was stirred vigorously at

0 °C. After 2.75 hours, the layers were separated and the aqueous layer was
extracted with CH,Cl, (1 L). The organic layers were combined and concentrated
under reduced pressure, then chased with toluene (1.6 L) to provide 386 g of a 19
wi% solution of product (100%).

Example 41D
Ethyl (3aR,6aR)-1-(4-bromo-1,1'-biphenyi-4-y)hexahydropyrrolo[3.4-blpyrrole-

5(1H)-carboxylate
-89.
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lcarbnnitrile Exanpl e 48
4-{4-1(3aliteaR) -5-nethyl hexahydropyrrol or3, 4-b1PVrrol
W0 1000200090 - Vi | Phenvl | pi perazh-1-yl ) ni coti noni BCT/U£2007/062329
-93- Exanple 48A 6-Ri perazin-1-yl-nicotinonitrile

ol 0 RSP ERR g ROy MO Setad) Prag

vesmrm camﬁ)omiet(d)m)ttirg 1220 &0yd) \Mmaddecétheﬁgrcn@u@hdélﬁxampf%ﬁ G(17.9

. SPHE 510 PGSBS BSE oL AR ASTRTA PR e
so!utt&?f&% T@S@%@Wﬁ'é@ébé?é%s%él l&?hﬂxﬁgl)@ﬂﬁw@g (GPHY, hL[DTOGT eq.)

Itered, and concentrate rovide t
and paliadlemddil):poamﬂe (0 PRIV Q4beqyand ctmﬁgyd gftgr w@m(fw 7.3 gof
| ddtl{gt 60 (rid, J=8.81, 2.37 Hz, 1 H) 6.59
tO“efleo‘{“asaﬁ’ g ygthplimiBG 1y "3 57 - 375 (m 4 H) 2.91 -3.05
(TRe cAtdi)st sMRitiolivrdd 2ddE9 tdtrRMalsd e BohtaRaARy the 4,4'-

6aR) - 644- 14- ( 5- Met hyl - hexahydr o- pyrr ol oJ3,4-?!8yrr | -1
dibromgbi hphwnoe$luwp$@'épaatenamd\ﬁ a produas of kaarmnie faCraehise
d o
mixtuger@aggxgag%d %ﬁ%@%% @Aﬁég%(a%ﬁ'@miﬂta% \WEF c)%l)iedttlﬁezo C and

80 g éﬂdl@(ldtcbﬁéthmhe dme@dxmmnéhei rqsmliﬂaragjrmortu(el@as stired GO@ then
racer ni

-bi s n
fl|te"e§|tﬁé®fﬁ@ﬁ? the Qatagv% The Tes lﬂﬂ&se@ﬁaﬁ Lﬁﬁ?"‘fa‘eér under
r SR d
redude e b NG YR BRG] B i Qo R gGPg 16 viel
5.65 (ofitre titEheompatnd.e was cool ed to 20 room tenperature,
diluted with water and extracted w th di chl oronet hane
(5x). The conbi ned organics were dried over sodi um
sulfate, filtered, and concentrated under reduced
pressure and purified by chromatography (eluting with
a i xture of 5% net harﬁﬂiﬂ@i@xﬂl@l or omet hane) to

ppm=8143 # : .
HZ, 16 3@99:%1 6 rrdle &b roléﬂ(‘ﬂHﬁcémoé@IateIQ 15 Hz,

1 H 401 -4 15 éca sz‘

3AMIxturg sl @Bng qf qqppgr @95 !O.dl(fl_;-',’ £ @mmgglq,_ﬁ) §Q.). g 4 of 8-
el BB 1ol £ o ool B
mmogegt) VZQR % Add\f/ﬁli %l‘ﬁ ﬁllni?ﬁaylfe&&?mldpl(?m) was mixed at ?Lmbliel,nt
tempRERE, B MEAHGA BoE ANy aRpAnOLIS 185k BREPE 6 daf e
prodt@%?ﬁ%gg‘i}ggﬁw (W%OI%HH%QZP 00 eq.), 23.6 g of potassium carbonate
(170 65Rblmb¥b,44i4?tq quvlealhldrI14hbg§:hpglmdﬁmwm&)(3{93$&m@¢r idi0aq.).
ot R RSy o b S3et s S
maxhﬂr@ (s'@%m% géRaf8ithéh heated to 140 °C for about 18 hours After

i"zyl'i ct eneacet one) di pal | adi um
cooh@g &Bﬁmlw@téezmperature the mixture was diluted with 567 g of THF and 384

g of 05 sk shiggB i) RCBRRN s Mgl RaRM s
salts?&n@ﬁh@mﬂu@bu@%ﬁagma@séﬁéﬂr@t@ﬁ&aﬁmﬁ@cm%mtwdﬁh an additlonal
177 g of THF. The combined organic phases were then washed with 10% sodium
chloride solution (3x384 g). The organic phase was concentrated under reduced
pressure and methanol! (253 g) was added and the contents were concentrated

under reduced pressure. After adding additional methanol (158 g) the contents
-90-
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10N2 in a Enmrys process vial. The vial was seal ed,
then heated in the mcrowave for 20 m nutes at 150C,
wagiongowohe Enrys Creator nicrowave reactor. ThECTUSI00T/@2329
was diluted with water and extracted with
were coabti do Orde tfittaresd, @h)washesd withroblvemietirayehi ¢heagsuling solids

d h b I ,
were WERSIEHaA 10 GoYaaut GYSa e Akt 55 S 5 Aoty e Maiss
SpectRbdcobl el P6 (BRLUTBOG! OHNIAE! @DIMAE, DRISOLIEY bR 215 (s,

of 10% net hanol and amoni um hydr oxi

3 H), 8i7én bB8ret, Hahih)Z to(gsicbwiFde . 4h 6. 17,10.e4 b‘@nﬂdﬁlh@ 03Lts, NII\VF@

3.24 6?@8 WHE, uj)og)%:? i (38{%6 qégd?ﬁzgé% 300 fﬁ )3.98 .

2 H), 32@7331%‘) 6@3 @ b9=8%14%@z 2 Bl 5740‘?g(tidlj'l'© 43, 131- H§ 129) 7.48

(ad, JZQSW @Q"r @21—0 H, 1453- éﬁ@ém( % He 768 (d, 1@8(@}‘ Hz, 20“)18% (dd,
J=3.8% {; gS??%O@l,i]E tﬁWg@o W&ﬁ@gﬁfﬁaﬁ;ﬁ%ﬁ‘g)ﬁg@ﬁ(%yrfa()?zaag
(CHLOE7ANGH) CER28(CoLR 12 (CH),124.87 (CIT e F5L2RI(CH) 126,02

| e 49A 0 fi d |
(©), 125 BHCIN, A 30\0BcRieh 1318 G 36 57 (G Hapar 6. 1da31(c)
h Th t
145“62§J¢%2§?rﬁ(g2 %é%?gngssoﬂ:éer r:dumc)e(dugfe\ggare
diluted with water and extracted wi th di chl or onet hana

(4x). The conbi ned organic | rs were dried over
sodi um sul f at e, f|IteggﬁLiﬁﬁgﬁEbncentrated under
2 eryee® 95 R% BEKEh MG pRMbICES 801 BYIr6I0 (2FN-VAM 9UBhABRARLRY

(eruting Wth a mxture of 10% net hanol ~and 301%
anmoni um hydr oxi devilpyriflazii-deiveetine) to provide the

tl d N o
ARG ol EESEER0 T 03 5 RIS B
in ace'ﬁ): a%t@?Bﬁ( ﬁLﬁ'L Dﬁ@ﬁ@nn?oi 5144( B'Zaqulvah@ntg) %ﬁf(s%e'éﬂac(t@ 68 70hCFor
at Iea(sﬂ\ﬂhonrszwmlgmcmﬁpr@i Izmﬁ%analysm for completlon When reaction

s com) Q@%‘%“@%&‘f‘w TePoRscpRaaesias dbetnd Bl |
meth%&g Hjor pyrlc}?z&?u l\?&ﬁ@@d%ﬁ%?@ %@Qéoﬁlegmﬁﬁe\,tds%ollected

by filttatioatand iswashedAbitiriresi nidbanmid56)mer Ehelives obkeds dilachin
1 m of acetonitrile and heated at 60C under N2 for 24
the variyns ovemat rokingre thassS e 6otadkrovist erfgﬁﬁiﬂ@é?%%%ﬂﬂ (97 25g,
o4 8ﬂ/q)genched wth water and extracted w th di chl or onet hane
The conbi ned organics were dried over sodi um
sulfate, filtered and concentrated under reduced

pressure and purified ct?ro tography (eluting with
a mxture of 0.5%a xi de and 5% net hanol

H 6.91 695(m Mn@zﬁBSZHﬂB&_@{m 2 4.13-4.21

3. 36
‘Fy a@%ﬁ sdtigr? o he' Dodiget o Exatgpipy £15” é'é(é?' g %g""rmmf')
in d;n@t?_@aé&am@e gﬁbd H‘iL)@veﬁ; acﬁjéﬁa %é%ult_al)én IF 32 %L%aueé’u¥3 (m
formﬁ@hyde (7.2 mlL, 94. 23 mmol, 3.0 equwalents) foltowed by soc:hurr;p

ooty KRG F B e s B PP LAV R Y I B RS

stlrredP 53999‘311/ &FC %?aﬂmnﬁuﬂ@@’d(:ﬁﬁ)%%icrpthb@aﬁ'ﬁ@' rBaterial was
br onot hi azol e (35 25ny,

trls(dlbenzyl|deneacetonekﬂ|paIIadlun1(3 2 ny, 0.0035
nmor e) ,

racernic-2, 2" -bis(cliphenyl phosphi no) -1, 1r - bi napht hyl
(44 mg, 0.007 nrnole) and sodiumtert-butoxide (25.2
nmg, 1.5 mmole) were dissolved in 1 m of toluene and
heat ed at 80C under WRfor 24 hours The m xture was
cooled to roomtenperature, diluted with water and
extracted mnth dlchloronethane (5x) The 30 conblned

o, M 1
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MHz, CDCl13) 8 ppm 7.22 (d"1=3.73 Hz, 1 H) 6.88 - 6.96

(rn, 2 H 6.59 (d, J=3.73 Hz, 1 H 6 50 - 6.68 (m 2
wo—&004/1011990 4. 22 (m 1 H 360- 369 (m 4 H BCHBS2007/062329

3.58 (m 1 H 3.17 - 327 (m 1 H 3.11 - 3.17 (m 4

consuﬁ%ecﬁ g%gng a%i%% {cﬂl‘mc}n Wh%nﬁw&(f?% ;\Ja(s C(iﬂ}_@(ﬁ)w_w(l \/{E\’I) E‘lbé@%éi mi,
94 mrBdha é@ilwammganmmedger el Phe snerewaadUsted to pH
9.0 +5 et ot Nagk G BFEni h6 Sagtieeires St Bl helrabn,

filtere@’ th?\'erWétr}?aIJe' WhEWaeRER %Wate?%%&i rfEd P RN Dleh Bit

Exainple Sta[ting. Reaction naccdure RosuEri nz
about 50 ¢ tcnpndwdé tHeMiRlecacmmvBndvEt 40 gl 88.9%X2npi ¢ 51
Product Or ..8..xanmpk 7C. and 1(2- Exanple
Example 41H
2-[4'-(3aR . 6aR)-(5-Methythexahydropyrrolo[3,4-blpyrrol-1(2H)-y)-1,1"-biphenyl-4-
yllpyridazin-3(2H)-one L-tartrate

A solution of 3.45 g of L- tartaric acid (1.07 eq.) in 56 g of water was added
to a flask containing a slurry of 8.00 g of the product of Example 41G in anhydrous
ethanol (44 g). The mixture was heated under reflux and after 30 minutes most
solids had dissolved. The mixture was cooled at § °C per hour to 60 °C, and then
allowed to cool to ambient temperature overnight. After cooling the mixture to —15
°C the product slurry was filtered and dried at 45-50 °C overnight to provide the
title compound (10.64 g, 94.8%).

Example 42
(3aR.6aR)-5-methyl-1-(4'-pyrimidin-5-yi-1, 1'-biphenyl-4-yloctahydropyrrolof3.4-

blpyrrole
The title compound was prepared according to the procedure described in

Example 7D, substituting the product of Example 41A for the product of Example
7C and substituting pyrimidine-5-borenic acid for 4-cyanophenylboronic acid. H
NMR (300 Mz, CDClz) 8 ppm 9.19 (s, 1 H) 8.99 (s, 2 H) 7.62 - 7.74 (m, 4 H) 7.52
-7.58 (m,2H)6.63-6.70 (m, 2H)4.20-4.31(m, 1 H) 3.55-3.67 (m, 1 H)3.30 -
342 (m,1H)2.99-3.14(m, 1 H)2.60-2.84(m,4H)242(s,3H)2.16 -2.26 (m,
1 H) 1.95 - 2.05 (m, 1 H); MS (M+H)"= 357.

The following compounds and Examples were made according to the
procedures outlined in Example 42, with the exception that different reagents were
substituted to obtain the titled compounds.
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(3aR, 6al14)-5- inethyl-144- (4-pyriclin-2- ylpiperaziu-

yl ) phenyl ] o[ A ahydropyrrol NMR (300 Mz, CD C 1;) 5
w@pordoi@Jo - 8 25 Om1 11), 7 44 - 7 54 (| n 1 PQ/1S2007/062329
6.87- 7.01 (in 211), 6.60 - 6 73 (in. ), 6.49 - 6
3 48 4.10 (in, | H), 364- 76 (m 4
Table%DE("Lé‘H‘ﬂg‘;%s 56 (in, 1 H. 318 - 325 (m_1 -) 31
Example3. 19Stamine 4 ]_-Rtgultmg_ o7 - 3 04 AR and MS pYi
idin ]_’M_atet'ial o] simpeurd ne 01.3,4- (in_ 1 H) ? 50
Example 43 7 @radpgsof 44"Hi3aR, 6aR30! {HGNMR (300 MHz, CDCl3) 8 ppm 7827 91 (m,
Example 5- 2H), 747 -7 68 (m, 8 H), 6 61 - 670 (m, 2 H), 4.20
41A and | methylhexahy | -4 33 (m, 1 H), 3.53 -3 66 (m,] H), 3.28 - 3.43 (m,
3- dropyrrolo[3,4 | 1 H),300-3.19 (m, 1 H), 261 - 2.91 (m, 4 H), 244
cyanophe blpyrrol- | (5,3 H),2.15-228 (m, 1 H), 203 (d, 1 H); MS
nylboronj HZH)-yI- | (M+H)"= 380.
¢ acid 1,141
terphenyl-3-
carbonitrile
Example 44 | Productof | (3aR.,6aR)-1- | 'H NMR (300 MHz, CDCl3) 8 ppm 8.43 (dd,
Example [4-(6- J=18.14, 254 Hz, 1 H), 792 -8 04 (m, 1 H), 733 -
41Aand | fluoropyridin- | 771 (m, 6 H), 6.97 - 7.09 (m, 1 H), 6 62 - 6.68 (m, 2
2- 3y-L0- 1 H), 418 -4.31 (m, 1 H),3.54-3 67 (m, 1 H),3.26-
fluoropyri { biphenyl-4-yl]- | 341 (m, 1 H), 296 - 3.16 (m, 1 H), 2.56 - 2.89 (m,
dine-5- 5- 4H),243 (s, 3H),212-227(m, 1 H), 1.95-207
boronic methyloctahyd (m, 1 H); MS (M+H)"= 374
acid ropyrrelof3,4-
blpyrtole
Example 45 | Productof | (3aR,6aR)-1- | '"H NMR (300 MHz, CDCl3) 8 ppm 7 28 - 7.85 {m,
Example [4-(2.6- 7H),7.02-707(m, 1H),659-668(m,2H), 415
41A and | dimethylpyridi | -4 28 (m, 1 H), 3.54 - 3.65 (m, 1 H), 3 30-3.36 (m, 1
2,6 n-3-yD-1L,1'- 1 H),295-3.09 (m, 1 H), 2 51-2.59 (4,3 H),2.57 (6,
dimethylp | biphenyl-4-yl]- | 3H), 248 (5,3 H), 2.13-223 (m, 1 H), 194 - 208
yridine-3- 5- (m, 1 H); MS (M+H)"= 384,
boronic methyloctahyd
acid ropyrrolo{3,4-
pinacol b]pyrrole
ester
Example 46 | Productof | (3aR,6aR)-1- | 'H NMR (300 MHz, CDCl3) 8 ppm 8.68 (s, 1 H),
Example [4-(6- 8.52(d, J=475 Hz, 1 H), 7 33-7.72 (m, 6H), 6.61 -
41A and | chloropyridin- | 6.69 (m, 3H),4 17-434 (m, 1 H),354-368(m, 1
2- 3yD-L1- 1 H),328-341(m, 1 H),295-317(m, 1 H),2.54 -
chloropyri | biphenyl-4-yl]- | 2.82 (m, 4 H), 241 (5, 3H),2.16 - 2.27 (m, I H),
dine-5- 5- 1.90 - 205 (m, 1 H); MS (M+H)"= 390.
boronic i methyloctahyd
acid ropyrrolof3,4-
bipymrole
Example 47 | Product of | 4™[(3aR,6aR)- | 'H NMR (300 MHz, CIDCI3) 8 ppm 7.72 (s, 4 H),
Example 5- 7.59 -7 69 (m, 4 H), 7.54 (d, J=8 81 Hz, 2 H), 6.66
41A and | methylhexaby | (4, J=8 .81 Hz, 2 H), 4 20 - 4.30 (m, 1 1), 352 - 3.66
4- dropyrrolo[3,4 | (m, 1 H),3.29-343 (m, 1 H),297-3.14 (m, 1 I,
cyanophe blpymol- | 259-2.84 (m, 4 H), 242 (s,3H),212-227(m,
nylboroni 1ZH)-YIF | HY, 193-206 (m, 1 H); MS (M+H)"= 380
¢ acid 1,1%4 1
terphenyl-4-
carbonitrile

Example 48

6-(4-{4-[(3aR BaR)-5-methylhexahydropyrroloj3,4-bjpyrrol-1(2H)-

vilphenylipiperazin-1-ylinicotinonitrile
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19] pyrrok 3 H, 209 - 2 20 fin, 1 H) 184 - 1096

(in, I H; M (14-FH)1l.= 364. Exanple 32 Product of
weEx@m@pego (3aR, 6all. )-5- "Il NVR (300 MHz, CDC*Gl/8SHPLe62329

Exa: npl e 4813 nethyl-]- g 15 (d,49 Hz, 2 H), 719 -724

.1=9 7C. and O0-14- (in, 2 H), 6.85 (d, 1=9 49 Hz, 2

, 1( 4-
g ( Example 48A
6-Piperazin-1-yl-nicotinonitrile

B-Chloronicotinonitrile (500 mg, 3.61 mmole) and piperazine (930 mg, 10.8
mmole) were dissolved in 20 m! of acetonitrile and heated at 60 °C under N for 5
hours. The mixture was cooled to room temperature, diluted with water and
extracted with dichloromethane (5x). The combined organics were dried over
sodium sulfate, filtered, and concentrated to provide the title compound. 'H NMR
(300 MHz, CDCl3) 8 8.40 (d, J=1.70 Hz, 1 H) 7.60 (dd, J=8.81, 2.37 Hz, 1 H) 6.59
(d, J=8.48 Hz, 1 H) 3.57 - 3.75 (m, 4 H) 2.91 - 3.05 (m, 4 H); MS (M+H)"= 189.

