OCTAHYDRO- PYRROLO [ 3, 4- B] PYRROLE DERI VATI VES AND THEI R USE AS H STAM NE- 3
RECEPTOR LI GANDS BACKGROUND OF THE | NVENTI ON 5 Thi s application
clainms the benefit of U S. Provisional Patent Application No. 60/776, 509,
filed February 24, 2006, which is herein incorporated by reference in its
entirety. to Technical Field The invention relates to

oct ahydr o- pyrrol o(3, 4-b] pyrrol e conpounds, conpositions conprising such
conpounds, particular salts and nor phs t hereof . et haods for making the
conpounds, salts, QedABIDRS ROLEN 3 4B YRROLEDERINAIIVES condi ti ons and
di sorders using suAu' Jaliizal ‘ oY | ption of Rel ated
Technol ogy Hlstanlne is a mell-knomn nodul at or of neuronal activity.
At | east four types of_j' 2 . ﬁeen reported in the
literature, typically reterted 1 rre==, hi stam ne-2, histam ne- 3,
and &i stam ne-4. The cl ass of 20 hlstanlne receptor known as t he

hi stam ne-3 . ece t,or S ti d the h am,ne. receptor or
the H3 recep rB?? ?'E’aﬂ‘él'f '3@&%@%@6”?#0?@“%‘9%&?@? éﬁgml@g?on in the
cent r al Noe§0/PT6,569,SledFebruary 247 2006, whiskis teerdin (tbrpsratetitiyor was first

phar macol 0qi cak‘é char acterized on histamnergic nerve term nals (Nature,
302: 8321888 n%el é%n’eﬂﬁe hi stam ne H3 25 receptor |s able to regul ate the
rel ease of neurotransmitters in the central nervous system and peri pheral
nervous_system_ and al so in peripheral organs such as the gastrointestinal
tratd. | | i gands have been shown to be able to nodul ate the

rel ease of RATH i nd ot her

neur ot r ans mhiﬁlﬁgémaﬂerg%m st @%&aﬁgéo@wlﬂgﬁ @ﬁg?&&@@h@gw@est ablished role
| n 30 neRfopeaitiong cemprisingaushicompounds, @aﬁ@ulﬁljBBK& anyd pelymarphel nodel s of

di seas 0, at ment of
di seas?hb%f%ﬁﬁoaﬁgotr%él{’ﬁ %gcl:];oggi hﬁg‘os%ﬂs, 5‘ écﬂﬁﬂg@h% %rb&nﬁ‘ﬁﬁbg sel ective
H3 recegpittteating canditiensant disordgrmilsing sigH eompaunds aad .comppsiions.st ami ne H3
receptor: Fromgene cloning to H3 -1- receptor drugs"” Nature Reviews Drug
D scovery (2005) v. 4, pl07-120; Arrang, et al. Nature, 327:117-123 (1987);
Leur s aDéscriptior ofiRelatettiTechiblogli st ory of H3 Receptor: a Target for New
Drugs," Elseyiger (1998 The act of nhi s regc ors can be
modi fied or PEGTRY P %fé" {‘H%W'S“?@IHYW'Z‘{W@PTW &]VRYSFE ﬁfefeﬁh recept or

| i gandstypd§ ef his@piins re‘oaptoe@mﬁéeﬂ @paﬂé@mmeramrwwgﬁcameﬁer@a or
partial agonist _ actiyvi té'lil?ﬁ anpl e, histam ne receptogrs have been

| i nked eAysiaminesdshista gd'l"ﬁfél’"%”‘?'él andhistaminerd. J@'ﬁtqazﬁs ervous system

i nved vi mgtaﬁﬁﬁ@recepmgﬁb% 6§ tReHisRInlge- 3rreembuogus©adonﬁ§tm@§d tepesity, and
al so per. system c activities, such those involved in asthma 10

and al |@F&T§5$hh%]qqpéorommﬁmmvepm '§l§’§"%‘49&’st§é’ia}'cﬂ "Q!%f?pounds denonstrating

H3 rece@élﬁbﬂ%ggghmhg%h%mér@ﬂﬁ tdrh. Woul d be beneficial to provide
addi ti onal conpounds denonstrating act|V|ty at the H3 receptors that can be

i ncor por at edl henhistaplirg-téldguecenier wanfiistPhargiesolesisally Chafactﬁﬁé%%ut ic
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pat f e?" gﬁ}ﬁﬂn%ﬂa P8 ﬁﬁ&?? idGus system, a r%él]%’ﬁﬁq%ﬂdhéfa? ngjryﬁ%ru?ﬁ(aﬁﬁe diffraction

2-{4" - (momnéetmtmthymnsmngahd:gqmdsdhm,{eaqeentsppwnrto|ba(m@toy|] 1, 1' - bi pheny

of 12 b FRBRUERL R 3ieBE8 pffiSianine, doba st sEroRoHlf. HootlidhBind) dnifdtfidy On pattern

2 {4 [ daBYraadiittersiFhe ekistonas vl H@Mdptdr@ bﬁd heir established role in
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di 117 ack PERep e B e deye féa%mrépa@glqw HeFRSPIUBSRBER AN of

2-{4" - [é&aﬁ’mrﬁQtB)((L%uF@‘éhﬁi h?hé'ﬂ)é@érﬁﬁﬁma%é’ép%ﬁf—’rom gene cloning to Hs
30b] pyrrol -1(2H)-yl ] - bi phenyl - 4-yl } pyri dazi n-3(2H) - one. SUNIVARY OF THE

| NVENTI ON  The |nvent| on is directed to octahydro-pyrrol o[ 3, 4-b]Apyrrol e
derivatives and, nore particularly, octahydro-pyrrolo[3,4-b]pyrrole
derivatives having a conpound of fornula (1): R3 (1) 5or a
pharmaceutically acceptable salt, ester, am de, prodrug, or radioactive




isotopic formthereof, wherein R1L is alkyl, Cs-Cs cycloal kyl, or (C3-05 a
cycl oal kyl )nmethyl; R2, R2b, R2C R2d, R2e, and R2f each is independently
hydrogen, methyl, or fluoronethyl; R3a, R3b, R3d, and R3d are each
independently hydr ogen, al kyl, fluoroal kyl, fluoroal koxy, al koxy,

thi oal ggeﬂat&é Revidws arugv'm&dv@?y tzroay) QM%WMQOM%n%@t or rmr e

of R33, b and Rad are al ky en at | éast one of

and Radl- |N;attllla.|(326a’l Wy123 { 1Qﬁ7r)ola¢llld'§>@n,d Hmmargman tach ATRe Kistorapbiden,

trileg, | Kyl | Kyl b |,
D) kyl aftesgborca TaPdshiter RN ies  Eiablugs RGN o “\Rioroo) - 1D te! aOBXnd,
oxygen, sul The, ac‘ﬂ@ @ﬂbfhtarﬂuh&ﬂﬁ@@e t@kéﬁﬁéﬁ@ébﬁ@d'r ed @y kygmmem;y the
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R2b R2eeddpitrs Wavethwdn linkeddb cohditivesiandeditorders mlatedotte pbatraceut i cal

conposi ti ons 20 conpri si ng conmpounds,  of the inventi on ?uch conposi tions
can beNGBIRHTiSYBIarRINYolviag Brpeke sogpitive anfmatiRicn@irological RIRGASSER, t ypi cal |y

dit
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nmodul at e hi, st am n tor activity. Co s of 1) have the
st ruct [RGEP ‘F"e’é‘oﬂg@@nﬁﬁ%ﬂ yRpxigt, &f V&S‘P”'Q%&%’r@ ? 959‘4"5}5 '@Bﬂélbl e salt,
ester, is al kyI
G- 05’ SoTPEanb HeidHnali BRAG Ao Hstelehle (e Eah hohEdBoRatd | ° o6, and
R2f eairthio @hennad@qttmaﬂenmppshgds ugeful fordhesdpeutic niéthodanet hyl ; R36, R3b,

R3e, and R3d each are independently hydrogen, alkyl, fl uoroal kyl ,

fl uor oal koxy, al koxy, thioal koxy, hal ogen, or nitrile, with the proviso

thag when one to or pRIEF YESBRIPTION BF I'HE']QRRWINES al kyl', than at |east
one of R36, R3d, Rae, and R3d is fl|uoroal kyl, fluoroal koxy, alkox

t hi oal koxy, FHAUBgeh js aipomder X-ray diffractian peitiern okg beartrateimanohysisate:

"Nucy g BVBRG egafIRBAR IS mehhexaniiop bl rppsr ) ke‘n’;|

het er o#&fﬂ)—yl% 1hgtm@@y4lyqpyﬂdagnzg SH het uent R6 or a group is represent ed
drogen, "acyl, acyloxy, alkenyl, alkoxy, al koxyal koxy,

aI koxyal kyl FI%U%?@& powder )%Wﬂycddﬁffaﬁtlﬁﬁ pa&em% LHedrste Manatydrate
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merggﬁ?%r;)gyl}npt,'—bqjHefgt-mw;pyam%m.s(zmanem?|R]§ ~NR7) G=0) RS, |C( =0) NR7R8,
or IS a ona, ,.0x SuU u r a ene,
ol ot oer oo oB TS Ok 3 is:a momsier XopvidBelon pafersgha hatoeplorder 1. o

- NRL1C
heteroc cl Ih%%té Eg%ph%g @aggggls féggégﬁﬁg%&ﬂbg%@ﬁgp |ndependently
hydrogb}nyrml—zl(%lﬂkyll -1 @iﬁh@rlyyéwb}alyhdazmeﬁ(%l)-@ﬂ C4 cycl oal kyl ) ani ne;

Pethor or 1 BloPRE 4 is Bfomges kelay, dfiaction Raten OLes sphydrers 1SBEts ot | ny Ho
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conditions and disorders rel'ated to H3 receptor nodulation 'in mammals. Such
5condi flildhiphenyl-d-\dlpyddazinid{2HieeeAl zhei ner' s d| sease, asthma, allergic

Cogni tive b FURE Pane Poliser &G Afdcbb paReiRblah roli iU cor dor .

defi ci hyd:@fchtmmrpblyrﬁ@fpmﬂz&{m (SﬁasaRM,mdmwuxea yd@iplyfroRsjgal-car ci nona,
drug abuse, di abetes, pe Il diabetes, ﬁFESSIOH epil epsy,

9ad9 r oblaverel-f2h)- HHOV'@@?'B’-‘"YI*ﬁfW&Nﬁﬁ@l'Brﬁ(z r9DBi n resi stance to syndrone,
jet lag, nmedullary thyroid carcinoma, nelanoma, Meniere' s disease,

nmet abolic syndrome, mld cognitive inpairment, mgraine, nood and attention
al teration, notion sicknSSMMARY QFEPHE INVENTIONI ¢ i nflammation, obesity,
obsessive ¢ yl sive disorder, pain, Parkinson' s disease, oncystlc ovary
syndr one, %Hgi%‘ﬁﬂ{}t'@ﬁl'ﬁd'@%@ﬁltf’lwm@ﬂ' P-pyirelohs 4§8HV‘Z@'§H¥WF"HVG% andur es,
septic 15 shock, Syndrome X, Tourett& s syndrome, vertigo, and sleep

di sorders. More particularly, the nethod is useful for treating or
preventing conditions and disorders related conditions and di sorders
related to the central nervous systeminvol ving 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 20 and
obe5|ty Accordlngly the conpounds and conpositions of the invention are




Yet another aspect of the invention relates to radi ol abell ed pharnmaceuti cal
conpositions. Radiol abelled forns of conpounds of formula (I) can be

provi ded as conpositions of the invention and admi nistered in accordance
with a nethod of 25 the invention, typically for assessing or diagnosing
condi t} o] ALt WML, le in
medi cawgggﬁ%ﬁ ’K%P ggp P f‘f‘@ﬂﬁt@ﬁ[@g %@%{r@%ﬁ% Q%I?ﬁ hg‘!"%c?t %%Jgg of conpounds
of t heof formuda i may be used for nmedical imaging in PET (positron emtting
t onography), wherein the | ocalization of histam ne H3 receptors, and the

extent to which these receptors are _gccupied by |I|igands, can be
determned. In this use, the conpounds of the invention possess at |east
one atomof a positron-emttipg o4 bf%%é—ﬁ% ected from 11C, 18F, 150,

and 13N. Compounds of the i nfeqtio al so i ncorporate isotopes that
useful for sPECT imaging, Ke/eXx 1. The invention also relates to
particular 5 salts and polyg$g ofR3ertai n conpounds of the invention as
wel | as conpositions conprisin Jprocesses for preparing such conpounds,
salts, and pol ynorphs. The RAVem i al so relates to conpounds that are

i ntermedi ates in processes for R'eparing the conmpounds, salts, and

pol ynor phs descri bed herein. The conpounds, conpositions conprising the
conpounds, processes for to making t{e conpounds, nmethods for treating or
preventing conditions and di sorders by adm nistering the conmpounds,

radd ol @baIRhaamasewiically acrepiabifsalh@sterpamide radrugapr sagiea ain
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cont ai RPRPIERir BHerBSs, Koau T B o e LB R s 2 “The. compounds
arfe f ucydieatk?lmethw&?ahﬁ?beﬁ??, RY, RETAINUERY BECICR meﬁgnmwﬁ@drwf | ON
Definition of Terns a rtaiRgterns as used,in the specification
are | nSIdCoR BBty R R gRE PodRg et pash PSRede@IREPBES bel ow

The tepmyf fEYloaldd, Mﬁﬁgalhﬁkﬁﬁkéﬁ?ﬂﬁo%o o rf?‘b?’nitﬁl%,@fftfhitﬂéd herein,

appended 'to the parent nolecula nnletyst rou a carbonyl group, as
detd nepraviscethat wheprarseon mores of BEampl R °oan¢5§? arenalkyli therat leastonmt

limted, t,es 6Ll —~3@XO0opr opy| 2-di,net hyl- 1- gxopropyl, 1-oxobutyl, and
1- o_xop% | .F@Z' hea't"iﬁ% '%@{Hrggkwl.ﬁgo[@ﬁwegémﬂ)’-%%ﬁ% Q@lfpearg'hp, as

def i negditfigr B! ¥ a B_@ﬁ@ﬂﬁ%eﬁosﬁlﬂﬁ BabRAlI, %Ny%ﬁu” %lkyl&ir@éﬂyl,tﬁlkﬂh\ﬁﬂn@.” oxygen
atom Rﬁ@Iesentatlve exampl es of “acyl oxy include,’ but are not |imted to,

acet yl dx{EN-BradpiloriREG(E=MNRSs ot NRYCEQ)-; bhis a kond, axygenysulfuis used

h . ) b hai o ;
o 0 caRnYs AR A Bipamgfenng e R QBRSO BT o ng "t -
| eqst oﬂeNﬂ&cpe@)-c;@ybm@ntdybban@nd:ycla@meﬁgﬁmv*e@érbus,:r,emermémyolb; al kenyl
i nclude, ,but are not limted to, ethenyl, 2- penyl ,

( Propenyl 2-ne%hy|2-ﬁro
3- but eRYf IS avhsyeoall. ayclealianyl, hetersapd onPrterocyrle3t and REstergh, and
3-dece ; S ik " i ans an al kyl group, as
defi negé{‘lﬁ%rrreerl]crﬁ 'Sa{‘yggorééggﬁ%@Ihgﬁ%g{ﬁ?é@mﬂﬁég}{z% H(r)rg?et y through an oxygen

atom Representative exanples of m¥koxy include, but are not limted to,

nmet hoxy, 5 ethoxy, propoxy, 2-prop -Put oxy, tert-butoxy, pentyloxy, and
hexyl oxy. The term "al koxfalkoxyR*as used herein neans an al koxy
group, as defined herein, appenda®#fo\the parent nolecul ar noiety through
anot her al koxy group, as defi nedgh ﬁ'nf?T@presentative exanpl es of

al koxyal koxy include, but are not lirpited to, tert-butoxynethoxy,

2- et hoxyet hoxy, 2-nethoxyet hoxy, and to net hoxymet hoxy. The term

" al koxyal ky \no@fer\&spect itk hyVErAeh rafhted @Waﬁé@éﬂticé‘%&ﬁédﬁ%éﬁer ern,.
appended to the parent nol ecular noiety through an al kyl group, as defined
he2@i ncomppisingrarapounsseofdhe inventibnalSuskyeangoesitions Wege edministeradt |inited

197e. FLAGHOGRHERY I aRiTod e ilierioR. WRICHI A8 alt of B oBbe Tos
def i negbdifichl fBr tra@PREKIRSH prévétonlsi conditionk efidl disorders felatelrte a carbonyl

group, as defined herein. Representative exanples of al koxycarbonyl
i ncl udeeceapier agtwityiot |inited to, nethoxycarbonyl, ethoxycarbonyl, and

alkoxy ar ouf 2aaugty ekl Brerin alihavs PR lSR I Rl BB 2, o ety

t hrough a sul fonyl group, as defined3herein. Representative exanples of

al koxysul fonyl include, but are not limted to, nethoxysulfonyl,

et hoxysul fonyl, and propoxysul fonyl. The term "al kyl" as used herei n neans
a straight or branched chain hydrocarbon containing from1 to 10 carbon
atons, and preferably 1, 2, 3, 4, 5, or 25 6 carbons. Representative
exanpl es of al kyl include, but are not |imted to, nethyl, ethyl, n-propyl,
i so-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl,
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The term "al kyl carbonyl " as used herein nmeans an al kyl group, as defined 5
herein, appended to the parent nol ecul ar noiety through a carbonyl group,
as defined herein. Representative exanples of al kyl carbonyl include, but
are not limted to, methylcarbonyl, ethylcarbonyl, i sopr opyl car bonyl ,

n- prop ' ; 1L . omd herein
A N A Bl e P s

nol ecufcamulﬂ)(lé)tbavtetthemyhcmreul fonyi group, as defined here| n.

Represent ati ve exanpl es of al kyl sul fonyl i nclude, but are not limted to,
met hyl sul fonyl and et hyl sul fonyl The term "al kyl thi 0" as used
herein, means an al kyl group, def peeCi@r ei n, appended to the parent

mol ecul ar  noi ety through a B @. 15Represent ati ve exanpl es of

al kylthio include, but areg,n rgnfetrvnet hyl t hi o, ethylthio,
tert-butylthio, and hexyl thi 3 The term "al kynyl" as used herein
means a straight or branch ydr ocarbon group containing from2 to
10 carbon atons, and prefeR ,41 or 5 carbons, and containing at

| east one carbon-carbon tri pl e Fbond 20Represent ati ve exanpl es of al kynyl

i nclude, but are not limted to, acetylenyl, 1- propynyl 2- propynyl,
3-butynyl, 2-pentynyl, and 1-butynyl. The term' an1 do" as used herein
means an am no, elks/lamna, or di aI(HyI am no group appended to the parent

nol ecul ar noi ety through a car bonkl roup, as defined Qt}g
Reph esehama&@aeaatﬁﬂ"wceep@mw ESler damutmtprawmetr Ptaﬁptledijrm

et hyl el oA eRR RO el I T AR RS R ne1 2

group. R® R F{?Feandrﬁﬁ éactytaré mdepanebehthelnseirogenm'aemybtmrﬁljabroraeﬂuyt;ycI ic

aryl gycli r The ht h henyl fused to
a %:lycl %al yI' aad 36!%!“‘ ﬁygﬁpgﬁpk%ﬁglb h“éﬁ’@l '(F:)ycl iyc aryl of
the in t ugh an
A S B O AV 1

Inq%? I% sent ative
ex40p| o5 mufre ofi ?Ml% cR caadﬁ |amelaikyéthmmatmaetnmof R4, RY, and

tj Iet] )r/gtt %ﬁﬁ@?ﬂgﬁ f°’°"h?é f%wﬂtﬂpa V gtﬁ%’?ﬁ'ﬁtﬂ%ﬂ IS fi’hl%q%t hrene, a

bi cycl bﬁy@éry 'suifUﬁ%‘értS&ty@ éth()ﬂéﬁ@'éwillcal%ohylc?éﬂdyla?mﬁb}’l =IE XKy NR®,
cycl oal bi l'ic aryl fused e tricyclic aryI IS

Gyc
attac he@(i‘%) NRe-. par-blllﬂ; *CheDrc R*3s hydiogen erailthg@y amr;tlacwnalésybm cont ai ned

th L at I
el uoaloBReHY, heoar [ER BRUFRLAGIE ih RUBHRRe R RERL REERUR, 11 for any!
andateté;ﬁbsdmteamﬁtmﬁmﬁhs hydrogenTheleQd‘,)bOXy enmfls/t afikédye aryl groups of
this invention are substituted with hydrogen or are opti onaII substi t ut ed

with saw@mlts@m,saltwtawah@&fqnyya@@r%ta@@wmmaevpxy%&tﬂwk@ Yhl kenyl ,

21 Koy EUPIeERRIAA R HISE, ol SR B, FYBREIRY) ™ o o,

ﬁa{ boxﬂuom,aﬂmx,y, halﬁbgtaky,)ﬁialomkwohamlgbﬂxhydrbﬂy,dwdron&alllgd,l lk’emap\t%aelzoo/al kyl ,
&Q%%E;qm%ﬁw%% %@é&?@”%@%ﬁ el obirdn kB hatei n R7. Re and Ro
C3- C4
I ryl, 55e ecte r(r)%g?lagegcélg ﬁyd"y& kyl, C3-C4
oal T R % 1o it g S R 15

cycI oablkylam!and G{EN- OaWny eNRhe-@(%CD) RO poii-sNR ' i6H{e)M;Cy gyl t he nunber of

b bi [i
S POl By clopikends biterdant ar Beterogydie; R R ReRIG dha Rt 3!\ 0o o
t he4ar ébcﬁb@g@rrééﬁceaaier|h8¥§éhd‘erﬂfy>ﬂydré§@1 @k”t&kylotamhz?clddﬂ%m&d s 0, 1, 2

, térm | Kyl "" as used herein nmeans an aryI
gr oup, (GsCdeycivelkyhamine Jpreyiged deat GYJ lstmet parent nol ecul ar noi ety through
an al kyl group, as defined herein. Representative exanples of arylal kyl
i nclude, but are not limted to, benzyl, 2-phenylethyl and 3-phenyl propyl.
The term "carbonyl"” as used herein neans a -C(=0)- group. 25The term

"carboxy" as used herein neans a - CO2H group. The term "cyano" as
used herein neans a -CN group, attached to the parent nol ecul ar noiety
t hrough t he carbon. The term "cyanophenyl" as used herein neans a

-CN group appended to the parent nol-dcul ar noi ety through a phenyl group,

i ncluding, but not limted to, 30 4-cyanophenyl, 3-cyanophenyl, and

2- cyanophenyl . The term "cycl oal kyl" as used herein neans a saturated
cyclic hydrocarbon group containing from3 to 8 carbons. Exanpl es of

cycl oal kyl i nclude cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,

cycl oheptyl, and cyclooctyl. C3-05 cycloalkyl in particular refers to a
saturated cycllc hydrocarbon group contalnlng Fron13 to 5 carbons for
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cycl oal kyl, fluoroal koxy, fornyl, hal oal koxy, hal oal kyl, hal ogen, hydroxy,
hydr oxyal kyl , mercapto, oxo, nitro, alkylthio, -NR7R8, (NR7R8)carbonyl,
-S2N(R9) (R19), and -N(R9)802(R19), wherein, R7, R8, R9, and R19 are
defined herein. The term "cycl oal kyl carbonyl " as used herein neans a

cycl oal kyl group, as 15 defined hﬁﬂﬁln appended to the parent nol ecul ar

nmoi ety through a carbonyl group, asydePhned herein. Representative exanpl es
of cycl oal kyl carbonyl include, B#tar®grrot |imted to, cyclopropyl carbonyl,
cyclopentylcarbonyl, cycl ohexyl cape |, and cycl oheptyl carbonyl. The term
"cycl oal kyl al kyl " as used herein n 2cycl oal kyl group, as 20 defined
herei n, appended to the parent ecﬁﬁar noi ety through an al kyl group, as
defi ned herein. Representatlve exaan%s of. cycloalkylalkyl i ncl ude, but are

Cycl ohapt yI Vet ApPiner eapoa ar e bitecyoy foihee tole FRRtbde or SHRFBREYY (6 2 ™

sat ur algstuiaiild 9; mé‘é &ﬁaéc'ﬁwﬂ{ gTﬁéﬁhé’cﬂBH% Géé\‘gl for %8afing CoPpredbhtiy. for
exanpl e, cycl opropyl, obut yl , d cyclopentyl, appended to the

par ent condiions and mhﬂmdgrstmiaieqm 3ae¢qp10lgmodplatlmhm mammas. abugh ani no” as

used herei.n nmean i ndependent, al k rou s _defi ned in, appended
! °8 he opalaf® AR e 1ARERE Htndmats 4R 5aias clleRE SHBUE N e e
exanpl egefi orﬁidéﬁ&ﬁt’hﬂﬁéré@tl\hﬂﬁd:d&@ertm olaf Glsbﬂier380d;mﬁ1té gysfusictish, et hyl ani no,
di et hyl am no, eth hyl am no, ut [ani no. The term "fluoro" as
used hsogmﬁverﬂaﬁ@sn psvnblafcm msofde:arféety |of wqwedeﬁetseoﬂemm at | east

or oup, UErR Hian88A Bathdift, AgRRER, 9@59%%”5@ o SReted | Doroariy
i ncl uddepkwsmf epliepsy, | @Btr@iﬁtéshnai Hls@rdm@tlhﬂémnﬁhtfdnvmsmﬁﬁtrbsibtance
trlfluoroneth¥ pentafl uoroethyl, and 2,2,2- trifluoroeth The term

f 1@or S¥NH J%Fs’aﬂs'@d H@aryﬂhyrﬁ%ﬁ%rcmonn%agelaaﬁean IMRW%"egﬁé@Sas% appended
to the ed herein.
ropr oo BBl SAEMES o T EtEl R hH, Bidfae, fiddiandaudRidd =l Lol o
f 1 uor oakietaion, mdltlbhtsmkmeesrlmoletpsy;f mewogemt:mﬂammaaonacbbemﬁyoet hoxy, and
2,2, 2- rlfLuoroethﬁﬁx The tern1se ?{&%) ai used herei,n neans a -C(0)H
gr oup. OPBAFRIVE ePmpulsaiadisgrder RaipgyBRAKINSON S deﬁ‘@eﬁ YOYSHROVEIY Br, 1, or F.
The te v I as defi ned
her ei n%g}gppend§gh%¥){1h€ﬁ%'ar nt'twaer(féeﬂ?& r ﬁ%’?{)& ﬁ gﬁéayiﬂ)ﬁgxy, as
defi§ nedhbek éiyndr@tmpr)és'ﬁmratte‘sesyadmmeesamgo tmidosieep)d}surdensudﬁorebut are not

limited t trifl thoxy, and pentaf| thoxy. 15Th
term - Raraart SRl usett or bR EED Prskenfif RN ARos ot ned
her ei n diggRCBMISP cbRAIBRS BNY AIIrEH RIata it deHtpHRNAIIsAjelimar oup, as

defined herein. Representative exanpl es of hal oal kyl include,” but are not
i m t ednvolving Mesroiye cagnitive and wihesgiawsologioal pragessesitabasity pamd asbuor oet hy ! |

"ot or < PERPHBR! ApY sUReRE pbltvited SHehehBr e OBRBIR P e AR oK YT Cr oot o

Noge ar endtdbesltet Acesidighy, theeonfibundsema compysilions 6f theriavédritiin arent ai n at
| east one_het eroat om exanpl es of non-aromatic heterocycli roups or

non- ar &8afUl 8s r?éwed@émrééoréreatmqweve@mgﬂéu resapiy mpgulat Qﬂ:a@ﬁﬁﬁe rings are
ted t

S ternat: vengt pofth SbobRAt iforfBh fhikids odabidbaled itttk Bbithl DL

ni t r ogeonmgiositionay iReYiclabele forns o‘ftmbnqicnmdlarmlfmmumeel)mndre)pmlded ring may

b ted tg.the t | | a ty .th t.r

Addi t1 GRAOMPostiansRfiay %@%g%cﬁ@nﬁ@gﬁdﬂ 224RianoB Wil TetBOd &

h%erﬂ?%)ﬂventl% tﬁéﬁgl ry‘f‘dr%isg %ﬁé o§fh ERiFtidrs did'QisbRIgrgl ni ng 30 one
eteroat'o depende

or nore ed fron1n|trogen oxygen, and
sul fur relSt&dqtorHﬂmepmn abtwﬁmrioncqxampleon nhnd:gaillmgmg fMorehpartuteEdm bed

h in. t to.th t ety

to L1 BPowsn-citig [Rofdbes coatiiae st 8 nyBRIRR Ty of Geraer Tefieal {1 1)
thr oughna?mgnhwem(positﬂon em;&m@mo?ﬁa%y) whereinthe 1b&slZatioAeRocycl i c

het eroary " or red eroaryl ring", as used herein, refer to

- or Gisteming s regepitersi and thfgext@ahthwhichghese res@@torawéemc@pi@dth
|ndependently sel ected fromnitrogen, oxygen, and sulfur. The 5- 5 nenbered
ring contains two doubl e bonds; suchba ring may contain one, two, three or
four nitrogen atons, or may contain one or two nitrogen atons and one
oxygen atom or may contain one or two nitrogen atons and one sul fur atom
or may contain one oxygen atom or may contain one sulfur atom The 6-
menbered ring contains three doubl e bonds, or alternatively, the 6-
menbered ring may 10 contains 2 double bonds within the ring when the ring
IS substltuted mnth an oxo group. FurthernDre the 6 nenbered rlng my

T ] —————————
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oxadi azol yl , oxadi azol onyl, oxadi azi nonyi, thiazolyl, thienyl, triazinyl,
triazolyl, triazolyl, pyridazinonyl, pyridonyl, and pyrim di nonyl.