Example 488
(3aR, 8aR)-6-{4-[4-(5-Methyl-hexahydro-pyrrolo[3.4-blpyrrol-1-yh-phenyli-

piperazin-1-yl}-nicotinonitrile

The product of Example 7C (281.2 mg, 1.0 mmole), the product of Example
48A (226 mg, 1.2 mmole), tris(dibenzylideneacetone)dipailadium (18.3 mg, 0.02
mmole), racemic-2,2"-bis(diphenylphosphino)-1,1"-binaphthyl (25.0 mg, 0.04
mmole) and sodium tert-butoxide (145 mg, 1.5 mmole) were dissolved in 5 ml of
toluene and heated at 70 °C under Nofor 24 hours. The mixture was cooled to
room temperature, diluted with water and extracted with dichloromethane (5x).
The combined organics were dried over sodium sulfate, filtered, and concentrated
under reduced pressure and purified by chromatography (eluting with a mixture of
5% methanol in dichloromethane) to provide the title compound. 'H NMR (300
MHz, CDCIl3) 6 ppm 843 (d, J=1.70 Hz, 1 H) 7.62 (dd, J=8.98, 2.20 Hz, 1 H) 6.92
(d, J=8.81 Hz, 2 H) 6.64 (d, J=9.15 Hz, 1 H) 8.56 (d, J=9.15 Hz, 2 H) 4.01 - 4,15
(m, 1H)3.79-3.88(m,4H)3.45-355(m, 1 H)3.14-3.23 (m, 1 H)3.08 - 3.14
(m,4H)2.97-3.04 (m, 1 H}255-275(m, 4 H)2.36 (s, 3 H) 2.09-2.22 (m, 1 H)
1.92 (m, 1 H); MS (M+H)'=389.

Example 49
(3aR,6aR)-1-{4-[4-(6-chloropyridazin-3-vl)piperazin-1-vllphenyi}-5-

methvloctahydropyrrolo[3.4-blpyrrole
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ni t TophenYE) 6 56 (cl1,1=8 48 Hz, 2 H), 4.124 31
nitrophen piperazia-1- (m I H, 353 362 (rn, 4
wao0073009% - vl bteraz )11PhEAY110C 3 54 (rn, | PGI/US2087062329

- 338(n-i 1 H, inc NI 1YdrPrro 314 - 3 22 (m
4 14), 2 95 - 3 09 ern, [43,4- H, 258 _ 280 (m
4 H, 2.49 (s, 3 H), b] pyrinle 7. 2 22 (m | 1-1),

193 -206 (rn, 1
Example 48A
(3aR, 6aR)-1-{4-[4-(5-Methyl-hexahydro-pyrrolo[3 4-blpyrrol-1-yl}-phenyl]-

piperazin-1-yi}-ethanone

The product of Example 7C (500 mg, 1.78 mmole), 1-acetylpiperazine (274
mg, 2.13 mmole), tris(dibenzylideneacetone)dipalladium (32.6 mg, 0.036 mmole),
(n-(+)-2,2'-bis(diphenylphosphino)-1,1-binaphthylwere (44.3 mg, 0.071 mmole),
sodium tert-butoxide (256 mg, 2.67 mmole) and 5 ml of toluene were mixed under
N in a Emrys process vial. The vial was sealed, then heated in the microwave for
20 minutes at 150°C, using the Emrys Creator microwave reactor. The mixture
was diluted with water and extracted with dichloromethane (4x). The combined
organic layers were washed with brine, dried over sodium sulfate, filtered,
concentrated under reduced pressure and purified by column chromatography
(eluting with a mixture of 10% methanol and 1% ammonium hydroxide in
dichloromethane) to provide the title compound. 'H NMR (300 MHz, CDCl3) 8
ppm 6.87 -6.91 (m, 2 H) 6.563 - 6.60 (m, 2 H)4.06 - 4.07 (m, 1 H) 3.73-3.79 (m, 2
H)3.57 -3.63 (m, 2 H)3.46 - 3.54 (m, 1 H) 3.12-3.20 (m, 1 H} 2.96 - 3.03 (m, 4
H)2.56-2.71 (m,5H)2.34 (s,3H)2.14-2.18 (m, 1 H)2.13 (s, 3 H) 1.87 - 1.97
(m, 1 H). MS: (M+H)"= 329,

Example 46B
(3aR, 6aR)-5-Methyl-1-(4-piperazin-1-yl-phenyl)-octahydro-pyrrolo[3.4-blpyrroie

The product of Example 49A (300 mg, 0.91 mmole) was dissolved in 6 mi
of 2N hydrochloric acid and 3 ml of methanol! and stirred at 60 °C for 3 hours. The
mixture was concentrated to dryness under reduced pressure, diluted with water
and extracted with dichloromethane {4x). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated under reduced pressure and
purified by column chromatography (eluting with a mixture of 10% methanol and
1% ammonium hydroxide in dichloromethane) to provide the title compound. 'H
NMR (300 MHz, CDCl3} 8 ppm 6.84 - 6.94 {m, 2 H) 6.53 - 6.60 (m, 2 H) 4.00 -
4.07 (m, 1H)3.44-3.51 (m, 1H)3.11-3.20{(m, 1 H)2.99 -3.09 (m, 9 H) 2.88 -

-95-



10

i5

20

25

30

[-1): M5 (MFH .= 407. Exanmul e 53 hoduct of Exanpic
24414- 1H NWMR (300 MHz, CDCI3) 6 Pfml Exanple 488
wWELe3aeo%nR) . .. 746 - 7.6/ (n-i,1 H), 7 167 25P¢MUSE07/062329
70 and H, 6 99 - 7 08 (n-i, 1 H, 6.91 - 6 97 1(2-
2.96 (gfe: 1h%g§eladad( /B9 68, K54 B8z69 H)t2.48 =2 RP(nhiz2 HY 2B 1 (£.358)
r e

2.09-2.19 (m, TH) 1.89 (m, 1 H). MS: (M+H)*= 287.

Example 49C
{3aR, 6aR)-1-{4-[4-(6-Chloro-pyridazin-3-vl)-piperazin- 1-yll-phenyl}-5-methyl-

octahydro-pyrrolof3.4-blpyrrole

The product of Example 49B (30 mg, 0.105 mmole), 3, 6-dichloropyridazine
(18.8 mg, 0.126 mmole), and triethylamine (45 ml, 0.036 mmole) were dissolved
in 1 ml of acetonitrile and heated at 60 °C under N for 24 hours. The mixture was
cooled to room temperature, quenched with water and extracted with
dichloromethane (5x). The combined organics were dried over sodium sulfate,
filtered and concentrated under reduced pressure and purified by chromatography
(eluting with a mixture of 0.5% ammonium hydroxide and 5% methanol in
dichloromethane) to provide the title compound. 'H NMR (300 MMz, CDCl3) 8
ppm 7.24 (s, 1 H)7.21 (s, 1 H)6.91 - 6.96 (m, 2 H) 6.53 - 6.58 (m, 2 H) 4.13-4.21
(m, 1H)3.72-3.83(m,4H)3.50-3.61(m, 1H}3.36-3.45(m, 1 H)3.11-3.19
(m, 4 H)2.99-3.08 (m, 1H)2.60-2.80(m,4H)246(s,3H)2.13-2.23 (m, 1 H)
1.89 - 2.04 (m, 1 H); MS: (M+H)"=399.

Example 50
(3aR,6aR)-5-methyl-1-{4-[4-(1,3-thiazol-2-yl)piperazin-1-
yllphenyltoctahydropyrrolo[3.4-blpyrrole
The product of Example 49B (50 mg, 0.175 mmole}, 2-bromothiazole (35
mg, 0.21 mmole), tris(dibenzylideneacetone)dipalladium (3.2 mg, 0.0035 mmole),

racemic-2,2'-bis{diphenylphosphino)-1,1"-binaphthyl (4.4 mg, 0.007 mmole} and
sodium tert-butoxide (25.2 mg, 1.5 mmole) were dissolved in 1 ml of toluene and
heated at 80 °C under N, for 24 hours. The mixture was cooled to room
temperature, diluted with water and extracted with dichloromethane (5x). The
combined organics were dried over sodium sulfate, filtered, concentrated under
reduced pressure and was purified by chromatography (eluting with a mixture of
5% methanol in dichloromethane) to provide the title compound. *H NMR (300

-06-



ydropyrioloi (d, 3=7 46 Hz, 2 H, 4 013 - 4 14 (in, |

3.4 -b]pyitol- H, 347 - 3 54 (m 111), 3 34 - 3.42
waeo/109®@H) . (in, 4 11), 322 - 3.28 (in, 4 HPCBLR07/062329
321 (m 1 H, 287.296 (in, 111), per azin-1- 2
MHz, €DC1: 26 pem(7.22 (&, 1=3)3 @2,417H?36%8516“©6r(m,-23H%6.59 (d, J=3.73
| )bori zoni ti i E? 229 - 2.3 g{m 3 H, 209 - 221
Hz, 110'6.50 - 6.58 (m, 2 H) 4.06 - 4.22 (m, 1 H) 3.60 - 3.69 (m, 4 H) 3.48 - 3.58

(m, 1H)3.17-327 (m, 1 H)3.11-3.17 (m, 4 H)2.95-3.07 (m, 1 H) 2.61-2.71

(m, 4 H)2.41 (s, 3 H)2.10 - 2.22 (m, 1 H) 1.93-1.97 (m, 1 H); MS (M+H)"= 370.
The following compounds and Examples were made according to the

procedures outlined above with the exception that different reagents were

substituted to obtain the titled compounds.

Table 4: Examples 51-66.

Example Starting Reaction Resulting NMR and MS
Material procedure compound
Example 51 | Product of Example (3aR,6aR)-5- | "M NMR (300 MHz, CDCl3) 8 ppm
Exaniple 488 methyl-1-{4- 1 817-825(m, 1 H), 744 - 754 (m, |
7C and (4-pyridin-2- | H), 6.87- 701 (m, 2 H), 6.60 - 6.73
12 ylpiperazin- | (m, 2 H), 6.49 - 6 60 (m, 2 H), 3.98 -
pyridinyl) I- 410 (m, 1 H), 3.64 - 376 (m, 4 H),
piperazine ylphenylJoct | 344 -3 56 (m, 1 H), 3 18-325 (m, 1
ahydropyrrol | H), 310-3.19 (m, 4 H), 297 - 304
o3,4- (m, 1 H), 2.30 - 270 (m, 4 H), 2.32 (s,
blpyrrole | 31),209-220(m, 1 H)184-196
{(m, 1 H); MS (M+H)"= 364.
Example 32 | Product of Example (3aR,6aR)-5- | 'H NMR (300 MHz, CDCl3) 8 ppm
Example 481 methyl-1-{4- | § 15 (d, =9 49 Hz, 2 H), 7.19 - 7.24
7C and [4-(4- (m, 2 H), 6.88 (d, 1=9.49 Hz, 2 H),
1(4- nitrophenyl} | 656 (d, 1=8 48 Hz, 2 H), 4.12 - 4.31
nitrophen piperazin-1- | (m 1 H), 3 53 - 3.62 (m, 4 H), 346 -
yl)piperaz yllphenyl}oc | 354 (m, 1 H), 3.24 - 338 (m, 1 H),
ine tahiydropyrro | 3 14-3.22 (m, 4 H), 296 - 3.09 (m, 1
lo[3,4- H), 258 - 2.80 (m, 4 H), 2.49 (s, 3 H),
blpyrmole | 2.11-2.22(m, 1 H), 193 -206(m, 1
H); MS (M-+H)"= 407.
Example 53 | Product of Example 2-(4-{4- '"H NMR (300 MHz, CDCl3) 8 ppm
Example 488 {(3aR,6aR}- | 746761 (m, 1 H),7.16-725(m, 2
7C and 5- H),699-7.08(m, 1 H), 691 -697
12- methylhexah | (m, 1 H), 6.69 (t, J=7 29 Hz, 1 H), 6.58
cvanophe ydropyrrolof | (d, ]=7.46 Hz, 2 H), 4 08 - 4 14 (i, 1
nvlpipera 34-blpyrrol- | H), 347 - 3.54 (m, 1 H), 3.34 - 3.42
zine 1{ZH})- (m, 4 H),322-328(m, 4H),313-
yllphenyl}pi | 321 (m, 1 H), 2.87 - 296 (m, 1 H),
perazin-1- | 264.273 (m, 1 H), 247 - 261 (m, 3
yhbenzonitri | ), 2 29 - 2.33 (m, 3 H), 209 - 2.21
le (m, 1 H), 1.86 - 1.98 (m, | H); MS
(M+H)"= 388.
Example 54 | Product of Example (3aR,6aR)-5- | 'H NMR (300 MHz, CDCl3) § ppm
Example 49C methyl-1-[4- | g 38 (d, J=6.44 Hz, 2 H), 6 89 - 6.96
49B and (4-pyridin-4- | (m, 2 H), 6 73 (d, 1=6 44 Hz, 2 H),
4- ylpiperazin- | 6 57 (d, }=8 82 Hz, 2 H), 4 03 - 4.19
chloropyri I- {(m, 1 H), 3.60 - 3.69 (m, 1 H), 3.47 -
dine yhphenylloct | 3,56 (m, 4 H), 3 36 - 345 (m, 1 H),
hydrochlo ahydropyrrol | 311-321 (m, 4 H),301-310(m, 1
ride of3,4- H),256- 277 (m, 4 H), 239 (s, 3 H),
blpyrrole | 212.2.19 (m, 1 H), 1.86 - 2.00 (m, 1

97-
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Exanpl e 54 Product of Exan7216 (3aR, 6aR)-5-

H),

1.86 - 1.98 (in, H; M

(M H)= 388.
LH NMR

W@ 3001090 , CDC13) 3 ppm Exanul e 49C r ner¢yUSD7062329
5.28(d, 3=6.44 Hz, 2 10, 6 59 - 6.96 4913 and
(A=pyridin-4F (U1, QI-1), 073 {ohis taenfdsed. 172, 2 H),

Examiffe 55 | Productof | Example (3aR,6aR)-5- | 'H NMR (300 MHz, CDCl3) & ppm
Exanple 49C methyl-1-{4- | 7.10(d, }=9.16 Hz, 1 H), 6.94 (d,

498 and [4-(6- J=8 82 Hz, 2 H), 6 90 (d, =949 Hz, 1
3-chloro- methylpyrida | 1), 6.57 (d, }=0 16 Hz, 2 H), 3.99 -
6- zin-3- 410 (m, 1 H),372-380(m, 4 H),
methylpyr yhpiperazin- | 344 .3 56 (m, 1 H), 311 -3 22 (m, 4
idazine 1- H), 3.01 - 3.09 (m, 1 ), 2.85-297
yilphenyljoc | (m, 1 H), 2.65 - 274 (m, 1 H), 2.56 (s,
tahydropyrio | 3 H), 251262 (m, 3 H), 2.33 (5, 3
lo[3,4- H),207-222(m, 1 H),182-200
blpymrole | (m, 1 H); MS (M+H)"= 379,

Example 50 | Product of Example (3aR,6aR)-5- | '"H NMR (300 MHz, CDCl3) 6 ppm
Example 49C methyl-1-{4- | 8 19 (d, =1 36 Hz, 1 H), 8.08 (dd,
49B and (4-pyrazin-2- | [=271,1 70 Hz, 1 H), 7 87 (d, J=2.71

2- ylpiperazin- | Hz 1 H), 695 (d, J=8.81 Hz, 2 H),
iodppyrazi - 6.55 (d, J=8 81 Hz, 2 H),4.13-4.29
ne yhphenylJoct | (m, 1 1), 3 70 - 3 81 (m, 4 H), 3.52-
ahydropyrrol | 358 (m, 1 H), 3.21-330(m, 1 H),
o[3,4- 311-320(m, 4 H),300-311(m, 1
blpyrrole | H), 2.38 - 2 .83 (m, 4 H), 2 54 (s, 3 H),
212-222(m, 1 H),192-204 (m, 1
H): MS (M+H)"'= 365.

Example 57 | Product of Example (3aR,6aR)-5- | 'H NMR (300 MHz, CDCIl;) 8 ppm
Example 49C methyl-1-{4- | 8 33 (d, I=4 75 Hz, 2 H), 6.91 - 6 96
498 and (4- (m, 2 H), 6 53 - 6 58 (m, 2 H), 6. 50 (t,

2 pyrimidin-2- | J=4 75 Hz, 1 H), 4.06 - 4 16 (m, 1 H),
chloropyri yipiperazin- | 303400 (m, 4 H), 347 -3 57 (m, 1
midine - H),314-327(m 1 H),306-312
yljphenyloct { (m, 4 H), 295 -3.05 (m, 1 H), 2.56 -
ahydropyriol | 2 78 (m, 4 H), 240 (s, 3 H), 2.08-223
o[3,4- (m,1H), 188-200(m, 1 H; MS
blpyrrole | (M+H)'= 365.

Example 58 | Productof | Example 4-(4-{4- 'H NMR (300 MHz, CDCl3) 8 ppm

Example 49C [(3aR,6aR)- | 752 (d, J=8 82 Hz, 2 H), 694 (d,
498 and 5- J=6.44 Hz, 2 H), 6 91 (d, J=6 44 Hz, 2
4- methylhexah | 1), 656 (d, =8 82 Hz, 1 H), 411 -
bromoben ydropyrrolo | 425 (m, 1 H), 352 -3.62 (m, I H),
zonitrile 34-blpyrrol- | 343-351 (m, 4 H), 3.21-3 30 (m, 1
1(2H)- H), 3.13-3 21 (m, 4 H), 3 00-3 05 (m,
yllphenyl}pi | 1 H), 2.56-2 77 (m, 4 H), 243 - 2.49
perazin-1- 1 (g 3H),211-222(m, 1 H), 191 -
yl)be?zmlitri 203 (m, 1 H); MS (M-+H)"= 388
e

Example 59 | Product of | Example 50 | (3aR.6aR)-1- | *H NMR (300 MHz, CDCl3) 8 ppm
Exanmple {4-[4-(5- | 820 (s, 2 H), 691 -6.97 (m, 2 H), 6.53
498 and ethylpytimid | . 6 59 (m, 2 H), 4.02-4.17 (m, 1 H),
2-chloro- in-2- 389 - 398 (m, 4 H), 3 50-3.55 (m, 1

5= yhpiperazin- | H), 3 15-3 24 (m, 1 H), 306-3 13
ethylpyri 1- (m, 4 H), 2.89 - 303 {m, 1 H), 255 -
midine yllphenyl}~ | 274 (m, 4 H), 248 (q, J=7.57 Hz, 2
3- H),234-240(s, 3H), 2.11-2.21 (m,
methyloctah | 1 H), 1.86-199 (m, 1 H), 1 20 (1,
ydropyrrolol | 1=7 63 Hz, 3 H); MS (M+H)'= 393.
3,4-blpyrrole

Example 60 | Product of | Example 50 | {3aR,6aR}-5- | 'TH NMR (300 MHz, CDCly 8 ppm

Example methyl-1-[4- | 8 72 (s, 1 H), 8.42 (s, 2 H), 6.85 - 7.00

-08-




yl pi perazin6.57 (d, J=S .82 Hz, 2 H, 4 03 - 4.19
cliloonyri t -(in, I 1-1), 3.60 - 3.69 (in, 1 H),
wW@2007/10099@i ne yl ) phenyflact3.56 (rn, 4 H), 3 BBI/USBIAE62329
(in, 1 H, Iliardrochio ahydropyrrol 3.11 - 3 21
(T4 B ane- PL - 3. 10 (M- T1 d8m, 2 1), 6 66+-3% 62-() 2 H)24 BO- -
2 77|(1ms. 4 H, 2 39 |(gpimBidd-,| 412 (m, 1 H),347-358 (m, 1 H),
bromopyri ylpiperazin- | 337-345(m, 411),3 15-3 26 (m, 4
midine - H),305-3.12(m, 1 H),290-302
yDphenyljoct | (m, T H), 2 65 (m, 4 H), 2.36 (s, 3 H),
ahydropyrrol | 2.11-2.21 (m, 1 H), 1.85-200 (m, !
of3,4- H); MS (M+H)"= 365
blpyrole

Exampie 61 Product of | Example 50 1 (3aR. 6aR)- | 'H NMR (300 MHz, CDCl3) & ppm
Example 2:-{4-[4-(3- | 8.36(dd, J=4.75,2.03 Hz, 1 H), 7 78
49B and Methvl- | (dd, J=7 80, 2.03 Hz, 1 H), 690 - 6.96

2 hexahydro- | (m, 2 H), 6.76 (dd, 1=7 46, 4.75 Hz, |
chlotonico pyrrolo[3.4- | H), 6.53 - 6.59 (m, 2 H), 4.09 - 4.20
tinonitrile blpyrrol-I- | (m, 1 H), 3.85 - 392 (m, 4 H), 3 49-

yl-phenyll- | 3.53 (m, 1 H), 3.21-325(m, 1 H),
piperazin-1- | 3.15.323 (m, 4 H), 299-3.05 (m, 1
vz H), 2 55 - 2.80 (m, 4 H), 2 40 - 245 (s,
nicotinonitil | 3 1), 209-2.23 (m, 1 H), 1 88 -2.01
e (m, 1 H); MS (M+H)'= 389.