The tern1"bicyc|ic het eroaryr or "8- to 12 menber ed bicyclic heteroaryl
ring", as used herein, refers to an 8-, 9-, 10-, 11-, or 12- nenbered
blcycl I I n gfing has
been rgg?%%égaﬂr%]a&fa %E‘%g}fmgﬁgfshmest%é?]oeg Orﬁﬁé@?(g‘%: %@%flﬁg%ngﬁoéﬁgsul fur,
and ni &t kgehond atorhicf yojdgitrdve eeitiagyrhadiolsotdise selected fumnrfé@b Fafsoached to

t he parent,nol ecul ar nnle % throu%h any avallable car,bon ni trogen

at om c8REa Ne SRR OfNE dvantie ynay P 88 IneerpPEate isQiPPee éﬁ?ﬁf%s of
bi c cI a in ur anyl
i nd)e/lzo c§r|§F€§benZ| éﬁ#ng cf}gﬁ?xahﬁge]%zgfhl aj@}?ﬁwe’ﬁ@ﬁ%é{ggﬁ ks to enzol @f)t hi aélol yl,
beng oi sabtaaad;plo]yrquphsluf cgtain mmpmumﬂs ofthe innentioncds wyll asquu noxal i nyl,

ht hal azi nyl teri rin hth i.di nyl,, cinno t hi eno 2,3-
G o wbstiohs Saniryiing aBi piissses KT ab e BUoh FOyPO0AHE, sats, and "'

rrol n n, whet her

Py o) BBWARGpAL e indeion s o BRETOR oA 30 igrietES 6T,
subst i peesses for prepating tlmwcmpodaqh@,m&ax and pelyswirphis ﬂeambmyhereacyl oxy,
al kenyl , xy, al koxyal koxy,..a kox al kyl .. al koxycar bon alk ylnlno
21 Koxysul forP commhaiitts pRAPBSIERER SR Ne B e C PISHesAPS FOral Ky
amyglo, nmrrli%me c@lﬁ@@@dsﬂﬁ%tﬂ@ﬂg%ntréétlﬁ@rdradrlé%mng’ esntiliondiah@al koxy,
hal oal kyl al ogen, droxni hydr oxyal Kyl ,” mercapto, nitro, oxo, -NR7R8,

( NR7 RSﬂ@eﬁhf@ﬁfﬁ)Py adreinztprng m@ppoe\mﬁ er(hababsdig(! rfgmys Of\kb'ﬁcﬁgfﬁwlmdfiet eroaryl

5 cubs PREEART SRR sRfe ! houtdd RRrf b RO ot i 0 >

het er ogbip olnﬂasrmd acbmpaﬁhehsbuhﬁdum%tsbc!@sarts pblydorphs, and6, 7, 8, or 9
substltuents féh groups of the inventiagn may be present as

t aut onﬁ@‘)'abe”ed fofﬁ'é“' ofdhecomnaungsyare durthgr dasstibpd beE®INc" as used herein,
neaps a monocyclic heterocycle or a bicyclic heterocycle. The nonocyclic
heterocycle is a 3, 4, 5, 6 or 7 nenbered ring containing at |east one
het er oat om i ndepend&T AN ED DESGRIFION Of THE INVENT IOMsi sting of 0, N, and
S. The 3- or 4- nenbered ring contains 1 heteroatom selected fromthe group
consisting of O, Nand S. The 5- nmenbered ring contains zero or one double
bond a% g@g 6,::'/% FH? three heteroatons selected fromthe group consisting
of O, - or 7- nmenbered ring nay contain zero, one, or two
doubl e bond€eptanvieted dshased imtheispgeifizétiomare Wedtmg@f@do theth a

ti nt. S...not tauto with a substituent to forman aromatic

2@1 W@Wagﬁ'é ifipgs, @&ta@%bgﬂ% connected to the parent nol ecul ar

TTDI ety throgyB taf "§é5ﬂ'b9§u§é@'ﬁle?éln #eary an Qm?ﬂgrﬁh?”%%‘hﬁéd'ﬁ@ré’iht hin the
nmonocyclic heterocycle. Regresentatlve exa nonocycli ¢ heterocycl e

es
i ncl udepprendediethegaren way, maisby tprmgh a cargnyh groum Asrdefingd| |

o 520, Rebrogiia i BAm s S SPHORY burB i DAY oo, 1

i sot hi aropropiy 2, 2-direthgk dloxopropyl, snnmm]tyldanwm-ombenh | inyl, oxadiazolinyl,
oxadlazolldlnyl oxazal i nyl , oxazolidin pl perazi nyl , dg perldlnyl

pyRanyl , pyTABJEIMyaCYIeX)" Bsdsad hefein wangﬁnranyl gfs: gsidsfingd herein,

ot o UBhahueTRY b fLEERANINL R bR b o ach 2ol L v

(t hi onﬂq@n@&ematlwéiampl)as df lalcylpxy Mde dnd are nohiimiied to, Boetyloxyycl i c

het erocycl.e is a nDnoc clic heterocycle fused to a phenyl group, a
mnocyP}IQFEOM?éY @é}f’c'ﬁ‘é WYBEKY 0 a cycl oal kyl, a monocyclic het erocycl e
fused to a gygltafhkgRBhyl" ﬁé L%‘eﬂq{é‘Pélchrhéﬁné‘ﬁts% O BrafthA dfaig - 13-
nmonocyclic heterocycle. rcyclic eterocyc i's connecte to t he parent

rmB@cuhadrqmerycmrhtamurgjnfranyz dmﬂ Bm:arbnnsrrand paafprablyﬁoéeﬁ Stamh cont ai ned

w thin the nono c Jhet erocycl e. resent a xanples C|IC
net er oE9EHaNS, AR aBian0S X J<pst Gns camanstarpon dpubie BOGL RepersAnatve

1,3- be@%@ﬁip@éﬁ@ﬂé’lkenﬁu?ci@dé M%@e néﬂluﬂrt@@&?%‘ﬂhé}m ”.Z’Jpropen l, 2-methyl-

2, 3-di hydr 0- 1- benzof'uranyl , 2, hydro-| - benzot'hi enyl

di hydr a-nrﬂpenmlonhuteradm-pemawh& bexesnwo&—quenyl Rryiethyl-1- heptemd and
non-aromati c heterocycles of the inw8ntion substituted with hydrogen, or
optionally substituted with 0, 1, 2, 3, 4, 5 6, 7, 8, or 9 substituents
i ndependently selected fromacyl, acyl oxy, alkenyl, alkoxy, alkoxyal koxy,
10al koxyal kyl , al koxycar bonyl, al koxyi m no, al koxysul fonyl, alkyl,

al kyl car bonyl , al kyl sul fonyl, al kynyl, am do, carboxy, cyano, cycloal kyl,
fl uor oal koxy, fornyl, hal oal koxy, hal oal kyl, hal ogen, hydroxy,
hydroxyalkyl nercapto nitro, aIkyIthlo -NR7R8 (NR7R8)carbonyI
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are not limted to, hydroxymethyl, 2-hydroxyethyl, 2-methyl-2-hydroxyethyf,

3- hydroxypropyl, 2,3-di hydroxypentyl, and 2-ethyl -4-hydroxyheptyl. 25The

term "hydroxy-protecting group” neans a substituent which protects hydroxyl

groups agai nst undesirabl e reactions during synthetic procedures. Exanples

of hydéﬁg%ﬁgpptecting groups include, but are not limted to,

met hoxy benzyl oxynet hyl , 2- net hoxyet hoxynet hyl , 2-

(trimethyl STthv! ltg e f’@lkwsﬁ'tdsyusedomm meehs@mwrgmhy,l as defined herein,

2,2,2-trichl oroet hyl buty 30 trinmethylsilyl butyl di net hyl silyl,

t - but yﬁapw@@t%thewareﬂbmﬁtﬂ%’iﬁ ’H‘é‘@fYa"lhfo‘é@e{’Bﬁ’P‘ @e%é'ﬁ’i?t i dene acetal ,

cyCl ! C RApHRRSE SariBbb O KRR YA Ae, 15K o FoF ALREATS SRetRRY, cYC! | C
ydroxy

bor ona roxXy-pro ectlng oups” are appended ont o groups by
reagt i ethoxdy, prtmeoxp,r@}pmfpbwttbutcquntmi-hstokytqadr;tylow,wrgi bewlmy h a base, such

as -14- tr | a e, and reage selectedfr m an_al ky i de, al kyl
fititate  Theatieyrakoiatst g6 Uﬁ%ﬂ”‘bﬁfﬂkﬂ'@ﬁﬁw aprakdargrous, as dafined” <

| di f
G et ofi2feih npenklto B paRintRBLUNF eI RUER! hottehdonPirodp, g5
triet hyleﬁmecy hergin.| Represendative eotampleslef alkeuyatkohy mdltda bot are not

di net h t t d ont hyd
o7 oup pRR SR P mE ke sH P Ry oA S E Y HBORY By o oup i t b act &
angy anpnadikont naé{gbgil,. The term"imno" as defined her ein neans a - C(=NH) -

group. The term ner capt 0" as used herein neans -SH group. The term
"(NR7R8) " adhadewnn halkexyalk'aas used he\mnmmswmatkoxmrm.raﬁsedﬁﬂr@ her ei n,

o b oab i AT TRRHP s e BeBit BiePRar hoict] B ok B BTAE o ogon, ' 014
al kyl', definédthenein. ORbeéserﬂétﬁ/eaé)bdmpIEBQfbRbWalkNRﬁBﬁhé' bt dreamtused herein

nmeans an_ - NR7R8 as defined herein pended to the parent nolecul ar

m)l et lyllmrtﬁfatt@Heargprtetpwne@wb@peztpsy%tbyuafmﬁﬁwxmettwi randrepthasymeityly e
o Tt byl s ST AkEYroarBaiEEs 3k nBidin ibaris &) ik froup s

(et hyl defimgd hereig)appendeddothé barén’t keolediiar teiaty tHEGRS) carbbaylyl * as used
herei n neans an _- NR7R8 %roup as defined herein, appe ded to t he parent

nol ecuPEURES m?ﬁmu@ Reresenative gxamplas, of Alkeryca

R | ted t
R oo SR bt findd R ARoRyed BETHT 4 RkCA w”“'('nst‘am ng)gtﬁgrs‘-f‘w?‘ imtedto
(et gylhrret hy Tagitem) &aikbwadlfonglndtstdsedlhé(fem r'rﬁgarg]s an ralkc(xyliﬁaﬁmszé f onyIh as

use rein, peans a rou s define tot e parent
oL et e dhrstigrado e Pgtﬁn? e ciar otk ThyboR 2SR froup. © P
Repr esggigafinyé h@i‘é}ﬁ]f"Re‘br%er(t 'alkdi%th'lﬂﬂjyl 'iH&Iutﬁear Db Ge hbf" ted to,

am nosul fonyl, (nme | am no) §¥Y fon bk%ﬁ”nethy ['anni'no) sul fonyl and
(et hyl mmgrt@maﬁmswlwr etrrmauﬂorry! and RoyEoysEfonyl. as used herein neans

wth an rS OHBAETRE ahdiredd dBnaMRa ns e Btk i o | < hppended

an (R1Ayd@cativrecorfiginimeiioner & 1o CB&JdnSatéﬁtseéhQQ)réfe@@blSl He 29804105 csnsi st i ng
of hydrogen, G .4 alkyl, C3-C4 cycloal k and aryl, and R19 is 'sel ect ed

frdfnt ﬁ@agb@tﬁo B@n@seﬂtatye@xamplqs af a@xyﬁndgdezrb@ty@pmtrhm!tedatﬁd aryl .

o N R SEVRERERIRTE iRprcit oS Sk S8, KOG lorRbft arasoth Lou

her ei msmpenwl md\st(p@a))(l rRh@)(ylchmeththeatylhecE timeth@pentyl RiB+ appended to the
par ent rmr e h the sul fony rou Reer esentative exanpl es of

t hrou

- SCN( A Pé%@)‘“i'vrﬂf gal!l. rbt]?tth’b“‘Pﬂit ko 5(di met hyl ani no) sul f onyl
and N-cycl o] 6 ein nmeans a

-NQ2 gro hﬁé%m"\l’tﬁmﬁa% tHefr]a:Pl'tQ ?Q dw;lléﬁt gfifdcﬁ'tdéﬂ\;eﬁﬁg%rﬁ% J‘ﬁﬁgh{e@r her ei n neans
t heGe granquadmhtaenupdtot:arhmmmfe‘mma tnr ’t& cmbonaﬂtmrsa@aptesentatimi rabl e
reactions d nt heti c, procedure Ni trog S corrprl se
Car bangramples AEene Riskid, bab st pevimieble, “Che’ - aHIEHE s
E’f ef er LeH,OHLY, QQﬂE(‘Ié%@H?-CLCPECHEQPﬁ@l—QI %n%Q@tH’ CH(E$IoML.. benzyl,

enzyl oxycar on § enyl'sul f ony 7 pi val oyl ,
tert-but oxyd'hetiermy alkﬂemmo‘taus hqrremme,alns malkyltgrouapm definathd
triphenylmethyl (trityl). Nitrogen-pvotecting groups are appended onto
primary or secondary am no groups by reacting the conpound that contains
the am ne group with base, 15 such as triethylamne, and a reagent selected
froman alkyl halide, an al kyl frigate, a dialkyl anhydride, for exanple as
represented by an al kyl anhydride (al kyl -0C=0)20, a diaryl anhydride, for
exanpl e as represented by (aryl- 0C=0)20, an acyl halide, an
aI kyI chI or of or mat e, or an al kyl sul fonyl hal i de, an ar yI sul fonyI hal i de, or
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hi stam ne, and al so enconpasses conpounds known as "inverse agoni sts".
| nverse agoni sts are conpounds that not only prevent receptor activation by
an H3 receptor agonist, such as histamne, but also are able to inhibit
intrinsic H3 30receptor activity. As used herein, the term "radi ol abel "

ref er s hfoifl, SRRSOt AUTHEBELRP rictetyhhfdugh a NeRgfoupne of the atoms is

a radi oacti ve at om or ?aoactl ve | sotope, wherein the radi oacti ve at om or
i sot opéimnmraamaa}maiesmf ayammmoayslude, buteare natdimijtedite, particles, for
exanpl e art es or, beta par.tic itrons. Exanples of such
na becistyEaR Bt e isgioRyR AT SRR, 50T (Tt T

14c, 1535s, W%Jteﬁﬂdaﬂ(ﬁéérbo:ny@%@%djﬁel@ﬁn hfé%nb'ﬁtﬁ@ﬂ(yl%‘rouﬁoé@dlambd of the

i nvention can have the formiula (1) as described in Summary of the

| nvent iherein] appendied torthe parentimolesuled maietydhsughna carbpayt 9ONPE 88t her

L1 i SERRIRGIIAT ety éX%nﬂelFa ofgfylcprbBRTHPRde, g O ¢

al kyl efimitetdo] meliyiéabonyly ethyliisonyl, isoprobiicansbriy?, mpropgiiddtbomgeaedident |y a
bond or al kyl ene. yﬁIgﬂéef e?gblnyl an L2 %ro!e;s‘a bor?l P IfqMljn addition, there

i s di séhelik® compounds of formula (1), wherein Rle, R213, R2c, R2d, Re,

and R21 aII G ) I ssgliosed

conmpounds of Po?%m?%p“"ﬁe?%?%gg?‘% %ﬁrsi[}t? %\ %i%gﬁﬁ%@g?’ (%g'ﬁgbor R3d are

a subshgtein?app?ﬁmu tolthe ﬁayﬁ\ihmgeiecu%mmtthwgw a toslbwmrwi igsoud, mddl scl osed

conpou of the invention erein a rogen.

There Sglnggd bgreins %%?P'HG%EWP'@P qf@#'%fﬁﬂé&!ﬁﬁ@@r QPtna"I?I ts a bond; L2

20 is n'ﬁl‘éﬂqo B@?n %iﬁ*bnyfgﬁd e% |are each hydrogen, Cy' is phenyl, and
a 0 eny

Cy2 is aryl cycC , cycl het eroaryl or heterocycle, wherel n
t he heter oarTy\Ie termHekghlmoyasexseﬂlmrthmams ah, alkyl goup; as defirets sel ect ed

N1 L1 ogRTeraspaTel BitoP erret railsbuBRBIRIeR IS ST R e. pref er ably.
L2

g ggg’oul%b?r@éeﬁt@f@éﬁar%ks d?gﬂil:glhibe@gﬂdle's sﬁ%ﬁgﬂéoet r{#ﬁitéds n‘i’etﬁgﬂﬂo 'af] daRSd

are al lethyicodent-butythio, @mlmwlthicnnd cyz pyri dazi none. More specifically,

R1 | t nbodi t

descri bt ng T0RIBaeiyvF BE e hersin migies sTaldE & Freehte S¥in: 12 is a

bond; Ryarodaabon Pﬁﬁ.}p itainify freme2 & 10 ByoRgRBms3 an@prefesalily 2eBa4i ne, and
Cy2 is aryl, cycloal ky cycl oal kenyl , heteroaryl, or heterocycle, wherein

t he hepéﬁdwpmn%raweewélam at lnasteanie eatbon-caphorviripde Bendr oat ons sel ect ed
?8" ”'F%ép??@éhtaf?\%‘é’ Qfé}ng%@dofsdgwg%@(g%%vpﬂﬁgr ! indited ﬁa%eglb%g ”E’F eroatomis

rogen na nore prererre IS pyridine ally -17-

subst | prdmthwi 2-prapyanio 3-butynyl, Z4peneyrgl, smdetkbatymyR phar maceut i cal
conposition rrprl sing g co ound of formula (]) and a pharnaceutically

accept abl e daertFEp.'a i35 ¢ShRIGIMEPEES EHABIS. AYABopaF t of the

o) - 4 ST SR Thpsricdn 8o Beter bl fhojety foraubRElbabopy

car bonigroup,es def ned herem Representative examples of amldo |nclude but are not
§|4 ﬁgﬁf g%ictgr !%lilo ?xah%d Orﬁ%%gtlb%[’:yl’ dlrr%ﬁ% Arinos r%lr_)%yy Lhat b -
104" - [@%@ﬂ-@a,ﬁmg%ﬁwxahydropyrrol o[ 3,4-b]pyrrol-1(2H)-y1}-1,1" -
bi phenyl -4-car’bonitril e;
414( 3aR, 6aRIHe-tBrmy BminGIHBaMsss) hersinr@ans EnoNHaogroup2H) - y1] - 1, 11- bi pheny! 4-
carbonitril " . T .
4 4(3aR, 6aR) N8 PUBLAN ARHSEHFEIn, TISaRs Ahenyh g bigyslis aryl, 91 2 tigysligny ) - 4-
150ar b@\glt I’T'Heehncychc aryl |s naphthyl a phenyl fused to a cycloalkyl ora phenyl fused

[ (3a 6aR? hy hexahydr opyrrol of 3 d] pyrrol -1(2H)-y11-
1 _1}0 bttp,ﬁéqyy: oalk Y B"d}q blpyq:I@ aryl of the invention mus’( be attache to the parent
e pL(e ‘;’3\581%6%%; il o GH U UvableXetboh Atdth Réhtathed Withih thé hishy! -
20( 3aRnﬁgR)Réprééén’aaBVdaexamble‘s oftthe éoyylic éry! incldderdiut wre ebblimided by, r ol of 3, 4-
b] pyrr 6" hexa hy

I

- d
r opyrr 'ﬁdﬁﬁﬁlpv‘td?gy' n@&'&% %ﬂd@nqp th%‘?ﬁ)ﬁ'@ﬁ?ﬂ 4-yl}aceton itrile;




1-(4' -[(3aR, 6aR) - 5- et hyl hexahydr opyrrol o[ 3, 4-b] pyrrol -1(2H)-y1]-1,1" -

25bi phenyl - 4-yl } et hanone;

3-(4-[(3aR 6aR) - 5-nmet hyl hexahydropyrrol of 3, 4-b] pyrrol -1 (2H)-

yl ] phenyi | qui nol i ne; (3aR, 6aR) - 1- 14- ( 6- net hoxypyri di n- 3-yl ) phenyl ] - 5-

So(4 - RSB AefC TheRYGICR] s gipraceng or phepentysng & ;.

gl E)Qe?bicyéhcéb Sdmﬁe"?La cycloaliﬁyl ?é)icyrc:% Ia(l;yl fusedto a cycloalkenyl ora

yli phei?ﬂﬂy}%‘i/ D%!if c%PE )ﬁ%ﬁéﬁgy qligpr 'Bé%RFE 30 @Bﬁtp&"ﬁ met hyl pyrid
-3-v]| . ’

73 oSty ol s R cBhrec e gy ing

met syl Mm@g&lﬂawa exﬁmples dfltlpwdlolaqﬂ ring mclude but are not limited to,

2- h th 3,.4- | -1(2H) -
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R, 6aR) g’_ﬁeumtsra/ﬂ:hém(lzyrewp rthe nuinberlof shbstituents)is 100dt 3§ 4,amG. Miheie3, 4- b]

By poc T BIRHR 512 oy aloAR) Ao umbes st RuBstRgDte s 8. 2.8 5.8 7,

| met hoxyy By ! WHHERE tins Yyl Bﬂﬁlﬁl’%]%ﬁfcxeﬂ QM tﬁéh@ rro?ByPétﬁuéﬁ‘t[sis o41bl pyrrole;

(3a R 6aR)-1-(4.-11uoro eny1-4-y1)-5-m et hyl oct ahydr opyrrol o[ 3, 4-
-19- R} By4ral®;7, 8, 0of 9aR, 6aR) - 6- net hyl- 144- (1

14387 3ar bARPatrRepROAIRR B By Dorain mapats Sh iy araue. s efined e, .
bi phengppdndéd t{Heafdent molecular moiety through an alkyl group, as defined
herein. Representative examples of arylalkyl include, but are not limited to,
benzyl, 2-phenylethyl and 3-phenylpropyl.
The term "carbonyl" as used herein means a -C(=0)- group.
25 The term "carboxy" as used herein means a ~-CO;H group.
The term "cyano” as used herein means a -CN group, attached to the
parent molecular moiety through the carbon.
The term “cyanophenyl” as used herein means a —~CN group appended to
the parent molecular moiety through a phenyl group, including, but not limited to,
30 4-cyanophenyl, 3-cyanophenyl, and 2-cyanophenyl.
The term "cycloalkyl" as used herein means a saturated cyclic hydrocarbon
group containing from 3 to 8 carbons. Examples of cycloalkyl include cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. C3-Cs cycloalkyl in
-O-
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biphen

4- d - : 3aR,
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(3ad:, GQbe%élﬁfon@ﬁ‘aﬂ{W@W&'éﬂbdhw- éﬂcyﬂshifénylllalkyﬁﬁ?aﬁﬁdd catboXy, cyano,
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met hy| (RY}ardr SR SOLR3 )4wh]3pamrfé &R® R?, and R are defined herein.
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ropyrr onitrile;
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5 3R, BargredfaHE B4 svapapy Bl Elaparbicatbenst, o7 47! Pl €
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R B Befil ﬁ@%@ﬁ#ﬁ%&dé $Gips patphy PRTEdal ok Relgh X ARA e ©
ropyrras @lbﬁnéd hErélM r sentatlve examples of cycloalky|alkyl include, but are not

(3aR 6aR) -nmet h 386 nmet hyl pyr| dazi n- yl}p erazin-1-
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L2 ey (o Ao R i) R TS s ¢ el Rt v o
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2097 ] RIS BOLEVEIRPERBI, SRR G PR Parest elaguiBY mofety tnoigh a
R)-1- {Q%ré,@uﬁt hyl pyri mdin-2-yl)p i perazin-1 -yliphenyl)-5-
The term “dialkylamino” as used herein means two independent alkyl
groups, as defined herein, appended to the parent molecular moiety through a
nitrogen atom. Representative examples of dialkylamino include, but are not
30 limited to, dimethylamino, diethylamino, ethylmethylamino, and butylmethylamino.
The term "fluoro" as used herein means -F.
The term "fluoroalkyl" as used herein means at least one fluoro group,

appended to the parent molecular moiety through an alkyl group, as defined
-10-
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Additionally, the heterocycles may be present as tautomers.

The term "heteroaryl®, as used herein, refers to an aromatic ring containing
30 one or more heteroatoms independently selected from nitrogen, oxygen, and
sulfur. Such rings can be monocyclic or bicyclic as further described herein.
Heteroaryl rings are connected to the parent molecular moiety, or to L' or L2,

wherein L' and L2 and L® are defined in formula (1) or (1), through a carbon or
11-
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R30 R3dC-cyl -z Rl (1l) or a pharmaceutically acceptable salt, ester,
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desir edyrida}:mcgié.e!vtdraSp_deifid:adlydﬂéés nwne:peeféiablﬁﬁdngmwb mul tiple doses for
ur poses o m nj stration; consequently, single dose ositjions ma
(F:)onltoai n sucﬁﬁﬁ%ﬁlﬁf’sexbﬁts anKmRre 'B%@Ed?%ftéﬂﬂ C_@P%Ras eﬁ%cfnﬁw?%élh y dosg. 25
Vet hodiynsin RirRRai 1095 SR 14%s BlbonBeRENIEMRI9%nd R* are HifyaRSgtNdS of

e better unde h the

t he I nvention can ] oW ng

rstool in connection w
sy 82 heCiyt isspiherazina mhd@yhisdsyiwbydbalkyl, optloalkeny, hetensaryly orhi ch t he
conmpoupds can, be pre ed. ,30Abhreyi ati ong whi.ch hav een used in the
descri Bﬁfe&%yc!ﬁ' Wlﬁ%'eg'ba{ﬁ'é e@ﬁ@/qtoﬁi‘eg%gﬁﬁlﬁ%@?'ﬁ thap%ﬁﬁ\)grg} e: Xantphos for
4, 5- bi pbroABMY $A18688 M ntroyend bR, arnduleR rolikiBd ARt Adeddtofdd NAP for
2,2' - bi s(di phenyl phosphi no)-1,"1' - binapht hyl ; Boc for butyl oxycarbonyl ;

Et 0Ac helereatny isavrogen: InProregqrefersd ersbadiment Sydis pyiidioe eptionally

chromat ogr aphy; | PA for isopropyl ali@hol; Me for nethyl; MeOH for

met hanol ; Ms for methanesulfonyl; Pd for palladium tBu for tert-butyl; TEA
for triethylam ne; TEA for trifluoroacetic acid;, THE for tetrahydrofuran;
and Ts for para-toluenesul fonyl; dba for dibenzylidine acetone, rt for
"roomtenperature" or 5 anbient tenperature suitably ranging 17-30C. Copper
iodide is Cul; palladiumacetate is Pd(QAc)2. EnnrysTm Process Vial is a

m crowave process vial (10 mM or 30 m glass vial with sealed cap). All

I - - A



R3c R3dX2 R2d NR3b R21) S:Fte R32 R214. NR21 , Rl a Conpounds
represented by fornula 3, which are representative of 25 conpounds of the

i nvention may be obtained as describe in Scheme 1. Conpounds of formula t
wherein Rl is an al kyl, cycloal kyl or a cycloal kyl al kyl group as defi ned
in for (), and R21', R2e, Rai, and R2e, are as defined in fornmula
(n, \A%sql[tﬁstgétvgg'\ "conmpounds of fornula 2, wherein R3a, R3b, R3cl and
R3d, are asTHefd sled existé Qrpﬁahﬁaéét)hca?(boh‘?obm@mdm prisht dcontpdunid gfe or
F3CCX2- and -37- wherein X2 is -1..1- L2- , -L3-Cy3 or R6, along with
a pal | famua Gh@aﬁ@s@h%meaﬁcaimaweptamwawrt o pal | adi um acetate

(Pd(QAc) 2) | i gand
addi tive sug ?@g%ﬁ’rﬁ: éﬁ é%ﬁg eny@g)ﬁgja?ﬁé#ﬁgg "fmf&'a& napmc!tyq% ( BLNAP)
ands a basaresnathinitedsiodi um 5 tert - but oxi de in a solvent such as but not
limted to ere ction c out un .heating conditions
bet vveen abo ng%%)oﬂ%(btﬁjhy VWP‘BH Pﬁgdw%ﬂuﬁ%tpqmytg wi |l provide
conpoupgls, HIH] gormula 3 whi ch are representative of conpounds of the

i nvention. e'general reaction of anmines with aryl halides and aryl
triflates id4-i{@aR,6aR)5soprdpyltexabgdapyonotb[84-hlpykol-1 (AH}-ye,1art of organic

synt hesj Th ction of amnes with aryl halides and aryl triflates is
known g'ﬁ'ﬁp e‘g-éaeb%“{'f?e presence of sodiumt-butoxide (NaOt-Bu) or cesium

cajponat e (g5 @Qﬁ)samt pe@rres@ﬂwroeprﬂdm%lgy%mm?? F@wh -as, but not

limted to, cO adi um di‘acet at e c)2) or
tri s(dblpbﬁnylt‘i-@emfﬂte}ne) di pal | adi um (Pd2dba3) , and al so 15optionally

but y! phospne AEA RSB RR ey RIS - ot RN T 3EEPhEMYE ovi de new

conpoungarivbyitrité:n the nitrogen of the ami ne noiety has displaced the halide
or triflate of the aryl halides and aryl Inflate. The reaction can be

performed if' “&331815«?5%5 isobutykbeyabydrayraio[3e¢hblpysol-po)-biphenylgef er ences

th 8%% Ingﬁl exanpl es 20 of the nethodol ogies may be found in the
Crar t wi g, et al., Angew. Chem Int. Ed., 37:2046-2067 (1998);

J. p. w>| fe4'eﬂ(3@R,6aR9£5% (cyCloprop )Fﬂfnethyl)héxgﬁﬁdroﬁjk@olbﬂ&@&)]pyrﬂol—RZHW]IF e et
O g. Chem, 65: 1158 1174 (2000); Y. Kwong et al . Lett.

4 581- éézrb(Dz‘@Mb -CarRpmriley Yang et al., J. Organonet. Chem . 576 125- 146
(1999). 25 FMT N Schene 1 are
avai |l abl e t?"g/ag?,enete’%l fﬂé@' dﬁﬁgﬁ@mﬁ%gb 8@??}41@??'1; erature. For
speci quahenyln#cemorﬁiutmnke et al. (US Patent 5,071, 999) describes 5, 6-

di rret hyl oct lo[ 3, 4-b 1l.are \ and
RoB Rob. - FEHREARAA Rt hy P bRV & Ve et acRV et dea | n
Schenk @l . 30 (US Patent 5,071,999) is a

3f1uor(§’5 met hyl oct ah opyrrol o[ 3, 4-bi pyrrole wherein RL = nethyl, R2 =

f1 uoro, and{M@aRﬁaR)-%nethRﬁ'@xahwoawrel%f@értdgyﬂmol 1@H)-Edke reference

(Schenﬁ 'a? Sf Pﬁ Egnt 5,071,999) is described ethyl 3-

nmet hyl '@)‘(‘3 889? ik '% 4- bj pyrrol e-5(1H) - car boxyl ate, a conpound whi ch

may - 38- b¢ - R@éR@a\R)tﬁlntdtﬁ)hthd%p d[b ]ﬂﬁdl-ﬂ(é‘i#ﬁl]—@ Teduce the
pr odu

et hyl carbamate gr oup to a nmethyl group an
3, 8 di hPhenyotvyBeth@nepgi rol o[ 3, 4- b pyrrol e, wherein RL and R2c are nethyl,

(Schonke, ot AR ARy EPCUN R BpUdiord I AR RoL eSS " o enee

et hy lylfoherdd}anmblingc! of 3. 3. 0] oct ane- 7- car boxyl ate, a corrpound whi ch nmay be
treated with |ithium al um num hydri n THF to reduce the ethyl carbamate
groups to al3aRAaRH @dﬁs’"&ﬂ@xﬁpﬂﬁil@@ -9 )pheiViehy| oct ahydr opyr ol op, 4-
b] pyrr met hyl, and R22, R213, R2C, R2e, and R2f
are hymeghw%ﬁk&rggghﬁw:&?gf)ﬁrﬁﬁs Patent Publ i cati on 200510101602A1) is
deseri bed 1(B4(3aik,0zR)-barethythesahydmplyobd{34H]]pyrrolel (@H)-yat,bexyl i c acid
benzyl Ry lirathano;

5-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-

yllphenyl}pyridine-2-carbonitrile;
-18-



after treatnment with nethyl iodide followed by treatnent with HBr in acetic
acid to renove the benzyl ester, wll provide

5, 6a- di et hyl oct ahydr opyrrol o[ 3, 4-b] pyrrol e, wherein RL and R28 are nethyl,
and R2a, R2b, R2c, R2d, and -2f a 11 are hydrogen. In the case where

conmpounds o a_falpp & S A8 1= mxture, and it 15is
desired thagséﬂ{g%)gn@r@é@?@%ﬁ@ﬁpgﬁéB’pgggﬁf]gsbe i sol ated, colum
chr onamethglpbtahglrapyerotcl8 dablpymobe; ure on a chiral colum nay be utilized to

separate on both enantioners, 20Schene, 2 ernatively, the nitrogen
of corrpound&%é#ﬁ%é‘h&‘ﬁﬁ?roﬁé"'ﬁ?m"é‘é’t al"aéphﬁn)é[“l'ﬁé'%yl oxycar bonyl

pr ot ectd hA-dofdraa. yl oxycar bonyl oxy) - succi ni m de or

benzyl E)dxé}%reg%ﬁgfj%”ﬂgﬁ[gg %gﬁsrgbase such as diisopropyl ethylanm ne in
sol¥ent s sulrmathybbdht(BaRBaRixbemethythexahydrapycrotgfd b pyfrof-d¢2Hik a 5.

Conpoun of formula 5 .may undergo acid catal yzed 5 renoval of the
but oxy(\f@m)l'? PRSI @ﬁall?r eated with an acid such as trifluoroacetic acid

in a sol ven{3smeaRas: -@-CGlH-RhiBBRGL 119)Bhehyl]-5mfthgR cahyarmaioei4-f or mul a 6.
Compound of formula 6, when treated wth a conpound of fornula 7 according
to conblpyre outlined in Scheme 1 will provide conpounds of fornula 8. The

10071 11 uor ol EERt- B ERRVE LY “uBhb LS telfootah hoBFRRI 4- o, 1y

hyds ogéfgiriese;s utilizing hydrogen gas and a pal | adium catal yst are
processes well_known by those skilled in the art, and will provide

k
conpounds of3aR.5aR)S-metioddpldutmsthithiogrlnlithiphenwrdn treated with a base
h i i i | t h but t limted to THF foll d
suc a§g§%ﬁb%B¥ﬁHg 'é%tﬂ@)?"‘??g vent such as but no imte 0 ol | owe

by the alide and will provide 15 conpounds of fornula
10 whi ch ar ¢3aRBalydamathyl-d-@pyridimduylpsemyl )dctehyidnopyrtolof3,4-Blpyerabet | ve

met hods of (] ec | kyati on of conpounds of r mul are avail abl e by
treatment o '&gﬁébsaarérg‘ﬂ'&ﬁﬂﬁﬁxﬁw P%Xrééoﬁa"f‘%i)%%%@ﬂky&ﬂ'}br mula 9 in
SO'té'e”b'ﬁar@fH?fl3%%r%Hitri'ﬂé)t limted to dichloromethane, toluene, ethyl

acetate, at "tenperaturés ranging from-78 to 150 C, optionally in the
presence of (Z2aR&aR)<luldh(1a3-bsndodiox@eb-gBphemdlk8, sodi um bi carbonate, cesium

car bonat or, triethyl amine to produce conpounds of formula 10. O her
et hod@%%BY’?PWbVQMPEQ%Q-WPYES ounds of fornula 9 into conpounds of
formula 10 KM,‘%R){H—#@EHWL@%WHiﬁ%dylHﬁéW?HO%?Qngfd?&Yﬁfdlgﬁ’»A-ﬁgﬁyr%;Vent such

as THF with carbonyl conpounds such as para | dehyde, " acetone, or

acet al dehydé3aR&aRyricine:, 6-diftucoepyrisin-S8hd)phenyddver si on of conpounds of

fo I n f |a.10 involves reaction of conpounds of

fo?&rﬂl 3‘93“%?%?@@0#&?@346@%8% in dichloronethane in the presence of

sodi um t 11 a9gUOKSBRIGIRICE.ifhyIRExaIyHEhyTHOURbYSyidhageHpY 1, Bd 1N the art,
Ab . in the Jo 0

and as descrijbed in el - Magi d, et al ur nal gani c Chem stry
(1996) bphenyl-3y8ethaswee; 30Conpound of fornula 4 (CAS #370880-09-4, al so

17 e by FAERSERIAARDEL ) S SR et DGl cos

hexahy 8ipypraie;ol of 2, 3-c] pyrrol e- 1(2H) - car boxyl ate i s avail abl e from et hods

descri bed i ha, et al S, .Pat. |, Pybl. (2005) 2005101602 -40- Al
and® Schri mf?ﬂ%@éﬁ)ﬁcﬁeﬂvwEt&pﬂr'ﬁ)u?@ﬁﬁyw\d M@%ﬂ? A2. Conpound of

f or mul i i i mc formcomercially fromJ & W PharnlLab
LLC, 12‘&%3\}\?@/%? Vgg!a[%ﬁiﬁpif@(?gl\/brri sville, PA, 19067, USA and from Ani chem
LLC, 1 Deer (aRR)6aB)-5-m8ihyl-d-@ -vidykiplsbiphbnytdivboctakydrasemto[34: al t ernati ve
5 prep jat ioﬁ)n‘ of conpounds of fornmula 4 may be obtai ned by hydrogenol ytic
renova RW % pal | adi um and hydrogen gas) of the benzyl noiety from
tert-butyl I3aRSaR)ISIMEBIYAL@RMIERYIA Hitho-q] PIisI1-a( 1H) - carboxyl ate, to
provi de a cgrrpouncﬁu r oduced g'g a Fr%cem’ C mlxtLlﬁeriS’é provi ded i n Schenke,

T. 30 et YBbetabysropyaowfd.4shloytole9, (1991);: the isolation of enantionerically

purified pr r,0 1. C Lo m xture col chromat ography on a
chiral col uﬁ‘ﬁéﬁ?%\'f)&‘r@z%ﬁ%@@ﬁ%@@'@@"Bsa‘m&?w'ﬁ'ﬁ?| | in the art of

or gani métMWbbmlySrofMﬂolo[B,mMF?&o@?anti onerically pure (3aR 6aR)-tert-butyl
hexahydropyrrol op, 4-bl ipyrrole-5(1H) -carboxylate, fromits racemc form
15Schene 3 (3aR.6aR)-1-@sfieisndd -biohesyhinyh-Srmeiylastabygwpyrelalad- di r ect | y
with a base such as sodi um hydri de ef9-sodi um carbonate in a solvent such as
THF foll owed by an al kyl 20 halide to provide conpounds of formula 11.