Example 62 | Productof | Example 7C | (3aR,6aR)-1- | *H NMR (300 MHz, CDCl3) & ppm
Example (4- 7.22-730 (m, 3 H),7.12-720(m, 2
7B and 4- benzylphenyl | H), 705 (d, =8 48 Hz, 2 H), 643 -
bromedip )-3- 656 (m, 2H),4.17-4.25 (m, 1 H),
henylmeth methyloctah | 389 (s, 2 H),346-357 (m, 1 H), 322

ane ydropyrrolo[ | - 334 (m, 1 H), 3.01 - 3.15 (m, 2 H),

3, 4-blpyrrole

2.89-300(m, 1 H), 273 (m, 2 H),
2.50(s, 3H), 2.08 -2 24 {m, 1 H), 1.89
-1.99 (m, 1 H): MS (M+H)"= 293.

Example 63 | Productof | Example 7C | {3aR,6aR)-5- | 'Hl NMR (300 MHz, CDCl3) § ppm
Example methy-1-(4- | 725-731 (m, 2H),687-705(m, 5
1B and4- phenoxyphen | H), 6.51-6.61 (m, 2 H), 403 -4 14
bromobip yhoctahydro | (m, 1 H),345-356(m, 1 H),3.15-
henylether pyrrolof3.4- | 326 (m, 1 H), 290 - 300 (m, I H),
blpyrrole | 269 -2.76 (m, 1 H), 2.50 - 2.63 (m, 3
H),234(s,3H),213-2.22(m, 1 H),
1.85 - 2.00 (m, 1 H); MS (M+H)"=
295.
Example 64 | Product of | Example 7C 1-{4- "M NMR (CDCl3) & ppm 793 (d,
Example [(3aR,6aR)- | J=8 82 Hz, 2 H), 7.20 - 7.34 (m, 5 H),
7B and 3- 6.50 (d, 1=9.16 Hz, 2 H), 4 .31 -4 .47
benzyl-4- methylhexah | (m, 1 H), 4.19 (s, 2H),3.55-3.67 (m,
bromophe ydropyrrolof | 1 H),339-352(m, 1 H), 3.09-3 28
nvlketone 3.4-bipymrol- | (m, 1 H), 2 44~ 2.89 (m, 4 H), 2.15 -
1{(2H)- 227(m, 1 H), 209 (s, 3H), 194 -2.06
yE]pifnyl}- (m, 1 H); MS (M+H)"= 321
phenylethano
ne
Example 65 | Product of Example (3aR,6aR)-1- | ' NMR (300 MHz, CDCls) 8 ppm
Example 49C [4-(4- 732-7.39(m, 2H),689-698(m, 2
498 and bromopheno | H), 6.75 - 6 84 (m, 2 H), 6.50 - 6.58
4- xy)phenyl]- | (m, 2 H), 4.14-4 20(m, 1 H), 348 -
bromophe 5- 3.61 (m, 1 H), 3 24-3 30(m, 1 1), 2.99
nylether methyloctab | -3 14 (m, 1 H), 2.62 - 2 86 (m, 4 H},
ydropyrolo[ | 2.45 (s, 3H),213-223(m, 1 H), 1.91
3,4-blpymole | _2.02 (m, 1 H); MS (M+H)'= 373/375,
Example 66 | Product of | Example 7D 4'-{4- 'H NMR (300 MHz, CDCl3) 6 ppm
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hdpyrrolc2.12 - 2.191512), 1.862.00 (rn, 1 FI): M5
(MtHr- 364. 'H NTNIR pon MHz, CDC12.) 5 ppm 7.10 (d,
wQ@z®71@9 z, 1 11), 6.94{d, 1=8 82 1-17, 2 |f)pPCBUIMM07/062329
(d, 1=9 49 1-17, ! H), 6.57 (d,1-9 1611z, 2 11), 3 99

Udatble 1] 11), 31 t(3a$18(HR)(n¥l76h H70 (o3 2498, 7473 786 (K, BN,
I )}, 653dd4--| 3 22 (m| 4 H)-, 3.10d), B30 30w, 2 H)| §§9-2.985 -
7 |(dymoplt f1-1), 2. 65methyBic¥zh |((m, 2 8),617) ;6.2 (5, {8), 632 -
-), |2whéo@ 62 On, 3 (1ddopyiReld3 ((557(H132$-l)402~‘012 (m, )22
(a | |IBac 82 - 2 00 f?‘hb}pﬂ?ql-l 347!\7’85é[\w11+1i)=_3 1§7926 (m, By

i
11
29
1

NVR (300 M|, CDC13) %0 301 2176
11). /S OR (dd, 1=2 71 Y‘]f’f‘?@i‘yhz (@ lé”?l
Hz, H), 695 [d, 1-=8. 8%1E'2

P 6
117, [2'1-1),[4.13 - 429 wdﬁl,g, 9%5
H5—352=3 58 (m—t11); JLJ.-JJU\II]J.I-J.) 311

320 (m 4H, 3.00- 311 (m H, 2.58 2.83 (nn, 4
H, 2 54 (s, 311), 2 12 - 2 22 (rn, H, 192 - 2 04 On,

1 M5 (Mr1-1)1= 361 (3aR 6aE; -5- tnerhyl-1 (4-
pyrl m dM 2- yI pi per az i enyl ]ocr aliythopynol
\ . ,,g 13

58 (m 2 | I) 6 ﬁl@hénvl}(bhénvﬁmblﬁwarmnm ' 406 4 16 (m
3- A 1 T-
3Tha pradis] 3 Exampie P (35 560 383l %f»q%r%w@p%%aone
(110 rgig 0355 rg%dgé?and?ﬁ@thyigmﬁ% (200 p|41 '21)3 m%(ﬂ% \bére Gidsdivdd 1
ml of ee&tom’f’ttiiela)nd:h%Ed at 804¢C Elﬁlder No for 3 days The mlxture was

cooled to room temperature, diluted with water and extracted with

dichioromethane (5x). The combined organics were dried over sodium sulfate,
filtered, concentrated under reduced pressure and purified by chromatography
(eluting with a mixture of 5% methanol and 0.5% ammonium hydroxide in
dichloromethane) fo provide the title compound. 1H NMR (CDCl3) 6 ppm 7.93 (d,
J=8.82 Hz, 2 H)7.20 - 7.34 (m, 5 H) 6.50 (d, J=9.16 Hz, 2 H} 4.31 - 4.47 {m, 1 H)
419 (s,2H)3.55-3.67(m, 1H)3.39-352 (m,1H)3.09-3.28(m, 1H)2.44 -
2.89 (m, 4 HY2.15-2.27 (m, 1 H) 2.09 (s, 3 H) 1.84 - 2.06 (m, 1 H); MS (M+H)"=
307.

Example 68
4-1(3aR, 8aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-yllbenzonitrile
The title compound was prepared according to the procedure described in

Example 7C substituting 4-bromobenzonitrile for 1,4-dibromobenzene. 'H NMR
{CDCl3) 8 ppm 7.45 (d, J=8.81 Hz, 2 H) 6.51 (d, J=8.81 Hz, 2 H) 4.16 - 4.28 {m, 1
MH)347-3.62(m, 1H)3.31-344(m, 1H)295-313(m, 1 H)2.68-2.81(m, 2
H)2.55-2.67 (m,2H)2.36(s,3H)2.12-2.27 {m, 1 H) 1.93 - 2.09 (m, 1 H); MS
(M+H)"= 228.
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[.(3aR 6aR)- nethyl || exab ydropyno] o[ 3, 4-1Apyir of -
Y11141nmlY] I Pi perazin-I1- yl Then.7.o0nitri ExammJde 50

W@ 3nR168R) - 1- 04445- ¢ My Epyt imd in-2- yl)pP@QIEgion7/062329
1- yl I phenyl 5- nmethyloctall yclropyrrol oE s
3,4-b!'pyrrolc 11-1N 300 ., (TDC.13) 8 ppm 752
(d. 1=8.82 Hz, 211), 6 , J=6.441-17,, 2 H), 69!
(d, umnsaa,saa%}ﬂs-metﬁv@sxamdrep‘&:r@ra[&ﬁ-.bmvrml:1(&fi.l;l -
4.25 (in, 1 H, q 16 1I—R1 3.43- 3.51 (m 4
1-1), 3 21 - 3 30 RN 21 (m 4 1-).3

0%3 ggédlfdt'ﬂ}f Ex'é'}néalé 6%6(676 %15 A, @?nmélé)ha 60311!4%1‘ 20% 4@monia
in meﬂhan)ol wies sticed-inthae pmnc'em)f g R@my N}qi(el rla') 6

atmo%ﬁ{f‘aiﬁ} & ﬁ%lsé)’ge% Lf,!tlfgp ;e%a% %oéw%%pgga%re‘gfcgbé reci)lﬁ iy Q%%?Iygé\%vas
remo@éh‘ 83/ ﬁﬁra(tlﬁh thi)oug?; G@Lﬂ"@ AAd{the fiftrath roﬁc@f@trat@d Ldkrn,
1), 255 2.74 (rn, 4 A), 2.18

reduc@q pregsura Q"ha-{gasulgmg)oﬂ wagputified by flagh cgrqmgitoggagw (eluting

with aﬁ@%ﬁkur%n%»f 5]",'/9/@8(9 C}T%&)‘ rho} @@&g@‘ d?%Tgl)tl‘\_z%ne) %%%90\%@ tHes s

compbB8aR, GARIMB- IOL) § $Reh WHZ, ( dcma)z Ham H) 6.55 (d J 8.48 Hz, 2
n1011134-1-N-8. 72 11), ( H) ,

H) 4.0%- 416 (Mg @0@7771@((9@%)3%#/5@2@@?%0623)2@164:631%8 ame 1 H) 2.88
-3.04 (m, 1 H)2.63 - 2.74 (m, 2 H) 2.53 - 2.63 (m, 2 H) 2.34 (s, 3 H) 2.08 - 2.23
(m, 1 H) 1.86 - 2.05 (m, 1 H); MS (M+H)"= 232.

Example 70
3-({4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-
yllbenzyllamino)benzonitrile

The product of Example 69 (40 mg, 0.173 mmole), 3-bromaobenzonitrile (47
mg, 0.258 mmole), tris(dibenzylideneacetone)dipalladium (16 mg, 0.017 mmole),
racemic-2,2'-bis(diphenylphosphino)-1,1-binaphthyl (21 mg, 0.034 mmole) and
cesium carbonate (85 mg, 0.26 mmole) were dissolved in 1 ml of toluene and
heated at 100 °C under Nz for 48 hours. The mixture was cooled to room
temperature, diluted with water and exiracted with dichloromethane (3x). The
combined organics were dried over sodium sulfate, filtered, concentrated under
reduced pressure and purified by chromatography (eluting with a mixture of 2%
basic methanol in dichloromethane) to provide the title compound. 'H NMR
(CDCI3) 6 ppm 9.73 (s, 1 H) 7.72 (d, J=8.82 Hz, 2 H) 7.30 - 7.54 (m, 2 H) 7.14 -
7.22(m, 1 H)6.77 -6.88 (m, 1 H)6.56 (t, J=8.65 Hz, 2 H) 4.22 - 4.33 (m, 1 H)
419 (s,2H)3.36-3.64(m,2H)2.90-3.08(m,1H)2.66-2.79(m, 2 H)2.52 -
2.63(m, 2 H)2.32 (s, 3 H)2.09 - 2.26 (m, 1 H)1.87 - 2.04 (m, 1 H); MS (M+H)"=
333.
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(4- pylimdin-5- ylpiperazin- 1- yl)phenyll oct
ahydropyrrot of 3,4- *nule (3aB. 6aR)- (an, 7 14), 6
wG2007/1@9%2 (in. 2 H), 4 03 - 412 (m 1 H).3.47PcBUSBH07/062329

(m 1 H, 337- 345 (m 411), 315 - 3 26 (m 4 H),
3THe ﬁlowﬁg éamgﬁlm@is Iz, E)?an%]es werl@mbde acéorH)n t%ﬁtﬁe
(nE, 4 -2.21 (in, 1),

proceg@res czztm@éc( ahoquwth)the rescenmop bt difisgent FIBEMS(\@@@
, 1=4.75, 2.03 11z, 1 HO 78
subst ‘&86 *‘1%%*“%8@5)%8’“%&’;’896 90 6.06 (m 2 1, 6 76

Table(ﬂﬂdgxalﬁn;jb% 4.75 Hz, -0, 6 53 - 6.59 (rn, 211), 4
09 - 4 20 On_ 1 H) ’%R'%-QQ?(mAL 3 49- 3 .53

Examplgy | 1 Stortine [ Reactigpg  (Bgulinery | 3 15 - HMigandMS 4 H) 2

gog}gtl e’dur rA /|||\ 2 40
Examglﬁg} 3 rpxgut D *xrn e 7

Cl} S 2

. g
H) : . H)I C 35 15 3 43@ H 6241&1
E—xarr%mo g1 Product p 5[3, . np 05 415(m 11f|) 3‘% f%’
ethylpyrimid b]pyrrol—i(ZH) 3 35 (m 1 H), 341-3.65(m, 2 H),

ine yllbenzyljpyrimi | 3.13 - 3.29 (m, 1 H), 2.87 - 3.02 (m,
din-2-amine 1H),261-273(m, ] H),2.38-
2.59 (m, 3 H), 2.32 (s, 3H), 209 -
2.25 (m, 1 H), 1 86-2.03 (m, 1 H),
1.19 (t, I=7.46 Hz, 3 H),; MS
(M+H),"= 338,

Example 72
2-(5-{4-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-vllphenylipyridin-
2-yDpyridazin-3(ZH)}-one

Example 72A
tert-Butyl (3aR,6aR)-1-(4-bromophenyl)hexahydropyrrolo[3.4-bipyrrole-5(1H)-
carboxyiate
tert-Butyl (3aR,6aR)-hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate (1,
1.5 g, 7.0 mmol), 1,4-dibromobenzene (2.8 g, 20.4 mmol), Pdx(dba); (275 mg, 0.3
mmol), BINAP (375 mg, 0.6 mmol) and sodium fert-butoxide (1.93 g, 20.0 mmol)

were placed in glass microwave tubes and then purged three times with N, gas,

followed by the addition of toluene (45 mL). The mixture was heated to 140 °C for
15 minutes in a microwave reactor. The mixture was then cooled to room
temperature, was filtered, and the crude mixture was purified via chromatography
(SiO,, 0-25% ethyl acetate : hexanes) to provide the title compound. "H NMR
(300 MHz, CDCl3): 6 = 7.30 ppm {m, 2H), 7.39 (m, 2H), 4 11 (m, 1H), 3.57 (m

3H), 3.31 {m, 3H), 2.99 (m, 1H), 2.15 (m, 1H), 1.92 (m, 1H), 1.43 (s, 9H). MS
(ESI, M +1). 310.9.
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Example 72B

(3aR.6aR)-1-(4-Bromophenyl)-5-methyloctahydropyrrolo[3.4-blpyrrole

To a solution of (3aR,6aR)-tert-butyl 1-(4-
bromophenyl)hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate (1.86 g, 5.1 mmol)
in CH2Cl, (50 mL) at 23 °C was added TFA (8 mL) and the mixture was allowed to
stir for 2 hrs. The solvents were removed under vacuum and the residue was
taken up in MeOH (50 mL) followed by the addition of formaldehyde (37%, 3 mL.,
40 mmol) and NaBH3CN (950 mg, 15.1 mmol). The mixture was stirred at 23 °C
for 10 hours, concentrated under reduced pressure and the residue was dissolved
in CH.Clz (100 mL.), washed sequentially with water (2 X 50 mL), brine (1 X 30
mL), and dried over Na;SQ,, filtered and concentrated under reduced pressure.

The crude product mixture was purified via chromatography (8iO;, 0-10% MeOH
in CH>Cl) to provide the title compound. TH NMR (300 MHz, CDCl3): § = 7.28
ppm (m, 2H), 6.44 (m, 2H), 4.05 (m, 1H), 3.45 (m, 1H), 3.19 (m, 1H), 2.94 (m, 1H),
2.67 (m, 1H), 2.52 (m, 3H), 2.30 (s, 3H), 2.16 (m, 1H), 1.95 (m, 1H). MS (ESI, M
+1): 280.8.

Example 72C
(3aR.6aR)-5-Methyl-1-(4-(4,4,5,5-tetramethyl-1,3-dioxaborolan-2-yl)phenyijocta-
hydropyrrolo[3,4-blpyrrole

(3aR,6aR)-1-(4-Bromophenyl)-5-methyloctahydropyrrolo[3,4-b]pyrrole (1.0

g, 3.6 mmol), bis(pinacolato)diboron (4,4,4'.4',5,5,5",5-octamethyl-2,2'-bi(1,3,2-
dioxaborolane, (1.0 g, 3.9 mmol), Pd(dppf)Cly CH,Cl, (100 mg, 0.12 mmol) and
KOAc (1150 mg, 11.7 mmol) were placed in a sealed microwave reaction tube,
and purged three times with N, gas. Dioxane (20 mL) was added, and the mixture
was heated at 150 °C for 15 minutes. After cooling down to 23 °C, the mixture
was filtered, and solvent was removed under reduced pressure. The mixture was
then purified via chromatography (SiO;, 10-60% ethyl acetate in hexanes) to
provide the fitle compound. "H NMR (300 MHz, CDCl3): & = 7.67 ppm (m, 2H),
6.54 (m, 2H), 4.21 (m, 1H), 3.52 (m, 1H), 3.33 (m, 1H), 2.97 (m, 1H), 2.67 (m, 2H),
2.57 (m, 2H), 2.34 (br, 3H), 2.15 (m, 1H), 1.95 (m, 1H), 1.32 (s, 12H). MS (ESI|, M
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Qllernzin-1- Y!'.1 Incl21R19-417.11 e-' LEI
WORM07/1000800 MHz, CDC13) 3 ppm 7 22 - 7 30 (m BCFYS$2007/062329
7.12 - 720 (n, 2 11), 7 05 {d, 1=8 48 Hz, 2 H), 6 43
+1): 3206056 (m 2 H), 4.17 -4.25 (in, | I1), 3 89 (s, 2 H),
3 4& .3 57 (LH, 322 - 3.34 (m 111), 3.01- 3.15 (m
2 H, 2.89 - 3.00 (m 14), 273 (in, 2 11), 2.50 {s, 3

10, 2.08 -2.24 O, 1 g die89y 1.99 (i, | H; M
(M+lllc, 293. Exanple of Exanple 7c
2-(5-Bromopyridin-2-yDpyridazin-3{2H)-one and _2-(6-bromopyridin-3-yl)pyridazin-
3(2H)-one

3-Pyridazinone (300 mg, 3.1 mmol), 2,5-dibromopyridine (1.0 g, 4.2 mmol),
copper powder (200 mg, 3.1 mmol) and K,COj3 (1.29 g, 9.3 mmol) were placed in
a sealed microwave tube, and purged three times with N gas, followed by the
addition of pyridine (15 mL). The mixture was heated to 120 °C in a microwave
reactor for 40 minutes. The mixture was concentrated under reduced pressure
afterwhich the residue was taken up in CH,Cl/MeQOH, filtered and concentrated
under reduced pressure. The crude mixture was purified via chromatography
(8i02, 10-80% ethyl acetate in hexanes) to provide the title compounds.
2-(5-Bromopyridin-2-yl)pyridazin-3(2H)-one. 'H NMR (300 Mhz, CDCl3): 6 = 8.72
ppm (s(br), 1H), 7.99 (m, 2H), 7.68 (d(br), J = 8.4 Hz, 1H), 7.29 (dd (br), J = 8.4,
3.7 Hz, 1H), 7.07 (dd, J = 9.5, 1.7 Hz, 1H). MS (ESI, M +1): 2563.8.
2-(6-Bromopyridin-3-yl)pyridazin-3(2H)-one. 'H NMR (300 MHz, CDCl,): 5 = 8.76
ppm(d, J = 3.4 Hz, 1H), 7.98 (dd, J = 8.5, 2.7 Hz, 1H), 7.94 (dd, J = 2.7, 1.7 Hz,
1H), 7.59 (d, J = 8.4 Hz, 1H}, 7.29 (dd, J = 8.4, 3.4 Hz, 1H), 7.06 (dd, J=8.5, 1.7
Hz, 1H). MS (ESI, M +1): 253.8.