Al ternatively, conpounds of fornula 4 when treated w th parafornmal dehyde,
an al kyl al dehyde or al kyl ketone, followed by treatnent with sodi um
cyanobor ohydride will provide conpounds of formula 11. Compounds of fornula
11 when treated with a m xture of trifluoroacetic acid and dichl oronet hane
wi || provide compounds of formula 12. Conpounds of fornula 25 12 whe

et i Y r a o ~ o s



Compounds of fornula 14, which nmay be prepared according to the nethods
outlined in Schenme 1, wherein X2 Is R6 and R6 is brom de may be treated
according to nmethods known to one skilled in the art to provide conpounds
of 10 formula 16, which are representative of conpounds of the invention.
Conpougﬁngﬁﬂéornula 14 when treated with conpounds of fornula 15, wherein
Cy2 isdr or heteroaryl, as defined within the scope of fornula (1), in

DOr a5, L D T G T tod Lo
Itool uene, i EE%MP@% yiﬁ‘e’imgl’owg&?‘gérﬁ@pﬂﬁﬂgﬁfﬁbﬁﬁﬁgﬂ"about 60C to

about MR-y o Halvy conpounds of formula 16. The reaction of aryl
and hetBgiri:loée‘ﬁyil{3 @g?élltggﬁménd triflates, such as those represented by

conpounds of34R6aR e - dibenkofv.difurandt-flehend®xSyl boroni ¢ aci ds, boronic
acid esters, and pinacol boranes in the presence of a base such as sodi um
car bon&?%,ﬁy’fi§§@¥fjp%y”i@%[?r‘fﬁé]%§gplﬁent such as tetrahydrofuran or toluene, 20
in the presggm - i L0155 ap.. fAliqum di acet at e,
PdC12( PPh3) 2, o?%gaﬁpgﬁw, %@ﬂgémgﬁg“}gﬂghmggétri phenyl phosphi ne, 2-
(di cyclyioetahydriopyphlafdehlpyealg . tri-t- Butyl phosphine, or
tris(2-furyl i oS wel  kno q.those skilLled in the art as a
Suzuki react(%%e%sa%}éﬂg%'ﬂgpéqbﬁ@teﬂy\ggl’t’g{’p'ﬁ%{ﬁ'ﬁ@g}ig? eviewed for exanple in
J. 1dsuimethilabiargdtopynens/8t-6]pdndledd Catal ysts-1nnovations in Organic

! S

Synt hesi s, John Wler’&%/ & Sons: New York, 1995. Reference describing the
pr epar at i on (38R G@RIrf-mellaylds[4s(Z-naphihydphrniastasydrapyriglel3 Asblpgrols f ound

f | e,i ]y i\ ' t : 0); M D.
i ndknedkar ¢ Bt 4 ICAR R s ber s R4 {1 D)

Jour nabipHenybdillietttdndoeeorisier y, 42: 1274 (1999),; Letsinger; Dandegaonker,
J. Aner. Ch : :498- 501 (1959); |1, F. | . J. Med.
Chem . 2229 15 H3aBAR)-5-methy B KarOKTAO T ok WS kil 2 15
!nQ%Ud%EMhEg}!}%ﬂ%&&CI ds wherein R is H, boronic acid esters wherein R
is an al'kyl “su

as methyl or isopropyl, and 5 also includes pinacol borane
est er s wher &-#'-{(BaR6aRF5-onethylhpxahydropyrrolgfd, #dpyrralit (RHeyiol, ' at om form a

4,4,5, 5;tetr hy141, .3, { oxaborol anyl noiety. There are many aryl,
het er oZ‘I‘Rﬂe,”VE@W_&P@?@E?"@%%@B& Bhi c a>c/i ds andybot ani ¢ acid _es%/er syt hat are
avai | abl e cosamr GéR}»—Q3{4'Q(5-ﬁ1€ I-hgRal\rirBL @cﬁi@%@?@ﬁ%ﬁ%@h@n{d%

scientific I'fterature "of syntfetic organi'c chem es of boronic
aci d ay-AéppodazingS-ane;d ester reagents are shown in the follow ng table.

Tahl. e Exanpl oni,c ‘Aci 4 and.Bar.oni 1d Ester Reagents Boronic Acid
orgéot ani c )@8%55%‘"@6’@(@ L‘ﬁd'gwn%fﬁP'c%Q'agﬁ'Pgaﬂﬁﬁst racts Number (CAS #),
or Litenhatiah di&gfl,ﬁbﬁggg- bblegM di none-5- boronic acid CAS #373384-19-1
2- met hggypyr?m' di_ne- 5- bo%ggi c acid Frontier Scientific, Inc., Logan, UT,

USA 1H pyri fid(3eR 6aR)-Gimathyhexabydiepyratoldi4dipyeol- HRERiWGT 454, 1% he
Net her l@@ﬂa ﬁ@cgﬁﬁﬁrgz- 7; Schinazi, Raynond F.; Prusoff, WIlliamH.,
STEEIYE2 Ihy

Synt he roxyboryl)-2'-deoxyuridine and rel at ed

bor on- cont ai(@aRGaR)+1-[4'¢6-fesropieidinmalyl)ef, 1Chiphehg-4hgB-st ry (1985), 50(6),
841-7. nE%tri di n%yg bor oni (ﬁ‘ acj d CAS #1692-25-7, Frontier Scientific, Inc.,
Lodan, hylpgiehydronyrialela dYIRYFOIR  di ne- 5- boroni ¢ aci d CAS #89641- 18- 9,
Frontier Sci a8, 114199 a. ki i dSAN 2-40 - 2-py£il di ne boronic acid
Digital Speé?éﬁtsfyé%ﬂewgﬁ'ﬁs‘?‘%@h@%ﬁ%&s@ﬁ%gé@-%; New shel f - st abl e
hal o- amethylbootahyd umtricde[8@dbjpyrmote;| bor oni ¢ aci ds and their Suzuki
cross-coupli reagt t ield. het rylpyridines, Parry, Paul R ;
Bryce, Mart i(ﬁg’ﬁqaﬁa{r'g‘{li?'cgﬁ%ﬁ’”%’%ﬁﬁi‘ﬁn‘%'Fﬁ%"@ﬁ'@?ﬁﬁﬁ?y, Synt hesi s (2003),
(7)., 103&nvibefy dﬁzﬂ;ﬁtd' _'W ri dyl boronic Acids and Their Suzuki
Cross-%i%p?,ibng I¥ea i orllt'ssm‘?;ﬂob I eIO?fNovel Het er oaryl pyri di nes, Parry, Paul

R 30Wang, CHah@EaR6gR)-Bamstythexahpdiopyrrsiof3.BrbjperrolVi@HyIR, 1 4'd"bi t, Bri an,

Jour nal r.gani SCGhem stry (2002), 67(21), 7541-7543.
pyri m 8‘?’??&931"5‘%&8&?0@"%@ CAS #109299-78-7, S. Gronowitz, et al., "On the

synt hesi s 0B.-(4af4-PBSR [6aRYBLmetidilextHyard Smol 6[814-5]pyrmoed (2Hhem  Scr,
26(2): 305- 309(\4?{;9%%?. pgg_i m,di%g,— 5- bgfgonl?yg a?:l?d, B]pi nacol( eg]er Urenot o, et
al ., Ayljehenvtipipgrazin:1-yBaicotineniifiie;2620- 2622 (2001) .

2- et hyl pyri di ne-5-boroni ¢ aci dhydr 2



SYNCHEM COHG Hei nrich-Plett-Strassse 40; Kassel, 034132; Germany; CAS
#659742-21-9 2H Pyran, 3,6-di hydro-4- (4,4,5,5-tetranethyl-1, 3, 2-

di oxabor ol an-2-y1) CAS #287944-16-5; Miurata, Mki, Oyanmm, Takashi;
Wat anabe, Shinji; Masuda, Yuzuru, Synthesis of al kenyl boronates via

al l adiumc b | ati,an of al kenyl . trifl S r| des) with
BI nacol bor azv‘%aaéééﬁsﬂ g‘{ %‘( ggelﬁyroFtyélaazrp%yl}%lger%%—ﬁﬁl&&ﬁngﬁ ecar %)oxyl e
aci d, %aéihﬁbbbé(ﬁﬁ/érdby{'rﬂaldﬁaw ]E prgter amet hyl-1, 3, 2- di oxaborol an- 2-yl)-
1,1- di et hyl et h ester CAS #286961-14-6; A versatile synthesis of

4-aryl tet raw‘@ﬁﬁhﬁmmlﬁ Bal . 3thigrelrupipeeazindaki - cr oss- coupl i ng with
cyclic ., Discovery Chem stry, Aventis
pharmvﬁﬁ%é&}%%{ﬁ%‘@é@@ﬁ”?ﬁfw i‘:faters (2000), 41( 19), 3705-3708.
(5-syano- 3- p3dR GaRH5-metiyi1i- i @?éziﬂ193 ; Chenstep Institut du
PIN - Uni velr()gl t FBQc))rdeauxm %S?C?:gurs digp'iﬁa | i beration Tal ence Cede; 33450

Fr ance YivRhemyllec IOMWGA B?YG]TO)# drich Chemi cal Conpany, Inc.

Benzoxazol e | aborat ories, Inc.

Benzot hi azol@a—‘%’g%ﬁrjoﬁﬁ?%% cid &%éﬁen@?ﬁ‘%?m%em alty Chem cals, Inc.
4- Met hyl]pl?er(yl}o&tdhyﬂfdbmrm[ethb]pyrer@ 2- di oxaborol an-2-y1) -3, 4-

To- Vet ny 1. 32t -GS BB i@ diomirslali g Blni B 14

2- - L ﬁz%ﬁ% C S.; et. al nt hesi s 2002, 9, 1163-
11)7{%? ?qlﬁhg]ﬁ@dér}gﬁﬁ Qﬁ&t’% "e- 0xo- 2H 3, 1- be?z/oxam n- 6- )boroni c acid
Zhang, P.; @aR@IaR)ﬁ—mﬂaMe[m—(42Wlen45ylp@BVézln-4382 Pi nacol boronat e

oo BTGB lo BRRGES VS, oo oo, doscribed i Takat et
T 12y, etk e st rdenh s ppeiiragh g | e
yE]phenyf}octahydropyrrolo[3 4-b)pyrrole;
15 (3aR,6aR)-5-methyl-1-[4-(4-pyrazin-2-ylpiperazin-1-
yl)phenyljoctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-1-[4-(4-pyrimidin-2-ylpiperazin-1-
yl)phenylloctahydropyrrolo[3,4-bjpyrrole;
4-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-
20 yl]phenyl}piperazin-1-yl)benzonitrile;
(3aR,6aR)-1-{4-[4-(5-ethylpyrimidin-2-yl)piperazin-1-yllphenyl}-5-
methyloctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-1-[4-(4-pyrimidin-5-ylpiperazin-1-
yl)phenyljoctahydropyrrolo[3,4-b]pyrrole;
25 (3aR, 6aR)-2-{4-[4-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1-yl)-phenyl]-
piperazin-1-yl}-nicotinonitrile;
(3aR,6aR)-1-(4-benzylphenyl)-5-methyloctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-1-(4-phenoxyphenyl)octahydropyrrolo[3,4-b]pyrrole;
1-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl)phenyt}-2-
30 phenylethanone;
(3aR,6aR)-1-[4-(4-bromophenoxy)phenyl]-5-methyloctahydropyrrolo[3,4-
blpyrrole;

4'-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-ylJphenoxy}-
-21-



R2dR3a R2c R3b R2b SLR2e R3a R2a N R2r 18 Simlary, in a Suzuki
reaction, conpounds of formula 14 may be treated wi th phenyl boronic acids
of formula 17, in the presence of palladiumdiacetate, 2- 10

(di cycl ohexl| phosphi no) bi phenyl and pot assi um phosphate (K3PO4) or sodi um

carbongte pk g X afi sol vents such as but not limted to tol uene,
isoprogaﬁgl'ﬂhﬁg%gégwﬁf €r heated conditions of about 30 C to about 150 C

to provi de ¢b(BaRBERRS-MethyineraiyropisGoftda]pyrRile! (2H)-R3CIs.. Br R2d R2c
R3b R2blé‘PR20 2 R2® N ﬁZf 14 R1 Al ternatively, conpounds of fornmula
14 may YAPRMWHEPhRINYMEINERARS at e conpounds of formula 20 which are

LT R ST S

treated with ‘tonpoun 171s a ‘heter oat om such as

oxygen, sul flt{d-[(BaRBaR)gemethyihaxabydropyends]3@-blpypped (Pdwder and pot assi um
car bon%%i n %%Iit ol i ne under heated conditions between about 120 C to about
150 c YiPheyIRGEtHaN¥B founds of formula 20 which are representative of

compounds 0@-(gﬁﬁSERY@éRkQﬂnetﬁklm@wﬁ&dr&ﬁ}(ﬁglg!?ﬁﬁfﬂ;ﬁﬁirﬁsl(QPI?I 25 describe the

reaction of halides such as conpounds o 14 with -45- conpounds of
f or mul glllasnzapjemina)penzomitrileiogen as for exanple NH2 or NH(al kyl) in the

presence of .sqgdi - i or _gesiumcarbona i,n .t he nce of a

net al cat al 9’5%&'3?’[&33[@%%6?&%&"1 ﬁ@leé@nh%/@'O@é!HB@’%#g‘M’"Bﬁ . pall adi um
di gaget 9{]@9,-,2@29 Anfdin@Pamfieal |y with a ligand such as, but not limted to,
BI NAP, "fri - %/ert but vyl Ehosphi ne in solvents such as dioxane, toluene, and

pyri di ne, ald5vidt(3 Hoometndhexabiydrapyrioto[Bifeblpyirol-l{2Hh)- exanpl es

descri ' Hard WisQorei Bl . (Them Int. Ed., 37:2046-2067
(1998)?ﬁ*@?é“&'ﬁ’%{“ﬁéﬁbgzﬁ'@z'fﬁ?&?%@# (Res., 13: 805-818 (1998): J. P. Wl fe
3 5811504, (o000 e Bt YA A e o them , 576: 125 146
; - : . and B, H Yang.et al., J. anonet . em, ; -
(1999) yl?&ﬁ”&ﬁﬁé(ﬂ%W@W&’W&ﬂﬁﬂ"@é(ﬁ@)’@%t descri bg the reaction of halides

su as co | L1 is
oxgltgen as ?gas-;@iﬁﬁ%%aw Gﬁfﬁw\g%ﬁpggse#\g@%@lg bﬁéﬁﬁwﬂg@%ﬁt not

li m t ed,3-thiszndi2uyh)pyyidiaizite3 (2 )aorey| vent such as tol uene or

N, N- di net hy|_f ] in.t f 15 | - i ni tal yst
Such as- Ol Sdf-GaiarGeaRy o aeliieaRy RO R dRhPYECEALEY ski | ad i 1t he
art, w i } b P tfloet al., Angew. Chem Int. Ed.,
37:202@%%%??&3%’6%.9%. Tod'; ?ang%r}[Mra T, J. Amer.g VC\:Ihem Soc. ,

123: 10770- 1(8aR,6aRMdH-(Smekboxipyrigtidiats-yl)-, 1 dighenytdeyl]-56oc. , 123: 12202-
12206 ( 2( KB To et ., J. Am Chem Soc., 122:12907-12908
(2%@0) &93'8‘{]:@’6‘6&’9@3"8[0?5&%??]pﬁéﬁe' Lett., 41:4353-4356 (2000); J.-F. Marcoux
et al., J. . 6 - 1 Naqsiy'et al., J.
Amrer. Chem oc@@Zﬁ%ge}% Fé%é(l QQW@olgi?gzﬁyer?ﬁgl(aﬁpg%ﬂ1. Chem Soc.
Jpn., biphepged-ofippridingdsgarbenitile; Hartwi g, let. Left., 38:2239-2246 (1997);

M Pal ucki gt ok, : T : J43ap N dHaga et
al, J. Og. Séﬂgirrﬁy I 23?: %?@%ﬁ@%ﬁéﬁrﬁg@@t%ﬁﬁﬂh (%S%era Chem ,
ir: 4374;14&7;me(nyﬁ8@)}|pyﬂigja2ﬂmm%my-gnet a'lt), Cﬁn. J. Chem, f 6%: ?6 91 (19&3) :
ternative mmet hodol ogi es that describe the reaction of halides such as
Cotpounds  of A PRS- TetHIALGrmands HopyrsPhiTA): V3 BiRbeaYE- | s sul f u
such a i l e of a base with or without a netal catal yst
such az']%}f’n%‘jr}bﬁegﬁ%'??ﬁﬂ]m?acet ate in a solvent such as
di net hyl f or (GaR\6dR )-dr[4{-(3,6adimethyd- 1tepyrazbled-yl )i, B-bighehyl-&y}-&-. , J. O 9.
Chem ,

11:891-6 ﬁlﬁg%bg‘?&%@%ﬁﬁ%}‘@?l&ﬂ%ﬁ.efvegl."Chglmo?rg' ved. Chem Lett..
(3aR,6aR)-5-methyl-1-[4"-(1-trityl- 1H-pyrazol-4-yi)-1,1"-biphenyl-4-
30 ylloctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-1-[4'-(1H-pyrazol-4-yl)-1,1'-biphenyl-4-
ylJoctahydropyrrolo[3,4-b]pyrrole;

3-methyl-1-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-
29



44:1202- 1210 (2001); G Y. Li et at, Angew. Chem_ Int. Ed., 40:1513-1516
-46- (2001); U. Schopfer et al., Tetrahedron, 57:3069-3074 (2001); and C
Pal ono et al., Tet. Left., 41:1283-1286 (2000). 5Schene 7 R3cR3c C 12-CY2
R'BrR35N..% R2dR2d R'N.R3b L2 R2bR2e R3a(....,_002 Yi 7 ---.~ R2c NR3b +

HN. ... 4.4 : f 1 Rai mlil 1.4 Conpounds of fornul a
14 may1gl”@iﬁ%@y%&g@@d@éﬁéﬁi"go@ggorrpounds of formula 22 vmrr})ch are
r epr esent at Sametbiyl- ¢ 4apBaR S al)-5-metiisexXahydrémyrelo[3l4tb]pyrml-1@Heylp and Cyl

is a nitrogen containing heterocycle. Conpounds of formula 14 when treated
with codp ybt- BVH@l'%azéﬂ)\Mﬁ'@iei n VI is a bond or is selected fromthe

group consi gt 0k ok -i-mtelﬂg' ) M antl
pot assi um cgrrggtﬁgfi {ﬁ(%r?'r?gﬁ)r?; un e"?é Eegt g@;@f)orl] nggﬁggﬁ%wgbout 120
t o mbodtj1'-bighetyli}ppridini2{¢ Hy-@mepunds of forrmula 22 which are

| he i i . NH R7
RaaRd Radr-dateR By TressRyOpyITolol 4-B1pyrot 1 M1 3o Sroe Raa
R2b . i 3 i one- Sl Mlarly, conmpounds of fornula 14 when
treat e%'p&meﬁﬁzﬁyﬁg-t‘?ﬁ%? ggzrg)z?%% t he conpound of fornula 23 in the presence

of 5tri s(di BdAzBaRkGaE)ecyniedutyibakabytiropyrrolo[3,4-blpyrrol-1(2H)-yl}-1,1'-

(R -(+):-2.2-bis(diphen osphino)-1,1' - binaphthyl and sodi um
t_ert-b%‘Pﬁ?Nﬁ'é‘?“!yﬁﬁY%‘Pﬁfé’?fé@ﬂh)é?lg%t to mcrowave heating under heated

m gy owave condif3amBar)ls-mitipheaaHRra s 3U-biyrai1RH ylbipkersgmpounds of
formul a 24 when treated according to conditions known to renbve an acetyl
group #ylird.&-dihydrogynidazio®(2ld-hnés but not linited to heating a the 10
conmpound in a mxture of 2N HCl and nethanol w |l provide conpounds of
formul a 25. The conditions suitable to convert conmpounds of fornmula 25 into

conpounds ofn Additith,ahére aRydivelbyed asepoands befarArdd 'E()IW, whefdin ahgpoluinds  of
formula 26. The trgatnent of conpounds of fornula 25 with conpounds of

f or mul i§ @BoQek7Z i -Gane rfirhemnore, therg arecdegasibed\pomparads af kemula

het.er ognyl : ter; ! B pRLQpri ate

el ngt rQQh‘."’Pgrﬁéﬁng%?‘t% ’gg%ﬁ'ﬁagﬁﬁbmgﬁw%ﬁaﬁ{sl Epr v%tr?gq'cg%%ounds of

f or mul bo2d, amyﬁga zanatizechotiotamind ef fatrful®r ent condi tions depending on the
reagent, R7-X3. Wien R7 is cycloal kyl, cycioal kenyl, heterocycle or certain
heteroaryl rings and X3 is a hal o@z"n og triflate (F3CS020-), the conversion
may be carried out by heating agixt B, N a solvent 20 such as
acetonitrile in the presence of g, such as but not limted to
triethylamne. Wien R7 is aryl oR"Het ogryl then the conversion can be
carried out by heating the m xtur®@ N t Re presence of

tris(di benzylideneacet one)di pal | adi um’ .

racem c- 2, 2t - bi s(di phenyl phosphino)-1,1 '-

Compounds of the invention were named by ACD/ChemSketch version

20 5.01 (developed by Advanced Chemistry Development, Inc., Toronto, ON,
Canada), or ChemDraw Ultra 9.0 (CambridgeSoft), or were given names
consistent with ACD nomenclature. The practice of assigning names to chemical
compounds from structures, and of assigning chemical structures from given
chemical names is well known to those of ordinary skill in the art.

25 Compounds of the invention may exist as stereocisomers wherein,
asymmetric or chiral centers are present. These stereocisomers are “R” or “S”
depending on the configuration of substituents around the chiral carbon atom.

The terms “R" and “S” used herein are configurations as defined in IUPAC 1974
Recommendations for Section E, Fundamental Stereochemistry, in Pure Appl.

-23-



bi napht hyl and sodiumtert-butoxide in a solvent such as toluene at 30-150
C. Schenme 9 R2d R2c fsril R2b R2za. N R2f 41 Rac R3dX4 R2d R2ZGR3b R2b Ss
re R3a R23. NR2f 29 28 I n addition, conpounds of forrmula 29 are
obtained by the treatnent of conmpounds of fornmula 1 with conpounds of

usi ng. E0RAH TOR L 1o, a e MEERAER chMerplibtos VorBhusbtpiol fidisifrel Che

obt ai neiktliresnthecsofemd thbse are spscificallydneludd evithin theascuipleadfithisaccor di ng to

nmet hods descri ged in the scientific literature, or in the cas? where X1 is
a trifInyestioRy StRrepisgrars NI ABRRtIYers ant diBsterepmsrs. and MWRRydri de in
the pr I ; ' ' i onpounds

of 1 or SLr e priersrfsorsch iR, Hdipliubrahadisqiate FdnBsyIgirng

di f§ uoinvientiar mmy k2e prefiared spithetiCallyoframegonungidiatyzavailable starting

4- brono- 2-f 1 uorophenol, 15 and, 5- brono-2-i odobepzonitrit.e. )

Furt he ?f@?'sMH‘BBE%E'%?SWBWRHF%OFZ‘%“WHPéﬂteé%ﬁf YHF%{?P@&%PBWW& is a
br om dgy; 3 | : ' i n Schenes
o5, iR Bionyh byTeeoiBh SIBGRATE I MhOED BT BRIIRGN QM g 1 25

r es pecThest methodshobresohipnere eixatripliied by b ypidachisent oftehmixtureeof i on. 20

Sch 10 R3c FeR3d RO) 2BR3b R3Raa 3Q17 , Awd i et f
conpouRASTENHRIE A G SLKDaR, APABTEn e sesHine rirsBhi T ers. i n

ad¢y t i grsterEORRYSHS r@érzé@ﬂﬁﬂ{i@n br cRfdnato§aphyadidcbepiforiy Nb&tibAdf e t hr ough
met hods described in the scientific literature, or may be prepared from

conpoufpkcally puse mpductdropy theeaudinry essdescrbed im Fapiesiamafashpounds of
o L S AT BB Re b€ BB SherfRuptSafit Aol o ©
i ncl uderpge) Naergmae Seientits RETechrieslcEBséheM2e02 /8, Esdland,sort @k divettoget her
with the boron atomforma 4,4,5 5-tetranethyl41, 3, 21di oxabar ol anyl nvoiety.
10Sc hef@Paratiopof thegmixture of optical enantiomers on ¢hiral chromatographic
15 columns or (3) fractional recrystallization methods.
Compounds of the invention may exist as cis or trans isomers, wherein
substituents on a ring may attached in such a manner that they are on the same
side of the ring (cis) relative to each other, or on opposite sides of the ring relative
to each other (trans). For example, cyclobutanes and cyclohexanes may be
20 present in the cis or trans configuration, and may be present as a single isomer or
a mixture of the cis and trans isomers. Individual cis or trans isomers of
compounds of the invention may be prepared synthetically from commercially
available starting materials using selective organic transformations, or prepared in
single isomeric form by purification of mixtures of the cis and trans isomers. Such
25 methods are well-known to those of ordinary skill in the art, and may include
separation of isomers by recrystallization or chromatography.
It should be understood that the compounds of the invention may possess
tautomeric forms, as well as geometric isomers, and that these also constitute an
aspect of the invention. It is also understood that the compounds of the invention
30 may exist as isotopomers, wherein atoms may have different weights; for
example, hydrogen, deuterium and tritium, or '2C, ''C and '3C, or '°F and '°F.

Methods of the Invention

-24.-



Foc 1831 Conpounds of forrmula 18, wherein R6 is a hal ogen may be treated
with aryl boronic acids or aryl boronic esters according to the procedure
outlined in 15 Schenme 4, to provide conpounds of forrmula 31 wherein Cy3 is
an aryl ring. Alternatively, conpounds of fornula 18, wherein R6 is a

hal ogen maycg eroaryl
boroni c esters accor(%’h %ﬁgp i&p%g E’l?\}(;éﬂélupﬁrﬁ@fg@f@?@%oﬂﬂlaﬂﬁﬁtO provi de
conpoutheseftdcts ofhxstmnﬁé—@;/lwrmma@ﬁy hstmhﬁ-&taomgdmsrﬁmgmpsmnds of formula

31 wherein 3 i.s a heterocyclic or heteroar r|n con cted tpo the parent
ol ecumaﬁr%%@wsmhﬂﬁaeﬁ T3y Wecnpauess g bamneatiang of B4 RYeRfon, noy bo

pr epar # erocycl|c
corrpouﬁ%I B 1.{?@2 f%{)ﬁéét (?b¥%’rér¢ﬁrgdi%&§g§r@9ﬁmgg Wh%F% (gié?ﬁ or trifiate,
Thés co‘ﬁmlcally:sunbdmdens aeirf lpe bebliorated by ancsd ulating tl'tmhlstatmndéi but are 25
not limted to heatin resence. f a base such, as imted
for scfceRtars fu Aans sy, Prelaranhl Bordamistenity A Smsg i & cambosion el o

cat al Yie BYSRH eltHEF aloﬂ@tor |r'| E‘bﬁ%éti%n%ﬁp%oﬂﬁ%? aktivs agétt, faral | adi um

di acet ate, optional ‘y such as, but not |ITm {ed t o, BI1NAP,
tri -teexampgel BA papio raethenawtw:erﬁggnemch as di oxane, toluene and pyri di ne.

fﬂ o ences: CIRALGiREHIRED bifahS i LURPRIE LRy Qe indudigos?' ( 5085
J. 1P Ml Act Igtited to.thO6s spétifisl aRedm ;)ohﬁdg%{ﬂiﬁé&véhﬁ@ﬁ)derl‘rbnéir&@hﬁéa et al.,

Chem Pharm Bull., 45:719-721 (199 P. Wlfe et al Org. Chem ,
65: 1158bilityAs aff(egbbts}ampe%(acﬁmyngndmaamcularmf@r histamine-2 aptagasism. (2002); A

a1 77 Sufh eBtrpnutas B ke S roPRfe el G4 chéehichid nufigeof TED

Lett hﬁfant‘lﬁeﬂiﬁkcﬁﬁéﬂ diseizey orldantiitiogs. 3ub§fity1tet£bewhyd|6)4p3ll‘ﬁoloﬁ5ﬁ-5 5580

(1999) et al. trahedron Letters (2006) vol 4719, p.
127, Emffmée @PJ“DEB{ reReamalg ttagp@qq@tréﬁ%%w P%“Véﬁbf Be%@mﬁau c

reagents include but are not Ilmted to piperidin-2-one, 1H—pyr|d|n 2- one,

and 2H pyridazi n-3-one. 15Scheme 12gr3% 34 1 1) TFA 2) CH20 NaBH3GN op B -B

.13d b Pd(OpPDC 2 KOAc Di onne 3d nt@nl y.cy2 he conpound of formula 32,

prot€cting group (Boc), when treated
i benzyl i deneacet one) di pal i adi um

9 r‘é/ phosphi no) -1, 1' - bi napht hyl

t oRtfene as described in Scheme 1, will

provide the conpound of forgg Rr2The renoval of the Boc protecting group

usi ng TFA in dichl oronet han fof"l owed by reductive amnation using

f ofgral dehyde and sodi um cyanoboﬁ)hydrl de will provide the conmpound of

formula 35. The treatnent of the conpound of forrmula 35 with

4, 4,4 4" ,51515" ,5' -octanet hyl-2, 2' Abi i (1,3, 2-di oxaborol ane) Pd(dppf)ClZ

and po i 1aeat 28 % FRO M fhia madmso en

Conpoun E%CI#R hg ﬁ?%seRnt ﬁn\)gﬁtale%n cont ai \rﬁnSRa &efgir?/% ri kﬁHsuch as

10but asprévioushedescribediyanedi.nyl ring in the Cyl position may be pr epar ed

by foll ow ng, the procedures outl|ned chene 13 f IIQWed t.he procedure
out 1 ned | nTBpiais Al EHESed e RRUA TRl NG BRI GE GHOHAR 58 when
tr gat eghhidhd ﬁddﬁ%ti%ﬂ@%grrﬁﬁde B%Hétgér §ﬁm}| éé B?tHHrE éu%ebél{%fﬁoé%‘?&r and

potassi um carbonate 1 n pyridine un ea cond | ons w provi de a
m xt ur metiiodovmptisiag caimioistetingf told stibjectihavidg onsdstapdibtetopsaidd of fornul a

41. Th tur.e of, conpoun epar abl tilizing,chromatographic

or oceqtisBtd Ul e BRBALRTY atioffE ambuaf pl'a conPa PR TRAEANra o
formula 0 and the conpound of formula 36 when heated and m crowaved in the
presence of dichloroditriphenyl phosphi no pall adi um

2- (di cycl ohexyl phosphi no) bi phenyl, and Na2CO3 in a sol vents such as a
m xture of ethanol and dioxane will provide the conmpound of formula 43.

(Pd2(dba) 3), racemc-2,2'-R
(BI NAP), sodi um tert-but OXi fd-}
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25Schene 15 41 Simlarly, compound of formula 41 and conpound of
formula 36 when treated according to the procedure outlined in Schene 14,

wi |l provide the conpound of formula 44. Schene 16 Exanpl es of of

ot her heteroaryl rings in the Cy | position of the conmpounds of fornula (1)
may be prepared accordingly. For exanple, the conpound of fornmula 10 38
when treated with the conpound of fmul a 45 according to the procedure
outlined in Schene 13 will prow% cLeQytpound of fornula 46. The conpound
of fornmula 46 when treated W h t{) onpound of fornula 36 according to the
procedure outlined in Schggg NV pRroVI de t he conpound of fornmula 47.
15Schene 17 Simlarly, ou § formula 48, wherein Rix is al kyl,
when heated w th conpounds R3 nﬁ?a 49, wherein cyl Is aryl, and
preferably is phenyl, in tge séfte of pal | adi um acet at e, Xant phos, and
cesium carbonate w |l provide Syconpounds of formula 50. Alternatively,

ot her carbonate bases al so can be suitable, for exanple potassium
carbonate. Typical conditions include but are not limted to heating the

m xture of 2 nolar equival ents of cgnpounds of formula 49 with 1 nol ar

equi val ent of conpounds of formula 50 along with 2 nolar equival ents of

cesi umPE arifimasentiepllyaceeptable galhrrater, amide, grarpdaigiherraft wheraind 10

Xant phes ;| | OGedt t oddl d
oot or toit B8 o B B R e BB R Re Red et n Kok pr esence
of 5oma|adrR%ﬁ96h bg& mld!epeﬂaerlww hgt/dm éﬁ,rmbﬂﬁ,?ﬁ,ﬂﬂomémﬁﬂaﬁpﬂgp?wwth a base
N a pol gr | - DOl ng solvent, or exa e ) , rrarne, or
4- et Eﬁﬂgﬁ?"&aﬁgﬂfﬁﬂ %H%“Qﬁnﬂbﬁwffqgﬁﬁsa V%H@&q'% %@’Eé@é a¥o%er nul a 50
I n the yRESRERE Sadlbaem o YRR b drB4i8Y tiFat3thé 6RY ofhidle of R%, R®

I 0dl de, and' (0]

8- hydr oxyqur nol | neS  copper '6$ota55|un1car nate, 1n a 5ol vent
such aR’BMnd RY areatkyd ethenrgi dearsd onefoffRP nif*a R34, andords fidsrazfikyl,or mul a 51,

wh in R x. | kyl h t hyl ) |y, f bl hyl, wh
L eat e URIaeik o ikERy: HoRUEo c haldbanypr FTda B8 b suBon it about 75
00 4y | baﬂf&&,%ﬁ&ﬁ@%&lﬁ&ﬂ%rﬁég@??&la@niﬁ& Igehabamkyps msabg=oﬁNfRsr,nat ively,

conpounds of, formula can ated W th base’I'n etHylene’ glycol to

provi der ediIQIR0}-; &' is byanoigenss. allnd,cOy bisrayyly cycloaliwluoysioalkengs mul a 52 may

b ' f formul 3 which tadi f 5
compounBLeTBRNTIfE THESEHRE! fuie s B ARERG P ALIOUB PRSP BEVa L i 1 t he
Scope ny3t Reid IMHRBGEO Y dcyfoxy! akendl ﬁfko&fl,@ﬂﬁéiyw(dﬂwa%MRﬂgs of fornula
(01), (T11), wherern ¢yl is aryl, preferably phen ich”are useful for

, [, "wh
the pr elexicabangk aloxyionaocakpamiiony: atkh mkyicarbonyl alkslguifondn. ¢ he

D 51 2R IE SR6: HBSr Gphbr o ldos By dMlefloptyfodigy | " 1
wher ei makigeins hadroxl kivydrokyaliyl, feecagtisyhieb| alyltisodamim) NKRIINRYR? treating a
m xture of a cq d formal dehyde, acetal dehyde, or

_comgound of £ o mul a_ﬁ%l | 1), _apc
cycl oaNR YKERIRes CROINRaRT ¥R ¢S Q ht).guwagngo@rmn. sultur, i
s . . . by de. |
or A g s bR RORIRRE Mg, MR Ly 4o 11 @

preferre n cohdi't i ons npri sé
m xt ur er eNFh”C(s@)@u@yP sfarylocyribalkgl Cytibalkendl, heteradnyk oy detevotyclepdi um

triaceto rqhydride. The treatnment of ,co unds of formula 52 with
B SRR o G B and Ri at 630N LG T PERE Ind SRSy AT e

conpou - ﬂﬂw i eﬁﬁﬂﬁﬁﬁ IRovtds of fornul a
52n€vi t ﬁwgl'gasgggg&clhglﬁ@ﬂ ?ﬁpﬁﬁn”(du I ggary?% yligﬁi de or Itlﬂtghlegm

bi s(trimethylsilyl)amde in a sol Réht agch as TI-1F or 5 dioxane at a

tenperature between about -78 C to abQd, 0 C followed by treatment with a

conmpound of forrmula R1-X, wherei 1 defined in fornmula (1) and X is
chl oro, brono, |odo, nesyl or triREIRt & will provi de conpounds of formula
53. Alternative conditions for aRrl nedi at ed al kyl ati on include the

treatment of conpounds of fornula 52 pgvith sodi um hydride in DV at about
-10 Cto about 0 to C followed by treatnment with RL-X will provide
conmpounds of fornula 53. Furthernore, the treatnent of the m xture of
conpounds ofThiees isudiso diciosddRi méthed bf Beatinga myammal Having sacanditiort e of

wat er and an appropriate organi c solvent containing a phase transfer

catal yst known to one skilled in thegrt will provide conpounds of formula
53. Alternatively, treatnment of conpounds of fornula 52 15 with reductive
am nation conditions known to those skilled in the art wll provide
conpounds of formula 53. Accordingly, the treatnent of conpounds of fornula
52 with al dehydes, such as but not limted to fornal dehyde, acetal dehyde,
or cycloal kyl ketones, in the presence of a reducing reagent, such as but
not limted to sodiumtriacetoxyborohydride, sodi um cyanoborohydride, or
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(111a), (111b), and (111c) have the structures: 911 Br (111b)Cyl(111lc)
wherein Cyl is aryl, and preferably is phenyl, and Pis a

ni trogen-protecting group. Heating conpounds of formula (111c) with the
conpound of forrmula (11W, a 5 carbonate base and a copper source in a

pr o or 168 ot Bori ot N SamBE O BRI AR bl ereblte Behedt S 0 ce
can be ngsthp@icopmuidiig admiristeang (d i éub;ﬁodhaviﬁb&arwuetéptﬁbid to et i on is

carried out by heating a conmpound of fornula (111cl3miamd a conpound of
f or mul digorgeywith ethe@bsutically effedivaamenn i asarapeuy shibedammule Mot assi um

car bon i 2N: di i ] .(21&(;] t C under an
i nert g\{iﬁalg%f&h% Igl?s %&i%%gwh%%ﬁe{@' '?és@r%"’{r% byétg'(ﬂ)d(#?%ge% E@ m xture to
bet sve_ertna&imlg.ﬂ. 21%r G hetdrozitom Bs@&]dfeq gamlhitrbgehmpcygw, a'ﬂdtsurfer,lmdmée@' _and )
organi ¢ sol vent and a sodium chl oride solufjon, and then concentrating the
or gani Zh%icﬁt 3 9ngr ?W@g‘)@dﬁﬁgmﬁ%’; Bfov ah Whep,! 1)',S a&%‘?fdﬁﬁ ‘Lg'l ow
Renovi g3 i : ! ar 0 qauia (1llle)
or ovi 463 e fOhERBEidPaF W 1010 o, LA Gy I PR o LR L ert

Pr ef er &y*yandHe isiatbargk Gydrisheta icygicamine of fofmglalle) is et hoxycar bonyi ,

nmet hoxycar bonyl, or tert- butyl oxycarbonyl. The preferred

ni trogen-protecting group is ethoxycarbonyl. Comonly used

ni trogen-protecting groups as wel S pethods to renove them are discl osed
in TW Geene and P.GM Wits, RAgt eiRzee G oups in Organic Synthesis, 3rd
edition, John Wley & Sons, New Yo 1999). Preferred nmethods of renoving
nitrogen-protecting groups includg the~geeatnment with hydrogen bromde in
acetic acid or, alternatively, tReatMent with a base in the presence of

et hyl ene gl ycol. The invention Rl so -provi des pharnmaceuti cal

Forbui & (1) 5P TReY g FRRhe (o & soRbisHwEsRHbagpudh gPPo-"
combi naidtamive-8 recepibpacipatgus of tHdrapasticassrafit frohntheaadmmistration afeimposi tions
conprise conmpounds of the invention fornul ated together with one or nore

non- t o%PERMEAESE Earmua(ily whereipiths cenditipn jos disorderdis sielacted Fom the

. . _ A N . i aui d
Form - R SotaRiiteol ARUfrS uisfhed dttnid RN USRR HhBeRltily o 1!
" phar Wﬂén@ipq}aﬂﬁf@'gb&tﬂ%md)?fd?cma, gt_sgpdti\l'fdeﬁaﬁts im;ystt\i_atritSnotn- t _ox: c,
inert splid, senj-so or |igui er,, diluent, encapsul ati mat eri a
or Wor ﬁ%%&?@ng%ts! ‘?é[F'?"PWr IC&§BU_€8§HH§ @%‘Hﬁﬁi’%sc%?n%{%?qrﬁ{r]‘ Mghi ch can
serve %Qaﬁﬁﬁﬁﬁétég{ Pe%&iﬁ@é@%‘, 8efrRS5ioR! épi?éé%yzﬁgﬁ?ﬁn{%éﬁhaﬁs lact ose,

gl ucose and sucrose; stafrches such as corn star potato starch;
cel | ul disorders, inflammatiormtinsudin resistance syndrameciet gy ymaduliary thatdidl ose, et hyl

|l ul .and cel | ul 0 tate: powd t th: malt: gelatin;
Calc. CRrAOa, Melangnan.opBEss Hlspanh tetarsie S BHRIAG M BRgprd "
cot t ongppdirmieht, rﬁigféaih%\r’@boléidnd @cléswgiglla_anbkaﬁdw, imtstioRd dickife¥sNnaidoleddy, soybean

oil; glycols; suc ropyl ene glycol; esters such as ethyl oleaté and
et B9l Inguregenic infammatiar, dbiesty.chsessive commudsivie gisesdenPaifdr oxi de and

al um n i@de: _al glnj ci.f -fr i i ne;

Ri nger TargESREY fiast. BoRbyetioln BYO AR, sciRalRlstiay A ER R s

vel | asfethigopivenid, esizuresn septic shock, .ByndeamesX, sTaretie’'ssyadromeé,aur yl  sul fate
and magnesi um stearate, as well as coloring agents, releasing agents,

coat i nyfeHigeeEed disprdeds. f1 avori ng and perfuning agents, preservatives
and anti oxi o | [ ?ﬁgﬁ' [MaTam ding to the

j udgnent of q@ﬁéﬁgfé ?l @(?sr?'ﬁ dgéfgf{d?fg]g aPlg]ﬁarm g ionlzé. Egg%%@gﬁgé'ﬁacguti cal
cozposihypersctivity tisosdarpAtzhieimer s disebse ashdementi wheteomodatationasfd ot her

manmal s, or al, | rectally, .parepnterally, intracisternally, .intravaginally,
"ot ap istegine rpCertappdintys hlesgpoinansit Gom eRdmISERIORSY & bucal |y
or as %w@gggrogmﬁﬁway. The term "parenteral ly", as used herein, -58-

refers to no ( i'strati on which include i.nt ravenous, i nt ranuscul ar,
i ntraperit oheparticularr et methad ofdraatinganmanynal mvingischizaphneniaprect i on and

compr | SB9piP ARt LR RE A tin, AR bubiitondl bR SToratbEous

sol utions, 5 dispersions, suspensiofd/-or enul sions and sterile powders for
reconstitution into sterile injectable solutions or dispersions. Exanples
of suitabl e agueous and nonaqueous carriers, diluents, solvents or vehicles
i ncl ude water, ethanol, polyols (propylene glycol, polyethylene glycol,
glycerol, and the like, and suitable m xtures thereof), vegetable oils
(such as olive oil) and injectable organic esters such as ethyl oleate, or
suitable m xtures thereof. Suitable fluidity of the conposition may be
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agents, for exanple, ethoxylated isostearyl alcohols, polyoxyethylene
sorbitol and sorbitan esters, mcrocrystalline cellul ose, alum num

nmet ahydr oxi de, bentonite, agar-agar, tragacanth, and m xtures thereof. -59-
| f desired, and for nore effective distribution, the conpounds of the

i nvent j : i £ S = Lvery
syst ereo N o ek bR U ol eI cofpIRET Ry 1
steril{iped, for exanple, by filtration through a bacteria-retaining filter
or by incorporation of 6 sterilizi ngg%?{%nts in the formof sterile solid

conposi tion ,p%F'@_ﬁr-r\tﬁ?_”&t ad of feal amgal) Vit B2reg PSYntleBPher sterile
| nj eCt&iQPF‘déi‘?,déé!ﬁﬂrfa”HPHbééig), WHpd Ridyiston onistaﬁAiH%%Cﬁe%Bhﬁzg%%gm fgorms are
pst the drug 1 h biode

made by form'ng m cfoenca 'ated nmatrices o radabl e

golg/rrfofsthelmpmms Iqmdniefi}]ﬁom Ittﬂle-a!inhi?‘glttmﬁohioda_.cdmmmmﬂs:":gffupnulat(ﬂaa Iratig OIh
ru O polynmer .an nature o e J1cyl ar ol yneyr e oyed, e
fate of fr ulS ol BREARhAORREENHEP O fRiBDR-HHNG SoBPUNKE ot dogr adabl ¢

POl Y eisohfis hoRlaié 914 BABSH of Hlstahen0tAd bkl 8 ) thoRRRfBourasect abl e

formul ations g‘?so are prepar eg by entrappi ng > drug I n |iposones or
m cr oedesaribedfonthiecmethas ofdhpadnvasitiondantaffend physiskagical processepdtt abl e

bact or (orans 8B el puplsdie, e solHRIRAE and coromdsi i dpbie 7 T

f oygn ofl) ek @ni & @ﬁfhlcfoﬁﬁgﬁmsg? bh@ PPevidtitinh disehdee dHddiebiRes afodlilsegr sed in

sterile water or other sterile injectablle mediumjust prior to use.

| nj ect By histamingasd secapiers. f bipiesliniseatmantariprevemjoscafamich dispasssansk

20" a0 ORI HERR BRI by B RN s B R e BRI e STl
i nj ect alznemal, epaidainizterirya sbApoladdreoaigdsitionpfahtaention| sithem,

suspensi on or enulsion in a nontoxic, parenterally acceptable diluent or

sol venglogg&s insombination; with pRothes aptivenpgentAs paxﬁ@ﬁg therapatic FRIMEB. vehi cl es

ang. sol vent 0, '(Dg&r | il S.P. and
I sgrf oni c soglatt%a!: rWFﬁr%g%& %ﬁ%ﬁ?ﬁs\rﬁa@mﬂgol , s@grﬁlgldé,%hﬁfp?(de oils are
convglntIiegllnfeIIaIiIgc(:II @qﬁlccivtim gbowe.s Morelpre_aferred(l?fedemibompmaqdﬂmf fdrould {b.s pur pose
any bl an xed oil c e enplo i ncl udi synthetic nQ- of
di gl yceri de Pmmuaeai()? ?EHIU'?%B? 9@5& gan L’@f@ﬁpnﬁaisi L éoéﬁ'@g%&té‘ﬁyggdtg n the
pr epar g@ﬁgg ar. ration
i ncl udgﬁ%@%gﬁoég?d (t%?b‘%gt ?ﬁb'& Plég,eh po éﬁsd,%gn%;eg@zg;%tw gs.&t r?ssuch solid
dosageaimount, Theeompownds ace padicutslyaisefiidor avesthodof treatinged with at | east
7% o BACLERES o SFEah 2568 nABl 67 L hRlaribels B AL ©

I C S )
| act osgherapiitRISnedit, UFRE8In RIMABIHR is 3BEomplisiied b¢ adfiisistdiihgtd nders - 60-
such as carboxynnet hyl cel | ul ose, al gi nates, I

! ) gel at1n, )
pol yvi thgrapeutisellyiefleciive ameuokef a apmpauad ohforaula (et (Ibroa suhjectas
gl ycerl.. d) _ di sintegrali a uch as agar-agar, cal cium carbonate,
pot at OR%Ymg’a%ndéo@ngﬁgpgh’ %l’bgﬁﬁo?%%ﬁ d, certain silicates, and sodi um
carbonat e; Epriunds Usefid for henbeined Uf the iention, SnplideftHut are hvt absor pti on
accel erators such as C3uat_er nary anmoni um conpounds; wetting agents such

L \ g
as2& et fnited te thasesneciiegdaibe examplase andiossass apsdfiniyieetheuch as kaolin

and be Lie ; d I I | Stearate,
mgnesﬁf&%@?ggg@gm@gl |§A} c&%@é%ﬁ?ﬁg&%ﬁg&%&gﬂdﬁ%@]fpglfﬁayI sul fate, and
m xt ur freatneErtenid. preventien obdiseadescapsunditinnst retdted to histarmpineg-3, t he dosage

formmay to al sq conprise buffering agents,. Solid co sitions of a
si i | amadyasions Fxamablen o sich diseases of Fondifians Are, Jot exaTAPIRaRREAYAN o

gel ati J 1 ha ul ar

el ght Do HerBeRy Uisora! BRIHED. dflcts 3 daEntin, Hemerte, A YiBARE . oes.
caps ul eith deficits of methayy Aeatnisg,schizophbeniay eqonitivee défiditsafat i ngs and shel |'s
such as ,enteric. coati.ngs .apd ot her coatings wel|. kno in the

ohar naseigReNia, SAAPEES AR 2N g REPTE DR YRLIAS BBRSETS: paci f yi ng
agent SApMRIReMs 8lse8s®amid cagRiav® fApaitABnt, Bpllepdie ¥elztkea Hletdi€ rmAtYe
ingredient(s) only, or preféerentiall ina certain part of the intestinal
tract PRdastenayeatiompiskpesssEdinnness, MenigresrdiseasastvestibWandiserdesef ul f or
del aying 20 rel ease of the active a@8nAt can include pol yneric substances
and waxes. Conpositions for rectal or vaginal adm nistration are
preferably suppositories which can be prepared by m xi ng the conpounds of
this invention with suitable non-irritating carriers such as cocoa butter,
pol yet hyl ene gl ycol or a suppository wax which are solid at ambient
tenperature but liquid at body 25 tenperature and therefore nelt in the
rectum or vaginal cavity and rel ease the active conpound. Liquid




10 needed preservatives or buffers as may be required. Ophthal mc

formul ati on, ear drops, eye ointnents, powders and solutions are al so
contenpl ated as being within the scope of this invention. The

oi ntnments, pastes, creans and gels may contain, in addition to an active

CTP o, A% a8 o PR SRS I e %&%&Wﬁﬁiae

gl ycol Ssynardm@qn@ﬁabohersyﬁmdrﬁé pain | ihelugingaigliropathic paid, aémepattyde,
mi xtures t her eof wder's and sprays can contain, in addition to t he

conpourdReEisordess.i nar@ﬁlepsw pathelogice! sleapinessi jet lags daug abuse, memm

hydr oxi e p r I hese

substa@ggat%pﬁg&r%'ié{%ﬁbl%%ﬁ (f‘?parﬁgﬁlﬁﬁ %@Eggﬁ’ea“‘i%\rﬁ%%w gr(rjégrgyré%'g(;@zjlr an s such
as ehl eyalitoms dPartirzoarsdisgase, and m@mmym&omfcérbmomwmlanomwndl so be
adm nistered in the form of Ilpos mes.  As known in the art, |iposones

are gersivaysiic a&ary\ﬁé@drer@m prmmhiv.oé.h&amm%@ H@?enfpbmdé'l%@'tsaﬁeés
+ 1 hos g8l Sert (B bdMIRRR ofhe lhiioh ENLgEnt WAl thch e kst 2) o
at are n aqueous ne non- OXIC ysiologically

accept alﬂnmrwt@tenkbybabnméﬂ &)dnldpndlh@&maw"cg Ldfefwcesng Ilposorres may be
used. The p osone, form cont ai n addition to

t he &:onpoun(r)‘g" "[‘tN 'ﬁ%s}'éa'lm%gﬁnhgp H) inygqtion, M@g@%gawmq"@fﬁﬁi ©One 1ike.
The\oprggﬁédéy Bfocifidd ﬁ*ﬁh e8abUFet gﬁ@ﬂﬂéﬁ/'&bﬁﬁi hgpaiaeﬁﬂﬂpalgaadé? and

phosph o I nes IeC|t I'ns) used separate r together. 30Met hods to
f or m | i(pOMe and defikite imaltentidans may be mmonsbataeb@gnﬁbwartpeéabdt MeoEd

?/ﬁggg?sc;ﬁ@g@i%@ogg%fml ml?%r%em Slagic %rgpg %@ﬂNa conpound

of thi QGQHMENEURith@%IOQIbQ@h&QC@QMﬁﬁéﬁanélHrééié Pr@tlﬂﬁé&'ﬁfﬁcéﬁ}qn' nhal ants.

The active conpound is mxed under sterile conditions with

phar madeagniiéen and Scbizophmnia oharfaentand §ﬁ5€cﬁé%&bﬁaﬂhl¢%klmmq3¢é@' buffers

of emonRtitsBai AR ST hatfrdpibty % GrBb e ThaERRRR PR, (e

scope off76-18( "Effeetstafdiistaiiing bldFetesitl Ry IsETL23XINand GipRXifainig acompounds
of the invention also are contenpl ated. The conpounds of the

i nvent ireRe@igd asauisitian avpl@mcef wIspPBse ﬁhﬁ\&mnma yRartansivg @tsal t s,
esters l‘tfssd%{ L %:’B%faﬂ\aﬁ%g?é’r“cho . d1e39ﬁ'1,‘§§ 18{1§gierm

pharn‘&P ut| cdlTy ‘accepta S an '0as use'd her ein,
refer t\(ate@,rél@tym&?(mg)szsganﬂaw-ﬂcsgdIdﬁiﬁirt:amm and Pharmatbloglioabns, esters

and am des of co of f whi ch in the scope of sound
redPcn CHABGIERATOTL ol @ Sisiesr Nays JH-4-SubRitiaec i idepHd Eraraed o humans

and | o " n esponse,
and th\ﬁ |%§? énq:gomtgﬁ %Sga%wgélﬁhgl é%%g%%%@%énheq E%( #’?‘ﬁ@ tragltl o, and
are ef T’lél'rarap@tfosm%&) 128756586660 & dzers M. Expert Opinion §hemap|ehacmu8| cally

t t" h " th h f d
o Parohiur b 1085 ME ) Balene G Rida8 bRt CfriniOhi Carbela8a P e
and Iovmnpmlrmgwué @wferﬁmtl%%rﬁdltmu g$ (199H!1, % e8l5parspe response,
and the like, and are commensurate with a reasonabl e beneflt/rlsk ratio. 20

Eh@ﬁrracfc‘dmwmzlat;al aE@E@E@h%WE@Y&?@?@Jﬂ (198dhrDumennand Blozovski, fsal s can
conpourl SreEes no L SRS T aRard 05 PRaBBeB Exb T8 ace "t unct i on
Wi th a 2985982604 01998)i Tlfedﬂjrﬂ e@él | BOE. g%ur@sQCAdstrRQwﬁsgrml) la/rﬁi p&%,d
addltlon salts inclu re not limted to ascorbic

(D) - t arat @l Behay. oBfa(rLBeﬁaﬂﬁdFﬁﬂ 481 &Qoqaioglﬁﬁ?&' Se Aacstal. "ﬁiein@?md@flakh d,
sulfurl Al so, the
asi o 1{pREisyity lsolel: BAREIPhGaBRc: orf Hoslt bP AR PRI ARnugey s o
I ower ﬂé&pdrtﬁalMddas;rthheaﬁsmyst(ﬁ&ﬂ)Z) 87 hyL20;Bciweitzeand] Bapawd chl ori des,
brom d and i odj de di al sul fates_such di.et hyl , di butyl
and di j’i‘gjfo'@é EIUH‘ 53’&5 § 'E‘Fﬁﬁt'ﬁam f%@éteéiaewdgg%@%wacﬂw yl, nyristyl
and st HePTE A e minkirOn 1A6Sst | 3l kyh7 hal i des such as
benzyl Qﬁé% ﬁenet% %‘Porrrﬁ?es\%;sngg %ers )B ? ¢7sol ubl e or
di spersi bl e T;hecmb_lhiygfa!n@comabgis obthei memtldsasmcdudmgl butoot dindited toan be
prepared in situ during the final isgg-ation and -63- purification of
conpounds of this invention by reacting a carboxylic acid-containing noiety
with a suitable base such as the hydroxide, carbonate or bicarbonate of a
phar maceutically acceptable netal cation or with ammonia or an organic
primary, secondary or tertiary am ne. Pharnaceutically acceptable salts
include, but are 5not limted to, cations based on alkali netals or
aI kaI | ne eart h rret aI s such as I | th| um SOdI um pot a55| um cal CI um

.



30The term "pharnmaceutically acceptable am de", as used herein, refers to
non-toxi c am des of the invention derived fromanmmonia, primary Cl-to-05
al kyl am nes and secondary Cl-to-05 dialkyl amines. In the case of

secondary am nes, the amine may also be in the formof a 5- or 6-nmenbered
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am desmnmmraaﬂdeamhg Amydbe deindﬁstra@edpruWe rafvef andrubmc(we may be
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identified and are described herein. Mre particularly, the invention
r el at eSelegtive Histamine Hz Receptor Antagonist”, Journal of Pharmacology and
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phos phptepulseaihhibitical 6f staglel ihanice bytHe direeeptoe antﬁyg)nﬁsts thiopereatidéat e sal ts.
Parti cul ar_pol, @ghs of the L- tartrate salt and drochl oride salt also

ar?5 dedrd cipsexi rpwman, Kaiflsy ., ghat. i Befavieyral Brain <Frbr( PMates to

crystal 4@
met hyl hée:k ﬁ 6(7?} géyr F%Fgﬁ}? §°Ck?(rj%lbyf?'£ﬂfraq']de eWnces °°ﬁ”’“°2 r tSyri clazin
- 3( 2H)wutbmﬁ ihdaeing ledoencial semsitication:"aKemakbr \Eaﬁtebadhl bits at I east two

D r (BRYehopkpITaaRERAY I HEARN GorDRDY) SROTY), 167y FE31AT: AuRogrigues,
% 411_ bepheR¥ba 4R3L9U?é’ ") A iR aha GBS el RitdraRliSn 'E?EB%Hirn@t\ﬁtIFﬁ{é“ A and

[ (3mR, bisRmiGierhs tegeptoran vatrhrpin’ Boitioh Jpdrridl pf Phatmac¢aagy {1995)1114(8hi phenyl - 4
-yl ', i - -tartrate, d te F -
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referred to herein as "FormA") exists as'a crystalline solid characterized
by t he"Asppigal NeuicigptigstEnhencedtisiemine Muraonanin Braip\GRIRE 1. The
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sui t abl e compounds of the invention for this use are those wherein a 11CH3
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compound Exanple 3 Product of Exanple 4'4(3aR 6aR)- 1H NVR (CDCl13) 8 ppm

7.64 (d, Exanple 1E IF 5- J=1.70 Hz, 4 H), 7.50 (d, 1=8.82 Hz,
i odo- propyl hexal tycl H), 6 64 (d, 3=8,82 Hz, 2 H) 4,12 - propane
ropyrrolo[3,4- 4.22 (in, 1 , 3.46 - 3 57 (n, 1 , bi | DY1101-

3.27 "tﬁer%%e(nﬂcalfblélf}ectlae%@noﬁtggf 0 coJrnpouriJo( %&Jir]lvélntﬂon means a

sufficient amount of the compound to treat disorders, at a reasonable benefit/risk
ratio applicable to any medical treatment. It will be understood, however, that the
total daily usage of the compounds and compositions of the invention will be
5 decided by the attending physician within the scope of sound medical judgment.

The specific therapeutically effective dose level for any particular patient will
depend upon a variety of factors including the disorder being treated and the
severity of the disorder; activity of the specific compound employed; the specific
composition employed; the age, body weight, general health, sex and diet of the

10 patient; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in
combination or coincidental with the specific compound employed; and like factors
well known in the medical arts. For example, it is well within the skill of the art to
start doses of the compound at levels lower than required to achieve the desired

15  therapeutic effect and to gradually increase the dosage until the desired effect is
achieved.

For treatment or prevention of disease, the total daily dose of the
compounds of this invention administered to a human or lower animal may range
from about 0.0003 to about 30 mg/kg of body weight. For purposes of oral

20  administration, more preferable doses can be in the range of from about 0.001 to
about 0.1 mg/kg body weight. If desired, the effective daily dose can be divided
into multiple doses for purposes of administration; consequently, single dose
compositions may contain such amounts or submultiples thereof to make up the
daily dose.

25

Methods for Preparing Compounds of the Invention
The compounds of the invention can be better understood in connection

with the following synthetic schemes and methods which illustrate a means by
which the compounds can be prepared.

30 Abbreviations which have been used in the descriptions of the schemes
and the examples that follow are: Xantphos for 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene, [161265-03-8]; BINAP for 2,2'-bis(diphenylphosphino)-1,1'-

binaphthyl; Boc for butyloxycarbonyl; EtOAc for ethyl acetate; HPLC for high
-36-
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H, 2.61 -2.74 (n, 2 H, 249 - 2.58 bi phenyl - 4- (rn, 2 H, 2.26 -
242 (n, 2 H, 2.10 - carbonitrile 2.23 (n, 1 H, 1.86- 2.04 (n, 1

: 1.40 - 154 (in, 2 H, 0.89 (t, 3=729 Hz, 3 H,; M5 (WA=
332.

10

15

20

25

pressure liguid chromatography; IPA for isopropyl alcohol; Me for methyl; MeOH
for methanol; Ms for methanesulfonyl; Pd for palladium; tBu for tert-butyl; TEA for
triethylamine; TFA for trifluoroacetic acid; THF for tetrahydrofuran; and Ts for
para-toluenesulfonyl; dba for dibenzylidine acetone, rt for “room temperature” or
ambient temperature suitably ranging 17-30°C. Copper iodide is Cul; palladium
acetate is Pd(OAc);. Emrys™ Process Vial is a microwave process vial (10 ml or
30 ml glass vial with sealed cap). All microwave irradiation experiments were
carried out using the Emrys Synthesizer from PersonalChemistry AB (Uppsala).
All experiments were carried out in sealed microwave process vials utilizing the
standard absorbance level (300 W maximum power). If not stated otherwise,
reaction times under microwave conditions reflect total irradiation times counted
from the beginning of the irradiation. As identifiers of compounds available from
descriptions reported in the literature or available commercially, CAS numbers
may be used; CAS numbers are identifier numbers assigned to compounds by
Chemical Abstracts Service of the American Chemical Society, and are well
known to those of ordinary skill in the art.

The compounds of this invention can be prepared by a variety of synthetic
procedures. Representative procedures are shown in, but are not limited to,
Schemes 1-17.

Scheme 1
R3c
3d X2
R2d 2 R2§
R2¢ N-H R3d X2 R2¢ N R3b
R2b R2e e R2b R2e R3a
1 3b
£ X R
RZa |}| R2 R3a R2a I;l RZf
R! 5 R
1 2 2

Compounds represented by formula 3, which are representative of
compounds of the invention may be obtained as describe in Scheme 1.
Compounds of formula 1, wherein R is an alkyl, cycloalkyl or a cycloalkyl alkyl
group as defined in formula (1) and R%, R%, R%®, R¥, and R?, are as defined in
formula (1), when treated with compounds of formula 2, wherein R*, R®, R¥, and
R, are as defined in formula (1), X' is bromide, iodide, chloride or FsCCO»- and

~-37-



Exanpl e 4 Product of Exanple 2 44(3aR 83 H)- 1H NVR (CDC13) 8 ppm 7.64 (d,
Exanple if 5- 1=103 Hz, 4 H, 7.50 (d, J=8.81 Hz, 2 and n-butyl-

H, 6.64 (d, J=8.82 Hz, 2 H), 4.13 - al dehyde but yl hexahYdr 4.25 (m
1 H, 3.46- 3.59 (m 1 H),

wherein X2 is —L'-Cy'-L2-Cy?, -L3-Cy® or R®, along with a palladium catalyst such
as but not lirited to palladium acetate (Pd(OAc);) or
tris(dibenzylideneacetone)dipalladium (Pd,dbas), a ligand additive such racemic-
2,2'-bis(diphenylphosphino)-1, 1-binaphthyl (BINAP) and a base such as sodium
5 tert-butoxide in a solvent such as but not limited to toluene, with the reaction

carried out under heating conditions between about 50 °C to about 110 °C for
about 12 to about 20 hours will provide compounds of formula 3 which are
representative of compounds of the invention.

The general reaction of amines with aryl halides and aryl triflates is well

10 known to those of ordinary skill in the art of organic synthesis. The reaction of
amines with aryl halides and aryl trifiates is known to proceed in the presence of
sodium t-butoxide (NaOt-Bu) or cesium carbonate (Cs>COQ3) in the presence of a
metal catalyst such as, but not limited to, copper metal or Cul, palladium diacetate
(Pd(OAc),) or tris(dibenzylideneacetone)dipalladium (Pd2dbas) , and also

15  optionally with a ligand such as, but not limited to, BINAP, or tri-tert-
butylphosphine ((t-Bu)sP) under ambient or heated conditions to provide new
compounds wherein the nitrogen of the amine moiety has displaced the halide or
triflate of the aryl halides and aryl triflate. The reaction can be performed in a
solvent such as dioxane, toluene, or pyridine. References that describe examples

20 of the methodologies may be found in the following: J. Hartwig, et al., Angew.
Chem. Int. Ed., 37:2046-2067 (1998); J. P. Wolfe et al., Acc. Chem. Res., 13:805—
818 (1998); J. P. Wolfe et al., J. Org. Chem., 65:1158-1174 (2000); F. Y. Kwong
et al., Org. Lett., 4:581-584 (2002); and B. H.Yang et al., J. Organomet. Chem.,
576:125-146 (1999).

25 Diamine compounds of general formula 1 described in Scheme 1 are
available by general routes and methods described in the literature. For specific
examples, Schenke, et al. (US Patent 5,071,999) describes 5,6-
dimethyloctahydropyrrolo[3,4-b]pyrrole where R' and R are methyl, and R*, R®,
R?°, R¥, and R? are hydrogen is described. Also described in Schenke, et al.

30 (US Patent 5,071,999) is a 3-fluoro-5-methyloctahydropyrrolo[3,4-b]pyrrole
wherein R' = methyl, R® = fluoro, and R%, R%, R%, R?*, and R*are hydrogen. In
the same reference (Schenke, et al. US Patent 5,071,999) is described ethyl 3-

methylhexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate, a compound which may
-38-



opwolo(34 - 3.27 - 3 40(m 1 H, 2.87 - 3 04(m 1 H, 2.49 - 2.77 (n,
4 H, 2.29 - 246 bl pyrrol- (n, 2 H, 2.12 - 2.24 (m 1 H, 1.86
-1(21-Hyl1l1-1 2.03 (in, I H, 1.23- 149 (m J=44.07 11- Hz, 4 H,
0.89(t, 3=7 12 Hz, 3 H); M bi phenyl - 4- (M+H = 346. carbonitrile

Exanpl Be%re%rtgéj l\fv?th hft)ﬁium aluminum hydride in THF to reduce the ethyl carbamate
group to a methyl group and produce 3,5-dimethyloctahydropyrrolo[3,4-b]pyrrole,
wherein R and R¥ are methyl, and R%, R%, R¥, R?, and R¥ are hydrogen. In
the same reference (Schenke, et al. US Patent 5,071,999) is described ethyl 3-

5 methyl-2,7-diazabicyclo[3.3.0]octane-7-carboxylate, a compound which may be
treated with lithium aluminum hydride in THF to reduce the ethyl carbamate
groups to a methyl groups and produce 2,5-dimethyloctahydropyrrolo[3,4-
b]pyrrole wherein R' and R? are methyl, and R%, R®, R¥, R®, and R are
hydrogen. In Basha, et al. (US Patent Publication 2005/0101602A1) is described

10 Ba-methyl-hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxylic acid benzyl ester, which
after treatment with methyl iodide followed by treatment with HBr in acetic acid to
remove the benzyl ester, will provide 5,6a-dimethyloctahydropyrrolo[3,4-b]pyrrole,
wherein R' and R are methyl, and R%, R®, R%*, R*, and R¥ are hydrogen. In
the case where compounds of formula (I} are present as a racemic mixture, and it

15 is desired that enantiomerically purified products be isolated, column
chromatography of the racemic mixture on a chiral column may be utilized to
separate one or both enantiomers.

20 Scheme 2

x2
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N N

1
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X2 X2
e N

H‘ '?S| .H

N
Cbz
8

H lgtlH 3

N ]
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Alternatively, the nitrogen of compound formula 4, may be protected with a

-30-



grtanple 2 44(3aR 6al10- 1H NWVR (CDC13) 8 ppm 7.64 (d, Exanple 1E

5-1 sobut Y1- 3=1.36 Hz, 4 H, 7.50 (d, 1=8 82 Hz, 2 asrl hexahydro-
H, 6.64 (d, 1=8Hz, 2 H, 4.13 - .82 ibtlyit Pvnolor3A 4.25 (n, 1 H),
3,44 -3.54 (m 1 H), aldehyde blpyrrol-1-y1)- 3.29 -3.41 (m | H,
2.86 -

b%hgﬁm(&]darf}onyl protecting group utilizing N-(benzyloxycarbonyloxy)-

succinimide or benzyloxycarbonyi chloride, and a base such as

diisopropylethylamine in solvents such as dichloromethane to provide a

compound of formula 5. Compounds of formula § may undergo acid catalyzed

5 removal of the butoxycarbonyl group when treated with an acid such as

trifluoroacetic acid in a solvent such as dichloromethane, to provide a compound
of formula 6. Compound of formula 8, when treated with a compound of formula 7
according to conditions outlined in Scheme 1 will provide compounds of formula 8.
The removal of the benzyloxycarbonyl protecting group using heated

10 trifluoroacetic acid or other acids such as HBr in acetic acid or by hydrogenolysis
utilizing hydrogen gas and a palladium catalyst are processes well known by
those skilled in the art, and will provide compounds of formula 8. Compounds of
formula 9 when treated with a base such as sodium hydride in a solvent such as
but not limited to THF followed by the addition of an alkyl halide and will provide

15  compounds of formula 10 which are representative of compounds of the invention.
Alternative methods of direct alkyation of compounds of formula 9 are available by
treatment of alkyl halides and triflates with compounds of formula 9 in solvents
such as but not limited to dichloromethane, toluene, ethyl acetate, at temperatures
ranging from —78 to 150 °C, optionally in the presence of a base such as sodium

20 carbonate, sodium bicarbonate, cesium carbonate, or triethylamine to produce
compounds of formula 10. Other methods for the conversion of compounds of
formula 9 info compounds of formula 10 involve treatment with sodium
cyanoborohydride in a solvent such as THF with carbonyl compounds such as
paraformaldehyde, acetone, or acetaldehyde. Yet another method for the

25  conversion of compounds of formula 8 to compounds of formula 10 involves
reaction of compounds of formula 9 with a carbonyl compound in dichloromethane
in the presence of sodium triacetoxyborohydride, as is well known to those skilled
in the art, and as described in Abdel-Magid, et al. in the Journal of Organic
Chemistry (1996) 61, p. 3849-3862.