Example 72E
2-(5-(4-((3aR,6aS)-5-Methylhexahydropyrrolo[3,4-blpyrrol-1{2H)-yl)phenyl)pyri-
din-2-yl)pyridazin-3(2H)-one

(3aR,6aR)-5-Methyl-1-(4-(4,4,5,5-tetramethyl-1,3-dioxaborolan-2-
yl)phenylocta-hydro-pyrrolo[3,4-b]pyrrole (50 mg, 0.15 mmol), 2-(5-bromopyridin-
2-yl)pyridazin-3(2H)-one (42 mg, 0.17 mmol), Pd(PPh3),Cl> (11 mg, 0.01 mmol),
2-(dicyclohexylphosphino)biphenyl (5.6 mg, 0.016 mmol} and NayCO; (1M, 226
ul.) were placed in a microwave tube, purged with Ny and a mixture of solvents
(EtOH:dioxane = 1:1, 1 mlL.) was added. The mixture was heatedto 140 °Cin a

microwave reactor for 15 minutes, cooled to ambient temperature, was filtered,

and concentrated under reduced pressure. The residue was purified via
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ydropyrrolo[ 3,4-51priole Elffi rtI af 733 and 4-
W(bmﬂrmompﬂ henylrneth anc "1-1 N11E.PCRU$200062329
MHz, CD(13) 3 ppm7 25 - 7 31 (in, 2 6 87 -705

chrorrg;-ft %raﬁglwgg (% %110"/0?\{1@(33?{ @50!2];%!)25{04;2%339 tﬂejti‘ﬂi@(dbm(ﬁod'rgd H

NMR &Gml\fﬁ-lzﬂ Cnacmg) 5 28@ ﬁpﬁ&{d(u'n: 2 8 Hiz )1H)275’IB (m2168 7(TH(d, J
= 82 Pig JH) A SRy D A8 2ot BRIl s 8. 08 ek 397, 1.7
Hz, 1H), 6.67 (m, 2H), 4.39 (m, 1H), 3.66 (m, 1H), 3.30 (m, 3H), 2.87 (m, 2H),

2 59 (s(br), 3H), 2.23 (m, 2H), 2.05 (m, 1H). MS (ESI, M +1): 374.2.

Example 73
2-(6-{4-[(3aR.8aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-vlIphenylipyridin-
3-vlpyridazin-3(2H)-one

The title compound was prepared according to the procedure described in
Example 72E, substituting 2-(5-bromopyridin-2-yl)pyridazin-3(2H)-one with 2-(6-
bromopyridin-3-yl)pyridazin-3(2H)-one. "H NMR (300 MHz, CDCl3): 6 = 8.91 ppm
(d, J=2.8 Hz, 1H), 8.02 (dd, J = 8.8, 2.7 Hz, 1H), 7.94 (m, 3H), 7.73 (d, /= 8.8
Hz, 1H), 7.27 (dd, J = 9.5, 3.7 Hz, 1H), 7.08 (dd, J = 9.5, 1.7 Hz, 1H), 6.65 (m
2H), 4.33 (m, 1H), 3.62 (m, 1H), 3.43 (m, 1H), 3.15 (m, 1H), 2.83 (m, 2H), 2.70 (m,
2H), 2.47 (s(br), 3H), 2.22 (m, 1H), 2.03 (m, 1H). MS (ESI, M +1). 374.1.

Example 74
2-(5-{4-[(3aR.6aR)-5-methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-vliphenyi}-1,3-
thiazol-2-yDpyridazin-3(2H)-one

Example 74A
2-(5-Bromothiazol-2-yl)pyridazin-3(2H)-one

The title compound was prepared according to the procedure described in
Example 72D, substituting 2,5-dibromopyridine with 2,5-dibromothiazole. 'H NMR
(300 MHz, CDCl3): & = 8.20 ppm (s, 1H), 7.98 (dd, J = 3.7, 1.7 Hz, 1H), 7.30 (dd, J
= 0.5, 3.7 Hz, 1H), 7.13 (dd, J = 9.5, 1.7 Hz, 1H). MS (ESI|, M +1). 259.8.

Example 748
2-(5-(4-((3aR .6aR)-5-Methylhexahydropyrrolof3,4-bipyrrol-1(2H)-yl)phenylthia-
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7Cl-44- [(3aR ,6E1R)- 5- nethythexall ydropyrl Gl4

zol-2-yl)pyridazin-3(2H)-one

The title compound was prepared according to the procedure described in
Example 72E, substituting 2-(5-bromopyridin-2-yl)pyridazin-3(2H)-one with 2-(5-
bromothiazol-2-yl)pyridazin-3(2H)-one. 'H NMR (300 MHz, CDCl3): 5 = 8.43 ppm
(s, 1H), 7.95 (dd, J = 4.0, 1.7 Hz, 1H), 7.84 (m, 2H), 7.25 (dd, J = 9.5, 4.0 Hz, 1H),
7.10 (dd, J = 9.5, 1.7 Hz, 1H), 6.59 (m, 2H), 4.26 (m, 1H), 3.58 (m, 1H), 3.40 (m,
1H), 3.05 (m, 1H), 2.77 (m, 2H), 2.65 {m, 2H), 2.39 (s(br), 3H), 2.19 (m, 1H), 2.00
(m, 1H). MS (ESI, M +1): 380.1.

Example 75
5-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1{2H)-
vllphenviipiperazin-1-yl)pyridine-2-carbonitrile

Example 75A
(3aR, 6aR)-5-Methyi-1-{4-piperazin-1-yl-phenyl)-octahydro-pyrrolo[3,4-b]pyrrole

The product of Example 72B (200 mg, 0.71 mmole), piperazine (200 mg,
2.33 mmole), tris(dibenzylideneacetone)dipailadium (20 mg, 0.022 mmole), (R)-
(+)-2,2'-bis(diphenylphosphino)-1,1-binaphthyl (28 mg, 0.045 mmole), sodium
tert-butoxide (140 mg, 1.46 mmole) and 7 mi of toluene were mixed under N in a
Emrys process vial. The vial was sealed heated in the microwave for 15 minutes
at 140 °C using the Emrys Creator. The mixture was diluted with water and
extracted with dichloromethane (4x). The combined organic layers were washed
with brine, dried over sodium sulfate, filtered, and concentrated under reduced
pressure to give the crude product which was purified by column chromatography
(10% methanol and 1% ammonium hydroxide in dichloromethane) to provide the
title compound. 'H NMR (300 MHz, CDCGl3) 8 ppm 6.84 - 6.94 (m, 2 H) 6.53 - 6.60
(m, 2 H)4.00 - 4.07 (m, 1 H) 3.44 - 3.51 (m, 1 H) 3.11 -3.20 (m, 1 H} 2.99 - 3.09
(m, 9 H) 2.88 -2.96 (m, 1 H) 2.68 (dd, J=9.66, 2.54 Hz, 1 H) 2.48 - 2.59 (m, 2 H)
2.31 (s, 3H)2.09-2.19 (m, 1 H) 1.89 (m, 1 H). MS: (M+H)"= 287.
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3,4-131, pyrrol- 1(2E)- yil phonyl}- 5._ phenyl e{hano

tie 111IN7/MR (CDCI3) 8 ppm7 9.3 (d, 1-8 82 Hz, 2 H), 7
wWQ@07/109% (En, 5 1T), 6.50 (d,J=9.16 Hz, 2 1ipCHEUSD07/062329

-4.47 (in, 11-0,4.19 (s, 2 11), 3.55 - 3 67 On, 1 H),

33 - 332 (En, IIl). 3.09 - 3.28On, 1 H, 2 44 -

2.89 (n. 4 H, 215 - 2.27 (nn, 1 11), 2.09 (a, 3 H),

1.94- 2.06 (n, 1 H; ampledsB -1f--, 321 Exanplc 64

r SeltSia- Q5ar et i i RvinexdiivbrBBitrolol LA Mo (or)-

yphenylpiperazin-1-ylpicolinonitrile
The product of Example 75A (78.0 mg, 0.27 mmole), 5-bromo-2-

cyanopyridine (74.8 mg, 0.41 mmole), palladium acetate (2.5 mg, 0.011 mmole),

4 5-bis(diphenylphosphino)-8,9-dimethylxanthene (19.0 mg, 0.037 mmole),
cesium carbonate (142.1 mg, 0.44 mmole) and 3 mi of tetrahydrofuran were
mixed under N in a Emrys process vial. The vial was sealed and heated in the
microwave for 2 hours at 120 °C using the Emrys Creator. The mixture was
diluted with water and extracted with dichloromethane (4x). The combined
organic layers were washed with brine, dried over sodium sulfate, filtered, and
concentrated under reduced pressure to give the crude product which was purified
by column chromatography (10% methanol and 1% ammonium hydroxide in
dichloromethane) to provide the title compound. 'H NMR (300 MHz, CDCl3) §
ppm 8.36 (d, J=2.71 Hz, 1 H) 7.53 (d, J=8.82 Hz, 1 H) 7.13 (dd, J=8.82, 3.05 Hz,
1 H)6.86 - 6.98 (m, 2 H) 6.50 - 6.65 (m, 2 H) 4.06 (1, J=8.65 Hz, 1 H) 3.44 - 3.50
(m,5H)3.11-3.24 (m,5H)2.88-3.02(m, 1H)2.56-2.72(m,4 H) 2.33 (s, 3
M} 2.06 - 2.24 (m, 1 H) 1.83 - 2.01 (m, 1 H). MS: (M+H)"= 389.

Example 76
(3aR.6aR)-1-[4'-(2-methoxypyrimidin-5-yi}-1,1'-biphenyl-4-yl]-5-
methvyloctahydropyrrolo[3.4-blpyrrole

The title compound was prepared according to the procedure described in
Example 7D, substituting the product of Example 41A for the product of Example
7C and substituting 2-methoxy-pyrimidine-5-boronic acid for 4-
cyanophenylboronic acid. 'H NMR (500 MHz, CDCls) & ppm 8.76 (s, 2 H) 7.66 (d,
J=8.54 Hz, 2 H) 7.53 (dd, J=11.75, 8.70 Hz, 4 H) 6.67 (d, J=8.85 Hz, 2 H) 4.13 -
4.22 (m, 1 H)4.07 (s, 3 H) 3.53-3.61 (m, 1H)3.26 - 3.35 (m, 1 H) 2.91 - 3.03 (m,
1H)2.71-2.77 (m, 1 H)2.48-2.67 (m,3H)2.33 (5,3 H)2.13-225(m, 1 h)
1.90 - 2.01 (m, 1 H). MS: (M+H)"= 387.
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| 14MR (300 MHz, CDCI3) 8 pprn 7 32 - 7.39 On, 2 10, 6
39 - 698 (m 2 H, 6.75 -6.84 (in. 211), 6.50- 6.58

W@ B71@9p) , 4. 14-4.20(tn, 11-1). 3 48 - 3 61 (PCE/US2007/062329
11), 3 24-3 30(m 1 11), 2 94 -3 14 (ni, 1 11), 2.62 -
2 8 (n, 49), 2.45 (s, 3 H, 213 - 223 (m 1 H),
1.91 -2.02 (rn, 1F!'); M5 (M-11) = 373/375. Exanple 65
Product or Exanpl e(3aR, 6aR)-1. 49C 4-(4- bronopheno

xy) Onnyl | - 5- Enet hyl oct ah pynokii 3,4-bTpri pie
Exanpl e 4913 and Eﬁgmﬁyg’)gifﬂ)ophe
5-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yi}-1.1'-biphenyl-4-
vl}pyridine~2-carbonitrile

The title compound was prepared according to the procedure described in
Example 7D, substituting the product of Example 41A for the product of Example
7C and substituting 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)picolinonitrile
for 4-cyanophenylboronic acid. "H NMR (500 MHz, CDClz) 6 ppm 8.99 (d, J=2.14
Hz, 1 H) 8.03 (dd, J=8.09, 2.29 Hz, 1 H) 7.76 (d, J=7.93 Hz, 1 H) 7.68 - 7.73 (m, 2
H)7.59 - 7.67 (m, 2 H) 7.52 - 7.58 (m, 2 H) 6.67 (d, J=8.85 Hz, 2 H) 4.12 - 4.23
(m, 3.05 Hz, 1 H) 3.53-3.62 (m, 1 H)3.26 - 3.35 (m, 1 H) 2.92 - 3.03 (m, 1 H)
269-278(m, 1H)2.48-2.67 (m,3H)2.33(s,3H)2.13-225(m, 1 H) 1.81 -
2.03 (m, 1 H).

Example 78
6-methyl-2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3 4-blpyrrol-1{2H)-vi]-1,1'-
biphenyl-4-ylipyridazin-3(2H)}-one

The title compound was prepared according to the procedure described in
Example 41B, substituting 6-methyl-3(2H)-pyridazinone for 3(2H)-pyridazinone.
'H NMR (400 MHz, CDCl3) 8 ppm 7.61 (d, J=1.53 Hz, 4 H) 7.49 (d, J=8.59 Hz, 2
H)7.14 (d, J=9.51 Hz, 1 H) 6.99 (d, J=9.51 Hz, 1 H) 6.65 (d, J=8.90 Hz, 2 H) 4.13
-421(m,1H)3.50-361(m, 1H)3.25-3.35(m, 1H)2.89-3.01 (m, 1 H)2.69 -
2.77 (m, 1 H)2.50-2.68 (m, 3H)240(s,3H)2.32(s,3H)2.11-2.26 (m, 1 H)
1.89-2.01 (m, 1 H). MS: (M+H)"= 387.

Example 79
(3aR,6aR)-5-methyl-1-[4'-(1-methyl-1H-pyrazol-4-vi)-1, {'-biphenyl-4-
viloctahydropyrrolo[3,4-blpyrrole

The title compound was prepared according to the procedure described in
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nvi edl er 5?!;arnpl e 66Product of Examule 7D 1-
"H Ma (300 MHz, CDC13) 5 ppm Exanpl e 63 and 4-

w0 ¢®21a098mR) - 5- netbyllinah P5] -770 (m 2 HCT/US2007/062329
H, 7.33- 7238 (m 2 H (in, 2 H, 6.77 - 6.82 (m

Examp¥APBPESbstituting the product of Example 41A for the product of Example
7C and substituting 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1H-
pyrazole for 4-cyanophenylboronic acid. "H NMR (300 MHz, CDCl3) 8 ppm 7.78
(s, 1H)7.62 (s, TH)7.45-7.60(m, 6 H)6.65(d, J~8.82Hz, 2H)4.11-4.21 (m,
1H)3.95(s,3H)3.50-3.61(m, 1H)3.23-3.35(m, 1H)2.90-3.05 (m, 1 H)
2.69-277(m,1H)250-269(m,3H)233(s,3H)2.11-226(m, 1 H) 1.88 -
2.02 (m, 1 H). MS: (M+H)"= 359.

Example 80
(3aR,6aR)-1-[4'-(3,56-dimethyl-1H-pyrazol-4-vl)-1,1'-biphenyl-4-yi]-5-
methvioctahydropyrrolol3 .4-b]pyrrole

The title compound was prepared according to the procedure described in
Example 7D, substituting the product of Example 4 1A for the product of Example
7C and substituting 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)-
1H-pyrazole for 4-cyanophenylboronic acid. 'H NMR (300 MHz, CDCl3z) & ppm
7.59 (d, J=8.14 Hz, 2 H) 7.52 (d, J=8.82 Hz, 2 H) 7.30 (d, J=8.14 Hz, 2 H) 6.66 (d,
J=8.82 Hz, 2H)4.11-4.23 (m, 1 H)}3.51-3.62 (m, 1 H)3.24-3.36 (m, 1 H) 2.88
-3.04(m, 1H)2.70-2.79 (m, 1 H) 2.49 - 2.66 (m, 3 H) 2.33 (s, 9 H} 2.10 - 2.25
(m, 1 H) 1.90 - 2.03 (m, 1 H). MS: (M+H)"= 373.

Example 81
(3aR.6aR)-1-(4'-(1H-pyrazol-4-yl)biphenyl-4-y|)-5-methyloctahydropyrrolo[3,4-

blpyrrole

Example 81A
{3aR,BaR)-5-methyl-1-(4'-{1-trityl-1H-pyrazol-4-yhbiphenyl-4-
vhoctahydropyrrolo]3.4-blpyrrole

The title compound was prepared according to the procedure described in

Example 7D, substituting the product of Example 41A for the product of Example
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nyl bol oni  ydropyriptol 6 57 (in, 2 1-1), 4.03 - 4.1
c acid 3.4-14pyrrol- 3 47- 3 55 (rn, 1 H, 3.1

wda g@rieossd , 2.90 -3.0] (m 1 1-1) vl i pbenoNgQF/U$20p7/d62329
H, 2.50- 2.64 (m 1,11- 2.36 (rn, 3 H, 2.12 - 2 .:

7C arl Qivling4-4 8% 5-18r8Befdyl1 d21didxatirolan-2-y1)-1-trityl-1H-
pyrazole for 4-cyanophenylboronic acid. 'H NMR (300 MHz, CDCl3) & ppm 7.96
(s, TH)763 (s, 1H)7.42-754 (m,6 H)7.29-7.37 (m, @ H)7.17 - 7.24 (m, 6 H)
6.64 (d, J=8.82Hz,2H)4.11-4.23 (m, 1 H)3.49 - 3.61 (m, 1 H)3.23-3.35 (m, 1
H)2.91-3.03(m, 1 H)2.66-2.78 (m, 1 H)2.51-2.66 (m,3H)2.33 (s, 3H)2.12
-2.24 (m, 1 H) 1.92 - 2.01 (m, 1 H). MS: (M+H)"= 586.

Example 81B
(3aR.6aR)-1-(4'-(1H-pyrazol-4-y))biphenyl-4-yl)-5-methyloctahydropyrrolo3,4-

blpyrrole
The product of Example 81A (44mg, 0.075 mmole) was stirred with 3 ml of

formic acid for 4 hours. The mixture was concentrated to dryness and the residue
was dissolved in 10% methanol in dichloromethane and stirred with saturated
sodium bicarbonate. Two layers were separated and the aqueous layer was
extracted with dichloromethane (2X). The combined organic layers were dried
over sodiumn sulfate, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography to provide the title compound. 'H
NMR (300 MHz, CDCl3) § ppm 7.88 (s, 2 H) 7.47 - 7.64 (m, 6 H) 6.65 (d, J=8.81
Hz, 2 H)4.11 - 4.25 (m, 1 H) 3.50 - 3.66 (m, 1 H) 3.25 - 3.37 (m, 1 H)} 2.92 - 3.07
(m, 1H)2.71-2.82 (m, 1 H)2.51-2.69 (m,3H)2.34 (s,3H)2.13-2.25 (m, 1 H)
1.90 - 2.05 (m, 1 H). MS: (M+H)"= 345.

Example 82
3-methyl-1-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H}-vi]-1.1"-
biphenyl-4-yiipyridin-2(1H)-one

The title compound was prepared according to the procedure described in
Example 41B, substituting 3-methylpyridin-2(1H)-one for 3(2H)-pyridazinone. "H
NMR (500 MHz, CDCl3) § ppm 7.62 (d, J=8.54 Hz, 2 H) 7.49 (d, J=8.85 Hz, 2 H)
7.39 (d, J=8.54 Hz, 2 H) 7.26 - 7.29 (m, 2 H) 6.65 (d, J=8.85 Hz, 2 H) 6.14 - 6.20
(m, 1H)4.13-4.20 (m, 1 H)3.563-3.60 (m, 1 H) 3.26 - 3.34 (m, 1 H) 2.90 - 3.03
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carbonitril E 396. Exanpl e 67
{44(3aReaR) - 5- net hyl hexahydr opyrrol o[ 3, 4-b] pyrrol - 1( 2H
wQ 200vit0qobeny 11 ( phenyl ) net hanone The pr opCUSWH7/062329
Exanple 7B (35 ng, 0.28 nmole), 4-fluorobenzophenone
(m, 1&%0701027% ﬂmlzeao ag%st(rnhemgb 2 3(109 20l (s, 3 HAD. 14 -

wer e dissolved in acetonitrile and

2.20 h'edtldéﬂéﬂ 8081 Ui dr HNMB aM8HY 5386 . The i xture was
cooled to roomtenperature, diluted with water and
extracted wth 10di chl oronet hane (5x). The conbi ned
organics were dried over sodiumsulfate, filtered,

concentrat ed under reduced pressure arid purified by
chr omat ogr aphy (el uti nﬁ.@ﬂlﬂ&%m xture of 5% net hanol

(d 3=8. 82 H, aphamm-zzon:svﬂdmmm oﬁeH) 6 50 (d.

ST%%.seg%w%w ot e e PRy g
Exam& %‘ﬁ% "gul%;{lﬁﬁ ng hgiﬂx%dlm@ 1|2i)-%1r’ne'for23%7-i)(|:59r'd]azl?l)one 'H
NMR EB{HJTMF& 6:53013) 5 ppm 7.62 (d, f—-8 59 Hz, 2 H) 7.48 (d, J=8.59 Hz, 2 H)
7.38 ((orrg Loddhaohy 7o G, J=8 2GRt PR e o HaEEld.
J=8.9B"1%R ﬁ ﬁ?g@%coﬁ 9N, tangQ%W@BGQH{ 9 Hﬁé%' b??ﬁ'(ﬁw 1 H)2.92

substi‘tutin br onobenzoni tri |
-~ 3.031(d- ‘dHi)lQo'ifﬁ)béﬁie(ne 1 HHZNNR 2. 69CG18)3 18) B3 (B, 49-1) @15 - 2.26

. 1 Pz APl B0 3 40 2 by HL N Bl ) (000
2.95 - 3.13 (m 1 H 268 - 2 81 (m2 25H 2.55 -2.67

(m 2 H 2.36 (s, 3H 212 - 2,27 (m 1 H 1.93 -
2.09 (m 1 H, MS (M1-1-11'= 228 Exanple 69

1- 14J( 3aR, 6aR) - 5- et hy|l.he ogyrrol 013, 4- bi pyrrol -1
k2H) : yl | phenyl i net hanm% product of Exanple 68

6-mefhif 10@.-[(3a R, BHFOL B IndtRyIRExahvd robyred e aammsireol 5 (PA)-yll-1,1'-

met hanol was stirred In the presence of 6.8 g
Raney Ni ckel unﬁ!ﬁf"_ﬁﬂ_fbﬁiﬂmﬁ@ﬁéiﬁﬂﬁﬁdrogen at 60 psi
o SO ETRA 8 Al bR RIS e
Exanﬁﬂmqwt sathaitutimoematadipyading? (@ swne. foll BEH esyridazivgnei. | 'H
urified by flash chromatograph elutin t
NMIR (130 Bz, F56b6 S 2oe 7 (ariGE. 1) 4 ) e 1. 4 6 725 -
734 Gh I HT 208, Ve A0 T RFREBES o T MIZL R k22 B 1

3.50 43872 (m, 4=| m@z(zm :135 (B, 3. AV 2(99), - R0B)3.148) 2.78. -5?978mn 1 H)

2.48 Y58 (i ) PP 2swd 91 A2 A 254w, 1 25400 8. Syt 6 07 00 (m,
1H'§§<%§M£p{);$§%'l 86- 205 (m 1 H; M5 (M1)+= 232. 15

3-11-4-1(3aR, 6aR) - 5- et hyl hexahydr opyrrol 01-3, 4-blpyrr

01-1(2Hk- vyl i benzyfl am no benzonitril e The product of

Exanple 69 (40 ny, 0.1 ), 3-bronobenzonitrile
2148 27F05BR)-8: éﬁ@h%ﬂﬁi}@pvrrolom 4-blpyrrol- 1(2H) yi-1, i bmhenvi 4-

tTT S(drpenzytidengacet one) di pal I adi um ( 16 17Q,

mol e) , ylipyridazin-3(2H)-one

Example 85A
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racerni c-22' - bi s(di phenyl phosphi no) -1, 11- bi napht hyl

(21 ng, 0.034 mmol e) and cesium carbonate (85 ny, 026
wornmiadoower e di ssolved in | m of toluene and PEEHUSW0H062329

100 C under N2 for 48 hours. The m xture was cool ed to

foom %ﬁoﬁéﬁ i) 194l (% ;ﬂrh@zﬁ@i@ﬁ)ﬂwﬂ
with conbi hed of gani cs

A1btayrieler5tiH rearbaxylate

é?%ﬁ%io%é‘é@%%“n"? vaﬁ@%%% RERRE (P o Y Y
pauadﬁﬁhrrgg%etét@ (Q'1®B‘g{’@m Frﬁrﬁ@!)) 4,9-difreviyie, 5he title

und. 1H N m 9. 73; 7.72 (d,
bis(digherg/@maghin@xa)thang do. 413@4; 03 mpol and ces:prgga(hqﬁxatq

(3.06 5,338 pinciy R s P%“%dqg%ﬂo"féf@ Rglifiprion ot geR-

ethyl Re%ydré’pﬁﬁaié[gm ﬂ;];ﬁ)ro?e 661 H) ear‘éax(/!me Qz H) m’L oiSTZHF Va3
ben NN (B rbuherhe
addecizan@&he( mlxturq-mas atedh-at 19 f[(‘ungi@g Nz f0r 20 hou he mixture

was aEISWteﬁ% r&%o?f?)gﬁ'%%qﬁ t%ﬁﬁnég%ghﬁew; 48 8FERDAL Nehd

e procedures ou ove Wi t e exception
filtereti Niatoughfd &1" @atd Gf@eg&e@s TM@eIﬁa@sﬂad wasdvetwedbmﬁl ant he

addittmé{rﬁg]d@%gc%pﬁ%r}{jcsand ﬁ\e feltrate was,l rg’[’asarbecl on silica gel and

e A TR e o

compBuadpl'e NIAR (B@ﬂtMBat ¢DCls) 5 ppm 7.91 (dd, J=3.7, 1.7 Hz, 1 H), 7.64

4 S T b STRP B DA B 940 b ] B .
Hz, 1 ?B fhgﬁarhxdﬁ PRYA Dol Qi §2‘1&mb]1 nyerM @Eq‘iokl'ﬂ)s Fial 9<H<)y

m r nol ronobenzene

3.70 -93 82((r_n4 Y 59 paxzmm)zmzmanga 58 (3, o), 3, 36t MB' (m 2

H), 2.58 o5 oy \tar € 4 el 2R3 2 Pl LAV B TR 04

Hz, 1t|1g>3r1 PUEISEy 1L ) %msm)rh@z%s (M@ oned by the

it1on of toluene(45m_ he m xture was heated to
140 C for 2015 mnutes in a nmcrowave reactor. The
m xture was then cool ﬁq}%ﬁg&%temerature, was
filtered, and the cru was purified via
2-(4C (1B 8RR AR RBh rrdo 5%) ol- 1621 Adtsiphe rldamm

provi de e title corrpoun 1H NVR (300 MHz, CDOG)
730ppm(m 2H) , 739 4 11 (m 1H) 357(m

(e stpStgt i f eyl B QL g 0 g0l fag tkaokkettin 3

mL o arphextdRd 8f HOAc and 12 M aqueous HCI, and heated at 100 °C for 16
gaR, 6aR) - 1- (4- Br.onnophepi | ocf a r r
hours mq;ﬁ@@,lepjdqegsei he thtpesw%appgﬁxdg% 0(% cp P(lgec? R¥th I%J mﬁ.
0% (w/
watergrag;ﬂr?nﬁgﬂ fv?EléHﬁ%}%? odply;?ct))r (’; % dzfo%wme addltlon of 20% (w/v)

rrol e-5(1H)-carbo
aquemy‘s mcm( Th%@ﬁ;xtﬁ,elmamxtnammd |thTe€+tmaQw(tB@5n‘nL of 54 n23

propaql i p%f’&ganﬁgﬁ R e P N

and %dé‘é)tr icglg%l W el @ riRe fid) W@@bﬁrﬁﬁ%t@@a&ﬂw@ﬁ' eNEiflg

t| on of formal dehyde (37% 1)
with @uﬁdf queB@NN(rgam irgVeOh/Meqtdl§:1), Theravide dhe tilasompound.

NG b B a1 47 R R LB gt . 752

: X
d, J% slr?%?%zﬂ J?ggz 0t7)a7 @ﬁShf—q’ ﬁ..@qgag: IJ?a ’5%& \grmbNa Wﬁ%ifﬁﬁ(i?{d

flltered and concentrat ed under reduced pressure The
crude product mixture was-1gdrified via chromatography
(Si 2, 0-10% MeOH 15 in CH2C12) to provide the title
conpound. PPm(m 2H), 6,44 (rn, 2H), 4.05 (m 1H),
2.67 (m 1H, 2,52 (m 3H), 2.30 (s, 3H, +1): 280.8.
1H NWVR (300 MHz, CDCI3): 6 -= 7.28 3.45(m 1H),
3.19(m 1H), 2.94 (nit 1H, 2 16 (m 1H), 1.95(m
IHMS (ESI, M Exanple 72C
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20(3aR 6aR)-5- Met hy1-144-(4,4,5,5-tetranmethyl -1, 3-clio
xabor al an- 2-vi ) phenypoct a- hydropyrrol o[ 3,4-til ovrofe

w@ JaR1@aR) - 1- (4- Bronophenyl) - 5- met hyl oct ahydr opg/F/U81007/@2329

,4-b]pyrrole (1.0 g, 3.6 mmol), bls(plnacolato)diboron

J=8. 8(421‘& ﬁ}h“f@égg% 95@1 511H90$ %Get:hw (r% ZJH)bB(ﬂa 33%5 m, 1 H

di 0xab0r o 'C12

2.91 -(3122 Ymp§,H)0 2115 ﬂirﬁQ)(narﬂdHZSR(mébl(a,lBt’i rf@ (dfid,7J~rﬁﬁb$)75
f m crowave reaction tube, and
Hﬁ%ﬁrg/é%(éﬁfgé“{}i%‘iﬁ@ lﬁﬁNZ gas. Dioxane (20 nL) was
added, and the m xture was heated at 150 bC for 15

m nutes, After cooling down to 23 O the m xture was
filtered, and solvent was renoved under reduced

pressure. The m xtur eE_\%%E égggppurl fied via
chromat ogr aphy (Si 02 yl acetate in hexanes)
24D _@M &b Il'taxbh d 8. 4-H1py xR (2300 Mihenyl-4-

. 7, 2H) . 6.54 o), 4,21
1H), 3.52 (m 1H), w%v’%w%%na@m@w m 1t|)|) 2 67 m

Zﬂ)le J;_)'Z_Bdﬁ]ci ?@51 %%mf%_éé%@ (Dég%") 140 @néi%%ng%tai&el%e

(10.0 gta(mlz;e i) were combined in 5 mL of dichloroethane c‘ontalnlng 3
é}{ Br onopyri di n-2-v1) pyri dazi n- 3( 2 -0lle and
drops pf Hi@Ae eRdutrgdatzighipp ”W?HE@(QW—B gHautes.” Sodium

trface%f%&o%%hgé? ng)ﬁ%%%o é}rgg%pze %nécg%%)aﬁ%g%wr& mgmm}%: \)?éé‘e
stirredafodt 3RQ08. (The2didurednas ditmtie}l witr 20 phlackaquenus NabCéy and
extradies] (GREINGS YHIE Zaddl-(dl S IrPrBpRnel RESS ari e Higined
extrac%l% ﬁeﬁ%%r%%d&? Na?ﬁd,;oﬁ!?e?f@d Cahd aBstibet MRy Gl CRed Bfude

m nut es. m xture was concentr ated under
matena dvasechrprredsgnaphad 1 @utihg etitht 196 amodaeNWmEé@AlWEOH

(9:1). R BIRARE Hiop L PTG ¢ HAUIR (OLAAF Rec DL F

J=2. oqli% Ofgéoggéwﬁm H?lf)%o (&033@%")#5 )y, acet ad /4317 P a%)S)r 07

|'e cohpo

(d, B z{ BB Py ( dil d~awmzp@ﬁ)d@zn -8BRB K, drid), 347 13 ORm, 1

55128 W, Ak 3 AR 1 7

270@: H3; 53'5|7-2§$'%m Z+972(@l 2 25 (fh, 3, HY- 178612 2. ddHm, MBI), 1.26

(s, 114}, (169%(fodﬁﬁ)ﬂrh1dl2ﬂ“‘3 Ms (58I anizBay( MtH) - one. 1H NVR
(300 Mz, CDC13): 6 = 8.76 ppm (d, J r 3.4 Hz, 1H),
7.98 (dd. J = 8.5, 27 Hz, 1H), 7.94 (dd, J = 2.7,

if =

Hz, 1H), 7.59 (d, J = Bxémille 8 aH) 7 29 (dd,
M5 (
1.1

I 00 1=
— A~

06 (dd S
2-{4'- WBQR)BaE)E‘&l;DCmIOWWDWmIO 3.4- b}pvrrof 1 2'l_—?)—vﬂ -biphenyl-

2-(5-(4-((3aR, 6aS), Hj YsHopyrrol oi 3, 4-bl pyrr
ol -1(2H) -VDPherIV@éw - -%l dazi n- 3( 2H) - one

25‘63@?0@%)1‘&% Bxahmple B5B40(08 g 5).092 ehmatiptynidbiitaBdn@x
(8. OOa;;t[), EJ 101 m%not) and sodium triacetoxyborohydride (0.025 g, 0.0.120 mmol)
were processed as described in Example 85C to provide the title compound. "H
NMR (300 MHz, CDCl3) 8 ppm 7.91 (d, J=1.7 Hz, 1 H), 7.63 (s, 4 H), 7.50 (d
J=8.5 Hz, 2 H), 7.23 (d, J=3.7 Hz, 1 H), 7.07 (d, J=8.8 Hz, 1 H), 6.65 (d, J=8.5 Hz,

2 H), 4.13 - 4.24 (m, 1 H), 3.52 (q, 1 H), 3.32 (q, J=7.3 Hz, 1 H), 2.74 - 3.04 (m, 3

-113-
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y1) phenyl ) oct a- hydr o- pyrrol o[ 3, 4-b] pyrrole (50 ng r O

15 mmol ), 2-(5-bronopyridi n2-yQoyri dazi n-3(2H)-one (42
woreno7Aao@% nmol ), Pd(PP1-13)2C12 (11 ng, 0.01 n@i/V$2007/062329

2- (di cycl ohexyl phosphi no) bi phenyl (5.6 ng, 0.016

H), 2.68¢01)HRRU 9(31&122&514-) ,\PE35 (Y, 9e8d, i4 8z, 1 H), 2.06 -
m c¢fowave tube, purged with and a nixture of

2.23 (5ol Vidht 5826 2G4 Om: 41 x 288 =1.80{m, B i) MRStttz 41Re
(M+HT xture was heated to 140 O a microwave reactor for
5 mnutes, cooled to anbient tenperature, was
filtered, and concentrated under reduced pressure. The
residue was purified via WO
2007/ 100990PCT/ US2007/ 8%2mpte &4y omat ogr aphy (5102,

;ﬂﬂﬁéﬁ%‘;@\%@% i rtﬁbl'% gﬁﬁvﬁer@i&gt 3?%—@2éﬁrdii‘lt(bﬁ}&ﬂ_ﬂigﬂgﬂ%-df-yl};

7.98 (m 24B; dlﬁv(TrBD(/lﬂdaanJS(BHBohE 1H), 7.52(m
2H) 7.28 (dd, J= 10.1, 3.7 Hz, 1H),7.09 (dd, J r
10.1, 1,7 Hz, 1H), 6.67 (rn, 2H), 4.39 (m 1H),

3?—"%%?1"8!’11' to@ glgcgdiﬁ‘nﬁéfgon &f §7f 38 Q saﬁ"ﬁ% 05@ (@9

MBS (ESI, M
brometiphe®i4i-@}pyridazin-3(2H)-one (S|||ca ge! gradlent from 1 to 3%

methanq g1 piEh{qramethang) Mieied RO Pe £ A4 BIRRIRPRE I A S
dihydwﬁyﬂbaiih@)zmldr@henw | pyridin103:yl Il pvridazi n-3(2H)-on

he'title conpound was prepared according to
t Aempalbpmssree Wbesduirred witkeamgoeetpatir Rarywas ehaiosg with

T e e

(3aR, @5@0-@meﬁ13ﬂh&£@d ﬂﬂﬂ?rr@b[&h B]Fﬁrrﬂle dihiirocBlcddde( 880 rdg af
2.7 1H 7 73 (d, J = 8.8 sk,
CeSIumaerQtP 05@99*&*1\@féflff8§e74ﬁzm 9@%), T08 (dd, J = 9 5,

tr:s(d@eié {‘ﬁ!}en%ﬁ?toﬁ?ﬁgpélkﬁuirﬁn"gm%f}gnyn%f %Egcyclgtfg%(iﬁﬁ%s%ﬁk@n?
(N,N- aMithylagigza))ﬁngyt aga Z(mhc’)f ibigne2 Mﬁar(sréalimgi)andl\rﬁ}rgﬁm&ith

argomsinedlibg yier FatRRA 00 CHIT REDONSH SUrETafuctas pyiieg by
flash ER%F)Q ﬂyrﬂﬁ%ﬂ‘ééé;ei g?adl nt 2 to 10% methano!%dlchloromethane)

pyr i dazin- -one Exanpl e
which2@eldes- Br ognaftthe a&ﬂelcompou)wpws adarinysonpil.oVass

spectTpopu Ao U, BYA 717 Lo g cnidied Sebdfre

2,5-di brornopyridine with 2 5- dlbrormthlazole i HNIVR
(300l\/Hz CDCI3): 8 =8 20 ppm (s, 1H), 7.98 (dd, J -=
37, 1.7 Hz, ]@@terms[mmgcgﬂ io Imgg;akAcgyim Hz, 1H), 7.13

(Ej‘grﬂﬁ‘][%%}&%qhe ]eﬁgciﬂ?eneyébof %&E@hfatl% CE))TI]JO%I?I%S%f %I%s

invenBok as(Hsthtdee36eplor Ngamyd [HxerdptapYigands) helfdiowing tests
| -1(2H) - Dphenyl | thi a- WD 2007/ 100990PCT/ US2007/ 062329
were ggnducted\asgeicing inhpryviayshoaescribed methodsi(pee FHERRRATH

Jourrgaf %sﬁgggaogﬁﬁad% fsgzb? (1660 P8GRV EEPASSREENSS) LAd
Expeﬁrr(e’ﬁié)fmmame:lﬁics 2?5\69&61{)922 (1995; Z}dpfmieaf\mrtalnnﬂcoﬁgy and