30 Compound of formula 4 (CAS #370880-09-4, also known as pyrrolo[3,4-

blpyrrole-1(2H)-carboxylic acid, hexahydro-, 1, 1-dimethylethyl ester, (3aR,6aR) or

(3aR,6aR)-tert-butyl hexahydropyrrolo[2,3-c]pyrrole-1(2H)-carboxylate is available

from methods described in Basha, et al. U.S. Pat. Appl. Publ. {2005) 2005101602
-40-



bi phenv1- 4- FI), 2.44 -2.70 (m 4 H, 2.06 - 2.19 carbonitrile
2 H, 18 - 2.02(n, 2 H, 1.61 1.77 (m 1 H, 0.82 -0.98 (in, 6
M5 (M+H) += 346. gxanple 6 Product of Exanple 2 4'-113aR, 6aRli-

(n,

H) ;

NVR (CDC. 13) 8 ppm 7.64 (d, Exanple 1E 5-

10

15

20

25

30

A1 and Schrimpf, et a. PCT Int. Appl. (2001), WO 2001081347 A2. Compound
of formula 4 is available in racemic form commercially from J & W PharmLab LLC,
1300 W Steel Rd, Unit #1, Morrisville, PA, 19067, USA and from Anichem LLC, 1
Deer Park Dr., Suite P, Monmouth Junction, NJ, 08852. An alternative
preparation of compounds of formula 4 may be obtained by hydrogenolytic
removal (with palladium and hydrogen gas) of the benzyl moiety from tert-butyl 1-
benzylhexahydropyrrolo[2,3-c]pyrrole-5(1H)-carboxylate, to provide a compound
produced as a racemic mixture is provided in Schenke, T., et al, U.S. Patent
5,071,999, (1991); the isolation of enantiomerically purified products from racemic
mixtures by column chromatography on a chiral column is well known to those of
ordinary skill in the art of organic synthesis, will provide enantiomerically pure
(3aR,6aR)-tert-butyl hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate, from its
racemic form.

Scheme 3

N—BOC N*BOC NH N
H H ; Hee “H —_— H ! p——— i
N

N N
:lalkyl Ilk ] |
1 12 alky 13 alkyl

> ITZ

Compounds of formula 4 may also be treated directly with a base such as
sodium hydride or sodium carbonate in a solvent such as THF followed by an alkyl
halide to provide compounds of formula 11. Alternatively, compounds of formula
4 when treated with paraformaldehyde, an alkylaldehyde or alkyl ketone, followed
by treatment with sodium cyanoborohydride will provide compounds of formula 11.
Compounds of formula 11 when treated with a mixture of trifluoroacetic acid and
dichloromethane will provide compounds of formula 12. Compounds of formula
12 when treated with compounds of formula 2 according to conditions outlined in
Scheme 1 will provide compounds of formula 13 which are representative of
compounds of the invention. Alternatively, the method of direct alkyation of
compounds of formula 4 by treatment of alkyl halides or triflates with compounds
of formula 4 in solvents such as but not limited to dichloromethane, toluene, ethyl
acetate, optionally in the presence of a base such as sodium carbonate, sodium

-41-



J=2.76 Hz, 4 H, 7 50 (d,1=8.90 Hz, 2 and (cycl opropylmH), 6.65 (d,
3=8.59 Hz, 2 H, 4 18 - propanecarb ethyll hexahydr 426 (m | 11),
3.51 - 3.59 (m 1 Fl1), ox-aldehyde opyrrolo (3,4- 3.31 -341 (n, 1
H, 2.87 - 3.09 (in, 2 bl vvrrol -

bicarbonate, cesium carbonate, or triethylamine to produce compounds of formula
11.

Scheme 4
RSC RSG
3d Br 3d cyl ..Cy?
RZdR R2§ y\Lz y
2c . cy! _.cyv? 2c .
R - N . R3b (R'O)ZB/ Yo L2 Y R N R3b
R2 R2e R 5 R2b RZB R3a
RZa' N 'RZ’ - RZa‘ N R2f
s 14~ 16 R’

Compounds of formula 14, which may be prepared according to the
methods outlined in Scheme 1, wherein X2 is R® and R® is bromide may be treated
according to methods known to one skilled in the art to provide compounds of

10 formula 16, which are representative of compounds of the invention. Compound
of formula 14 when treated with compounds of formula 15, wherein Cy? is aryl or
heteroaryl, as defined within the scope of formula (1), in the presence of palladium
acetate, 2-(dicyclohexlphosphino)biphenyl and potassium phosphate in a mixture
of solvents such as but not limited to toluene, isopropanol and water under heated

15  conditions of about 60 °C to about 75 °C will provide compounds of formula 186.

The reaction of aryl and heteroaryl halides and triflates, such as those
represented by compounds of formula 14 with aryl and heteroaryl boronic acids,
boronic acid esters, and pinacol boranes in the presence of a base such as
sodium carbonate, K3sPOjy, or KF in a solvent such as tetrahydrofuran or toluene,

20 in the presence of a palladium source such as palladium diacetate, PdCl(PPhj3)z,
or Pd(PPh3)s, and a ligand such as triphenylphosphine, 2-
(dicyclohexylphosphino)biphenyl, tri-t-Butylphosphine, or tris(2-furyl)phosphine is
well known to those skilled in the art as a Suzuki reaction. The general
methodology has been reviewed for example in J. Tsuji, Palladium Reagents and

25 Catalysts-Innovations in Organic Synthesis, John Wiley & Sons: New York, 1995.
Reference describing the preparation of boronic acids such as compounds of
formula 15 may be found for example in B. T. O'Neill, et al., Organic Letters,
2:4201 (2000); M. D. Sindkhedkar, et al., Tetrahedron, 57:2991 (2001); W. C.
Black, et al., Journal of Medicinal Chemistry, 42:1274 (1999); Letsinger,
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H, 2.73- 2.83 (in, 1 H, 2.56 - 2.70 1(2H)-y11-1.1'- (m 2 Fl), 2 25 -
243 (in, 2 H, 2.12 - bi phenyl - 4- 2.23 (m 1 H, 1.93 -205 (m 1
H) , carbonitrile 0.85 -0.96 (m I H, 0.12 (d, 1=4.30 Hz, 2 H),
050 (d, 1-7.98 Hz, 2 H; M5 (MtH).= 344,

Exanpl ) . .
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(3aR, ~ 6aR) - Besenisacids ppdrastesafdormya édnelude hatih beyonie agigdsvharei put y|
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"Preparation of 2,7-Di azabicyclo[3.3.0]octanes”, U S. Patent 5,071, 999
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a chiral 25 columm or by fractiona a stallization of diasteroneric salts,

or as descri begxampiasoPBornidAcid arPBérionid AbidEsiePReageheal kane

derivatjives" 1S 607 [ ] Xxanple 7 i
Boronic Acid or Boronic Acid Commercial Source, Chemical Abstracts

Ester Number (CAS #), or Literature Reference
2-pyrimidinone-5- boronic acid | CAS #373384-19-1
2-methoxypyrimidine-5-boronic | Frontier Scientific, Inc., Logan, UT, USA

acid

1H-pyrimidine-2,4-dione-5- Specs, Fleminglaan, the Netherlands

boranic acid CAS #70523-22-7; Schinazi, Raymond F.;
Prusoff, William H., Synthesis of 5-
(dihydroxyboryl)-2'-deoxyuridine and
related boron-containing pyrimidines,
Journal of Organic Chemistry (1985),
50(6), 841-7.

pyridine-3-boronic acid CAS #1692-25-7, Frontier Scientific, inc.,
Logan, UT, USA

2,4-dimethoxypyrimidine-5- CAS #89641-18-9, Frontier Scientific, Inc.,

boronic acid Logan, UT, USA

2-methoxy-5-pyridine boronic Digital Specialty Chemicals, Dublin, NH;

acid CAS #163105-89-3; New shelf-stable halo-

and alkoxy-substituted pyridylboronic acids
and their Suzuki cross-coupling reactions
to yield heteroarylpyridines, Parry, Paul R.;
Bryce, Martin R.; Tarbit, Brian, Department
of Chemistry, Synthesis (2003), (7), 1035-
1038; Functionalized Pyridyiboronic Acids
and Their Suzuki Cross-Coupling
Reactions To Yield Novel
Heteroarylpyridines, Parry, Paul R.; Wang,
Changsheng; Batsanov, Andrei S.; Bryce,
Martin R.; Tarbit, Brian, Journal of Organic
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Pinacolboronate esters may be prepared by procedures such as those
described in Takagi et al. Tetrahedron Letters, 43:5649-5651 (2002), N. Miyaura
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Exanpl e 7C (4' methoxy- 7.42 (d, J=9 15 Hz, 2 H), 6.94 (d, J=8.81 Hz, 2 H),
and 6.63 (d, J=8 81 Hz, 2 H, 4.11 -4.19 (m 1 H), 3.83 (s, 4-
1,1'-bipheny|- 3 H, 3.50 - 3.60 (in, 1 H, 3.22- 3.33 (m 1 H, 2.91-
rretboxyphe -yl)-5- 303 (n, 1 14), 2.69 - 2.77 (in, 1 H), 252- 2.62 On, 3

gai tafreqsmqno'*geghgééttggﬁgfc@gs?gfe%erges %d(w'i"j)fg& A -boroc m

Ishiyama, et al. Tetrahedron, 9813-9816 (2001).

and

5 Scheme 5
R3c
R3d
R2d 3c
ch N b Rad X Rs Pdo 2
R2b R2e R% % —» R
y R
RZBY N sz (R O)ZB R3a 2a
i
1
14R i

Similary, in a Suzuki reaction, compounds of formula 14 may be treated
with phenyl boronic acids of formula 17, in the presence of palladium diacetate, 2-
10 (dicyclohexlphosphino)biphenyl and potassium phosphate (K3;PO,) or sodium
carbonate in a mixture of solvents such as but not limited to toluene, isopropanol
and water under heated conditions of about 30 °C to about 150 °C to provide
compounds of formula 18.

15 Scheme 6
R3c R3c
3d Br 3d
R2§ R2d \ {L\
ch N 'R3b L1 P y\ 2 /Cyz
RZb RZG R3a RZG R3a
287~ 2 19 2
R flﬂ 1 R RZa N1 R
1R 20R

Alternatively, compounds of formula 14 may also be used to generate
compounds of formula 20 which are representative of compounds of formula (1).
20 Compounds of formula 14 when treated with compounds of formula 19, wherein
L' is a heteroatom such as oxygen, sulfur or nitrogen, in the presence of copper
powder and potassium carbonate in quinoline under heated conditions between
about 120 °C to about 150 °C will provide compounds of formula 20 which are
representative of compounds of the invention. Alternative methodologies that

25 describe the reaction of halides such as compounds of formula 14 with
-45-
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Hz, 2

role Exanple 9 Product of 14'- 'H NMR (CDC13) 8 ppm 7.55 (d,

14), Exanple 1C [(3aR eaR)-5- 7.47 (d, 1=8 81 Hz, 2 H), 7.

J=8. 48
34 (d,

J=8.48 Hz, 2 H), and 4- 6 64 (cl, 1=8 82 Hz, 2 H), 4.12 -4.23 (n, 1

H, 3
3.36 (

(m 1

15
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25

30

76 (s, (sa_ro- met hyl hexahy 2 H), 3.49 - 3.63 (in, li-1),
p&mpg%ds of g’z["t“rlﬁ Ew%g\)v, )IS nltl%rg% RYas or e&ampie ﬁl—& 5 NI-}(aFﬂyl)Zih70
the presence of sodium t-butoxide or cesium carbonate in the presence of a metal
catalyst such as, but not limited to copper metal or Cul, palladium diacetate, and
also optionally with a ligand such as, but not limited to, BINAP, tri-
tertbutylphosphine in solvents such as dioxane, toluene, and pyridine, are well
known to those skilled in the art, with examples described in J. Hartwig, et al.,
Angew. Chem. Int. Ed., 37:2046-2067 (1998); J. P. Wolfe et al., Acc. Chem. Res.,
13:805-818 (1998); J. P. Wolfe et al., J. Org. Chem., 65:1158-1174 (2000); F. Y.
Kwong et al., Org. Lett., 4:581-584, (2002); and B. H.Yang et al., J. Organomet.
Chem., 576:125-146 (1999).

Alternative methodologies that describe the reaction of halides such as
compounds of formula 14 with compounds of formula 19 where L' is oxygen as for
example hydroxyl in the presence of a base such as but not limited to sodium
hydride in a solvent such as toluene or N,N-dimethylformamide in the presence of
a metal-containing catalyst such as Cul or palladium diacetate are well known to
those skilled in the art, with examples described in Hartwig et al., Angew. Chem.
Int. Ed., 37:2046-2067 {1998); K. E. Torraca et al., J. Amer. Chem. Soc.,
123:10770-10771 (2001); S. Kuwabe et al., J. Amer. Chem. Soc.,123:12202—-
12206 (2001); K. E. Toracca et al., J. Am. Chem. Soc., 122:12907-12908 (2000);
R. Olivera et al., Tet. Lett., 41:4353-4356 (2000); J.-F. Marcoux et al., J. Am.
Chem. Soc., 119:10539-10540 (1997); A. Aranyos et al., J. Amer. Chem. Soc.,
121:4369-4378 (1999); T. Satoh et al., Bull. Chem. Soc. Jpn., 71:2239-2246
(1998); J. F. Hartwig, Tet. Lett., 38:2239-2246 (1997); M. Palucki et al., J. Amer.
Chem. Soc., 119:3395-3396 (1997); N. Haga et al, .J. Org. Chem., 61:735-745
(1996); R. Bates et al., J. Org. Chem., 47:4374-4376 (1982); T. Yamamoto et al.,
Can. J. Chem., 61:86-91 (1983).

Alternative methodologies that describe the reaction of halides such as
compounds of formula 14 with compounds of formula 19 where L' is sulfur such
as a thiol in the presence of a base with or without a metal catalyst such as Cul or
paliadium diacetate in a solvent such as dimethylformamide or toluene are
described in G. Y. Li et al., J. Org. Chem., 66:8677-8681 (2001); Y. Wang et al.,
Bioorg. Med. Chem. Lett., 11:891-894 (2001); G. Liu et al., J. Med. Chem.,

44:1202-1210 (2001); G. Y. Li et al., Angew. Chem. Int. Ed., 40:1513-1516
-46-
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, H, 235 (s, 3 H, 2.10- 2.25 (n, 1 H, 1.89 -2.02 On, boronic acid
]pyrrol- 1 H,; M (M14)+= 318. 1(2H) -yl]-1,1 - biphenyl-4-
)acetonitrile Exanplel0 Product of 3-14'". 'H NMR (300 MHz, CDC13) 8 ppm
.96 - 8 00 (n, 2 Example 7B f(3aP.. 6aR) 5- ,746-757 m 4
h 3 49 .
62 (250(81)‘# %gﬁégferg%gb 'f'@tﬁazhédrpﬁl 5';?3869—36% @f)oq?xgndve Palomo F )
al., Tet. Lett., 41:1283-1286 (2000).
5 Scheme 7
R3¢ R3¢ y! L2"Cy2
3d B 3d N
R2§:@ ' RZ’C? \)
R% N R3b L2-Cy2 R2. N R3b
R2b R2e R32 (\‘Y‘ ¥'— R2b R2e Q32
+ N
=2 ! 1
14R 2R
Compounds of formula 14 may also be used to generate compounds of
formula 22 which are representative of compounds of formula (1) wherein L' is a
10 bond and Cy' is a nitrogen containing heterocycle. Compounds of formula 14

when treated with compounds of formula 21 wherein Y' is a bond or is selected
from the group consisting of CH and N, in the presence of copper powder and
potassium carbonate in quinoline under heated conditions between about 120 to
about 150 °C will provide compounds of formula 22 which are representative of

15 compounds of the invention.

Scheme 8
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Similarly, compounds of formula 14 when treated with 1-acetylpiperazine,
the compound of formula 23, in the presence of
5 tris(dibenzylideneacetone)dipalladium, (R)-(+)-2,2-bis(diphenylphosphino)-1,1'-
binaphthyl and sodium tert-butoxide in toluene subjected to microwave heating
under heated microwave conditions will provide compounds of formula 24. The
compounds of formula 24 when treated according to conditions known to remove
an acetyl group from a nitrogen atom such as but not limited to heating a the
10 compound in a mixture of 2N HCI and methanol will provide compounds of
formula 25. The conditions suitable to convert compounds of formula 25 into
compounds of formula 27 may vary based on the reactivity of compounds of
formula 26. The treatment of compounds of formula 25 with compounds of
formula 26 (R7-X%), wherein R is aryl, cycloalkyl, cycloalkenyl, heteroaryl or
15  heterocycle and X? is halogen or another appropriate electrophile known to one
skilled in the art, will provide compounds of formula 27 maybe carried out under
different conditions depending on the reagent, R™-X3. When R’ is cycloalkyl,
cycloalkeny!, heterocycle or certain heteroaryl rings and X is a halogen or trifliate
(F3CS0,0-), the conversion may be carried out by heating a mixture in a solvent
20  such as acetonitrile in the presence of a base such as but not limited to
triethylamine. When R is aryl or heteroaryl then the conversion can be carried
out by heating the mixture in the presence of

tris(dibenzylideneacetone)dipalladium, racemic-2,2"-bis(diphenylphosphino)-1,1'-
-48-



[ (3aR 6aR)-5- 821 (d, 1=2.37 Hz, 1 14), 8.10 (d, 1=7. 80 Hz, 1 H), and 3-
nmet hyl hexahyd 784 (dd, 3=8.14, 1.36 Hz, 1 H), 7.48 - 71 (in, 4 H, f44
5 b5- ropyrrolo[3,4- 671 (d, 3=8.81 Hz, 2 H), 417- 4.28 (n, 1 H), 3.55
- Tetrarrethyl b] pyrrol- 3.65 (n, 1 H), 330- 3.40 (n, 1 H, 294 - 3.09
2] clioxa,l 5 .70 (in, 3
236’E ?‘th\h&"s’l%ﬂﬁ’ L?’ﬁ%#@%k%%mﬁ%"’ﬁﬂfs“é‘ %glt"'”%ft%ét 5911%9 1 92- 106

(n’

1 H) M5 ypz quinoline oline (M. 1)+= 330.

Scheme 8§

n addition, compounds of formula 29 are obtained by the treatment of

compounds of formula 1 with compounds of formula 28, wherein X' is a halogen

(Cl, Br, 1) or a triflate (CF3S0.0) using conditions outlined in Scheme 1.

Compounds of formula 28 may be obtained from commercial sources, or are
10 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 formula 28 include but are not limited to 1,4-dibromo-2,5-
difluorobenzene, 2,5-dibromo(trifluoromethoxy)benzene, 4-bromo-2-fiuorophenol,
15  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 18, 18, 20, 22 or 27, respectively
which are representative of compounds of the invention.

20

Scheme 10
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Pao=l e 12 Product of (3aR 6aR)-7-
J=2.03 Exanple 7C [446- Hz, 1 H), 7.74 (dd, 1=8.65, 254 Hz, 1 H),

744

and 2- nmet hoxypyridi (n, 2H), 6.77 (d, 7949Hz 1H) 661 668(n
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Exanpl e 13 Product of (4'- (3aR 6aR) - ' HNMVR ( CDClB)b
2 through methods described in the scientific literature, or may eprepared from

Hz,

10

16

20

25

pm 7.55 (d,

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 includes
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]dioxaborolanyl 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 formula 18, wherein R® is 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

-50-
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Exanpl e 7C 5- 7.48 (d, 3=8.82 Hz, 2 H), 739 (d, .N3.14 Hz, 2 H), and
4-, met hyl hexahyd 6.64 (d, 1=882 Hz,? 11), 4.71 (s, 2 H), 4.13 -4.23
(in, fhydroxvnet ropyrrolo[3,4- 1 H, 3.52 -361 (m 211), 3.24 - 3.36 (n,
1H, 2.92 - hvlpllenyllb 13)pyrro|-306 n, 1 H, 2.70 - 2.77 (n, 1 H,
2.49 -2.6

236 ( 5oL imiipd tg coBpenmets o Gul, pallsdh chaseiatesopyaRaly R Toang) . Ne
(MrH) = 5388 asIBambtindited 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. Ed.
5 37:2046-2067 (1998); J. P. Wolfe et al., Acc. Chem. Res., 13:805-818 (1998); M.
Sugahara et al., Chem. Pharm. Bull., 45:719-721 (1997); J. P. Wolfe et al.,
J.0rg.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., 676:125-146 (1999); A. Kiyomori et al., Tet. Lett.,

10 40:2657-2640 (1999); Hartwig, J. Org. Chem., 64(15):5575-5580 (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.

15 Scheme 12
OYO Pd,{dba)s
N BINAP
NaO'Bu
S ( ' Br Br _@_
Toluene
HN\ 33
32
1) TFA
2) CH,0
NaBH:,CN
/ /
0 O
N B-5, N
o] 0o 0
e FotX e
o Pd{dppfICly
KOAc
36 Dioxane 35

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 (Pdz(dba)s), racemic-2,2'-

20  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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Product of 5-(4- "H NWR (300 MHz, CDO3) 58 76 (d, J=237 ppm Exanple 7C
[(3aR 6aR)-5- Hz, 1 11), 8.19 (d, J=8.14 Hz, 1 H), 7.92 - 8.01 (n, 1 and
2- nmet hyi | |l exohYrl H), 7.48 - 756 (in,? H, 6.62 - 6.71 (n, 2 H, 4.15
- cvanooyridi ropyrrolo[3,4- 4.26 (n, 1 11), 3.54 - 3.63 (m 1 H, 3.34
(m I 14). .92 . ne-5-hqronic lpyrrol- -3.08. (in, 1 1-2.79 (m
4"y | el dgngfornadbRNE and spauRY Bihaorcytide W gropis e ) 2 798"
2. 08 (oripduhd dfforrafih@5. VTP Heahet 6t thél coRpdund 7 heruia 36avith
44.4' 4555 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
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| NH Br—</:_>—Br e . Br-O—N_ N . Br—O‘N_ \
N = pyridine = N= = N=
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39

N\
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Compounds of the present invention containing a heteroaryl ring such as
10 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 pracedure 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
15 formula 40 and the compound of formula 41. The mixture of compounds is
separable utilizing chromatographic procedures known to one skilled in the art.

Scheme 14
/ /
0 N 0 N
N o] Pd(PPh),Cl, N
e 3508 e dn-o-
C: NQBr . j:o_a N =N \=
49 36 43
20 The compound of formula 40 and the compound of formula 36 when

heated and microwaved in the presence of dichloroditriphenylphosphino
paliadium, 2-(dicyclohexylphosphino)biphenyl, and Na.CQOj3 in a solvents such as
a mixture of ethanol and dioxane will provide the compound of formula 43.

25 Scheme 15
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(M+14) += 305 Exanpl e 15 Product of (3aR 6aR)-1- 'H NWMR (CDC1l3) 5 ppm

740 (d, 1=7.80 Hz, 1 1i), Exanple 7C [442,6- 7.17 (d, 1=8.81 Hz, 2 H),
7.00 (d, 1=7.80 Hz, 1 H, and 2.6- di met hyl pyridi 6.62 (d, 1=8.81 Hz,
2 14), 4.09 -4.20 (in, 1 H, 350 - Dnethyl-3- n-3-yflphenylk 3,60 (n, 1
14), 323 - 3.34 (n, 1 H, 29032(|n1(445- 5- H, 2,70 - 2
78 (m 1 Ky, 2.56 - 2.64 (in, N255(s tetrargt hyl N

C{ Pd(PPh3),Ch

CrCre - LT =22 @@8

=5 .

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
0 B B 0]
S5 Culk,CO ™S
NH + g | 25 - T N Y
ﬁN —<\le pyridine ‘N N=
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/
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0.
O
O
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!
0 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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met hyl octahydr 3 H, 2.51 (s, 3 H, 244 - 249 (m 1 H, 2.32 (s, 3 H),
[1. 3. 21di oxa opynolo[3,4- 2.12- 2.24 (n, 1 H, I .88 - 2.01 (in, | H);
M5 borol au-2- b]pyrrole (MrH) = 308. y1)-pyridine Exarrple 16 Product of
(3aMaR)-1- 111 NWMR (CDC13) 5 ppm 7.42 (d, 3=8.82 Hz, 2 H, Exanple 7C
(3" -fluoro-4'"- 7.20 - 7.32 (n, 2 14), 6.95 - 7.04 (n, 1 H, 6.60 (d, and
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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 formuia 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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fl uoro-4- bi phenyl -4-Y1)- 3.78 - 3.90 (in, 1 H, 3.53 -3.64 (m 1 H),
3.32- 3.45 rnethoxyphe 5- (n, 1 H, 3.07 - 3.24 (in, 1 H, 2 68 - 3.03
(n, 3 H, nvlboronic met hyl oct ahydr 2.56 (s, 3 H, 2.13 - 2.30 (n, 1

H, 1. 91 2.10 (n, 1 acirl opprol o[ 3,4- b]pyrrole H; M (MH I = 327.
Exgrrpl %‘E@?E} witl PS4 coripouhids"YRoinie' 52 isBlabi a8 alshi d. I=1. 70 Hz,
Alternatively, compounds of formula 51 can be treated with base in ethylene glycol
to provide compounds of formula 52. Accordingly, compounds of formula 52 may

be used to provide compounds of formula 53 which are representative of
5 compounds of the present invention. Therefore, contemplated within the scope of
the invention is the process of preparing the compounds of formula (ill),
“

(1),
wherein Cy' is aryl, preferably phenyl, which are useful for the preparation of
10 some compounds of formula (l). In addition, the process also discloses the
treatment of a compound of formula (1) with alkylating conditions to provide
compounds of formula (IV)
Flz1
N

(IV),

15  wherein R is an alkyl group. The alkylating conditions comprise treating a
mixture of a compound of formula (11} 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

20  (lll) and formaldehyde with sodium triacetoxyborohydride.
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[ (3aR 6aR)-5- 7.81 (d, J=8.14 Hz, 111), 751 -7.60 (n, 3 H), 6.68 (d, aw
net hyl hexahyd J=8.81 Hz, 2 H), 4 12- 4.22 (in, 1 H), 3.50 - 3.63 (in,

2- Met hyl -5- ropyrrolo[3,4- 1 H), 324 - 337(in 1 H, 2.91 -3.06 (in, 1
14), 2.85 (4.4.5,5- b] pynol - (s, 3 , 2.69 - 2.79 (in, 1 H, 2.47 -

265 (10 9 gt 4 B e g 5 K b BRI 7 (o
11. 3, 2{cone@ ¥RI O TrPtHRNaR will provide sApetM$dliormula 53. For example, the
treatment of compounds of formula 52 with a base such as lithium
diisopropylamide or lithium bis(trimethylsilyl)amide in a solvent such as THF or
5 dioxane at a temperature between about ~78 °C to about 0 °C followed by
treatment with a compound of formula R'-X, wherein R! is defined in formula (1)
and X is chloro, bromo, iodo, mesyl or triflate will provide compounds of formula
53. Alternative conditions for a base mediated alkylation include the treatment of
compounds of formula 52 with sodium hydride in DMF at about ~10 °C to about 0
10 °C followed by treatment with R'-X will provide compounds of formula 53.
Furthermore, the treatment of the mixture of compounds of formula 52 and R'-X
with sodium hydroxide in a mixture of water and an appropriate organic solvent
containing a phase transfer catalyst known to one skilled in the art will provide
compounds of formula §3. Alternatively, treatment of compounds of formula 52
15 with reductive amination conditions known to those skilled in the art will provide
compounds of formula §3. Accordingly, the treatment of compounds of formula 52
with aldehydes, such as but not limited to formaldehyde, acetaldehyde, or
cycloalkyl ketones, in the presence of a reducing reagent, such as but not limited
to sodium triacetoxyborohydride, sodium cyanoborohydride, or sodium
20 borohydride, provides compounds of formula 53.

The process of preparing compounds of formula (lll) relates to heating the
mixture of the compounds of formula (llla) (wherein P is a nitrogen protecting
group such as but not limited to alkoxycarbonyl compounds), with compounds of
formula (Il1b) (wherein Cy' is aryl), and with a carbonate base, a palladium source,

25 and Xantphos in a solvent. Suitable carbonate bass are, for example, potassium
carbonate or cesium carbonate. A suitable palladium source can be, for example,
palladium acetate or palladium chloride. Preferably the reaction is carried out with
cesium carbonate, palladium acetate, and Xantphos in toluene and heated to,
preferably, a temperature between about 80 °C and about 110 °C to complete the

30 reaction to provide a compound of formula (llic). The resulting mixture can be
cooled to between about 15 °C and about 40 °C and diluted with a halogenated
hydrocarbon, followed by filtering the mixture, and then concentrating the mixture

to provide an isolated compound of general formula (llic). The compounds of
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wherein Cy' is aryl, and preferably is phenyl, and P is a nitrogen-protecting group.
Heating compounds of formula (llic) with the compound of formuila (llld), a
carbonate base and a copper source in a high-boiling polar solvent produces
compounds of formula (llle). Preferably, the carbonate base is potassium
carbonate. The copper source can be copper powder or copper (l) iodide. The
preferred reaction is carried out by heating a compound of formula (llic) and a
compound of formula (Ilid) with copper (1) iodide, 8-hydroxyquinoline and
potassium carbonate in N,N-dimethylformamide 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

=

|

%Ng
(llc) + i“” — ©/

(llid) y (Ne)
9

Removing the nitrogen protecting group of the compound of formula (llle) provides
compounds of formula (ll1), wherein preferably Cy' is p-phenyl. Preferably the
nitrogen-protecting group P of (llie) is ethoxycarbonyl, methoxycarbonyl, or tert-
butyloxycarbonyl. The preferred nitrogen-protecting group is ethoxycarbonyl.
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Product of (3aR 6aR)-1-

'H NMR (CDC13) 87.44 (dd, J=8 82, 543 Hz, 4 ppm
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8 ppm 7. 48 ? d
Synthesis, 3rd edmon John Wiley & Sons, New York (1999). Preferred 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 (l1), 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
liguid 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, ethyl 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 oil; glycols; such a propylene glycol; esters such as ethyl
oleate and ethyl laurate; 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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Exanpl e 7C methyl-1-[4'- 7.45 (d, 1=3.39 Hz, 2 H), 7.27 - 7.34 (n, 2

H, 6.62 (d, and (olelbYllbio)- 1=8.81 Hz, 2 H), 4.19 - 4.32 (n, 1 H,
352- 3.66 (n, 4(retlivithio 1X-bi phenyl- 1 H, 328 - 3.41 (m 1 H),
3.02 - 3.17 (in, 1 H), 2.73 - thhenyl boro 4- 2,85 (n, 1 H, 2.59 -

|2_|j ,712.( ngfge%sz@@oéﬁg oﬁ%ﬁﬁz‘n?nig{?rgt@pzﬁ_ évélqgg'n%ngg iir%ravenoﬂs! %?rta%m's%?aw -2.50 (in, 2
intraperitoneal, intrasternal, subcutaneous, intraarticular injection and infusion.
Pharmaceutical compositions for parenteral injection comprise
pharmaceutically acceptable sterile aqueous or nonaqueous solutions,

5 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 olls (such as olive oil) and injectable organic esters such as

10 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

15  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

20 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 crystalline or

25 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.

30 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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rrolo(3,4- blpYrrole H), 1.68 (s, 3H); M (M+H) += 325 Exanpl e21 Product of
(3aR, 6aR)-5- 'H NWVR (300 MHz, CDC13) 6 ppm7.54 - 7.59 On, 2 Exanple 7C

met hyl - 144- 11), 7.18 - 7.25 (in, 4 H, 6.54 - 6.60 (in, 2 H, 4.11 - and
PYridin-4- 4.25(m 1 H), 347 - 3.59 (n, 1 H, 3 16- 3.36 On, 1 pyrldlne4-
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WS invention can be incorporated into slow-release or targeted-delivery systems such
as polymer matrices, liposomes, and microspheres. They may be sterilized, for
example, by filtration through a bacteria-retaining filter or by incorporation of
5 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
10 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
15  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
20 suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation may also 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
25 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,
30 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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such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid,
certain silicates, and sodium carbonate; e) solution retarding agents such as
paraffin; f) absorption accelerators such as quaternary ammonium compounds; g)
wetting agents such as cetyl alcohol and glycerol monostearate; h) absorbents
such as kaolin and bentonite clay; and i) lubricants such as talc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof. In the case of capsules, tablets and pills, the dosage form may
also comprise buffering agents.

Solid compositions of a similar type may also be employed as fillers in soft
and hard-filled gelatin capsules using lactose or milk sugar as well as high
molecular weight polyethylene glycols.

The solid dosage forms of tablets, dragees, capsules, pills, and granules
can be prepared with coatings and shells such as enteric coatings and other
coatings well known in the pharmaceutical formulating art. They may optionally
contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract in
a delayed manner. Examples of materials which can be useful for delaying
release of the active agent can include polymeric substances and waxes.

Compositions for rectal or vaginal administration are preferably
suppositories which can be prepared by mixing the compounds of this invention
with suitable non-irritating carriers such as cocoa butter, polyethylene glycol or a
suppository wax which are solid at ambient temperature but liquid at body
temperature and therefore melt in the rectum or vaginal cavity and release the
active compound.

l-iquid dosage forms for oral administration include pharmaceutically

acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs.

In addition to the active compounds, the liquid dosage forms may contain inert

diluents commonly used in the art such as, for example, water or other solvents,
solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-

butylene glycol, dimethylformamide, oils (in particular, cottonseed, groundnut,
-61-
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polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening,
flavoring, and perfuming agents.

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, talc, 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
liposomes 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
-62-
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opyrrolo[3,4- H, 2.10 - 2.26 (m | H), 128 - 2.03 (n, | H); M

b] pyrrole (wkly.. 321 Examml e24 Product of (3aR 6aR)-5- 1FI NVMR (300 MHz,
CDC13) 8 ppm 7.43 - 7 50 (in. 1 Examle 7C met hyl - 144- 11), 7.17- 7.25
(m 211), 6.61 -674 (m 2 H), 6.52 - gal PYridin-3- 6.62 (n, 2 H,
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under sterile conditions with a pharmaceutically acceptable carrier and any
needed preservatives, buffers or propeliants, which can be required. Opthalmic
formulations, eye ointments, powders and solutions are contemplated as being

5  within the scope of this invention. Aqueous liquid compositions 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”,

10 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

15  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.