Expegﬁjgng;lt“rhﬂe?égégicgp (1 Q ‘5 (%%5%) Ey%r@lc@l 1 7

5 dd J = 9 5 4.0 Hz, 1
F’ha"?éi‘a*?%dﬁ?%m&@@ 19235—& ( 6,59 (rn, 2H), 4.;)6
( heldiH; récé‘;:ﬁo( was t@nedaandtlexp(mssad—m cedlspang wpmpdfifion

blndlqg_ﬁ.lsé@yso@pr}(_%ﬁ ouj, @ccg%ng Hgé)pe%miﬁgg:eﬁggklyﬁg%lbed](seé m

Exanmgl e 75
4-{4-1(32R, 6aR) - 5- net hyl hexahydr opyrrol of 3, 4-bloyrrol -
1(2H)- 01Thenvi |l pi perazi n-14) pyridi ne-2-carbonitrile
15 Exanpl e 75A
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{3 aR, 6 a RI-5-Meth yl-1-(4-p iperazin-l-vi-o h en

vl )-octa h yd ro-oyrrol 013, 4-bl pyrrole The product of
wE@mpb®9r2E3 (200 nmg, 0.71 mmol e), piperazi nePCRON00T062329

2.33 mmol e), tris(dibenzylideneacetone)di palladi um (20

Esbe d@ %tzgl @) of l(’ﬁérmacolog%and Ex erlmentai Therapeut;cs vol.
I s(di phenyl phosphi no i napht

313 36’@-11)5 4B Srirsbeshastsoetuah, tE’ethtiUtcakPEéﬂ(la‘ZmO@tgag 12

o33 Religodrard Joufhel bR EHGTRAGRE B R’ " ﬁe

Theragrbgf iGyae F1ar2Ab a81Ne0es. MerhBRBedsiare grapaken fysm C6 or
eator. The mixture was diluted with water and

HEK28Rtaedlst expressing dhe rtdigiastinahe reasptony kampgerigation on ice

m e UL ST R A A B ST A
benzafrﬁ.@m‘ee H%%Ehﬂlrﬁr@ gu\gﬁmt mp@pﬂ@learnr @@Lgvmnmpeimtmaﬁhe

puri f col utm chr omat ogr (10% net hanol and 1%
homogmfﬁﬂ was h?@tﬂﬁi@@e&lh"rﬂ aPen ey r%fr@t"ﬂéﬂ%)ﬂt foCorltis sleptwrs

repea%ecg r%jciﬁnprggx’n_lﬁn% pgg@{'\@%%g@&fﬁé%gemé%ﬁe? pmbcgmﬁéf weye

frozeri‘%t F0td unt®nbaddédn OA thd day bl assdy, 20embrariestie B@wed and
09 30(m_ 911) 2.88 - 2.96 (m 1 H 2.68 (dd, Jr9.66,
dfluted\ﬂaﬂl?& uffery) 2,48 - 2 59 (rn, 2H) 2.31 (s, 3 H) 2.09

E@ﬁrgﬁ%)éépgpati&nﬁ Vet &inchibted Rith ({j\df]-lN)ath’I?e“thyaﬁigtamine

(0.5~ 156(rﬂ\ﬂ1 i the InBs Grafd) ortatigegichydfeerabyidy apycenirafchsiefligands
1(2H)- V1) PhenvQpi peraz n; 1-yDpi colinonitril

for Hawﬁ@pw(s}ameﬁ pn Binging el hesinding 'OCHﬁat'WSMG%%mC@Wd in a

final v%l%ggi?um nﬁW&Wérzﬂg%e’d Z\éd gvéIE telme]I 1 Bh&)30 minutes.

acetate {
Th;opérénlﬁes(@@)l [eRxt peed b Id@ﬁbxe o8- sbemﬂdtyhahagt AB rmmc(" n@ 0

, 037 nmrnole), cesiumcarbonate (142.1 gg{ 0
FeaCtiﬁﬂﬁd‘!Q?’? tenmaingtas) DYfitralion ARGEF YACHUR QNE? BORYP Jﬁmweré‘% (0.3%)

presoplcd UftnRers(BEEn BIGEER: Sopnees/ v BBl g

followdaepyEhrys bﬁbfeml@tnes Wit 2nink biiice-oud T bufferdBoiibd radiokebel

d t t ed hl t h nb d
was ditgamiedig G ser a{xégwgﬁ%@“ﬁeh ‘Brr"iﬂfw‘é‘?( tharPaIGeRT
comp%ﬂguce dﬁh’rluée%@aysf |¢5to%ﬁﬂes @Qe’té?ﬁ‘ﬁﬁed by Hill

ssure'to give t e pro uct whi ch was
transfmnm'\latloed)f the datauamd p%,rmkmmyaai)dgte(mﬂ%dm tenGheagre ruspft
amoni um hydr oxi de in 15di chl oronet hane) to provide
equaligR: title conpound. 11-1 MAR (300 MHz, CDCL3) ppm 8. 36
( gaenhgl QF leﬁéserltaﬁ@é c@nﬁﬁ)uﬁﬂé of ({153 gﬁgg’ﬁan %iehl)onﬁtréf’ed
bmd!r@ effinitigs in tlm) am%a@%v f[ElS? @50%13 5 nMHpP @?QM ¢ U@W (m

Prefe(rrﬂﬁ) meﬁo%t%sozfégé r%v%te’é% t%;éj%% té@éa%’m ?]rg‘;fgql%g\@[tﬁ'b?r?ding
affinittePfofmbokit )5 nMo 4bdui)14e B39 Mate [Eﬁ@ﬂédecdrﬁpounds of the
3aR, 6aR) - 14442- met hoxvpyri m di n-5-y 1?{ 1,11-bip b?gg%(— -4
inve lompqr,mdrt@mamaﬁyawwr&wﬁmbllrgﬂma iBfias ferme abestRS M
npound was prepared according to the procedure
to abégé@ﬁ]g@d in Exanple 7D, substituting the product of
Exqegtiiofn ké the utithef iy dttoahetiodBXangharadiGriaimg the H; binding

i S 0 i o el P A oS
demcﬁ%ﬁa@e]é% \gtﬁn%af_égmé E§d§8 héﬁﬁvéﬁ'ttcglzfor %@btlﬁ%%n@%isegsa

304.22 (m 1 H) 4.07 (s, 3H) 3.63 - 3,61 (m 1H)
3.26- 3.35 (m 1 H 2.91-113:03 (m 1 H 2.71 -2.77
(m1H 2.48 - 2,67 (m 3 H) 2.33 (s, 3 H 2.13 -
2,25 (m 1 H 1.90 - 2.01 (m 1 H Ms: (ivl+H)+= 387
WD 2007/ 100990PCT/ US2007/ 062329

Exanmpl e 77

544. -[ (3aR 6aR) - 5- net hyl hexahydr gayrrol 013, 4- blpyrrol -
1(2H)-4-1,1' - bi phenyl-4- 5pyridi ne-2-carbonitrile
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(m 105 Hz, 1 H 3.53 - 3.62 (m 1
1H 292-3.03(m 1H 2.69 - 2
WQ2®7/1¢0990 3 H) 2.33 (s, 3/-0 2 13 -
203 (m 1 15 Exanple 78

t 14-
b?g{??%ﬁ?rﬁg &Kﬁe%@iﬂ urRedBE MHHIS XAV APIERSI OF
hyperiacuwmtqrq:ﬂ;erdey)larmynelaiadlhummﬁl)soaiws of @ftaption id @n inhibitory
avoid%&é@%%ggugﬁ% r Zd acce%’ tlﬂyt%ge e Stggmeof rat pups).

This rﬁoaetrmé' a:@é Bkn %Héfr%i&bﬂﬂ%ﬁ?ég% BAR a@ywe dRgidzeee 1H

respomse) r@dd&l:S’ hegnemodg ady a;ndluh!w of tgmfgteei hpe beenmjese%ed in

the i;tél@‘tlgf F%exjf_al_rrlf%!egw Eémat%Séfl%( nét% é[?y(g%%‘% rﬁécé‘lgé? r%BeTn

sermhpw)z g@@)& 3613(1%(363 3790 in2T0R no@&ﬁﬁ(@@edlvei)n;&gg@(a%o@?ﬁ
recept@,)r emtwmlstg o3 m

326 - 3.35 (m
(m 1 H 2.48 -
.25 (m HCHYS09ds2329

~
I\JOO‘;

i o) ABIT S0 Iimptvo bfvicsabaic 79
neuro%%]%3 %ﬁgﬁc%ﬁ:ﬁ?ra%?ér&‘é‘t; éggﬂ-’% g@i ﬁ%’:eé a\:'\EYJFr% gxlf \Bgﬁsa)’r“aééhoéy
and oRpERAGATh) Avsiandiins, (2003163058 e0sEacTowad, Sial. J. Med.

Chent @p"Ehga ;3%5@53:?18 d.lpg Eé‘t ;é:% etggﬁdgé%%g%%géngﬁgmﬁsmes c'% ABT-

2309 l}% 1@%&%}(&0&@&% ehard QLA 51’)’(# foath @ré@hﬁ?&@bEﬁ%'aﬁK/Rr?

azo or 4-cyanopheny orom c acid
Cognﬁtaﬁmnﬂl—ﬁchlmewaaof@ﬁ’oﬂan‘x&nﬁ§elecﬁ=®e Riséanine, H4 Repeptor

Antagogpf? dqpinagbo ghggm}é%oiog erngeréﬁﬁflﬁerag%lc%%@& 313,

176- 19@ r°h5 Eﬁﬁ@ctsloﬁ'ﬂzst%n%ﬁe H}_ﬁe@égfdﬂhgéncﬁﬁ - @@31 aRd ?‘,Yprbﬂf’farilm a
H) 6 (m
repealed—lpcg@SItlon zavoziame respingEsn thwponsarteogsby hmeur@awglr@t

pup " e, By 8 AR NOWAR BT R8RS 428921 19412 1B 5],
RepréidttatfreYdonSoundeirayi@ban Yisis orydel] Wit pﬁef@}remfdo@dtmaunds of

The title corrgound was prepared accordi n(?
the ingeatienaectivededae inede!iah desaspl @neng abpid 9911% ”191%9 of
ct of Exanple 41A br the product of Exanple 157C
body yﬁg&ﬁubst ituting

C@ﬂ@bdundetdﬂﬂe fvehtidn ard histamares Ine/cbeplesshg’hmﬁsdhabmdblate
- 1H pyr azole for 4-

funct@a]gpf e [tDINRER recentprly aft ﬁ%& e@ﬁwﬁy og{k@nlliazzea T. Q]E:bese

oo s R BB s i B

or thefyi may beHnt8g@rists tﬁaﬁlﬁiochﬁh@_aeﬂomo@r&cepﬁ)r-@@tl(/aumglagpmsts

2.70 - 279(m1H)2492 66 (m 3 H 2.33 (sr 9 H)
2.10 - 2.25 20(M 1 H 1,90 - 2.03 (m 1 H). M

ég/“'H)t— 373. Ppreparation of Salts and Polymorphs Exanpi e

, (3aR, 6aR)-1-(4' - (1H pyrazol - 4-yl Thi phenyi - 4-y1)-5-rne

thyloctahydropyrrolols, - 25hl byrrol e
Exanpl e 81A éﬁ@igﬁ? |
2-{4'( 6aF 55m@m rbid BI4L Arbt-p -M‘-bl 2 |-4-

enyl- ctany ro Fr ol of ovvroe
title conpou 0D Wk Pl e B e:t he procedure
descri bed in Exanple 7D, substltutl ng the product of
Exanpl e 41A for the product of Exanple WO
ZQO{K/ ﬂ(@QR%%T5Wﬁﬂﬁéﬁﬁﬂﬁﬁep\7r¢blam4&qmmu1L@2ngl] 1,1

E414 5,5-tetramethyl-1 2- di oxabor o} an- 28/31[1 trit

biphejy mwwa%ww%m@neﬁﬁ’ém@ﬁw%mﬁr@egdnaﬂ h ane
(300 MHz, CDCia) 8 ppm 7.-986¢s, 1 H 763 (s, 1 H
7.42 - 7.54 (m 6 H) 729 - 7.37 (m 9 H 7.17 - 7.24
(m 6 H 6.64 (d, J=8.82 Hz, 2 H 4.11 - 423 (m 1 H
3.49 - 3 .61 (rn, 1 H 3.23 - 3.35 (m 1 5H) 2.91 -
3.03 (in, 1 H 2.66 -2.78 (m 1 H 2.51 - 2.66 (m 3
H 2.33 (s, 3 H 2.12 - 224 (m 1 H 1.92 - 2.01 (m 1
H. M. (MtH)+= 586.
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Exanpl e 81B 10(3aRteaR)-1-(4'-(1H pyrazol -4-

birrolor3.4- bi PVrrole The product of
wExampb9BlA (44ng, 0.075 mmole) was stirred watiu2ont/062329

of formc add for 4 hours The m xture was concentrated

(2.4 n{nigt ﬁ;ﬁ%ﬁ%ﬁpﬁgﬁmﬁﬁﬁs heSicdU® amt A5380lAvdlution PMCI in

I chi oronet hane and stirred with saturated
methat®|/svadie umixiireawas pegpared iy rhixirer 2. 2vk of & opHCA(IBde@t) with

t ted with di h.I .
0.6 mb 35t i Wi low Be ST T ol h BTGl ane
dropmﬁé@'ﬂﬁb%ﬁhéaﬁt’cﬁe proddsartpg suapengion e slired aﬂlngnadﬁfagnetlc
reduced pressure The residue was purifi edeg col um

shrrercFﬁhemld@pam@etv&@wve@wheneattw|héif<§5ﬁ*b% soltoRyras

soood ol APl O, s & o e

naturally3 Cﬁgstélﬁlzaﬂﬂ!)n @ag@bsea/e'&gdtﬁsrgng the ddolidgPRoeess. The(rasulling
suspeg&s;q)n \gaq_ggitat@dg qmlple'_? anergﬁjres @Vgé‘ngrﬁt‘ be_’i%;;ebth@@éstals
were é 5 25Exanpl e 82

r ne vl -1- (4" 4(3aR, 6aR) - 5- net hyl hexahydr opyrrol1924-b

lovrrol -1(2H)-y11-1, 1" -
bi oheny1- 4- Apyri di n- 2(%{12- 1{ - oge The title conpound
was prepared accordlng rocedure described in

pyr|oa2|none 00
ppm? 62 (d, viipsrigazips3(2H)eneHQanhydrate 8. 85 Hz, 2 H)
7.39 (d, J=8.54 Hz, 2 H 7 26 - 7.29 (m 2 H) 6.65 (d,
J=8.85 Hz, 2 H 6.14 - 6.20 (m 1 H 4.13-420 (m 1 H)
3233 3§R®%F(ra Mbt IhéxafydropyragtolBM-blpyrdol-2(24 ;-311)3
(5{ E(H) A8 ";D%Za?rﬁf H%“’ZS{‘SM %p)*ri) )v]
biphepgl- t(-yl}pgndgze@?;@-ix gne % Mg ) WAS S@pmd@ﬁ]m 1nq.t51ar10|g{1 Q mL).

A soididhten b ity 88 ab e FOeR U8R 5 4 sushension,
dropviyé. f“ﬂhoﬂ:gh@trl)thséldradess therﬂuepyhsséﬂ\!dmyed disimg2{ Afaghetioe
The title coggoun was prepared according to the

stirrerp Musd @l the seliscdissaived feasinghafighhspengidt (URAN sRyication,

cwst%l@%bﬁ%&%éb%_rgeg Cﬁg é&—%@@ rf&ﬁéu%fe@?) (P‘X'é% ggﬁ%ﬂéﬂr}ﬁ an%ﬁ’)'el_&t

tempédrafifet dvefnightaefols th2 diystals3Befadhamngste®. Hz, 2 H) 7.31
(dd"./-79.21, 2.45 Hz, 2 H 715 (s, 1 H) 6.65 (d,
J=8.90 Hz, 2 H 4.14 - 421 (m 1 H 3.51 - 3.60 (m 1
H 3.26 - 3.36 (m 1 H)Ex% e18.03 (m 11-0 2.70 -
2.77(m 1 H2.51 - 2.6 2.33 (s, 3 H 2.15 -

2-{4' A (R . 6aR)- 51Mghvmemh6/§rop?r 0 I]- 1. 1HpipheRy!-4-

(MtH) *= 386. anpl {44(3a R 6a
R) -5-meth vlmm%&m bi py
rrol-1,(21:Drylj- bi phenvi - 4- vllpyrldln 2(1H) one
20The title co%nd was prepared according t

pR2ddeldaR, aaRich-Madaylhaxaxshippyraes, 4@&%@1’0*1*&%%@*] S

bipheyRF OBy R S 48T ekt SelYle Bt fdtBmeifine
(1.5 rﬁLﬂ?ﬁe@fs’behﬁbn"wé& hé&ated to aBoaﬂS()ﬁC A H]VI FI(Q(H GdnL)Jscautlon

1 H 6.63- 669 (m - '_R
was ag,jdga@i to thegpspagsian j) d@hmomeﬁﬂag@ (ér,sppwis%ﬂgowqutj ®3

o indthgéndSys 7 Dih e el
mainthir®Y at a’bcﬁﬁ 50mMC. Mddt, of M sOMitissdlved I&bring a light suspension
whenBom il 9aR Bkp! e PALASR YAl Yo Rtosgibiongtine

a): _yl11-11'-bi phenvl-4- 31D Tovri dazi n- 3(2H) - one
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10

20

25

30

WO 2007/ 100990PCT/ US2007/ 062329 ( 3aR, 6aR) - et hyl
1-(41-(5-oxopyridazin-1(61-1)-v1ibi ghenvl-4-

w®bm@zameolr opyrr ol o[ 3, 4- bi pyrrol e-5(1 H)-car boxXRCEUS2007/062329
2-(4' - Bronobi phenyl-4-yQpyri dazi n- 3(2H) -one (1.92 g,

HCI S%?B‘%%"&?ﬁ%‘i‘ ﬁg&fﬁ%}&%&%uﬁﬂg%ﬁengoﬁ%s agitated

at ambies{ thrppenajurph oyphiighl) befotahtheecrystaltowerg harvestadnol )
and cesium carbonate (3.06 g, 9.38 mmol) were
suspended in 25 rnL of THE. A solution of (3aR 6aR)-
et hyl hexanydropyrrol oEafmi pyrrol e-5(1H) - car boxyl at e
ari

in 10 nL of THE was ade ! the mxtlure4vvas helat ed

qulet:rvstai@f @n{daﬂ_aﬁﬁ_a:ﬂ ,

The CeI|teO pad was washed with an additi onal 70 rr|I
of EtOAc_and the filtrate was absorbed on silica

aérd4 dhdafrRebgroaiedy neravidrep WAl el Set-himgmol-d aeH)- HI-Be

oA R A 00 At

solution hixt(cs, Wikigh vddzyrepatdd by Bbxiad .0 Moﬁdlcslndombthahel-\})uth

1.5 m}?bo?é@(’/d Slat @'Qn’(eﬁlinanpl)abq”hedrsuﬁeg%lon Jweys 5&%@( glp.‘; heatedZm a
shakir?%nm%teragﬁﬂ th Eboﬁt J«F@ °C3ar%9mleb§1t§rﬂeﬂ 'Ttbr 2 5"f')rs I?w”a% fuﬁcbhés

‘heated. t@@ab@dddo °@rI$e($uspeGSIBn wes HH)?rl f[l’te%i (l'd‘@owﬁierbztmwas

tunedygf, i 1 SHoorbaei fheiedad ainin BrpesgltEet R l'tne
waterHBY. Sihglef @ytdistwbie iférel - 1(2H) -yl ) bi phenyl - 4-v1) Dv
rid azin- 3(2H)-one The product from Exanple 85A
(0.110 g, 0.256 mmol ) was dissolved in 3 mM_ of a 1:1
m xture of HOAG and 12 s HO, and heated at
100 C for 16 25hours i i’%@g@ed vessel . The nixture
Singl&vapystdl f {4t 3aRGBarl-b- M ety ivekbhidroplarelb[vattdpyrént 2H)-yll-
the pH was adjusted to -10 b¥ the dropw se addition of
1. Pebiphenvif-dipysdagindidtitene ldairate salh manehydrate dremp &4
times with 25 nL of 5% npropanol in OHC13 and t he
conbi ned extracts were dried over Na2SO4, filtered,

a2q4'a[@3aﬁlﬁ@®?€ﬁquﬂrylbaxageﬂdroﬂ'wme Butie]pyatobs! mﬂ) R
t 0 % NH40H i
biphe R IRTHAT-B)2H £ B Tl (T A1 1Pe SLaRTotRuM T
7 7 i
soluiyT s il meRRd s o oS %W&Wﬂ%ﬂh
5.0 miL dfj20% wetey (i methargolb The, i-ms\ﬁzansmnmas gorsxdciand Weated to

aboutf&o 7(%&%?3 9% %){/%J%Z 8@(/)% Bzgollith_ﬂ W Hzca%n fir%regéaqcﬁ*hel

su perH)atar@ c%éled 3 a%ﬁblem te?nﬁ‘&rattﬁeéﬁatu r8lly38vé I\/thl 2TH séllﬂis
1 H, 7 (dd ESI - no! z

premm@ed lwtm)the night’axgrmﬂl@scggeﬂagam the next day by heatlng the

suspersiglt QAR G TRy IRETINE BOGK Sy EvbuByslialy

lowerfrigOife B et £tu DB 1he- Waer aticldbimpiomaedtures. Single
acetaldehyde io (10.0 pl., 0.140 nmol) were conbined

crystgls wererpfigfecdi chl or cet hane contai ning 3 drops of HOAc
and stirred at anbient tenperature for 10 m nutes.
Sodi um tri acet oxyborohydride (0,039 g, 0.182 nmel) was
added and the m xture Wbangbleried for 3 hours. The

mxture was_dll ed vv|t and
ext Caystalization.of Form B of dle al e L Dt B

oHal 2 and t he corrbl ned 15é§<8~racts were dri ed over
Na2SO4, filtered, and absorbed on silica gel. The
crude material was chronmal ographed, eluting with 1%
aqueous NH40H in Et OAc1MeOH
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(9:1), to provide the title conpound. 1H NWVR (300 MHz,
CDC13) 8 ppm 7.91 (d, J=2,0 Hz, 1 H), 7.63 (s, 4 H),

wQa2@01¢090 J=8.5 Hz, 2 H), 7.23 (d, J=3.7 Hz, 1P¢4y/ySaoD62329
(d, J=9.2 Hz, 1 H), 6.65 (d, J=8,8 Hz, 2H), 4.11

Meth-%gﬂwe%%h}&_%ﬁaggrrbi)o[q,%&rtﬂggrr?l;nﬁ@rﬁ%i}»11,129igﬁbnér34§ﬂzegri@ai’h&3(2_ﬂ);

Hz, 1 H), 2.56 - 2.70 (moeH), 2.35 - 2.56 (m 3 H),
2,10 - 2.25 (m 1 H), 1.85- 2.02 (m 1 H, 1.26 (5, 1
H), 1,09 (t, J=7.1 Hz, 2 H). M5 (ESI+) niz 387 (m-H.

@ar@@aR -5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl 11'
1- 1 3aI)Q 6aR) y5 C clyobu%y he[xa ] y rrol oﬂi

blphepylfél:-(gl}pw(cma)n 9&21—.!)1011@_( braeph@ﬁgu 1 74 Q) was drssolved in 25 mLs of

ot AESPR ) Be BTy PG an e s RO AR a0 Bupge
overhBhd sbrr grarl A, soﬁt!tﬂ)rﬁ@fd.-—tﬁﬁetﬂo Aie rowpbermedy grapated 69
02 0.120 mmpl ) were processed as descrrbed in

5
dissolRitar BRI IR AR T 6 Ml of AT aRr ATy BotRat 25

o5 30 AR SRR 8 sl dgded e fothep £,

solutibh,, wiiieDiha(rdaind=pthe tempetatdye obtreSrée bade8okitibn, at 7 5HYS.

Once%’ll,ljge_!,ztdéfé?ic mlcb%pl%@géa)zb%%g éy@g@c?q%ﬁaél&orég 1(22{5'2"5: at
12 Oéh‘cg.g?’_()r?oezth@zegct%r 'F@aor%d?’ﬁ) é@da sé I@ﬂva@ l_r,';bﬂb'é’red]frdr‘)r the
reactgnior PXRH). Th@e(aamrwamtzrrad@rmw L% Baurs The slurry Was

drsoha@%egll,_qu{ é%argpgw&gi sﬁﬁrqﬂ ng)s(s‘? %rtlg ﬁrﬁr(r)rlaioﬁeéregatwmfagl

rinsecPwith Wﬂmgwrdedr@ﬁlz@d%&@} aﬁﬂ Qhe ﬁh§§ Waéhjﬁmb%zﬁﬁpfrieccaker
purification of a 7

Solidg pere aibisirisHerry J|§B®59Tr g oazlrsn %{%Fb alaﬁ‘iﬁSI@ $inthepoljds was

collecbd BiEfbt e ki A8, Mea AR AL AR ABIAERR R the
solsdsiwbwjomyétlaﬂmél Ford{ Brf-tiea e-tartrate sAtHT@-{4' [(Baﬁs@ul%) -Bube

a netic stir bar was char
methﬂﬂexﬂhydropyrrolo[fi 4- b?pyrrol 1(2H)-yl}-1,1-biphenyl-4- ﬁ}pyrr\g‘azm 31(891)

2- (41- br onobi phenyl-4-y1)-4,5-di hydropyridazin-3(2H) -0
ne, 58 ng of
16(3aR 6aR) - 5- met hyl hexahydropyrrol ot 3, 4-b] pyrrol e

di hydrochl ori de, 350 of um car bonate, 15 ng of
silver triflate, 42;%@['_1?&_% |

one.

argon t he tube was heat ed at 100 C for 20 hours Crude
product was purified by 28M€| ash chromat ogr aphy
(silica gel, gradient 2 to 10% nethanol in

di chl or onet hane) whi ch yi el ded 17 of the title
c@nfgol(BaRLaRy- @M&&hylbex@wobopyrrm&4 tHddeopyl] p}aize

sioneb it P B2k, iy AR S B 1 e
acid 4me 18ihieehily engbsolafe stbaneiSa Wbterawex@rﬁfmiwcts 050 1l s
i nvention as histam_ne-3 receptor |i nds receptor

jacketedyeasgtyr andheedted tobn§ whie § rwageaf e afs%fé@r £Ag

sou, BREY Y50 oSS CR PRI B i G onagh o b

°(‘/thhmm$8th9h e@id aingl EererB rhrantsaIAffélnelnaBéWrm!d the reactor was
275: 598- 604 (11995 Jour nal of Phar

cooleGkRgRr {rahiare amfarr%fgor 995 54000 CooU8 DB ) 20 Shrdor 24
Bi ochemni cal Phar macol ogy,-148- 3099- 3108 (1973)) The rat
H3 receptor was cloned and expressed in cells, and
conpetition binding assays carried out, according to
nmet hods previously described (see -114- WO
2007/ 100990PCT/ US2007/ 062329 Esbenshade, et al Journa
of Pharnmacol ogy and Experinental Therapeutics, vol.
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313:165-175, 2005; Esbenshade et al _ Bi ochen ca
Phar macol ogy 68 (2004) 933-945; Krueger, et al Journal
wo@booPhemommacol ogy and Experinental Therapeuti cSPCWUE2007/062329
314.271-281, 2005. Menbranes were prepared from CO or
hours%ﬁé@%pﬁﬁ%& SiscPURIRPehI% FRRIiAritdisleAsd g%sﬁzitratg)g

recepto onD eni zation on ice in YE
funnetnSdhdﬂ’mege M@sm@fw@n 15 ik of de-ienirechivatercars! tenebTdjied 30

i FBETAN T S e8It O gl e o
crystaﬂﬁ%tircbﬁNBQﬁ tAd L 4P ltasf 20 Jppaw 6§R¥t5~ C Th| s

was repeated, and the resultin elie
methw@@cmwérquimﬂzbmﬂoéﬁ (2HA)-yifd ot $i |- Het!}pﬁ/ffeaéﬁ HeH)-
-70C until needed. On the day of assay, nenbranes were
thawed and diluted with TE buffer Menbr ane
preparations were incubated with

[ 3HL- N-r. (- met hyl hi st and ne go 5-1 0 nM in the

presence or absence of ng concentratlons of

-_ §élt°<5\‘ U

=5
U
Methvﬁemhy@rfop@rrﬁkdw 4TEDbtrbf—é(rZI-b)tvl]25 1@bmh1@nwb4€l‘;bemdmmm3é21—i)-
after 30 m nutes. Thloperan1de (30 JIM was used to
defi ne non-specific bindi88%A | binding reactions were
term nated by filtration under vacuum onto
pol yet hyl eni mne (0 3% presoaked Unifilters (Perkln

ER+{e (B2 R SaB0ifehatisyihexahydnepyrenio[GF-Bmyiral-d(2H}-plH1oled

ione By o AT Db 28y G PAB s o

dimeth ¢l aidthmatd @,Eh@amg 85 Farinal 40 afl jabeeteddiatiogaqdipped with
conpetition 1050 val ues and Hil

i ndi ng_ass
overherd séigingmet Qreﬁesqwmobﬂfrtwanc AGIQ i WGHGFaV RS RTRaredh By

dmsogﬁgﬁaﬁgﬁﬁﬁg?fuég£gﬁgon neraﬁrgéqsgpgisen§ggyn“mngat25

one.

+/- 5 PTPOTNEY -Rirtaribeacichyelntion maé@i@wls/tacaieﬁjdtozﬁeman @eegaase
affinities in the above assay frqP1 out 1&3 3%0

solutiaB bk GHRINTG Secierserebiip ot i Tes bake SRV *C-

The RURCkh B QEABITRIAWASRER! 4175 Ve 1) 4 P2 he Ridctstwas

Mor e erre
cooleddoEd N SThef retlonrivaseneldat 4501hthri3d rmrsltmmné-tlﬁaen continued

RN i M Pt i oo

reacty! 1%)5' réé?ﬁor‘:@éé %ﬁltréﬂ i@ AKbthée24 hoursb A Gy was
inity of compounds, there are aninal nodeis of

dsschlangmmmosaeuasémn it samileeecv\gﬁash fileatonsunagle Thasakeiwas y

washgy wGGUEE TS S50t gk dusibts e ghmirBa Sidig et Miteanol.

Sohd@We’i@'alrfﬂ}%Qi o®thd figerforB motirs eRXRDABNEN §idtdretiiel sulids
deficit hg&eract|V|t di sorder) and related human

colleatipd aftdeat20f Chafers arshaiter the 12 1howi Wﬂ;ﬂnﬂwﬂ@at%jethﬁé&e

o n ¢
soliog, e (Ebeirod AGThETaaHTot AT PR SR D)
meth?lﬁé@?cﬁo;ﬁ%ﬂﬁé{?ﬁ&-‘b IMgrEvIgRERgItE ﬁrtﬁﬁlp@’m@)yl}mﬁﬂelbzmm(@H
ology and utility of this test has been
one. described in the literature, for exanple in Komater,

V. A, et al. Psychophaﬁﬁﬁﬁ y (Berlin, Gernmany)

(2003), 167(4), 363-372; novel and sel ective

2-{4 ﬁ%%dﬁl@Meﬂﬁihmwmownﬂﬂdﬁﬂiﬂbh)wsom G 1 datlBiphenyl-4-
A-317920: 11 and
neurophy3|o|-e 38 PrET i 3 &m-feca B.., et

al . Journal of pharnacoloﬂ?oioand experlnenta

t herapeutics (2003), 305(3), 897-908; in Cowart, et
al. J. Med Chem 2005, 48, 38-55: in Fox, GB., et al.
"Phar macol ogi cal Properties of ABT- 239: |1

Neur ophysi ol ogi cal Characterizati on and Broad
Prechni cal Efficacy in Cognition and Schi zophreni a of
a Pot ent and Selectlve Hlstan1ne Ha Receptor

A e o -~ o e
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2-{4' 4(3aR 6aR) - 5- net hyl hexa hyd

roPyrrol 013, 4-bl pyrrol -1(2H)-y11-1, 1" - bi ohenvl- 4-
waghaxodeazi n- 3(2H) -one Hel salt hydrate. PCT/US2007/062329

2-{4' -[(3aR, 6aR) - 5- Met hyl hexahydr opyrrol o[ 3, 4-b] pyrm -

1(21-Thylj-1,11- biphenyl-4-yl}pyridazin-3(2H)-one

(745 ng) was suspended in dichloronethane (2.4 nt.)

T2194 (B 68 R)5-Methyitesiahydiopyaios[B, ﬁﬁ]p@rpﬁl-ﬂ GZHJH/IPW 10f

i n nmethanol /water m xture was prepare & n1X|n8
blphewlﬁ-mttpmdazlnvﬁﬂtt) th (freoipgsen 37 01) WAS dﬁﬁ@ edm800 micro

liters dj'd%hlél‘drtfé %gté b%t ?ﬁgﬁﬁétﬂqbéa{d in a 4,mL. vial.

orone ane hroug hé process the

A soltmuanff rtstaﬂoncsacai Irf medtam nas rmedt byedissbivinget8.2hg of L-
sol | Ietel§gd|ssolved mhen about hal f ﬁjﬁéh%hFIQ

tartarig éPlSﬂt'P(?rQ raditrg of ynetharel by wixing atdp v+ el-
tartarig %'{;ﬁ%d??t;d\?@ra%gs{l%\fwoddd‘eﬂ 1370 ok BRTP] A@ﬁddtf evﬁ‘nle stiring. The

i zat'ron was observe
reactor ods stgreptt far slsourshehe shumivt wag dischprged omtovmmengm ftited

smtere\gig Sﬁg t{r;%gc{rg nnggt ) §§M°eé8'fg?r'- t|]t=§d 81(1eftt?é ?Herh or 3 ynﬁltnﬁles
PXRD%ﬁa;t_g‘été Bhitne %Bkdétd\ﬁéét&ti eatanY SbAgIRY %’H Entalfify " r ol -

henv1- Vri -‘one
anhydmwfmfm@‘ the L-tartrate salt of 2-{4'-[(3aR,6aR)-5-

T T T s L

one.(226 ng) was suspended in nmethanol (4.0 nl)
solution of 1 MHC in nethanol (0.66 nli) mas added to
t he suspension dropwi se. Throughout the process the
suspension is stirred using a nagnetic stirrer. Mst
of the solid dissolved leaving a right suspension.
Upon sonication, 20crystallization was observed The
resul ti ng suspensi on was agitated at anbi ent
tenperatures overnight before the crystals were
har vest ed, Exanpl e
C
2J4L- 1( 3aR, 6aR) - 5- Met hyl hexahydr opyrrol oT3, 4- b] pyrroi -
1(2H)-V11-1, 11- bi phenyl -
25yl | pyri dazi n- 3f 2H) - oneanhvdr at e
244" 4( 3aR, 6aR) - 5- Met hyl hexahyd
ropyrrol o[ 3,4-b]pyrrol-1 (2 H-y1]-1,1"-
bi phenyl - 4-yl ) pyri dazi n-3(2H)-one (372 ng) was
suspended in dichloromethane (1 .5 nL). The suspension
was heated to about 50 C A MHCL(1.1 nL) solution 30
was added to the suspension in dichloronethane
dropwi se. Throughout the process the suspension is
stirred using a magnetic stirrer and tenperature
mai nt ai ned at about 50 C. Most of the solid dissolved
| eaving a |ight suspension when about one third of the
HCl solution was added. Upon further addttion of the
-117- FICl solution, crystallization was observed.
The resul ting suspensi on was agitated at anbi ent
tenperatures overni ght before the crystals were
harvest ed. Exanple D Single crystal of
2441-1- ( 3aRt 5aRI - 5- Met hyl hexahydr opyrrol o[ 3, 4-bl ovrro
-1(2H)-1/11- 1,1 -biphenyl -4-yl | pyridazi n-3(211) - one
L-tartrate salt nonohydrate (Form A):
2-(4' -1(3aR, 6aR) - 5- Met hyl hexa hyd ropyrrol o[ 3
4-b] pyrrol -1(2F1)-y1]-1,1" -
bi phenyl - 4-yl | pyri dazin-3(2H)-one tartrate (Form A)
was suspended in 1 nL of -txisol uti on m xture, which was
prepared by m xing 10 nL of dichloronethane with 1.5
nm. of 20% water (in nethanol) The suspension was
vortexed and heated in a shaking water bath to about
40 C and maintained for 1.5 hrs. It was further heated
to about 70 C. The suspension was then filtered. The
mater bath was turned off and the supernatant cooled

- e ' AP a1 1. .




Exanple E Single crystal of
2-{414(3aRleaR) - 5- Met hyl hexahydr opyrrol ol- 3, 4- 151pyrro
l-1(2H) -yl k 1, 1" - bi phenyl-4-vlipyridazin-3(21i)-one
L- tartrate salt nonohydrate (Form 20
244’ 3aR6aR) 5- Met hyl hexahydr opyrrol o[ 3, 4

WHATb?; &2F1) -y11-1, 1, -
bi phenyl 4 yl | pyridazin-3(2F1)-one tartrate (Form A)
was suspended in I nL of solution m xture, which was
pt.eparkdompotindiofghé férnmdla:of di chl or omet hane with 5.0
nmL of 20% water (in nmethanol) The suspensi on was
vortexed and heated to 25 a?gut 48 C yielding a clear
sol ution. The solution was then filtered and the
super natant cool ed t o, affbiefh léryelabiir es natural |y
overni ght The sol i dsR reC|ted over the night were
di ssol ved agai n t hgangX byR3heat i ng t he suspensi on
to about 90 C The sgl it Rrees cool ed slowy by
progressively Iowean t tenperature of the water
bath to anbient terrWéraNur@s Single 30crystals were
of fered_ Exanple F Cry$14al lization of Form B of
L-tartrate salt of 2-{4l-[(3aR 6aR)-5- -118-
Met hyl hexahydropyrrol 013, 4- hjypyrrol -1(2H) -v1}-1, 1" -bip
henyl - 4-yl i pyri dazi n-3(2H1- one
2-{4' -[(3aR, 6aR)-5-Meth yl he xa h ydropy rro | op

or a phdfscHaly JoqeRypblbsitedbhigmige. of radidlapglisd fom tpepso,

whereis di ssolved in 25 rrLs of d| nmet hyl acet am de by

heating tg 75 Cin acketed reactor equi pped
R s alldr Gerks cquamgorrf@p 5 CYRIAINVITRIAYS Lt ar taric

2ad i pyrat 9z Bas 0
sIiﬁt aerdﬁm; Igm gal r?wfgﬁ %%%ergﬂ%ﬁg&o%nmﬁﬁt%, or
fluoromiettd®; +/ - 5 %C The L- tartarl c acid solution was

{he hot f b Osol whi |l

2Rl A5 And B4 S pesendaly HcBe0emakd oaTPaMy
fluoro%lgg%ﬁ%%)gr) gﬁgfﬁgbx%iﬁlé%érf 'i"?1‘ithre 8&%%@%{23\9 %ﬁ'?nél%en one or
more GhR¥, RI& REaand R} avecaled, ﬂﬁarCat leaston® ef REs RAIREcandtiR™ is
fuorogSi HGoaER: Alsokhitbioaiiery, MgSR aohlEea ont o a <

NE'di @bdrid, toxigélﬁ esAfr abaB6nYli dlkyieheoalkiearsinyl qu/lammo -C(=N-

reactor, was rinsed with 20 mt. of de-ionized wat er
Oa|kya'n@l'tNI%,r| nse was used to wash the cake. Solids were