20 Pharmaceutically acceptable salts are weli-known in the art. The saits 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

25 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

30 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
-63-
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secondary or tertiary amine. Pharmaceutically acceptable saits include, but are
not limited to, cations based on alkali metals or alkaline earth metals such as
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 C-to-Cg alkyl esters and Cs-to-C; 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 acld 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 Ci-to-Cg alky!
amines and secondary C4-to-Cg dialkyl amines. [n the case of secondary amines,

the amine may also be in the form of a 5- or 6-membered heterocycle containing
-B4-

'H MR (CDC13) 8 ppm 7.91 (dd, J=17 63, 7.80 Hz, Exanple 7C

and
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di ne- 3- boronic acid Exanple26 Product of 1-14.- "ii NWR (CDCl13) 5

ppm 8.13 (t, 1=1.86 Hz, 1 H, Exanple 7C [ (3all., 6aR)-5- 7 84 (d,
.1=746 Hz, | H), 7.74 (d, 3=8.14 Hz, 1 H) , and. . 3- met hyl hexahyd 7. 51
(t, 1=8.14 Hz, 2 H), 6.64 (d, 1-4. 48 Hz, , 4. 28 acet yl benzen

DI LBl 282 o Ty, G sl B AR 1.
acid and Cy-to-C; dialky! secondary amides are preferred. Amides of the compounds
of formula (1) may be prepared according to conventional methods.
Pharmaceutically acceptable amides are prepared from compounds containing
5 primary or secondary amine groups by reaction of the compound 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
10 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
15 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

20 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,

25 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

30 chemically synthesized or formed by in vivo biotransformation to compounds of
formula (I) or formula (l).

Salts and Polymorphs




1(2H)11]-1, It- 3 F1), 257 (s, 3 H), 2.15- 2.30(m 1 H), 1.94 - 2 11

bi phenyl -3- yl ethanone (n, I H; M5 (MH).= 321, Exanpl e27 Product of

(3aR, 6aR)-1- IHNWR (CDC13) 5 ppm 7.47 (d, 1=8.14 Hz, 4 H), Exanple 7C

[4 (ethylthio)- 7.36 (d, 1=881 Hz, 2 FI), 6.62 (d, 18.81 Hz, 2 11), and
328 - 341

(ethyl thi o) BrGELjATsats grchpoiymayr P'g%bb%"”ﬁ?’%“ g eyt é%‘%a"e J=7.46 Hz,
2 nzemgBRN@sNtified and are described herein. More particularly, the invention relates
to 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrola[3,4-b]pyrrol-1(2H)-yl]-1,1'-biphenyl-
4-yl}pyridazin-3(2H)-one ascorbate, (D)-tartrate, (L )-tartrate, phosphate, salicylate,
5 sulfate, hydrochloride, and trifluoroacetate 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)-yl]- 1, 1'-biphenyl-4-yl}pyridazin-3(2H)-
one L-tartrate salt monohydrate. The salt exhibits at least two polymorphs,

10  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-
yl}pyridazin-3(2H)-one L-tartrate monohydrate Form B.

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1{2H)-yl]-1,1-

15  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)-yi}-1,1'-biphenyl-
4-ylipyridazin-3(2H)-one L-tartrate monohydrate Form A have been determined

20 as: ais7.6A bis7.4A, 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 1276 A3, or more precisely
1276.3(7) A3, 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 P24 space group.

25 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*-biphenyl-4-

30 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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met hyl oct ahydr H), 2.57 - 2.88 (in, 3=38.31 Hz, 4 H, 2.45 (s, 3 H, <c
aci d opyrrolo(3,4- 2.13 - 2.26 (in, 1 H, 1.91 -2.08 (n, 1 11), 133 (t,
b] pyrrole 3=7,29 Hz, 3 H); M5 (M+H) += 339. Exanpl e28 Product of"

(3aR 6aR)-5- 1H NI\/R(CD03 8 ppm7.63 (s, 4 H), 7.50 (d, Exanple 7C

ot uleaReaRre ?Aegtﬁxfh%yaﬁﬁewro%??eé%wr@ fiprigmsG 1 Bighimdch; 4% ™+
(trifl ypp@Aidizin-3(2H)-one L-tartrate monohydrate Form A are 3.900.2, 16.72+0.2,

16.99+0.2, 17.17£0.2, 18.1210.2, 19.72+0.2, 19.98+0.2, 20.25+0.2, 23.96+0.2,

27.6510.2, and 28.93+0.2.

5 2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]-1,1'-
biphenyl-4-yl}pyridazin-3(2H)-one L-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-

10 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 ais 7.551(5)A, b is
8.660(6) A, c is 40.26(3) A, to afford a cell volume of 2633(3) A3, wherein a, b, and
¢ are each a representative length of the crystal lattice. The salt crystailizes in the
orthorhombic P2,2,24 space group.

15 2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-blpyrrol-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)-yi]-1,1*-biphenyl-4-

20 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 monchydrate Form B are 4.3910.2, 10.4510.2,

25 11.92+0.2, 12.52+0.2, 13.45+0.2, 16.71£0.2, 16.92+0.2, 17.62+£0.2, 17.90+0.2,
19.10+0.2, 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)-yl}-1, 1'-biphenyl-4-yl}pyridazin-3(2H)-
one hydrochloride trihemihydrate. 2-{4'-[(3aR,6aR)-5-

30  Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yI]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-
one hydrochioride 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-methythexahydropyrrolo[3,4-b]pyrrol-1(2H)-
-67-
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determined as: ais 7.3 A, bis 7.4 A, and cis 22.2 A, or more precisely where a is
7.287(2) A, bis 7.405(2) A, and ¢ is 22.234(5) A to afford a cell volume of 1155
A3, or more precisely 1155.4(4) A%, wherein a, b, and ¢ are each a representative
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 trihemihydrate 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)-yli-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-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1-biphenyl-4-
yl}pyridazin-3(2H)-one hydrochloride trihemihydrate are 4.03+0.2, 13.9210.2,
156.55+0.2, 16.6110.2, 15.9310.2, 16.15+0.2, 24.37+0.2, 24.66+0.2, 25.1210.2,
25.68+0.2, and 27.90+0.2.

The invention also relates to crystalline 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"-biphenyi-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-bipyrrol-1(2H)-yl]-1,1'-
biphenyl-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 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 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-

-68-
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1 oné)tartraiexanpbydrat@are 4.34+0.2, 8.69+0.2, 13 04+0.2, 15.82+0.2, 17.11+0.2,
18.3510.2, 18.9310.2, 20.74+0.2, 22.4040.2, 23.0410.2, and 26.45+0.2.

The invention also relates to crystalline 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl]-1, 1'-biphenyl-4-yl}pyridazin-3(2H)-
one hydrachloride anhydrate. 2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-
blpyrrol-1(2H)-yl}-1, 1'-biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride anhydrate
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,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-
yil-1,1-biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride 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-b]pyrrol-1(2H)-yl]-1,1'-biphenyl-4-
yl}pyridazin-3(2H)-one hydrochloride anhydrate are 6.27+0.2, 12.590.2,
15.15+0.2, 16.71£0.2, 18.494+0.2, 18.95+0.2, 20.3120.2, 20.97+0.2, 22.4410.2,
23.8210.2, 24.0310.2, 24.67+0.2, 31.90+0.2, and 32.7510.2.

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,6aR)-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,8aR)-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-
-69-
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met hyl -144. - 7.67 (dd, 3=7.80, 2 03 Hz, 1 H), 7.49 (d, J=8.82 Hz, 2 and 4-
nethyl-3'- H, 7.34 (d, 3=7.80 Hz, | H), 6.64 (d, 3=8.82 Hz, 2 H),

nmet hyl - 3- II/Iro-1,1'-4.21 4.32(m 1 H, 352- 3.65(n, 1 H, 3.30 -
343 nitro- bi phenyl - 4- (n 1 Fl), 300- 3.16 (m 1 Fl), 268- 294

' 5~ mdpyngR h%lrgﬁ&r‘r’é‘lwg@ oy GeLaAr ﬁmgﬁer‘sﬁﬁpﬁ}@ad@%@“é’@&%( ERAY
M5 ( M-bnd) $actP38 amorphous, solvated forms, non-solvated forms, desolvated forms,
and the enantiomer.

More preferably, a “substantially pure” salt refers to a salt that is greater

5 than about 95% pure, wherein the crystalline form of 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]-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 §% of any other form of 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]-1,1*-biphenyl-4-

10  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-b]pyrrol-1(2H)-yi]-1,1'-biphenyl-4-yl}pyridazin-3(2H)-

15  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.

20 Compositions comprising 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-yll-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-b]pyrrol-1(2H)-
yl]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-one salt or polymorph formulated together

25  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

30 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-
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sample with a microscope slide. For example, the sample may have been ground
to a fine powder with mortar and pestle, or with glass microscope slides for limited
quantity samples. Samples were run in one of three 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-K,
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/minuie) 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 (iwo 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 angular 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 pattern
peak from one pattern is determined fo have a peak position of 5.20° for
comparison purposes the allowable variability allows the peak to be assigned a
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diffraction pattern is determined 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 compared are considered {o have the same angular

5  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

10 * 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.

Radiolabelled Compound Use

Compounds and compositions of the invention also are useful as diagnostic
15 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 H; 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
20 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
25 (Helsinki} (1999), 31(6), 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, °F, or other positron-emitting isotopes are
suitable ligand tools for PET; a number of positron-emitting reagents have been
30 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 ''CHj3 group
can be incorporated in by reaction with ''CHal. Also, especially suitable

compounds of the use are those wherein a '®F group can be incorporated into the
-72-
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5 of '®F into compounds 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

10 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
15  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
20 Ethyl (3aR,6aR)-hexahydropyrrolo[2,3-c]pyrrole-5(1H)-carboxylate dibenzoyl-D-~

tartrate salt

Example A1
{{R)-1-Phenyl-ethylamino)-acetic acid methyl ester

25 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 50-860 °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

30 contained 15 grams of (1-phenyl-ethylamino)-acetic acid methyl ester (96% vyield).

Example A2

(1-(R)-Phenyl-ethylamino)-acetic acid
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water and heated at reflux for 13 hours. Upon completion, the mixture was
concentrated under reduced pressure and 30 mL of isopropanol was added. The
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
Ethyl 1-((R)-1-phenyiethylYhexahydropyrrolo[2,3-clpyrrole-5(1H)-carboxyiate

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
K2CO3 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 hexahydropyrrolof3.4-blpyrrole-5(1H)-carboxylate

5% Palladium hydroxide on activated carbon (13.9 g, 50% wiw 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 methanol 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 AS
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A solution of 150 g of ethyl hexahydropyrrolo[3,4-b]pyrrole-5(1H)-
carboxylate (~11.2 %wt in MeOH) was heated to 60 °C. To this was added a
solution of D-dibenzoyltartaric acid mono-hydrate (231.5 g) dissolved in MeOH
(591 mL+ 95 mL rinse), and the mixture was stirred at 60 5 °C for 2 hours during
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-yl)-biphenyl-4-carbonitrile

Example 1A
(3aR, 6aR)-Hexahydro-pyrrolo[3.4-b]pyrrole-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 156 ml 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
-75.
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1H)2.84-296(m, 1H)1 92-2.03 {m, 1 H) 1.66 - 1.82 (m, 1 H) 1.46 (s, 9 H).
MS: (M+H)"= 347.

The starting material (3aR, 6aR)-hexahydro-pyrrolo[3,4-b]pyrrole-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[3.3.0]octanes" 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-pyrrolo[3,4-blpyrrole-5-carboxylic acid benzyl ester

The product of Example 1A ((3aR, 6aR)-hexahydra-pyrrolo[3,4-b]pyrrole-
1,5-dicarboxylic acid 5-benzyl ester 1-tert-butyl ester) (4.5 g, 12.56 mmole), was
stirred with a mixture of dichloromethane and trifluoroacetic 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) 3 ppm 7.28 -
740 (m,5H)5.12(s,2H) 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-biphenvi-4-vl 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
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concentrated under reduced pressure. The residue was purified by column

5 chromatography to provide the title compound. 1H NMR (CDCl3) 8§ 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
10 (3aR, 6aR)-1-(4'-Cyano-biphenyl-4-yl)-hexahydro-pyrrolo[3,4-blpyrrole-5-

carboxylic acid benzy| 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), paliadium acetate (2.7 mg, 0.012 mmole), racemic-2,2'-

15  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 N for 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

20  product, which was purified by chromatography (6% methanol in dichloromethane)
to provide the title compound. MS: (M+H)"= 424.

Example 1E
25 (3aR, 6aR)-4'-(Hexahydro-pyrrolo[3,4-b]pyrrol-1-vl)-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) (750 mg, 1.77

mmole) was refluxed in 10 ml trifluoroacetic acid for 2.5 hours. The solution was
concentrated and triturated with dichloromethane. The residue was redissolved in
30 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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3 55 ”%P%§W§}§%Edgr6ré bgﬁﬁa?ﬂ Ll o‘bqﬁ 1%3%9;)3 64 (fs ('ﬂf3-%ﬂﬂ§,n’ 3.1051')1
3 17 (®aa(h) 1 H3- 286 = 3.10 (m, 5 H) 2.15- 2.29 (m, 1 H) 1.74 - 1.93 (m, 1 H). MS:
(M+H)*= 290.

5 Example 1F
(3aR, 6aR)-4"-(5-Ethyl-hexahydro-pyrrolo[3.4-b]pyrrol-1-yl)-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

10 (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 dichloromethane
(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%

15 ammonium hydroxide and 2% methanol in dichloromethane) to provide the title
compound (11 mg, 46%). '"H NMR (CDCl3) & 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)3.27-339(m, 1H)292-3.04(m,1H)2.70-2.81 (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)'=

20 318.

Example 2
4'-[(3aR,6aR)-5-isopropylhexahvydropyrrolo[3.4-blpyrrol-1(2H)-vll-1,1'-biphenyl-4-
carbonitrile

25 To a solution of the product of Example 1E (26 mg, 0.09 mmole) in
methanol (2 ml) was added acetone (132 ui, 1.8 mmole), and the mixture was
stirred at room temperature for 1.5 hour. Sodium cyanaborohydride (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).

30 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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NVR (300 MHz, ppm 7. 39 ogﬂm@@,gw 40 LZQ? e84 rml 2 H 4.17 -
4 23 (m 51 H 3.61 (m| 1,4 3 26 H 77 H’g 3,05 (m |
H 2.70- 2.80 2.58 -2.6 2 231 2.26 (m 1
( - = 35%1@@91&5 ‘"” o7
H 1.97 (m 1|H). . (MHH) += : =7 12 MS
102-f 4' (3aR, 6aR) - 5- net hyl hexahydf.@gmg.mol t;l,pyrr ol iﬁ 3II—’B -1, 11- bi phe
nyl - 44 Vfl ovrildazi n- 3(2H) - one carbonitrile
Example 5 | Productof | Example2 | 4-((3aR.6aR)- | 'H NMR (CDCls) 5 ppm 7.64 (d,
Example 1E 3-Isobutyl- | j=1.36 Hz, 4 H), 7.50 (d, =8 82 Hz, 2
_ and hexahydro- | H), 6.64 (d, 1=8 82 Hz, 2 H), 4.13 -
isobutyl: pyrrolo[3.4- | 4.25 (m, 1 H), 3.44 - 354 (m, 1 H),
aldehyde bjpyrrol-1-vl)- | 329-3.41 (m, 1 H), 2.86 - 2.99 (m, 1
biphenyl-d- | H), 2.44-2.70 (m, 4 H), 2.06 - 2.19
carbonitrile | (m, 2H), 1 86 - 2.02 (m, 2 H), 1.61 -
1.77 (m, 1 H), 0.82 - 0.98 (m, 6 H);
MS (M+H)'= 346.
Example 6 | Productof | Example2 | 4-[(3aR.6aR)- | '"H NMR (CDCl;3) 8 ppm 7.64 (d,
Example 1E 3- J=2.76 Hz, 4 H), 7 50 (d, J=8.90 Hz, 2
and cyclo- (cyclopropylm | H), 6.65 (d, J=8.59 Hz, 2 H),4 18 -
propanecarb ethyDhexahydr | 4 26 (m, 1 H), 3.51 - 3.59 (m, 1 H),
ox-aldehyde opyrrolo[3.4- | 3.31-341 (m, 1 H), 2.87 - 3.09 (m, 2
blpyirol- | 1), 273 - 2.83 (m, 1 H), 2.56 - 2.70
YZH)}VILY | (m, 2 H),225-243 (m, 2H),2.12-
biphenyl-4- | 3 23 (m, 1 H), 1.93 - 205 (m, 1 H),
carbonitrile | 0.85 - 0.96 (m, 1 H), 0.12 (d, I=4.30

79-



The product of Exanple 41A (4.54g, 12.6 mmole), 3(2H)-pyridazi none (2.41g,
25,2 mml e), copper powder (1.60g, 25.2 nmole) and potassium 15 carbonate
(5.21 g, 37.7 mmole) were dissolved in 63 nl of quinoline and heated at 150
00 under N2 for 48 hours. The m xture was cooled to room tenperature,

di | ut ed—wrtthfrexame— (L5 )—and T tered A aPo5 KO-y 3658, 2 Bngqs | [ trate was
concentrated under reduced pressure and |t mH;‘*egudue was purifiefd by
chronatography (efuting first wih diethyl ether, tollowed by

di chl oronet hane, then 20 elution with a m xture of 5% met hanol in

di chl oronet hane) to provide the title compound. thl NWMR (300 MHz, CDCI3) S
ppm 7.91 (dd, J=3.73, 1.70 Hz, 1 7.‘6:} -7.65 (m 4 H7.51 (d, J=8.48 Hz,
2 H 7.25 (dd, dd, J=9.40, 4.07 , 7.07 (dd, J=9.49, 1.70 Hz, 1 H
6.64 (dg R8Ga

(m 1 : m
2.0 (m 1 H 1. 89 - 2,05 (m J ﬁm_!ﬂ__l H) I\/B(M+H)+- 373. The sol|d
(3aR, 6aR)-2-(4'-(5-nethyl-hexahydro-pyrrol o[ 3, 4-bl pyrrol -1-y1) - bi phenyl -
y11- 2H pyri dazi n- 3- one obtai ned showed a nelting range of 204-207 0OC
(dec.). To a solution of (3aR,

6aR) - 244" - (5 et hyl - hexahydr o- pyE,(é}h@bSm@ b] pyrrol -1-y1)-

bi phenyl - 2H- yr| da2| n-3-one 1 n _ne anoI was added D-(-)-tartaric

ac|d o33 ‘ VIS axBhvaronpy rolefd, 4-bim 51 syliccacid feit-Rutvbd t o gi ve
oI|d of mp. 218 221 C In lik nner, arrethanollc solution of (3aR

6a - 244" - (5- et hyl hexahydr o- pyrro , 4- b] pyrrol-1-yl)-bi phenyl -4-yl1]-2Hp

yridazin- 3- %ersdlmt&fnt eldﬁsaw Bbﬁyﬁekhhymtwrrcﬂo[a%d]pyfrxdléavmibbwhc
concentration of the solution and addition of di et hyl ether, gave a solid

of m paC'QG%ﬁ‘P@JQ’l ester G- 31 d)-8€ mal) inmethagel (450HmI) was added

6aR 2 h | -4-y1]-2H

y?| )daz %ﬁé'ﬂdeea@é%”%ﬁ?%?@ dﬁ%gmgfm% oﬂ%evjc\fe%(f%’ymcgnggxtratyo]r] ofIo

the 5 muhpdratme f@aVboar.sdeiantyanqbor@r%fHEQNés thermad dedhand thesol uti on of

3aR, 2- . . .

Lt | S stiRg &t 20 r‘?'@PS[%“EP for 49 hasyrs.ipigd BIBHOMNEOH (480 214 pyr i da
3-m f th

Col ut D SRECCERI NP aRCIRNE Cf 20 i Thg SR AR e M.

115- 118er@ dredrgiasS(0))i ﬁltesred tandcnomén(radep provide the title compound. 'H

cor i NMR Gt iz, BB esde) S Bl 9 b3 d YA BB ke i 1B e @86 aci o
hoxancf, DNOPS CDIIRM.ONH 2.2 (fin 3 RI2 40 280 (D H) 2l 18] iep e ner and

6 - 2206-((15- k) hyBThek Bh(dT, d- wnmaqagms]wrma (M*m}‘ P2Hhenyl- 4-y1] - 2H

DY Sar it SRt Bar Rty e Dylold SR g Co i SRR 5t 00,00 s

C A t@ét@ﬁf@ﬁ(@'#@mmg-ﬂ may be prepared as descnbed in Schenke T. etal,
6aR) - 214' - ( 5- net hyl - hexahydr o- 8 yrrol of

D e renematiDAQl A7 iarabiavaala 3. Oetanest L6, Fiatant '%’agaam%un be

(3aR, 61 Cﬁf@&fébg%o%gﬁﬁ%‘?%%"%"%ﬂag%a%38%?%%&%&5%@& MR duct of

Exzgp| eoldnn(éitsy actiondl EiyatdiRzatibnlof digsteropsuriy suits, ands clestiised im O C. 154 L
of a 20% KOH sol ution was cool ed to 0OC then sl ow ig.gS added to the salt

s| ur r yBasha.teial nSubgtiluted diszabisiclpaikane deivativas”y s 2008dP36E2y at 0 C.
After @?@ hours, the |ayers were separated and the aqueous | ayer was
extracted Wwith CH2A 2 (1 L). The organic |ayers were conbi ned and
concentrat ed under reduced pressure, then chased with toluene (1.6 L) to

provide 386 g of a 19 wt % sol ution of oduct (100% . 30 Exanple 41D Et hyl
(3aR, 6aR)-1-(41-brono-1, 11- bi pheé&ﬁlﬂﬁig@ hexahydronrrol 013. 4- bl pyrrol e-

S(dd - 1) - car boxyl atsaR. 63R)-5-VRtVINHRXSBYd e BVra oD olgli br onobi phenyl
(12.48 g, 2.0 e ups%%ﬁﬁ%%% eq.) was added the
product of Eaarqnletlmo:f thepredmt%f BExangde 7A (@0dhg) 0.86treolelMn methdnel vessel

was ev a and \Y S repared |n a _separate
vessel ’Hﬁg'v ‘;{g?f{ %ﬂu)%ou( E}'gél @bgégl Eh? r%'\’,éﬁ'ﬁa%‘f?ﬂpﬁat Wacet ate
(0.22 g, O. 049 eg.) and degassed af86r which 17.39 of tol uene was added
with stirring. The catal yst solution was added to the vessel containing the
4,4' - di bronobi phenyl, cesium carbonate, and the product of Exanple 41C and
the m xture was heated to 98C for 12 hours. The m xture was cooled to 20C
and to 80 g of dichloronethane was added. The resulting m xture was stirred
and then filtered to renove the catalyst. The resulting solution was
concentrat ed under reduced pressure and the re5| due was purified by col um

I T = - L —— g b1 - S — I— AP~ Ty A AT =, 1



20 hydroxyqui noline (11.44 mmole, 0.11 eq.), 4.0 g of potassium carbonate
(28.94 mmole, 0.29 eq.) in 18,8 g of dinethylformamde (DMF) was m xed at
anbi ent tenperature. The mi xture was added to another flask containing 41.6
g of the product of Exanple 410 (100.16 nmmmole, 1.00 eq.), 23,69 of

a5 oL IREnbA e sSRcaieed i Bilebs o LndePySbal, THRS, P e
the CaPéHld’@é wak Yrdated With afq%%h&wmgwmﬂ 1 8b gﬁpesmqoat“ﬁ% ni@iyeheated to

140 C for about 18 hours. After cooling to a t tenperature the mxture
was di wesmn@entﬁawmgprmesmﬁmmdnm@tamt mworwnﬁed rhycnhromamgraphyjt i on.

separ sl A pbiierel s ipAna A racﬁi%?%hﬁm@%% B TE. Prhe.
co!. e gAESarRl) 35 §ovies thd s iR EBaRa M LN CN/IHE‘ ebapigle sol ution

(3x384 Q) ase was concentrate und r reduced pressure and
met hanppm(4£32 gMMm Ad-di)e'.ﬁ&‘lmds 4hancdid)ehds M@(mphcﬁ;}rﬁﬂ'&(@,dh]dc&? reduced

Coot odFEot 0L BB7 ST il Tl BT 4 %31 Ko LoD -ZRe T2 g "' ©

sol i dsp\ r ffer.regg m [ =H4PH61. 9% yiel d).
Mass Sp\gg§ogc%1243l Kl?mqmgg 109@9“ I'\;R Qxﬂ%ogﬁ+ﬁﬂf DVBO- d6) 6 ppm 1. 15

(s 3 H, 1.78- 1.88 (m 1 H), 210(ddd 31249 6.17, 6.04 Hz, 1 H),

(s, 1 H, 5 3.24- 3.35 (m 3 (ddd, J=9.23. 6.86, 6.69 Hz, 2

?(?367(5 1 H), 4.00 (s, ZWE—M,lH),663(d J=8.51 Hz, 2 H),
7 o7 dd. (2R, $BR)1-60BHmo biih botaliRrd pyrrdlold. 4tk 753-

7. 60 4 : | dd
13C Nﬁ/g (100 modtmfs@Ed@rnréeaanﬁZﬁngB(molegl Mlilerenzabenzenel (CHR) o)

(o, (5858 2P alsk tyabEpididdboraeindy it crdino 0 885 1 o) 10 °°

ﬁ?: 61(1'@)10!6),5’%5:316@32 2'-bisddiphef@phosphino)-1,1'-binaphthyl (460 mg, 0.73 Exanpl e
2- 1% - (meiR) 8afkysorium trtibu i de, %83 9428 Bonmale) wers fissalyed in 20 jl leny 1- 4-

15vI | f | e 41E
1V X092 o BBl €7 3G unger &, BrathGus! atnpidiuels pholbadem © 415,
equi varanmsc}mmsatbmtdddtedomﬁ’ﬁwém afmieﬁtadtmdamth@ild:tdurcsnemme (Sni t or ed by
HPLC f | et Wi t th t

bool eq 15 GambiNGR o'daTles WBIaatsRIoNe! Shduromare. AMBPdate SABPNIESd ry ) The
m Xturgnmnﬁeel M@maﬁbhggnor% éum@mﬂl@hw@rewld%%&ﬁahw ihi | tration and

is washed w th esh nmet iIs dried in the vacuum

ovah aﬂlqlmromtl@ne)atn pEdde hephide cormpoliad: |'HINMBO@EOUMUZ( DRy, 94. 89 .
25Exanpl e 4

2 a4 3 BRI 285 T APHT AL AT 3P (B 8r) 408y 1 34T 4459591 T bi phenvi
-4- vl bm/thwgrs %%&ﬁ) 3989, 7.3 Hz, 1ngeg§tmrnm§eslead Qﬁ=93(!') 3.0g4Rroduct of

Exanpl e 41F % 'r‘rii di net hyl acet ani de 0 n) was added a
sol ut i bﬂ2055 m&q&b‘l}s?@ (.6 Bdéh-y%BZ((m 4 ) 1.884-12 I(mi)ﬂ H)3.M

equi Vahﬁ %gbg#ﬁed by sodiumtriacet oxyborohydride (20.0 g, 94 23 mol ,
3.0 eq he m xture was stirred at 25 +/- 5C for 30 m nutes

dups ng whi ch the starting material was consuned, giving a clear solution.
The m xture was diluted with 1IN HC (94 nL, 94 nmol, 3 equivalents) and
stirred for one hour. The m xture was adjusted to pH 9.0 +1- 0.5 with 1N

NaOH (335 nmL) The m xture was StE&éﬁlﬂléﬂﬁ 1 hour then filtered. The wet
cake was washed with water and vacuum oven at 5 about 50 Cto

pr ovi de t h8dR t6aR (M eithy(-héxat/dio-pyRolfi3 4-tHpeanplb-yiidbibhenyl-4-
2-[4' 3aR, 6aR) - (5- Met hyl hexahvdr opyr r ol. O,I’3 4- bl pyrrol 1(2H) vl)-1
. 11- bi phenv1-4- vflovridazin- 3(2I§}'3_'2;9&Li9-tartrate A sol ution of

3.45 g of '—Thbﬁ:frb&uéﬁ%f%!ag%c(lé 7&/(3800 n pdr "%@E&xwﬁﬁnd’iﬁ%ﬁ%%&" a flask

containing a slurr of “the oduct o i n anhydr ous
et hanoElc(d4(48g§ mgT BefISm'mee)a paﬁadlhﬂ't(tl)adceiatim1 .2 aid, Ix0Gmohradledr2-30 i nut es
m)sts Jds had.dis tur oledatSC er _hqur, to 60 C,
and th y_@ s\ &@?e?fp?' °§g'8f1 @(g}% ﬁq/sra %}%ﬁ% PotASsI HE“?S 8 cooling
the m xture to -15 C the product slurry was flltered and dried at 45-50 C
overnight to provide the title conmp@gynd (10,64 g, 94.8% . 20Exanple 42
(3aR, 6aR)-5-nmet hyl-1-(4'-pyrimdin-5-v1-1, 1. -biphenyl -4-yfl octahydropyrrol o
i 3.4- NOV nol e The title conmpound was prepared according to the
procedure described in Exanple 70, substituting the product of Exanple 41A
for the product of Exanple 25 7C and substituting pyrim dine-5-boronic acid
for 4-cyanophenyl boronic acid. 1H NWR (300 WMHz, CDCI3) 5 ppm9.19 (s, 1 H)
8.99 (s, 2H) 762- 7.74 (m 4 H) 752- 758(m 2H) 663- 6.70 (m 2

. BN P~ g - P . a TN "~ NN T N PN NN N oA A




Starting Resulting conmpound NVR and M5 Material 'F1 NWVR (300 MHz, CDCI 3)

8 ppm 7.82 - 7 91 (m Exanple 43 Product of 4"-[(3aR 6aR)- Exanpl e 5-
2 1-1), 747 - 768 (m 8 H, 6 61 . 670 (in, 2 11), 4.20 41A and

met hyl hexal Y -433 (n, I H), 3.53 -3.66 (m1 H), 3.28 - 343(m 3-

dr opyr 144

cyanoprl‘gg@@]%)béprl'ﬁéz 0 @g m@q%)?’w%r%ltésscﬂv%ﬁ h) u P(? iﬁlueﬁ%ﬂ& ?((T"I qf4
nYl bor eguprépaioitnd 0.5 rhesiistey 178 RGeS dtlrRed at 60 °C under Np for 5
hours. The mixture was cooled to room temperature, diluted with water and
extracted with dichloromethane (6x). The combined organics were dried over
5 sodium sulfate, filtered and concentrated and purified by chromatography (eluting
with a mixture of 5% methanol in dichloromethane) to provide the title compound
(23.1 mg, 71.3%). 1H NMR (300 MHz, CDCl3) 8 ppm 7.60 - 7.68 (m, 4 H) 7.47 -
7.53(m,2H)6.61-6.68(m,2H)4.14-4.22 (m, 1 H) 3.51 -3.60 (m, 1 H) 3.28 -
3.35(m, 1 H)2.93-3.01(m, 1H)2.71-2.75(m, 1H) 2.48 - 2.61 (m, 3 H) 2.32 (s,
10 3H)2.14-2.25(m, 1 H) 1.96 (d, J=7.12 Hz, 1 H). MS: (M+H)"= 281/283.

The following compounds and Examples were made according to the

procedures outlined in Example 7C, with the exception that different reagents

were substituted to obtain the titled compounds.
Table 2: Example 8-38.

Example Starting Resulting NMR and MS
Material compound
Example 8 | Productof |(3aR,6aR)-1- | 'HNMR (CDCl3) 8 ppm 747 (d, ]=9.15 Hz, 2 H),
Example 7C | 4o methoxy- | 742 (d, J=09.15 Hz, 2 H), 6.94 (d, J=8 81 Hz, 2 H),
and o 6.63 (d, J=8.81 Hz, 2 H),4.11 -4.19 (m, 1 H), 3.83 (s,
4- 1,1-biphenyl- | 3 1), 350~ 3.60 (m, 1 H), 3.22 - 3.33 (m, 1 H), 291 -
methoxyphe | , i 5. 303 (m, 1H),269-277(m, 1 H),252-262(m,3
nyl-boronic H),234(s,3H),2.11-226(m, 1 H), 1.89-20I (m,
acid methyloctahy | 1 H); MS (M+H)"= 309.
dropyrrolo[3,4
-b]pyrrole
Example 9 | Productof | {4“ "H NMR (CDCl3) § ppm 7.55 (d, J=8.48 Hz, 2 H),
Example 7C | 132R 6aR)-5- | 747 (d, 1=8 81 Hz, 2 H), 7.34 (d, =8 48 Hz, 2 H),
and 4- 664 (d, J=8 82 Hz, 2 H), 4.12-4.23 (m, 1 H), 376 (s,
(cyano- | methylhexahy | 2 H), 349 -3.63 (m, | H), 3.24 - 3.36 (m, 1 H), 290 -
methyl- | o oyrrolof3.4 | 3.08 (m, 1 H), 270 - 280 (m, 1 H), 251 - 2.64 (m, 3
henvl) H), 235 (s, 3 H), 2.10 - 2.25 (m, 1 H), 1.89 - 2.02 (m,
boronic acid | -b]pyrrol- 1 H),; MS (M+H)"= 318.
1(2H)-yl]-1,1"
biphenyl-4-
yl}acetonitrile
Examplel0 | Product of 1-{4- '"H NMR (300 MHz, CDCl3) 6 ppm 7.96 - 8 00 (m, 2
Example 7B | [(3aR.6aR)-3: | H), 7.46 -7.57 (m, 4 H), 6.65 (m, 2 H), 4.11 - 4.22 (m,
and 4- methvlhexahyd | | H), 349 . 3.62 (m, 1 H), 3.26 - 3.39 (m, 1 H), 297
(bromophen | ropyrolo[3.4- | (m, | H),2.69-2.75 (m, 1 H), 261 (s, 3 H), 2 50 -
ylacetophen blpyrol: | 262 (m, 3 H), 232 (s, 3 H), 2.13 - 2.23 (m, 1 H), 1.91
one 1ZH)-yIl11 | 2201 (m, 1 H); MS (M+H)"= 321.
biphenyl-4-
yllethanone

-82-




c acid (MH)+= 380. Exanpl e 44 Product of (3aR 6aR)-1- 'H NWR (300
MHz, CDClI3) 8 ppm 8.43 (dd, Exanple [4'-(6- 1=18.14,2.54 Hz, 1 H), 7 92 -
8 04 (n, 1 H, 733 - 41A and fluoropyridin- 7.71 (n, 6 H, 6.97 - 7.09
(in, 1 H), 662-668(n 2 2z 3-y0-1,P- H), 4.18 - 4.31 (n, 1U),
3.54 BB li“, 1K) 326 flunrnn\lri hi |r'\hg_|_q_y_'____4,A.(3_4___3_.4,]__(_':';‘T 1 H),

> o6 - Examgle Ll { Piod f¢ i wﬁ\’m (R Gls) Sppned. 17 4.y=2.37 Mg, (93 h, 2,12
- 2.21(m 1H Xam ldd J=2.37Hz, 1 H), 8.10(d, J=7 80 Hz, 1

‘and 3- lhexa 84 (dd, J=8.14, 1.36 Hz, 1 H), 748 - 7.71 (m, 4 H),

(.4,4...‘_5;.; ropyrro!o{3 4- | 671(d, =881 Hz, 2 H), 4.17 - 4.28 (m, 1 H), 3.55 -
Tetramethyl- |  blpyrrol- | 365 (m, | H),330-3.40 (m, 1 H),294-3.09(m, |

[1.3.2]dioxa 1(2H)- H),2.72-282(m, 1 H), 2.53-2.70 (m, 3 H), 2.36 (s,

borolan-2- | yllphenyljquin | 3H), 2.15-2.29 (m, 1 H), 1 92 - 2.06 (m, 1 H); MS

yh- oline (M+H)*= 330,
quinoline

Example 12 | Productof | (3aR,6aR)-1- | 'H NMR (300 MHz, CDClI3) 6 ppm 8.33 (d, J=2.03
Example 7C [4-(6- Hz, 1 H), 7.74 (dd, J=8 65, 2.54 Hz, 1 H), 7.35 -7 44

and 2- methoxypyridi | (m, 2 H), 6.77 (d, J=9.49 Hz, 1 H), 6 61 - 6.68 (m, 2
methoxy-5- | n-3-yl)phenyl]- | H), 4 10- 4.2 (m, 1 H), 3.96 (s, 3 H), 3.50 - 3 58 (m,
pridine 5- 1 H),323-331(m, 1 H),290-3.03 (m, 1 H), 2.55 -

boronic acid | methyloctahydr | 2.77 (m, 4 H), 233 (s, 3H), 2.12 - 2.25 (m, 1 H), 1 88
opyrrolo[3.4- | _2 03 (m, 1 H); MS (M+H)*=310.

b]pyrrole
Example 13 | Productof | {4-[(3aR,6aR)- | ' NMR (CDCl3) 8 ppm 7.55 (d, J=8.14 Hz, 2 H),
Example 7C 5- 748 (d, 1=8.82 Hz, 2 H), 7 39 (d, 1=8.14 Hz, 2 H),

and 4- methylhexahyd | 664 (d, 1=8.82 Hz, 2 H), 4 71 (s, 2 H), 4.13 - 4.23 (m,
(hydroxymet | ropyrrolo[3,4- | 1 H), 3.52-3 61 (m, 2 H), 3.24 - 3.36 (m, 1 H), 2.92 -
hylphenylib | blpymol- | 306 (m, 1 H), 2.70 - 2.77 (m, 1 H), 2.49 - 2.66 (m, 3

oropic acid | 1Q2H)-yl}-L,1- | H), 2.35(s,3H), 2.11 -2.26 (m, 1 H), 1 88 - 2.03 (m,
biphenyl-4- | j H), MS (M+H)"= 309.
yl}methanol
Example 14 | Product of 5-{4- 'H NMR (300 MHz, CDCl3) 6 ppm 8.76 (d, J=2.37
Example 7C | [(3aR,6aR)-5- | Hz, 1 H), 819 (d, J=8.14 Hz, 1 H), 792 - 8.01 (m, 1
and2- | methylhexahyd | H), 748 - 7.56 (m, 2 H), 6.62 - 6.71 (m, 2 H), 4.15 -
cyanopyridi | ropyrrolo[3,4- | 426 (m, 1 H), 3.54 - 3.63 (m, 1 H), 3.34 (m, 1 H), 292

ne-5-boronic | blpymol- 1.3 08 (m, 1 H),251-279(m, 4 H), 235 (s, 3 H),
acid pinacol 1(ZH)- 2.15-2.26(m, 1 H), 193 - 2.08 (m, 1 H); MS
ester yllphenylipyri | (M+H)*= 305
dine-2-
carbonitrile
Example 15 | Productof | (32R,6aR)-1- | 'H NMR (CDCl3) 8 ppm 7.40 (d, }=7.80 Hz, 1 H),
Example 7C [4-(2,6- 7.17 (d, 1=8 81 Hz, 2 H), 7.00(d, J=7 80 Hz, 1 H),

and2.6- | dimethylpyridi | 662 (d, J=8.81 Hz, 2 H), 4.09 - 4.20 (m, 1 H), 3 50 -
Dimethyl-3- | n-3-yl)phenyl]- | 3 60 (m, 1 H), 3.23 - 3.34 (m, 1 H), 2.90 - 3.02 (m, 1
(44.5.5- 5- H), 270 - 2 78 (m, 1 H), 2.56 - 2.64 {m, 2 H), 2 55 (s,
tetramethyl: | methyloctahydr | 3 1), 251 (s,3H), 244 -249 (m, 1 H), 2.32 (s, 3 H),
[13.2]dioxa | opyriolo[3,4- | 212-224 (m, 1 H), 1.88-201 (m, 1 H); MS
borolan-2- blpyrrole | (M+H)*=308.
yl)-pyridine

Example 16 | Productof | (3aR,6aR)-1- | 'HNMR (CDCls) § ppm 742 (d, J=8.82 Hz, 2 H),
Example 7C | (3“-fluoro-4- | 720 -7.32 (m, 2 H), 6.98 - 7.04 (m, 1 H), 6 60 (d,

and 3- methoxy-1,1"- | j=8.82 Hz, 2 H), 4.26 - 4.38 (m, 1 H), 3.91 (s, 3 H),
fluoro-d- | biphenyl-4-yl)- | 3 78 -3.90 (m, 1 H), 3.53 - 3.64 (m, 1 H), 3.32-3.45
methoxyphe 5- (m, 1 H), 307-3.24 (m, 1 H), 2 68 - 3.03 (m, 3 H),
nylboronic | methyloctahydr | 3 56 (s, 3 H), 2.13 - 2.30 (m, 1 H), 1.91-2.10 (m, 1
acid opyrrolo[3,4- | H); MS (M+H)"= 327.
blpyrrole

Examplel7 | Productof | 2-methyl-5-{4- | 1H NMR (CDCIl;) § ppm 8.11 (d, J=1.70 Hz, 1 H),
Example 7C | [(3aR,6aR)-5- | 7.81(d, J=8.14 Hz, 1 H), 7 51 - 7.60 (m, 3 H), 6.68 (d,

and methylhexahyd | j=8 81 Hz, 2 H), 4 12 - 4.22 (m, 1 H), 3 50 - 3.63 (m,
2:Methyl-5- | ropymolo[3,4- | | H), 3.24 - 3.37 (m, 1 H), 2.91 - 3.06 (m, 1 H), 2.85
(4.4.5.5- blpyrol- | (s, 3 H), 2.69 - 2.79 (m, 1 H), 2.47 - 2.66 (m, 3 H),
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nmet byl oct ahyd ropyrrolo[3,4- (n, 1 H,; M5 (MtH) += 374. acid 131pynol e

Exanpl e 45 Product of (3aR 6aR)-1. 1H NVR (300 MHz, CDC13) 8 ppm 728- 7.85
(m Exanple [4'42,6- 7 H), 7.02 - 7.07 (n, 1 H, 6.59 - 6.68 (in, 2
H, 4.15 41A and di methyl pyridi -4.28 (in, 1 H), 3.54 - 3.65 (n, 1 H),
3. 30- 336 (A 1—=2k A3 A~} 1
VT fetramethyl- 1(2H)-  '[233(5,3H),2.10-225(m, 1 H),187-203(m, 1
[1.3.2]dioxa | yllphenyl}-1,3- | H); MS (M+H)"= 350,
borolan-2- benzothiazole
yh)-
benzothiazol
€
Examplel8 | Productof [ (3aR,6aR)-1- | 'HNMR (CDCl3) 8 ppm 7 72 (s, 1 H), 7.21 (d,
Example 7B [4-(1H- =9 15 Hz, 2 H), 7.15- 7.18 (m, 2 H), (d, ]=8 81 Hz, 2
nd 1-(4- imidazol-1- | H4)4.09-4.17 (m, 1 H), 3.48 - 3.59 (m, 1 H),3.21 -
bromopheny | ylphenyl]-5- | 3.32 (m, 1 H), 292 - 3.03 (m, 1 H), 269 - 275 (m, 1
limidazole | methyloctahydr | 1), 2.46 - 2 62 (m, 3 H), 2.32(s, 3 H), 2.13 - 2.26 (m,
opyrrolo[34- | | H), 1.90 - 2 02 (m, 1 H); MS (M+H)*= 269.
blpyirole
Examplel9 | Productof | (3aR,6aR)-1- | 'H NMR (CDCls) 8 ppm 7.44 (dd, J=8 82, 543 Hz, 4
Example 7C | (4-ethoxy-1,1"- | H), 693 (d, J=8 82 Hz, 2 H), 6.62 (d, =882 Hz, 2 H),
and 4- biphenyl-4-yl)- | 420 - 4 33 (m, 1 H), 4.06 (q, J=7.12 Hz, 2 H), 3.51 -
(thoxypheny 5- 3.64(m, 1 H),3.27-340(m, 1 H),3.02-3.15 (m, 1
Dboronic | methyloctahydr | ) 2 57-2.93 (m, 4 H), 247 (s, 3 H), 2.12 - 2.26 (m,
acid opyrrolo[3,4- | 1 H), 191-2.04 (m, 1 H), 1 43 (t, ]=6.95 Hz, 3 H);
b]pyrrole MS (M+H)"= 323.
Example20 | Productof | (3aR,6aR)-5- | 'H NMR (CDCl3) 5 ppm 7.48 (d, }=3.39 Hz, 2 H),
Example 7C | methyl-1-[4"- | 745 (d, 1=3.39 Hz, 2 H), 7.27 - 7.34 (m, 2 H), 6.62 (d,
and (methylthio)- 1 j=8 81 Hz, 2 H), 4.19-4.32 (m, 1 H), 3.52 - 3.66 (m,
A(methylthio | 1,1%biphenyl- | 1 H), 3 28-3.41 (m, 1 H), 3.02-3.17 (m, 1 H), 2.73 -
Jphenylboro 4- 2.85(m, 1 H), 2.59 - 2.71 (m, 1 H), 2.51 (s, 3 H), 2.4}
nicacid | yljoctahydropy | - 250 (m, 2 H), 2.14 - 2.28 (m, 1 H), 1.90 - 2.06 (m, 1
mmolo[3,4- | H), 168 (s, 3H); MS (M+H)"= 325
blpyrrole
Example2] | Productof | (3aR,6aR)-5- | 'HNMR (300 MHz, CDCl3) & ppm 7 54 - 7.59 (m, 2
Example 7C | methyl-1-(4- | 1), 7.18 - 7.25 (m, 4 H), 6.54 - 6.60 (m, 2 H), 4.11 -
and pyridin-4- | 425(m, | H),347-3.59(m, 1 H),316-336(m, |
pyridine-d- | ylphenyl)octah | H), 291 -3.04 (m, 1 H), 2.64 (m, 4 H), 2.35 (s, 3 H),
boronic acid | ydropyrrolof3, | 2 08 - 2.26 (m, 1 H), 1.89 - 2.08 (m, 1 H); MS
4-bjpyrrole | (M:+H)"= 280.
Example22 | Productof | 4-[(3aR,6aR)- | 'H NMR (300 MHz, CDCl3) 8 ppm 7.73 - 7.84 (m, 2
Example 7C 5- H), 7.39 - 7.54 (m, 4 H), 6.62 - 6.69 (m, 2 H), 4 13 -
and methylhexahyd | 4 23 (m, 1 H), 3.48 - 3.64 (m, 1 H), 3.25 - 3.4} (m,
3 ropyrrolo[3,4- | H), 291 -3.04 (m, 1 H), 2.69 - 2.76 (m, 1 H), 2.50 -
cyanophenyl b]pyrrol- 2.68 (m, 3H),2.33(s,3H),2.11 - 2.25 (m, 1 H), 191
boronic acid | 1{2H)-yl}-1,1 | . 202 (m, 1 H); MS (M+H)"= 304.
biphenyl-3-
carbonitrile
Example23 | Productof | (3aR,6aR)-1- | ' NMR (CDCl3) & ppm 7.39 (d, J=9.15 Hz, 2 H),
Example 7C [4-(1,3- 7.00 (dd, J=10 34, 2.20 Hz, 2 H), 6.84 (d, ]=8 48 Hz, 1
and 34- | benzodioxol-3- | H), 6.61 (d, =8.81 Hz, 2 H), 5.97 (s, 2 H), 4.12 - 4 25
methylenedi | yl)phenyl)-5- | (m, 1 H), 3.50-3.62 (m, 1 H), 3.23 - 336 (m, 1 H),
oxybengene | methyloctahydr | 2,92 -3.09 (m, 1 H), 2.52 - 2.82 (m, 4 H), 2.38 (5, 3
boronic acid | opyrrolo[3,4- | H), 2.10 - 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, |
Example 7C | methyl-1-(4- | H) 7.47.7.25 (m, 2 H), 6.61 - 6 74 (m, 2 H), 6.52 -
and pyridin-3- | 6.62 (m, 2 H), 4 05 -4.15 (m, 1 H), 3.45 -3 56 (m, 1
pyridine-3- | ylphenyDoctah | 1), 3.15-3.28 (m, 1 H), 287 - 3.02 (m, 1 H), 247 -
boronic acid | ydropyrrolof3, | 270 (m, 4 H), 2.30- 2.34 (s, 3 H), 2.09 - 2.20 (m, 1
4-blpyrrole | H), 1.88 - 1.98 (m, 1 H); MS (M+H)"= 280.
Example25 | Productof | (3aR,6aR)-1- | 'HNMR (CDCl;) 8 ppm 7.91 (dd, J=17 63, 7.80 Hz,
Example 7C [4-(2,6- 1 H), 7.40 (dd, J=8.98, 1.86 Hz, 2 H), 6.86 (dd, J=7.80,
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H, 295 - 3.09 (in, 1 H, 251 - 2.59 (4, 3 H, 2.57 (6, dinmethylp
bi phenyl -4-A- 3 H), 2.48 (s, 3 H, 2.13 - 223 (n, 1 H, 1.94 - 2.08
wi di ne-5- 5- nethyl octahyd ropyrrol o[ 3,4- b]lpyrrole (n, 1 H; M (MH)+=

384. boronic acid pi nacol ester Exanpl e 46 Product of
(3aR, GaRy =1 TH YRS SUChi¥biEpy i 2o% 13, PR & (A0=8 52 Rzl 2 b, 4 .12 LXATPT 2
[4'-(6- 8.52 (|dgifhucfophd |Ha-yhghedl} |{Ao1 B), 7502 dolg, 1 9 25 8.6 Im;1 1),
dine-3- 5- 2.91-3.03(m, 1H),2.69-276(m, | H),247-264
boronic acid | methyloctahydr | (m,3H),232(s,3H),2.12-2.24(m, 1 H), 1 89 -
opyrrolo[3,4- | 2.01 (m, 1 H); MS (M+H)"= 316.
blpyrrole
Example26 | Product of I-{4"- 4 NMR (CDCl3) 8 ppm 8.13 (t, 1=1.86 Hz, 1 H),
Example 7C | [(3aR,62R)-5- | 784 (d, J=7 46 Hz, | H), 7.74 (d, )=8.14 Hz, 1 H),
and 3- methylhexahyd | 751 (1, 1=8.14 Hz, 2 H), 6.64 (d, ]=8 48 Hz, 2 H), 4 28
acetylbenzen | ropyrrolo[3,4- | . 442 (m, 1 H),3.55-3.67 (m, 1 H),3.34 -3 49 (m, 1
eboronic b]pyrrol- H), 3.12-3.27 (m, 1 H), 2.69 - 298 (m, 4 H), 2 65 (s,
acid 12H)»yl]-1,1" | 3H), 257 (s, 3 H), 2.15 - 2.30(m, 1 H), 1.94 - 2.1
biphenyl-3- | (m, I H); MS (M+H)"= 321.
yl}ethanone
Example27 | Productof | (3aR.6aR)-1- | 'HNMR (CDCl3) § ppm 7.47 (d, J=8.14 Hz, 4 H),
Example 7C | [4'(ethylthio)- | 736 (d, =8 81 Hz, 2 H), 6.62 (d, ]=8.81 Hz, 2 H),
and 4- 1,1"-biphenyl- | 4.18-432(m, 1 H), 3.51 - 3.65 (m, 1 H), 3.28 - 341
(ethylthio)be 4-yl]-5- (m, 1 H), 3.03-3.16 (m, 1 H), 296 (q, J=746 Hz, 2
nzeneboroni | methyloctahydr | H), 257 - 2.88 (m, J=38.31 Hz, 4 H), 245 (s, 3 H),
c acid opyrrolo[3,4- | 2.13-226 (m, 1 H), 1.91 - 2.08 (m, 1 H), 133 (¢,
b]pyrrole =7.29 Hz, 3 H); MS (M+H)"=1339.
Example28 | Productof { (32R,6aR)-5- | 'HNMR (CDCl3) 8 ppm 7.63 (s, 4 H), 7.50 (d,
Example 7C | methyl-1-[4- | j=g 82 Hz, 2 H), 6.65 (d, J=8.82 Hz, 2 H), 4.19 - 4.32
and 4- (trifluoromethy | (m, 1 H), 3.51- 365 (m, 1 H), 3.29 - 342 (m, 1 H),
(trifluoromet D11 300-3.17(m, 1H),258-292(m, 4H),243(s,3
hylphenylb | biphenyl-4- | H) 2.12-229 (m, 1 H), 192-2.07 (m, 1 H); MS
oronic acid | ylJoctahydropy | (M+H)"= 347.
rrolof3,4-
blpyrrole
Example29 | Productof | (3aR,6aR)-5- | 'HNMR (CDCl3) 6 ppm 747 -7.55 (m, 4 H), 745
Example 7C | methyl-1-(4"- | (d, J=8 82 Hz, 2 H), 6.74 (dd, }=17 63, 10.85 Hz, | H),
and 4- vinyl-1,1'- | 6,63 (d, =8 82 Hz, 2 ), 5.75 (d, J=17.63 Hz, 1 H),
vinylpnenvl | biphenyl-4- | 523 (d, J=1085 Hz, 1 H), 4 21 -4.32 (m, 1 H), 3.52 -
boronic acid | ylyoctahydropy | 3.64 (m, 1 H), 3.29 - 3.42 (m, 1 H), 3.02 - 3.15 (m, !
rrolo[3,4- H), 2.61-288 (m, 4 H),246(s, 3H), 2.12-2.27 (m,
blpyrrole 1 H), 1.92 - 2.04 (m, 1 H); MS (M+H)"= 305.
Example30 | Productof | (3aR,6aR)-5- | 'HNMR (CDCl;) & ppm 8.14 (d, J=2.03 Hz, 1 H),
Example 7C | methyl-1-(4"- | 767 (dd, }=7 80, 2.03 Hz, 1 H), 7.49 (d, J=8.82 Hz, 2
and 4- methyl-3'- | H), 734 (d, }=7.80 Hz, 1 H), 6.64 (d, =8 82 Hz, 2 H),
methyl-3- nitro-1,1- | 421 -4.32 (m, 1 H), 352- 3.65 (m, 1 H), 3.30-343
nitro- biphenyl-4- | (m, 1 H), 300 - 3.16 (m, 1 H), 2.68 - 2.94 (m, 4 H),
phenylboron | yloctahydropy | 2.60 (s, 3 H), 2.44 (s, 3 H), 2.15 - 2.28 (m, 1 H), 1.93 -
ic acid rolo[3,4- | 2.05 (m, 1 H); MS (M+H)"=338.
blpyrrole
Example3] | Productof | (3aR,6aR)-1- | 'HNMR (CDCl3) 8 ppm 8.22 (s, 1 H), 7.37 (d,
Example 7C [4-(24- | }1=8.82 Hz, 2H), 662 (d, 1=8.82 Hz, 2 H),4 11-4.24
and2-4- | dimethoxypyri | (m, 1H),4.02 (s, 3 H),4.01 (s, 3 H),3.50 - 3.61 (m, ]
(dimethoxy) midin-5- H),3.24-3.35(m, 1 H),293-3.05(m, 1 H), 269 -
pyrimidine- | ylphenyl]-5- | 2.79 (m, 2 H), 2.53 - 2.64 (m, 2 H), 2.35 (5, 3 H), 2.11
S-boronic | methyloctahydr | . 2 25 (m, 1 H), 1 90 - 2.03 (m, 1 H); MS (M+H)'=
acid opyrrolo[3,4- | 341
blpyrmrole
Example32 | Productof | (3aR,6aR)-1- | 'H NMR (300 MHz, CDClI3) & ppm 7.40 - 7.50 (m, 4
Example 7C | (4-fluoro-1,1 | H), 702 -7.11 (m, 2 H), 6.58 - 6.67 (m, 2H), 413 -
and biphenyl-4-yl)- | 426 (m, 1 H), 3.50 - 3.63 (m, 1 H),3.24 -3 37 (m, 1
4- 5~ H),3.01 (m, 1 H), 2.56-2.79 (m, 4 H), 2.38 (5, 3 H),
fluorophenyl | methyloctahydr | 2 17 .2.25 (m, 1 H), 1.91 - 2.0 (m, 1 H); MS
boronic acid | opyrrolo[3,4-
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41A and chloropyridin- 6.69 (n, 3 H, 4.17- 434 (m 1 H), 354 - 3.68
(m | 2. 3-y1)-1,1'- I1), 3.28 - 3.41 (n, 1 H, 2.95 - 317 (n, 1 H),
2.54 - chloropyrl biphenyl-4-y11- 2.82 (m 4 H, 2 41 (s, 3 H, 2.16 -
2.27 (m | H, dine-5- 5- net hyl oct abyd ropyrrol o[ 3,4- b]pyrroie 1.90
- 2 05—HA—H+—Ms—(M-HE=—390 O£ a4 Bxarpte—4+—Proegduct of
4" - [ ( daR eﬁP\ : b]pyﬂ'ﬁe (M{"H‘r‘_ 2g7
Exampled3 | Productof | (3aR,6aR)-5- | 'HNMR (CDCls) 8 ppm 801 (d, J=8.48 Hz, 1 H),
Example 7C | methyl-1-[4-(1- | 7.88 (d, J=9.16 Hz, 1 H), 7 80 (d, J=8 14 Hz, 1 H),
and 1- naphthyl)pheny | 740 - 7.53 (m, 4 H), 7.38 (4, J=8 82 Hz, 2 H), 6.69 (d,
naphthalene | jjoctahydropyrr | J=8 48 Hz, 2 H), 4 21 - 4.30 (m, 1 H), 3.55 - 3.66 (m,
boronic acid olo[3,4- 1 H),3.32-342(m, 1 H),299-3.10(m, 1 H), 2.57 -
blpyrrole 293 (m, 4 H),241(s,3H),214-2.27(m, 1 H), 1.97
- 2.06 (m, | H); MS (M+H)*= 329
Example34 | Productof | {4'-[(3aR,6aR)- | 'H NMR (CDCl3) & ppm 7.55 (s, 1 H), 7 46 - 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, 1=5.76 Hz, 2 H), 4.13 - 4 24 (m, 1 H),
(hydroxymet | ropyrrolo[3.4- | 350-3.62 (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 | 1(2H)-y¥I]-L,1- | 237(s,3 H),2.12-227(m, 1 H), 189 - 206 (m, 1
biphenyl-3- | {); MS (M+H)"= 309
y1} methanol
Example35 | Productof | (3aR,6aR)-1- | 'H NMR (CDCl3) 5 ppm 7.98 (d, J=6.78 Hz, 1 H),
Example 7C (4- 7.80-7.90 (m, 2H), 752-765(m, 2H),731-7.50
and dibenzofb,d]fur | (m, 4 H), 6 69 - 6.78 (m, 2 H), 4 21 - 4 34 (m, 1 H),
dibenzofura | an-4-ylphenyl)- | 3 55.367 (m, 1 H), 3.33- 347 (m, 1 H), 2.97-3.13
n-2-boronic 5- (m, 1 H), 2.75 - 2.90 (m, 2 H), 2.54 - 270 (m, 2 H),
acid methyloctahydr | 3 4] (d, I=1 36 Hz, 3 H), 2.14-2.29 (m, 1 H), 1 93 -
opyrrolo[3,4- | 2.05 (m, 1 H); MS (M+H)"= 369
blpyriole
Example36 | Productof | (3aR,6aR)-5- [ '"HNMR (CDCI3)8ppm7.77 (s, | H), 7.71 (d,
Example 7C | Methyl-1-(3'- | 1=} 36 Hz, 1 H), 7.50 (d, J=2.03 Hz, 2 H), 747 (d,
and 3- trifluoromethyl | j=1 36 Hz, 2 H), 6.65 (d, J=8.82 Hz, 2 H), 4.18 - 4 28
(trifluoromet | -biphenyl-4- 1} (m, 1 H), 3.52-3.63 (m, 1 H), 3.29- 340 (m, 1 H),
hyliphenylb | yl)-octahydro- | 297.3.10 (m, 1 H),2.71 - 2.82 (m, 2 H), 2.56 - 2.69
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
le37 | Productof | (3aR,6aR)-1- | 'HNMR (CDCIl3) 8 ppm 7 45 (d, J=8.14 Hz, 2 H),
Example 7C | (4'-fluoro-3'- [ 7.29.7 36 (m, 2 H), 6.99 - 7 08 (m, 1 H), 6.59 (d,
and 4- methyl-1,1"- | 1=8 82 Hz, 2 H), 4 52 - 4.61 (m, 1 H), 4.21 - 4 36 (m,
fluoro-3- | biphenyl-4-yl)- | | H), 3.87-4.02 (m, 2 H), 3.55 - 3.64 (m, 2 H), 3.00 -
methyl- 5- 351 (m, 1H),283(s,3H),261-278(m, 1 H),2.33
phenylboron | methyloctahydr | (s 3 H), 2.18-2 29 (m, 1 H), 1.91-2.02 (m, 1 H); MS
ic acid opyrrolo[3.4- | (M+H)*=311
blpytrole
Example38 | Productof | (3aR,6aR)-5- | 'H NMR (CDCI;3) 8 ppm 7.97 (d, J=1.70 Hz, 1 H),
Example 7C | methyl-1-{4-(2- | 780 - 789 (m, 3 H), 7.72 (dd, }=8 48, 1.70 Hz, 1 H),
and 2- naphthyl)pheny | 763 (d, 1=8 82 Hz, 2 H), 7.39 - 7.51 (m, 2 H), 6.68 (d,
naphthalene | loctahydropyir | j=8 48 Hz, 2 H), 4.24 - 4 34 (m, 1 H), 3 55 - 3.67 (m,
boronic acid olo[3 4- 1H),332-343(m, 1H),304-317(m, 1 H),262-
b]pyrrole 287 (m, 4 H), 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)-yl]-1,1'-
5 biphenyl-4-vilethanone oxime

To a solution of the product compound of Example 10 (20.0 mg, 0.062
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'H NMR (300 MHz, CDCI3) 6 ppm7.72 (s, 4 H), Exanple 5- 7.59 - 7 69

(n, 4 H, 7.54 (d, J-8.81 Hz, 21-1), 6.66 41A and nmet hyl bexaby (d,
1=8.81 Hz, 2 H), 420 - 4.30 (in, 1 H), 352- 166 4- 4- 4-
dropyrrolo[3,4 (n, 1 H), 3.29 - 3.43 (ro, , 2.97 - 314(n 1H,

oo bor dimore) i 1 Bt dthanol arghpudis iffh n Br??n 48 wlsibiief; e by C1 03"
2.06 (hydloxlamie HyMr&BHiofdS )5 mg, 0.094 mmole). The mixture was stirred at
80 °C under N2 for 6 hours and the solvent removed under reduced pressure. The
residue was purified by chromatography (eluting with a mixture of 0.25%
5 ammonium hydroxide and 2.5% methanol in dichloromethane) to provide the title
compound. 'H NMR (300 MHz, CDCl3) § ppm 7.44 - 7.67 (m, 6 H) 6.64 (d, J=8.82
Hz, 2H)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) 2.565-2.61 (m, 2H) 2.35 (5,3 H)2.30 (s, 3H) 2.16 -
2.25 (m, 1 H) 1.89 - 2.05 (m, 1 H); MS (M+H)"= 336.

10
Example 40
1-{4'-{(3aR ,6aR)-5-methylihexahydropyrrolof3.4-blpyrrol-1(2H)-vl}-1, 1"-biphenyl-4-
}ethanol

To a solution of Example 10 (35.0 mg, 0.11 mmole) in 2 mi of methanol

15 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
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 0.25% ammonium hydroxide and 2.5% methanol in

20  dichloromethane) to provide the title compound. 'H NMR (300 MHz, CDCl3) &
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, 1 H)3.49-3.67 (m, 1H)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.

25
Example 41
2-{4'-[(3aR 6aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-vl]-1.1'-biphenyl-4-
yhiipyridazin-3(2H)-one
30

Example 41A
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c acid Exanpl e 48

6- (4{4-1(3aR 6aR)- 5- net hyl hexahvdr opwr ol o 3. 4- bl pwr ol - 1(2H) -

vl ehenvlipiperazin-1-vl)nicotinonitrile -93- Exanple 48A

6- Pi perazin-14-nicotinonitrile 6-Chloronicotinonitrile (500 ng, 3.61

nmol e) andplspera2| ne (930 1|0 8.5 rrrrPI e) Cwere di srsfol ed in 20 m of
5 50 b Y PDCLaWEI0-B ek

| ed :
G oht or omet ﬂgﬁaﬁ‘fé%’??"“m?ﬂﬁ@wa%ﬁd Eﬁ"ég%‘}ad%’%@bﬁéﬁ'i@ ?.eg[’@eﬁ%‘?&s’o N sul fate,

filterdtkanapld 7 raubstitudingad, 4'a1|bnoumtﬂphemé for t nejlbmmpmhendeneHl\Nmmbo MHz,
CDCl 3)

0001 3) B0t ontEy s o 58 e o0 Eim, 2 T 2, 201 0L
SRy 6. 182 5B  HLRR A 884 AL2 984 P52 T0y 20 mi 2

pi perazl-li)ﬂ 58\A12].641l(m012|I-mm188r(s|$H)25ﬂ5’l€21®60((m01 Hofl. SHXGmm B)7W$281.2 ny, 1.0
nmol e) , product of Exanple 48A (226 ng, 1.2 mmole)

tri s(dl( ﬁ%yfﬁé@aﬁ?cetone)dl pal | adi um (18.3 g, 0.02 moie),

racem c- 2, 2' - bi s(di phenyl phosphl no) - 1, 11- bi naphthyl (25.0 ng, 0.04 mvl e)
and sodi umtert but oxi de (145 ng, 1,5 mole) were dissolved in 5 m of

tol uene and heated at 70 C underg pmm hours. The m xture was cooled to

20 roo di chl or onet hane
(5XP. THRELEEABRAAR - E! o SR : -biphenvEdzy, and
concentrated under reduced pr:mHﬂézig?hﬂﬂdn@ ed by chromat ogr aphy (eI uting
with a m xture of 5% et hanol™ i n drcnl oronet hane) to provide the title
conmpound. ill NWR (300 MHz, CDCI3) 8 ppm 8.43(d, J=1.70 Hz, 1 H 7.62 (dd,

8, 230 Mgl SR P b o Ao Al yudiad T 5 1)

-3.55 (M41y %ﬁnﬂﬁole?c&% éﬁpo\&dél)(2136(§>§ 25231'ﬁn{d7é) aéhd‘bot&s@nﬂm3 04 (m 1H
2.55 - 275( 4 H F mI H)192(§ H: M
( MB) +£agtg@1atg(§§.>2a,ﬂ,|$ Z,gnmole) were dlssolved |n 63rr of quinoline an heated at

ot hy | oo NN B aB SR ARY ThEaidli el Rodeq B obm eknboge” >
6aR) - 14#iulet Wih Heikbré {hexdhand tteradchrnghicBELNE® oThé-fitiateavasiv 11-

5ni perazi n-1-v11-et hanone The product,K of Exanpl e, 7C (500 ng, 1.78
mol e) ,concgpatpdgingar sedueed pressurg and the igsilue) was punﬂed by

15 BSOS TR e 32 1l By G ot o,
rrmzbg) uerlll(sjﬁglrh \ivghtaami)dmﬂ!mﬁé%enéthéﬁzlgg d&?;?rﬁmmgghwgwrmwldeithemﬂeo![ Eggeh\é\g; 2d
|mnxt(:ahe %"Eﬁ’%ﬂéiil\ﬁ'f NM@@%@ X{ﬁ'ﬂ£§ ¢lay&pem a§1n@dt H‘eé E\é\??g%g fbll) m cr owave
react orz gf0g &8 (?EZ&‘H)"P? 4, sl Mot B I-Qail‘ gsl(aadd&%am QldOT‘Hg,W H) e ne.

di chl or orret hane" (4x e conbi ned br ay'ers wer e 'wash
dried ok@y (dcdxdlqﬂtrtl&,m Fatz, 1fH) 6.6ddd, J%&Bdé‘lhz 22 4. 194127 (mpduldpd.5dressur e

et handt B4 JAERRHTT A58 e G-ba0r o T Ehy oFDbsnanctd (o bIDAM Rne 1i (1 e

comgoungl) pH MR %13@3‘1@5 (BRU-8:7Hz, PSR SrE3Thg .00 (m

3. 54 (rgolid (BpR3@aR)2 A5 |’1’1et|1yHl=l)exahgcﬁo-;:a/rtt;ulo[@ndr bipyhol-4-: 38Bb#pheny&4(m 5 H)
Ve (V2 PyseR g afe SbigRed Shbhed a Melthig rangl of 204-207'08 (a&0) e M-

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

30 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-yl]-2H-pyridazin-3-when treated
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(3aR,

6aR) - 5- Met hv1- 144- pi per azi n- 1- vl - phenvl) - oct ahvdr o-ovrrol 012, 4- bl pyrrol e
The product of Exanple 49A (300 ng, 0.91 nmole) was dissolved in 6 m 25 of
2N hydrochloric acid and 3 nml of nethanol and stirred at 60 C for 3 hours.