7 A U8 1 SR, RG99 b, (o

oalkyla).f INRS, LB@:G)ZNRéurorthRche@)J ndi cated that the solids
Wer.e of crystalline FormB of the L-tartrate salt of
ZCY isaqglapgy@gﬁjq;l cycloalkenylheteroaryl or heterocycle;

ey [
% %%jﬁ ??ég%l?gg[zzy&b@@ﬁg‘l Hé%g&% er?d %.iﬁ&@}oeyéﬂe Whktei'the
hetercﬁrylsctrﬁdtemyclennorbty:mm ,EQ odr &hetemmatoats&selad:ted dfom nitrogen,
hexa hydr,
oxygefl, A FUE: BraGed et astiphs neteoaton 15 pfogen: and
YR“ énc‘l 'ﬁs@tréa@ﬁﬁceuﬁeﬁgé’hs Ry dr8§8R or alkyl;
4' (3a -5-Met hyl hexa hydro p
wrouidep:ihat@‘ igrnadl - 1( 2H
-y1] -1, 1Pbi phenyl - 4-yl | pyri ci azi n-3(2H)-one (free
base, 3,12 grans), 1.5 grans of L-tartaric acid and 15
nm. each of absolute ethanol and water were added to a
50 nL 30j acketed reactor anfhheated to 76 C while
stirring at 250 rpmto affect a clear solution. Once
all the solids had dissolved, the reactor was cool ed
to 60 Cat 5 C hour and then held at 60 C for 3 hours
After the 3 hour hold, the reactor was cooled to 20 C
at 10 C hour. The reactor was stirred continuously at
20 Cfor 24




hours The slurry was discharged onto a nmediumfrit
sintered glass filtration funnel Solids were washed
with 15 nLs of de-ionized water and then air-dried 30
m nutes. PXRD anal ysis of the solids indicated that
the solids were of the crystalline FormB of the
L-tartrate salt of 2-{41-[( ‘1?,8&\3)-5-

5nmet hyl hexahydr opyr r ol 0[3JR4C Mol -1(2H) -y1] -1, 1" - bi
phenyl- 4-yl)pyndazi n- 3( 2H) - C arrpl e H
Crystallization of Form A & rtzgate salt of

2-14T- 1(3aR1(aR) - 5- R?2
i oMet hyl hexahydr opyrrol oli 3, 4- bgyp roI 1(2H)-y11-11-bip
henvl - 4-yl ) pyri dazi n-3(2H) - one

2-{4' -[(3aR 6aR)-5-Methyl he xa h yd ropyrrolor3, 4-b]p
y.rrol-1(21-1) 1-1,1"- , )

bf-phenline QQWPPH% ioéicli’imnl-ﬂ(@fﬁmdﬂ1e‘s@fb%®-base, 174 q)
was di ssolved in 25 nis of 15dirnethyl acetam de by
heating to 75 00 in a 50 rriL jacketed reactor

e3jui ppEle womipoane of ekaimst, iwhereinp Lfds @bond.sol uti on of
L-tartaric acid in water was prepared by dissol ving
549 ng of L-tartaric acid in 15 nL of de-ionized water
by, m XTHe céltnpéﬁn&bf elaith CwhErginll-"ad E‘?ééctﬂﬁtéja bond.

sol ution was sl owy added to the hot free base

soI ut| on, while maintaining the terrperature of the

L4, 3R GG 1 o s, RO 2 R0 o

hydro%@i cooled to 47 C. The reactor was hel d at 47 C for
O mnutes and then continued cool to 20 C. Once the

react or reached 20 C, a sanple was collected fromthe

react f ke 3d

15200 fnd SharBSEy of BB SR S AN L RS kbt R are o
substlmeriﬁ@ﬂmi-tghﬂ:hydfogghr ation funnel. The cake was 25

washed with 18 rnL of a 50/50 v/v m xture of

de ionized water and methanol. Solids were air-dri ed

r Ta3gh 35S | Sc i
coI I eiﬁé kb gpﬂgtﬁg%‘i’% ewig%gﬂalﬁdaﬁgftgr ? ﬂ%t@g?%éﬁ H?drogen.
hoI d and ind| cated that the solids were of crystalline

f the L-t t t t f 2 6 - 9" m3a c
&ty °&gﬂ9'§9359%?8(a S el Gp B Lojs 8 popd; B RY, R
1
and RECae etk ?”'G%qﬁéﬂ“ﬁa?ﬁg}x‘gr@gﬁﬁggr'ro R, %y1°$°ar"r‘%ﬁ‘y'

heterop(r;zIH)r.Qquempyglg, whprmnylne hetewa}qyyolr etgquyclga(lzuq)etys @s1,2,0r3
d
netercatbfis sefided B Adlofien OOERaAPE sl PEPYRed it fgastgne

heterdatda§ hitrogdn. 1, 11- bi phenyl - 4-yl) pyri dazi n- 3(2H) - one
(free base, 37.4 ng) was dissolved in 300 mcro liters
of dichloromethane by stirring at 25 Cwith a magnetic
ad i c acid
et T gmlut Bt ciai®, Bt Sy s dyrbBEhBhe”
L- tartarlc acid in 200 mcro liters of rrethanol by
] at 25 +1- 5 C. Th aric acid solu
'SP gompadad 26 ol T hereidt’ BalknTons e 12ls a bond:
2a gh igg2ei Y. RPA af eg3d prd H3h 3d
R Ty ol g IR s 8 yidoh i RF R R 2l hyarogen
Cy' isgihenyi, fanht@yftpwrdarzmmel Solids were air-dried on t he
filter for 30 m nutes. 10PXRD anal ysis on the solids
i ndicated that the solids were of crystalline
anhydrous formof the L- tartrate salt of
2-{4'-[(3aR, 6aR) - 5- -12
met hyl hexahydropyrrol of 3, 4- b]pyrrol 1(211-y1]-1,11-bip
henyl - 4-yl | pyri dazin-3(2H)- one. WHAT IS CLAIMED | S:
1. A compound of the forrmula: R3c redti-cyl-L2-cy2




(1) or a pharmaceutically acceptable salt, ester,
am de, or radiolabelled formthereof, wherein: Rl is
al kyl, C3-05 cycl oal kyl, or (C3-05 cycl oal kyl) et hyl ;
R28, R2b, R2c, R2d, R2e, and R2f each are
i ndependent |y hydrogen net hy or, fl uoronet hyl ;
L, RBhe caatpound of Riimatd v@"aﬁfﬂn Ruisgeatwht | v
hydrogen, al kyl, fluoroalkyl, fluoroalkoxy, alkoxy,
t hi oal koxy, halogen or n|tr|Ie with the prOV|so t hat
win'en oTike Gompouedasf cRim, 1,RittereRAC! isanbokEd_2ds @ by R® R® R*

and RED 58 S iiFacns 5 Saikazin B s 30, Gl pitaaikeny.,
hetercg’%ry{;%ﬂn@%té%cycle whe'réhn'tﬁe ﬂe&‘?'g Wy?P‘HS k y°d|’éfﬁéﬁety has 1, 2, or 3

al’kyl ene yl car arnin
heterea(t()m&ﬂldxgtec)i frono nitidigén, oxygen, laddisailfar, mmw;iedib@teat least one
fur, ar bonyI al kyl ene, al kyl carbonyl, al kyl am no,
hete"oatif’ . NR5, -C(=0) NR5-, or -NR5C(=0)-, Oyl is
aryl, cycloalkyl, cycl oal kenyl heteroaryl, or

heterocacle Cy2 is aryl, %EJ oal kyl,
c¥3! oal @nymponad@fmmm)rwh&rem y|§|mmdmeeretiqnadm@ubstututed

o h roaryl or heterocycle noiety has 1, 2, or 3

WuhcﬁgﬁéToatons sel ected fromnitrogen, oxygen, and

sul fur, provided that at | east one heteroatomis
n|trogen and R4 and R5 at each occurrence i s hydrogen

0?4 al k]]he campeuad of claimn Geeledted Fom RegupReaRsEnGDb

% Re4T3aR 6aR)-Scfet e GARR RSl -Gleiybl (A 1, t-biphenyi-4-

yl}pyridenm,3(42H)Bne corrpound of cI al m 1, wherein L1 and L2
each are a bond conpound of cla

wiaRebaR )?Qar"eﬂum (ézeyﬂrmziw 5r>ﬂﬁ2‘e b'@?ﬁ‘)ﬂbﬁfwmqta'wdéopy"0|0[3 4-

b]pyrrBEédr ogen. 6. The conpound of claim1l, wherein
| east two of R3a, R3b, R3e, or R3d are a
sﬂbE(BalRt&R) -Bhiethylheeahydrdpyrgeial3,4-b)pyrrol-1(2Hk¢l]-1,1":4',1"-
n% g of .claim1l, wherein R3a, R3b, R3c, and R3d
terph%{}yé HFaroaYfilegen. 8. The corrpound of claim1,

%BQRH us(egﬂmeyn&ﬁ -3- A, ’ﬁﬁmﬁhe b. Rae, and

re all phenyl an 2 is aryl,
meth;d@@tabmrnpyrroloﬁ pkremigel heteroaryl or heterocycl e,

SRRl 19416 AR SR SRR BoRVEAYIEE ana”
methykb&téﬁj?drop?n%lbﬁ?d-tgbﬁolét | east one heteroatomis
ound of claim8, wherein

t
I GO e v “tinberbt® of cl ai m

meth ct&ﬁ@"éb?@[é %ﬁ)ﬁb)ﬁ'ﬁle L1 is a bond; L2 is a bongnd

R2f-[(BaR[6dR)- mmbgaexarnampﬁa&o[mgpwwmd )-gije , Hi4r,1"-
%?41(?%[; i s phenyl, and Cy2 pyridazi none.
terphey el %und of claim 10, wherein Rl is nethyl.
6-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-
yllphenyl}piperazin-1-yl)nicotinonitrile;
(3aR,6aR)-1-{4-[4-(6-chloropyridazin-3-yl)piperazin-1-ylJphenyl}-5-
methyloctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-1-{4-[4-(1,3-thiazol-2-yl)piperazin-1-
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12. The conpound of claim1l, wherein L1 is a bond; L2
is a bond; R3a, R34, R3c, and R3d are all hydrogen;
Cyl is piperazine, and Cy2 is aryl, cycloal kyl,
cycloalkenyl het eroaryl or heterocycle, wherein the
roaryl or heterocycle noiety has 1, 2, or 3
Y”phe{ﬁ‘é’ﬂ@?@ﬁV@W&Yﬁ@M@ﬁe@]PVF@ﬁ ni trogen, oxygen, and

St rR(;é%R%%ﬁa%t@gh @k.dtrﬁéypp gagAieteroatomi's

claim 12,

yI)pheﬂyﬂoeﬁahyd];o?pyrrslq@mmlpynompt| onal ly substituted with
ound of claim 1, selected

K R )-SrptvEde B raTosheny Piperadin -
- LA - . h hyd I 3,4-b
VilphehyhoctanfdiiByi8ials 2-Lipgirdhe; fiex Y e oyl T 0T oL S, s Dl pyrro
(24R{44R@eR6aB)-bymethy(hexapydiopydblo]3,4ytdlpgrrel-1(@i)heny! -

Ooct ah | 0[.3,4- b |
yI]pheJ}y_Y}Pol@%é%%-g q%ro ﬁ{’lﬁhexah1/8¥g[)§rfol o[ 3, 4- b] pyrrol - 1(

2 tril
ggg%ﬁ% EHﬁﬂ’XéifHugﬁj plﬁ??ﬁﬁ/lﬁ%é?%?ﬂ?l 1r1| bl(aphenyl 4-y

)phqul]ectahuémpyrrotq[ambﬂpws»ier ol o[ 3, 4-b] pyrrol e;

R RS e BT Sy RS S ipwsrada P

yI]pheh?l}B’ct@h?drdb%rofd[@ﬁtﬂb?fr@l@!{r' di n-3-y1)-1,1' - bi phenyl- 4-

- et hyl oct ah yrrol o[ 3, 4- b] pyrrol e;

BalR)- éamyﬂwl-ﬂdf‘rf@myé&an;?dylamara@na[-3 4-b] pyrrol - 1(

nyl - 4-carbonitrile;
yI)ph%ﬁ]gg%by%@ﬁo@%ﬁ @‘S&@B yI hexahydr opyrrol o[ 3, 4- b] pyrr
0(3aR %R) 5Mhbmy9m5{hl(mp%ﬁﬁainm Yipysaragiati-noni tril e;
1-{414-(6-chl oropyri dazi n-3-yl ) pi perazin-1-y

YI)PhQﬂYHﬂ%tﬁ?!?E@Yrr@l@@ﬁytplgﬂrgpydr opyrrol ol 3, 4-13] pyrrol e
1
(@?@2 A RBESER Byﬁ'lgﬂ'ug{h‘é%h&ar[o?ylj[t} fipg' b]éyﬁ-@gq @R])azi n-

enygoct ahydr opyrrof o
yI]phe(r@BE!,p@a@m-ﬂ—yiﬁdwybnilﬂ]é (4-pyridin- 2 yI pi per azi n- 1-

Y R BRSBTSt - 1-

lo[ 3, 4-b I
meth)%&tﬂhgd‘( flﬁsw leﬁgﬁ‘drsrl%?hgl[ hexah]yg)r/{)[)or(reol o[ 3, 4-b] pyrr
o(3aR Apathyl [+ AepyaimidiniS-ppiperarint t4 | e;

oo AR SRR L 1

(&R, %‘R)-@{m rschrelhg{lélrﬂe&ah@dn@p*w |@5@r4 jrrol 3~ wﬁphsﬁyu-
azin- yl | phenyl } oct ahydr opyrro Ipyrrole

pipergzinrtt- )éhNFOBD%frﬁ?I 144- ( 4- pyr azi n- 2 yI p| per azi n- 1-

R R A S BB Sy ol 3 ylphprowy 1.1
biphenyedreastohitrleahydr opyr r ol (r)]Pl, ﬁ bl ﬁy(rjr ol e; I 4 b
4-(4-1{4-1 (3 6aR) - 5- net exa ropyr.rol o - rr
02&?11{%3[8 Sﬁﬁhgrrbﬁffwﬂ%éﬁéwwpﬂ%&%ﬁgtaiﬁv't@{ 13 @H)- by
di n- 2-yl 1-
ondRBAIRZ ISAcREr Sy m O 7 2 ) per a1
(2464-46RR, eaﬁvﬁmemmwhng?u[a 45b]|xow0ht(r2ﬁ)+ ?31-R
ro - rrol e; aR,
yl]phe%%(ﬁﬁ ﬁ%&ﬁlgr(g'dyﬁé%g&rkb%ydro pyflr/ol o[ 3, 4-b] pyrrol -1
4 iml[e(m\ql aRﬁsngéﬂngwépgggﬁ%@gﬁ% EL%]ngrgi ﬁ(ZH)—yl]phenyl} -1,3-
thlaZOl-?(ﬂ}FDyﬂﬁla]ﬂpHHR yone1, 11- bi phenyl - 4-car bon| trile;
2-(5-{4-[(3aR 6aR) - 5- et hyl hexahydr opyr rol o[ 3, 4- 13] pyr
rol -1(2H)- yl I phenyl}pyridin-2-yl)pyridazi n-3(2H)-one;
2-(6-{4-[(3aR, 6aR)-5-net hyl pggahydr opyrrol o[ 3, 4- 1Apyrr
ol -1(2H)- yl]phenyl }pyridi n-3-yQoyri dazi n- 3( 2H) - one;
2-(5-{4-[(3aR, 6aR) - 5- net hyl hexahydr opyrrol o[ 3, 4- 1Apyrr
ol -1(2H) -yl ] phenyl1}-1, 3-
t hi azol - 2-y1) pyri dazi n- 3( 2H) - one;



5-(4-{4-[(3a R 6aR)-5-nmethyl hexahyd ropyrrol o[ 3
,4-b] pyrrol -1(2H)- yfl phenyl}p iperazin-1

-yl ) pyridine-2-carbonitrile;

(3aR, 6aR)- 114" - ( 2- et hoxypyr| nn | d

I n-5-y1)-1 11-bi pheny qct ah

. @-&W%(-&?%GQRBPWQVM oxahyaropyrrolo[a.4-blpyiord (2H)-

y”phe'é,i,?é'la)e[-ézi,]ql? )ﬁ%}‘%dﬁn enyr&ﬂﬁ.ﬁ?@ydr opyrrol o[ 3, 4- b] pyrrol
y(3aR;6aR)- ne[42(2:meﬁmypynﬂn&1m 5-yl)-1,1'-biphenyl-4-yl]-5-

meth}]?%‘gepdmwri%[éé%]ﬁ6%'):\')2" 5- net hyl hexahydr opyrrol o[ 3, 4-b
5 RRATIER SaRy it B a gy efstp 4-blpyrrok-#2H)-yI1-1,1"biphenyl-4-

yl-1
yl}pyrmrwﬁa:aobomwa.) 1,1' - bi phenyl-4- &eta hyd

Gl it BY R Betnynaray SRR 4 gl IR

blpheﬂgl -y rmdzﬂf-ta wRyrrol o[ 3, 4-b] pyrrole;
6a -met h

B) 540§ l-1 [ai(mngtlmh-gﬂ-p,yrazol -4-yl)-1,1'-biphenyl-4-

3,4-13] pyrrol e;
yl]oct%Jl)Jl§€§[{z>aF31§[3oﬁ-¥)Hﬁ%§é{ 6aR) - 5- net hyl hexahydr opyrrol o[ 3, 4
GéIQ 13[42%5 irhethyl-1H- pyrazol-4 gl )1, 1 blphenyl-4-yl] -5-
hen ri.di n-2(1H) - one;
meth)dqqtahy TQQW@Q 4@]%(@?1 hexahydr opyr r oI o[ 3 4-b] pyrrol -

1&%ﬁ ?fé{é ?héﬂwyt—?gﬂ’gﬁggbgégw A%y ﬁ‘eglgﬁééwowpygpgl 0[3,4
yI]octaludmgpyrtlzd_nle[_B(@H]p%nIidle 1_ % one.
5 Pt 4R a R e KAy rnyros3 A-blRyypl-b(2H)yII1. 1

i 3 e, up y1-4- vyl }pyridazin-3(2H)-one;
blphe%%y%)(@éﬂi%gq%p@@cycl obut yl hexahydr opyrrol o[ 3, 4- b] py

r s-ohethyl2H{4'[(3aR,6aR)-5-methylhexahydropyrrolo[3,4- b]pyrrol 1(2H)-yl]-1,1'-
. _biphenyl:4-yl ridazin-3(2H)-one; and
blpherI{égyl?%/)(rggrpq&éQ%Xog €net hyl hexahydr opyrrol o 3, 4- b] pyrr ol

éiw?éﬂh M J i EéRﬂasvr%bthﬂhé(a%yumﬁgrrolo[34 blpyrrol-1(2H)-yi}-1,1*

r|da2|n har macedt i cal
blphemd M%Wﬂdm-% pnei ng a conpound of claim1 and a

p%ﬂ%ﬁﬁ%ﬁ%ﬁﬁﬁlé i ERBh LBy 8ot S blpyrrol-1(2H) 31, Mbiphenyl-4-

yl}pyridazin-3 QB@%;-@@R) 5 mst hyI hexahydr opyr rol o[ 3, 4-
rroI - bi phenyl éé—ﬁ“ dazi
oiréz d3aR, ﬁﬁ&#amb%ﬂheya fa@lf@pyra@p @yrfcrle‘lr(%ldb yl] 1 1-

bipheé;?-’%?l éﬁla%%ﬂﬁgg%aé%é r}dhyl hexahydr opyrrol o[ 3, 4-
b@MF[(CﬁiR SéRb*ﬁ-mlelwﬂmwh}/dwmdb[34‘mel deH v hiptdnyl-4-y}-

.one or . roaceutically acceptable salt thereof.
4 5-iRgiroR iR aka LRbE. | o
2-(6-{4-[(3aR 6aR) - 5- net hyl hexahydr opyrrol o[ 3, 4-

b] pyrrol -1(2H) -yl ] phenyl } pyri di n-3-yQpyri dazi n-3(2H) -0
ntb.or A phasmaceutical camppsiion @omgrising alcompoandadf.claim 1 and a

pharmaceutically acceptable carrier.
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16. A compound that is 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
blpyrrol-1(2H)-yl]-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one or a pharmaceutically
acceptable salt thereof.

17. A compound that is 2-(5-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-yl]phenyl}pyridin-2-yl)pyridazin-3(2H)-one or a pharmaceutically
acceptable salt thereof.

18. A compound that is 2-(6-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-yl)phenyl}pyridin-3-yl)pyridazin-3(2H)-one or a pharmaceutically
acceptable salt thereof.
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