The m xith lo(WRtariast e, fatawed by dbu@@asatmmrthe edmmed ghdesdditien ofli | ut ed
with water and extracted with dichl oromethane (4x). The combi ned organic

| ayer s ARt aihee @aye @& salidpfumps d0P=400 °G. |$f‘@tB€“°‘E}rﬁ9"@€9{b‘én@a§ ed under

i xt o SR BB S o by e B SOt I GO B SRR IEBNOD T hane) to
E):T]OVI d@ytdé&zut;&%emtmmmdmhlﬁhdsphMi&a(:ﬂOﬂ)llWBd BPedrmertratipmad it - 6. 94

-329 (ﬁPiUItoH) 93v&g soli 810691 Pre24r2¢09 °8. %metmgn@l@l_ngnqn%@?%éﬁl@_l H) 3 11
2. 54, Mg bt Aoyl bipdral e ipney 2P epiiidai sl 1) 1 86

6aR) - 1avhehtréatediwithr saliocylic deidi follﬁw;eﬁ)b)pcqrmemmheaof/ﬂm sdlatign Bnd- net hyl -

hvdr - bl |
o 105 RHBIB orlietiLethat Ba bgrFecsne  saiaBLE R LG B) - and
triet hlﬁ'létﬂhﬁ@lld dolufidn of(33F6 6@%@- 4 %Sfrﬁetﬁ}/ﬁﬁé‘iéfﬁf@r&Byfraloi?é mn?]g rrol-

acetonitrile and heated at 60 der or 24°hours ure was

g 'OG‘I?] Ied Tey)- wabnenybﬁwﬂf%l-ﬂﬂygdaqn&whed traiated wath@scaghic egldn &zjlpwdém h y
i1t er SONGHATR G ohihe sPUficBrAIE S 8R0Sy ST iRl el =

chr omatsed @pth(ﬁdssmenmvmmatﬁawmwlen@f Of)@% FARD -4 ﬂhﬁ@tﬂﬂde and 5%
met hanol in 15 di chl or onet hane) rovide the title conﬁound VR (300 VHz

cDCl 3) hexghydre-purqlel3, 4rb}payrrpl~2wlwlp enyly4-511¢H-pyddagin-BGnyhen fieaded3 - 6. 58

s sl abfo, oo by Sqhgarisalichiof i sgitn %‘%ﬁdﬁﬂ@%o‘ bt 330
2. 48 (&ihéi’ bhve alsdlid o n2P. 232-285MC.1.89- 2.04 (m 1 H); MS: (MH)=399. 20

Exanmpl e 50 (3aR, 6aR)-5-nethyl-1-{4-14-(1. 3-thiazol -2-v1)pi perazin-1-
O1Phenvf | oct ahvdr opyrrol of 3, 4-bl ovrrol e The product of Exanple 496 (50 ng,

0.175 13 ( ( | A Ao RETIE

tris(di l'r}@, e@égeace@)ﬁg}ég Irﬁgcﬁﬁﬁgz‘ gwl%ﬁsbmrlo'ef,yl)

racem dm;ﬂ)él’iyl-bwd]eﬂﬂmwdatlp@spbl ine) prodddt- dfi Evegrhiple A 1 B, £a4 bepprepadéy mmol e)
and sodi um &@t ide (25.2 ng, 1.5 mmole) were dissolved in 1 m of

t ol uen@C4f ‘8'@@ under N2 for 24 hours. The nmixture was cooled to
r ogg terrper at ure, diluted with water and extracted with dichl oronet hane
(5x). The 30 conbi ned organics were dried over sodiumsulfate, filtered,
concentrated under reduced presdmxampledtias purifi ed by chronat ogr aphy
(eluting wit Q provide the
title conpoufrt: F3 Hz, 1 H)
6.88 -6.96 Cnnepiroblhcﬁof@(a(rﬁmé% (723)5'5)ari|d Eleél E(Q Lf v@e@&mnnad hd4. 06 -
4.22 (m 1 H 3.17 - 3.27 (m 1 H)
3.11 @ogzlpd(tmo 4‘44)1 @b@fa'@%ﬁlalmsomnp vze%qoqedio OrrP ﬂpeﬂ)slqwm (s, 3 H
2 9 W ng
co#gouﬁ%‘sdaégé%%aﬁ%lu}rym%}déth%a%é%%éﬁ%c 4 IM%C))(M* & apsrg(T:rgeu |§B?0lj fL"fr)\ed above

wi th t IgPGxAdpt 2715 Hduas, tﬂeﬂéwrsmﬁeremermed\mdethemaéouslta;@rmsobt ain the
bl e 4: Exanples 51-66. Exanple Starting Reaction

titled c ounds a

pr oced FKirariest with ﬁ«}zﬁWdﬁa e organis yers werpyeameined and concentrated
under reduced pressure, then chased with toluene (1.6 L) to provide 386 g of a 19
wit% solution of product (100%).

30
Example 41D
Ethyl (3aR,6aR)-1-(4"-bromo-1,1'-biphenyi-4-yl)hexahydropyrrolo[3,4-blpyrrole-

5(1H)-carboxylate
-80-




Exanpl e 51 Product of Exanple (3aR 6aR)-5- 111 NVR (300 MHz, CD03) 5 ppm
EliarnPie 4811 nmethyl-114- 817- 8.25 (m 1 H), 7.44- 7.54 On, 1

and

(4-pyridin-2- H, 6.87 - 7.01 (m 2 H, 6.60- 6.73 1(2-

yl pi perazin- (m 2 11), 6.49- 6,60 (in, 2 H, 3.98 - pvridinvll

10

15

20

25

30

To a vessel containing 4,4'-dibromobiphenyl (12.48 g, 2.0 equiv.) and
cesium carbonate (13.04 g, 2.0 eq.) was added the product of Example 41C (17.9
wt%, 20.6g, 1.0 eq.) after which the vessel was evacuated and purged. A catalyst
solution was prepared in a separate vessel by mixing Xantphos (0.77g, 0.067 eq.)
and palladium (I1) acetate (0.22 g, 0.049 eq.) and degassed after which 17.3 g of
toluene was added with stirring.

The catalyst solution was added to the vessel containing the 4,4'-
dibromobiphenyl, cesium carbonate, and the product of Example 41C and the
mixture was heated to 98 °C for 12 hours. The mixture was cooled to 20 °C and
80 g of dichloromethane was added. The resulting mixture was stirred and then
filtered to remove the catalyst. The resulting solution was concentrated under
reduced pressure and the residue was purified by column chromatography to yield
5.65 g of the title compound.

Example 41E
Ethyl (3aR.6aR)-1-[4'-(6-oxopyridazin-1(6H)-yh)-1,1-biphenyi-4-

yilhexahydropyrrolo[3.4-blpyrrole-5( 1 H)-carboxylate
A mixture of 1.98 g of copper (]) iodide (10.4 mmole, 0.10 eq.), 1.66 g of 8-
hydroxyquinoline (11.44 mmole, 0.11 eq.), 4.0 g of potassium carbonate (28.94

mmole, 0.29 eq.) in 18.8 g of dimethylformamide (DMF) was mixed at ambient
temperature. The mixture was added to another flask containing 41.6 g of the
product of Example 41D (100.16 mmole, 1.00 eq.), 23.6 g of potassium carbonate
(170.75 mmole, 1.70 eq.), and 14.4 g of pyridazinone (149.86 mmole, 1.50 eq.).
Additional DMF (226 g) was used to transfer the catalyst slurry. The resulting
mixture was deoxygenated then heated to 140 °C for about 18 hours. After
cooling to ambient temperature the mixture was diluted with 567 g of THF and 384
g of 10% sodium chloride solution. The mixture was filtered to remove excess
salts and the aqueous phase was separated and back extracted with an additional
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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1- 4.10 (it, 1 H, 3.64 - 376 (m 4 H), piperazine 34/ 911enYOoct
344 - 3.56 (n, 1 H), 3.18 - 3.25 (in, 1 ahydropyrrol 1), 3 10 - 3.19 (m
4 H, 297- 3.04 0(3,4- (m 1 H, 2.50- 2.70 (m 4 H, 2.32 (s,
bThYrrole 311), 2 09 - 2 20 (n, 1 H 1.84- 1.96 (n, 1 H; M5 (M-H=
364. Exaiglcookd tBreotmcfitedéd RrtiWbehéd dth @ niethdddl. M8 re8QRindytdolid€DC13) 5

ppm were transferred to a vacuum oven to yield 35.31 g (81.9% vield). Mass
Spectroscopy: 431.5 (m.w. 430.5). 'H NMR (400 MHz, DMSO-d6) 6 ppm 1.15 (s,
3 H), 1.78 - 1.88 (m, 1 H), 2.10 (ddd, /=12.49, 6.17,6.04 Hz, 1 H), 3.03 (s, 1 H),
5 3.24-3.35(m, 5 H), 3.53 (ddd, J=9.23, 6.86, 6.69 Hz, 2 H), 3.67 (s, 1 H), 4.00 (s,
2 H), 4.22 (s, 1 H), 6.63 (d, J=8.51 Hz, 2 H), 7.07 (dd, J=9.47, 1.51 Hz, 1 H), 7.48
(dd, J=9.47, 3.84 Hz, 1 H), 7.63 - 7.60 (m, 4 H), 7.68 (d, J=8.64 Hz, 2 H), 8.06 (dd,
J=3.84, 1.51 Hz, 1 H). "*C NMR (100 MHz, DMSO-d6) § ppm 14.79 (CH3), 28.89
(CHg), 47.71 (CH2), 60.24 (CH>), 112.34 (CH), 124.87 (CH), 125.27 (CH), 126.02
10 (C), 126.89 (CH), 130.05 (CH), 131.69 (CH), 136.87 (CH), 138.78 (C), 139.31(C),

145.61(C), 153.53(C), 158.64 (C).

Example 41F
2-{4'-[(3aR,6aR)-Hexahydropyrrolo[3.4-blpyrrol-1(2H)-yl]-1,1'-biphenyl-4-

15 ylipyridazin-3(2H)-one
A mixture of the product of Example 41E (7.50 g, 17.42 mmol) in 33% HBr
in acetic acid (37 mL, 205.57 mmol, 11.8 equivalents) was heated to 65-70°C for

at least 6 hours while monitored by HPLC analysis for completion. When reaction
is complete the mixture is cooled to not more than 45 °C and is diluted with

20 methanol (111 mL). The mixture was cooled to 20-25 °C, the product is collected
by filtration and is washed with fresh methanol (50 mL). The wet cake is dried in
the vacuum oven at not more than 55°C to provide the title compound (7.25g,
94.8%).

25 Example 41G
2-[4'-(3aR,6aR)-(5-Methylhexahydropyrrolo[3.4-blpyrrol- 1 (2H)-yI)-1.1'-biphenyl-4-
yllpyridazin-3(2H)-one
To a stirred solution of the product of Example 41F (13.80 g, 31.41 mmol)
in dimethylacetamide (500 mL) was added a solution of 37% aqueous
30 formaldehyde (7.2 mL, 94.23 mmol, 3.0 equivalents) followed by sodium

triacetoxyborohydride (20.0 g, 94.23 mmol, 3.0 equivalents). The mixture was
stirred at 25 +/- 5°C for 30 minutes during which the starting material was
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Exanpl e 4813 met hyl -1- (4- 8,15 (d, 3=949 Hz, 2 H), 7.19 - 7.24 7C

and [444- On, 2 H 6.88 (d,1=9.49 14z, 2 H), EA- ni trophenYl)
6.56 (d, .1=848 Hz, 2 H), 4.12 -4.31 nitrophen PiPelazin-1- (n, 1 H, 3
53 - 3.62 (in, 4 H, 3.46 - V1M peraz

consumed, giving a clear solution. The mixture was diluted with 1N HCI (94 mL,
94 mmol, 3 equivalents) and stirred for one hour. The mixture was adjusted to pH
9.0 +/- 0.5 with 1N NaOH (335 mL). The mixture was stirred for 1 hour then
filtered. The wet cake was washed with water and dried in a vacuum oven at

5 about 50 °C to provide the title compound (10.40 g, 88.9%).

Example 41H
2-[4'-(3aR,6aR)-(5-Methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-yl)-1, 1"-biphenyl-4-
yllpyridazin-3(2H)-one L-tartrate

10
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
15 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%).

20 Example 42
(3aR .6aR)-5-methyl-1-(4'-pyrimidin-5-yl-1, 1'-biphenyl-4-yiYoctahydropyrrolo[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

25 7C and substituting pyrimidine-5-boronic acid for 4-cyanophenylboronic acid. 'H
NMR (300 MHz, CDCl3) 3 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, 4 H) 242 (s, 3H)2.16 - 2.26 (m,
1 H) 1.95-2.05 (m, 1 H); MS (M+H)"= 357.

30 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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YUPhenyl }oc 3.54 (m 1I-1), 3.24 - 3 38 (in, 1 H, the lahYdr oPYrro
314 - 3.22 (in, 4 H, 29 - 309 (m 1 lo[3,4- Il), 258 - 2,80 (m 4
H, 2.49 (s, 3 H), b] pyrrole 2,11 -2.22 (m 1 11), 1.93 - 2.06 (m 1

H; M5 (MrH)= 407. Exanple 53 Product of Exanple 244-0- Ili NWR (300 MHz,

DA 3) 2P eRXAIR £2.455

Example Starting Resulting NMR and MS
Material compound
Example 43 | Product of | 4"-[(3aR,6aR)- | 'H NMR (300 MHz, CDCl3) 8 ppm 7.82 - 7.91 (m,
xample 5- 2 H),747-768 (m, 8H), 6 61 - 6.70 (m, 2 H), 4.20
41Aand | methylhexahy | _4 33 (m, 1 H), 3.53 - 3 66 (m,1 H), 3.28 - 3.43 (m,
3- dropyrrolo[3,4 | 1 H), 3.00-3.19 (m, 1 H), 2.61 - 291 (m, 4 H), 244
cyanophe blpywrol- | (5,3 H),2.15- 228 (m, 1 H), 203 (d, 1 H); MS
nylboroni | 1ZH)-yI]- | (M+H)"= 380.
¢ acid 1,144" 1%
terphenyl-3-
carbonitrile
Example 44 ) Productof | (3aR,6aR)-1- | 'H NMR (300 MHz, CDCl3) 8 ppm 8.43 (dd,
Example [4'(6- J=18.14,2.54 Hz, 1 H), 792 - 804 (m, 1 H), 733 -
41Aand | fluoropyridin- | 7.71 (m, 6 H), 6.97 - 7.09 (m, 1 H), 6 62 - 6.68 (m, 2
Z 3-yD-1,1- | H),4.18-4.31 (m, 1 H),3.54-367(m, 1H),326-
fluoropyri | biphenyl-4-yl]- [ 341 (m, 1 H), 2.96 - 3.16 (m, 1 H), 2.56 - 2.89 (m,
dine-5- 5- 4H), 243 (s,3H),2.12-2.27 (m, 1 H), 1.95 -2 07
boronic | methyloctahyd | (m, 1 H); MS (M+H)*= 374
acid ropyrrolof3,4-
b]pyrrole
Example 45 | Productof | (3aR,6aR)-1- | 'H NMR (300 MHz, CDCl3) & ppm 7 28 - 7.85 (m,
Example [4-(2,6- 7H), 7.02 - 707 (m, 1 H), 6.59 - 6.68 (m, 2 H), 4.15
4lAand | dimethylpyridi | _4.28 (m, 1 H), 3.54 - 3.65 (m, 1 H), 3.30-3.36 (m, 1
26 n-3-y-L,I- [ H),295-3.09 (m, I H), 251 - 2.59 (4, 3 H), 2.57 (6,
dimethylp | biphenyl-4-yl]- | 3 H), 248 (s, 3 H), 2.13 - 2.23 (m, 1 H), 1.94 - 2.08
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) 6 ppm 8.68 (s, 1 H),
Example [4-(6- | 8.52(d, }=4.75 Hz, 1 H), 7.33 - 7.72 (m, 6H), 6 61 -
4lAand | chloropyridin- | 669 (m, 3 H),4.17-4.34 (m, 1 H), 3.54 - 3.68 (m, |
2 | 3yO-L1- |1 H),328-341(m, 1H),295-317(m, 1 H),2.54-
chloropyri | biphenyl-4-yll- | 2 82 (m, 4 H), 241 (s, 3 H), 216 - 2.27 (m, 1 H),
dine-5- 5- 1.90 - 2 05 (m, 1 H); MS (M+H)"= 390.
boronic | methyloctahyd
acid ropyrrolo[3,4-
blpyirole
Example 47 |} Product of | 4"-[(3aR,6aR)- | 'H NMR (300 MHz, CDCl3) 5 ppm 7.72 (s, 4 H),
Example 5- 7.59 - 769 (m, 4 H), 7.54 (d, 1=8.81 Hz, 2 H), 6.66
41Aand | methylhexahy | (4, J=8.81 Hz, 2 H), 4.20 - 4.30 (m, 1 H), 3.52 - 3.66
4 dropyrrolo[3,4 | (m, 1 H), 3.29 - 3.43 (m, 1 H), 297 - 3.14 (m, 1 H),
cyanophe -blpymol- | 259.2384 (m, 4 H), 242 (s,3H),2.12-227(m, 1
nylboroni | 1ZH)-yll- | H), 1.93-2.06 (m, 1 H); MS (M+H)"= 380.
c acid 1,1%4 1"
terphenyl-4-
carbonitrile
Example 48

6-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-

yllphenvllpiperazin-1-vl)nicotinonitrile
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g3aR 6aR)- 7.46- 7.61 (n, 1 F1), 7.16- 7.25 (in, 2 7C and 5-
6.99 - 7.08 (in, 1 H, 6.91 -6.97 1(2- nmet hyl hexah (n, 1 H),
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1=7.29 Hz,

Example 48A
6-Piperazin-1-yl-nicotinonitrile

6-Chloronicotinonitrile (500 mg, 3.61 mmole) and piperazine (930 mg, 10.8
mmole) were dissolved in 20 ml of acetonitrile and heated at 60 °C under Nxfor 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) 6 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 48B
(3aR, 6aR)-6-{4-[4-(5-Methyl-hexahydro-pyrrolo[3.4-blpyrrol-1-yl)-phenyl]-
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)dipalladium (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 Nz 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 suifate, 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, CDCl3) 6 ppm 8.43 (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) 6.56 (d, J=9.15 Hz, 2 H) 4.01 - 4.15
(m, 1 H)3.79 - 3.88 (m, 4 H) 3.45-3.55 (m, 1 H) 3.14 - 3.23 (m, 1 H) 3.08 - 3.14
(m, 4 H)2.97 -3.04 (m, 1 H)2.55-2.75 (m, 4 H) 2.36 (s, 3H) 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-yl)piperazin-1-ylphenyi}-5-

methyloctahydropyrrolo[3,4-blpyrrole
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Example 49A
(3aR, 6aR)-1-{4-[4-(5-Methyl-hexahydro-pyrrolo[3.4-b]pyrrol-1-yI}-phenyl]-
piperazin-1-yl}-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),
(r)-(+)-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
Nz 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, CDCly) &
ppm 6.87 -6.91 (m, 2 H) 6.53 - 6.60 (m, 2 H) 4.05-4.07 (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 40B
(3aR, 6aR)-5-Methyl-1-(4-piperazin-1-yl-phenyl)}-octahydro-pyrrolo[3.4-blpyrrole
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, 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 -

-95.
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Exanpl e 54 Product of Exanple (3aR 6aR)-5- "H NWMR (300 MHz, CDCI3) 5 ppm
Exanpl e 49C nmet hyl - 114- 8.28 (d, J=644 Hz, 2 H), 6.89 - 6.96 49B and
(4-pyridin-4- (n, 2 H, 6.73 (d, J=6.44 Hz, 2 H), 4: Yl Pi Perazin-
6.57 (d, 3=8.82 Hz, 2 H), 403 -4.19 chloropvri 1- (in, 1 H, 3.60 - 3.69

(m 1 Hog dn?{ H)2.68 (dd, J=9.66, 2.54 Hz, 1 H) 2.48 - 2.59 (m, 2 H) 2.31 (s, 3 H)
2.09-2.19 (m, 1 H) 1.89 (m, 1 H). MS: (M+H)*= 287.

5 Example 49C
(3aR, 6aR)-1-{4-[4-(6-Chloro-pyridazin-3-yl)-piperazin-1-yi]-phenyi}-5-methyl-
octahydro-pyrrolo[3.4-b]pyrrole
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

10 in 1 ml of acetonitrile and heated at 60 °C under Nz 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

15  dichloromethane) to provide the title compound. 'H NMR (300 MHz, CDCl,) §
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,4H)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)"=390.

20

Example 50
{3aR.6aR}-5-methyl-1-{4-[4-(1.3-thiazol-2-yl)piperazin-1-
flohenyl}octahydropyrrolo[3.4-blpyrrole
The product of Example 49B (50 mg, 0.175 mmole), 2-bromothiazole (35
25 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 mi 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
30 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-



1 H, hvdrochlo
143, 4- H),
2.19 (it, 1

di ne
ahydr opyrr ol

yl } phenyl]Joct 3.56 (rn, 4 H, 3 36 - 345 (in,
3.11- 322 (m 4 H, 3.01 -3.10(m 1 ride
2.56 -2.77 (n, 4 H, 2.39 (s, 311), b] pyrrole 2.12 -
H, 1.86 - 2.00 (n, 1

MHz, CDCI3) § ppm 7.22 (d, J=3.73 Hz, 1 H) 6.88 - 6.96 (m, 2 H) 6.59 (d, J=3.73
Hz, 1 H)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, 3H)2.10 - 2.22 (m, 1 H) 1.93-1.97 (m, 1 H); MS (M+H)*= 370.
5 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- | 'H NMR (300 MHz, CDCl3) 8 ppm
Example 48B methyl-1-{4- | 817.825 (m, 1 H), 7.44 - 7.54 (m, 1
2C and (4-pyridin-2- | 11, 6.87 - 7.01 (m, 2 H), 6.60 - 6.73
12- ylpiperazin- | (m, 2 H), 6.49 - 6.60 (m, 2 H), 3.98 -
pyridinyl) 1- 4.10 (m, 1 H), 3.64 - 376 (m, 4 H),
piperazine ylphenylloct | 344 -3 .56 (m, 1 H),3.18-325 (m, 1
ahydropyrrol | H), 3 10-3.19 (m, 4 H), 297 - 3.04
o[3,4- (m, 1 H), 2.50 - 2.70 (m, 4 H), 2.32 (s,
blpyrrole | 3H),209-220(m, 1H)184-196
(m, 1 H); MS (M+H)"= 364.
Example 52 | Productof | Example | (3aR,6aR)-5- | 'H NMR (300 MHz, CDCl3) 6 ppm
Example 488 methyl-1-{4- | 8.15(d, J=049 Hz, 2 H), 7.19- 7.24
1Cand [4-(4- (m, 2 H), 6.88 (d, ]=9 49 Hz, 2 H),
pits nitrophenyl) | 6.56 (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 -
Dpiperaz yllphenyl}oc | 3,54 (m, 1 H), 3.24 - 3 38 (m, 1 H),
ine tahydropyrro | 3 14-3.22 (m, 4 H), 296 - 3.09 (m, 1
lo[3,4- H), 2 58 - 2.80 (m, 4 H), 2.49 (s, 3 H),
blpyrrole | 2.11-2.22 (m, 1 H), 1.93 - 2.06 (m, 1
H); MS (M+H)"= 407.
Example 53 | Productof | Example 2-(4-{4- 'H NMR (300 MHz, CDCl3) 6 ppm
Example 488 {(3aR,6aR)- | 746-7.61(m, 1 H),7.16 - 7.25 (m, 2
7C and 5- H), 6.99 - 7.08 (m, 1 H), 6.91 - 6.97
102- methylhexah | (m, 1 H), 6.69 (t, }=7.29 Hz, 1 H), 6.58
gvanophe ydropyrrolof | (d, J=7.46 Hz, 2 H), 4.08 - 4.14 (m, |
nyllpipera 3.4-blpyrrol- | H), 347 - 3.54 (m, 1 H), 3.34 - 3.42
zine 1(2H)- (m, 4 H), 3.22-3.28 (m, 4 H), 3.13 -
yllphenyl}pi | 321 (m, 1 H), 2.87 - 296 (m, 1 H),
perazin-l- 1264 -273 (m, 1 H), 247- 261 (m, 3
yh)benzonitri | 1), 2.29 - 2.33 (m, 3 H), 2.09 - 2.21
le (m, 1 H), 1.86 - 1.98 (m, 1 H); MS
(M+H)"= 388.
Example 54 | Product of Example (3aR,6aR)-5- | '"H NMR (300 MHz, CDCl;) § ppm
Example 49C methyl-1-[4- | 8 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),
& Ylpiperazin- | .57 (d, }=8 82 Hz, 2 H), 4 03 - 4.19
chloropyri I- (m, 1 H), 3.60 - 3.69 (im, 1 H), 3.47 -
dine yhphenylloct | 3,56 (m, 4 H), 3 36 - 345 (m, 1 H),
hydrochlo ahydropyrrol | 311321 (m, 4 H), 301 -3.10 (m,
ride o3,4- H), 2.56-277 (m, 4 H), 2.39 (s, 3 H),
blpyirole | 2.12-2.19 (m, 1 H), 1.86 - 2.00 (m,

a7-




H; M5 (MtH)t= 364. Exanple 55 Product of Exanple (3aR 6aR)-5- 'H NWVR (300
MHz, CDC13) 8 ppm Exanple 49C, methyl-1-14- 7.10 (d, 3=9.16 Hz, 1 H),
6.94 (d, 498 and [4-(6- 3=8 82 Hz, 211), 690 (d, 1=949 Hz, 1
3-chloro- nmellWPYrirla H, 6.57 (d, )=9.16 Hz, 2 H, 3.99 - 6- 6- 6-
6- H), MS (M+H) = 364,
Example 55 | Productof | Example [ (3aR,6aR)-5- | 'H NMR (300 MHz, CDCl3) § ppm
Example 49C methyl-1-{4- [ 710 (d, J=9.16 Hz, 1 H), 6.94 (d,
49B and [4-(6- J=8 82 Hz, 2 H), 6 90 (d, 1=9 49 Hz, 1
3-chloro- methylpyrida | 1), 6.57 (d, J=9.16 Hz, 2 H), 3.99 -
6- zin-3- 4.10(m, 1H),3.72-380(m, 4 H),
methylpyr ylpiperazin- | 3.44.356 (m, 1 H),3.11-3.22(m, 4
idazine - H), 3.01 - 3.09 (m, 1 H), 2.85-297
yilphenyl}oc | (m, 1 H), 2.65 - 2.74 (m, 1 H), 2.56 (s,
tahydropyrro | 3 H), 251 -2.62 (m, 3 H), 2.33 (s, 3
lo[3,4- H), 2.07-222(m, 1 H), 182-2.00
blpymrole | (m, 1 H); MS (M+H)"= 379,
Example 56 | Productof | Example | (3aR,62R)-5- | 'H NMR (300 MHz, CDCls) & ppm
Example 49C methyl-1-{4- | 8 19 (d, I=1.36 Hz, 1 H), 8.08 (dd,
49B and (4-pyrazin-2- | J=271,1 70 Hz, 1 H), 7.87 (d, J=2.71
o ylpiperazin- | [z, 1 H), 6.95 (d, J=8.81 Hz, 2 H),
iodppyrazi - 6.55(d, =8 81 Hz, 2 H), 4.13-4.29
ne yl)phenylJoct | (m, 1 H), 3.70 - 3 81 (m, 4 H), 3.52-
ahydropyrrol | 358 (m, 1 H), 3.21 -3 30 (m, 1 H),
o[3,4- 3.11-320(m,4 H),300-311 (m, !
blpyrrole | H), 2.58 - 2.83 (m, 4 H), 2.54 (s, 3 H),
212-222(m, 1 H), 192204 (m, 1
H); MS (M+H)"= 365.
Example 57 | Productof | Example (3aR,6aR)-5- | '"H NMR (300 MHz, CDClI;) 8 ppm
Example 49C methyl-1-{4- | 833 (d, 1=4.75 Hz, 2 H), 6.91 - 6 96
49B and - (m, 2 H), 6.53 - 6.58 (m, 2 H), 6.50 (t,
- pyrimidin-2- | J=4 75 Hz, 1 H), 4 06 - 4.16 (m, 1 H),
chioropyri ylpiperazin- | 3.93 .4 .00 (m, 4 H), 347-357 (m, 1
midine 1- H),3.14-3.27(m, 1 H), 3.06- 312
yhphenylJoct | (m, 4 H), 2.95 - 3.05 (m, 1 H), 2.56 -
ahydropyrrol | 278 (m, 4 H), 240 (s, 3 H), 2.08 - 2 23
o[3,4- (m, 1 H), 1.88 - 2 00 (m, 1 H); MS
blpyrrole | (M+H)"= 365.
Example 58 | Productof {| Example 4-(4-{4- 'H NMR (300 MHz, CDCl3) & ppm
Example 49C [(3aR,6aR)- | 7.52(d, J=8.82 Hz, 2 H), 6.94 (d,
498 and 5- J=6.44 Hz, 2 H), 6 91 (d, J=6 44 Hz, 2
4 methylhexah | H), 6.56 (d, J=8.82 Hz, 1 H),4.11 -
bromoben ydropyrrolo[ | 425 (m, 1 H), 3.52 - 3.62 (m, 1 H),
Zonitrile 3,4-b]pymrol- | 3.43-351 (m, 4 H), 3.21-330(m, |
1(2H)- H), 3.13 - 321 {m, 4 H), 3.00-3 05 (m,
yllphenyl}pi | 1 H), 2.56-2 77 (m, 4 H), 243 - 2.49
perazin-1- | (5, 3H),21)-222(m, 1 H), 191 -
yl)bex;zonitn' 203 (m, 1 H); MS (M+H)"= 388.
e
Example 39 | Productof | Example 50 { (3aR,6aR)-1- | 'H NMR (300 MHz, CDCl3) & ppm
Example {4-[4-(5- | 8.20(s, 2 H), 691 - 6.97 (m, 2 H), 6.53
49B and ethylpyrimid | . 6.59 (m, 2 H), 402 -4.17 (m, 1 H),
2-chloro- in-2- | 389-398(m,4H),350-3.55(m, |
= yhpiperazin- | H),315-3 24 (m, 1 H), 3.06-3.13
ethylpyri - (m, 4 H),2.89-303(m, 1 H),255-
midine yilphenyl}- | 2.74 (m, 4 H), 248 (q, J=7.57 Hz, 2
3- H),2.34-2.40(s, 3H),2.11- 2.21 (m,
methyloctah | § H), 1.86-1.99 (m, 1 H), 1.20 (t,
ydropyrrolof | =7 63 Hz, 3 H); MS (M+H)"= 393.
3,4-b]pyrrole
Example 60 | Productof | Example 50 | (3aR,62aR)-5- | 'H NMR (300 MHz, CDCl3) 6 ppm
Example methyl-1-[4- [ .72 (s, 1 H), 8.42 (s, 2 H), 6.85 - 7.00
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zin-3- 4.10 (m 1 H), 3.72 - 380 (n, 411), nmethslpyr yflpiperazin- 3.44 -
3.56 (m 1 H, 3.11 -322 (n, 4 idazine 1- H, 3.01 -3.09 (n, 1 H, 2.85
- 2.97 YUPhenylloc (m 1 H, 2.65 - 2.74 (m 1 H, 2.56 (s,
t ahydropyrro 3 H), 2.51 -2.62 (in, 3 H, 2.33 (s, 3 lo[3,4- H, 2.07 - 2
1 A LN 1 (eXo] 2. .00 hl avesal-ae—L . LL}
érzogljzi Sf 1 |}E;(;ror@B an 1 A"A% TPyl t‘t'b m, I ), 650- 6 n'l, )’2 rJ. EX8.ITp| e 56
€. pyrimidin-5- | 4.12(m, 1 H), 347 - 358 (m, 1 H),
bromopyri ylpiperazin- | 337-345(m, 4H),315-326(m, 4
midine - H), 3.05-3.12(m, 1 H),290-3.02
yhphenyloct | (m, 1 H), 2 65 (m, 4 H), 2.36 (s, 3 H),
ahydropyrrol | 2.11-2.21(m, 1 H), 1.85-2.00(m, !
of3,4- H); MS (M+H)"= 365.
blpyrrole
Example 61 | Productof | Example 50 | (3aR.6aR)- | 'H NMR (300 MHz, CDCl3) 5 ppm
Example 2-{4-{4-(5- | 8.36(dd,)=4.75,2.03 Hz, 1 H), 7 78
498 and Methyl- | (dd, J=7 80, 2.03 Hz, 1 H), 6.90 - 6.96
2- hexahydro- | (m, 2 H), 6.76 (dd, =7 46, 4.75 Hz, |
chioronico pyrrolo[3.4- | H), 6.53 - 6.59 (m, 2 H), 4.09 - 4.20
tinonitrile blpyrrol-E- | (m, 1 H), 3.85 - 3.92 (m, 4 H), 3.49-
yD-phenyll: | 3.53 (m, 1 H), 3.21 - 3.25 (m, 1 H),
piperazin-l- | 3,15. 3.23 (m, 4 H), 2 99-3.05 (m, 1
oY= | H),255-2.80(m,4H),240-245(s,
nicotinonitril | 3 H), 2.09 - 2.23 (m, 1 H), 1.88 - 2.01
[ (m, 1 H); MS (M+H)"= 389.
Example 62 | Productof | Example 7C | (3aR,6aR)-1- | *H NMR (300 MHz, CDCls) § ppm
Example (4- 7.22-730(m,3H),7.12-720(m, 2
IB and 4- benzylphenyl | H), 7.05 (d, 1=8.48 Hz, 2 H), 6 43 -
bromodip )-5- 656 (m, 2H),4.17-4.25 (m, 1 H),
henylmeth methyloctah | 389 (s, 2H), 346-3.57 (m, 1 H), 3.22
ane ydropyrrolo[ | - 334 (m, 1 H), 3.01 - 3.15 (m, 2 H),
3,4-bpyrrole | 2.89 -3.00 (m, 1 H), 273 (m, 2 H),
2.50 (s, 3H), 208 - 2.24 (m, 1 H), 1.89
- 1,99 (m, 1 H); MS (M+H)'= 293,
Example 63 | Productof | Example 7C | (3aR,6aR)-5- | 'H NMR (300 MHz, CDCls3) & ppm
Example methyl-1-(4- | 725-731 (m, 2H), 6.87-7.05(m, 5
1B and4- phenoxyphen | H), 6.51-6.61 (m, 2 H),403-4.14
bromobip yhoctahydro | (m, 1 H), 3.45-3.56 (m, t H), 3.15 -
henylether pyrrolo[3,4- | 3 26 (m, 1 H), 2.90 - 300 (m, 1 H),
b)pyrrole | 2 69 - 276 (m, 1 H), 2.50 - 2.63 (m, 3
H), 2.34 (s, 3 H), 2.13 - 2.22 (m, 1 H),
1.85 - 2.00 (m, 1 H); MS (M+H)'=
295.
Example 64 | Product of | Example 7C 1-{4- 'HNMR (CDCl3) 6 ppm 7.93 (d,
Example [(3aR,6aR)- | )=8.82 Hz, 2 H), 7.20 - 7.34 (m, S H),
1B and 5- 6.50 (d, 1=9.16 Hz, 2 H), 431 - 4.47
benzyl-4- methylhexah | (m, 1 H), 4.19 (s, 2 H), 3.55 - 3.67 (m,
bromophe ydropyrrolo[ | 1 H), 3.39-352(m, 1 H), 3.09-328
nylketone 34-blpymrol- | (m, 1 H), 244 - 2.89 (m, 4 H), 2.15 -
1(2H)- 227(m, 1 H), 2.09 (s, 3 H), 1.94 - 2.06
yl]phzenyl}- (m, 1 H); MS (M+H)"= 321.
phenylethano
ne
Example 65 | Productof | Example (3aR,6aR)-1- | 'H NMR (300 MHz, CDCls) 5 ppm
Example 49C [4-(4- 7.32-7.39 (m, 2 H), 6.89 - 6.98 (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), 3.48 -
bromophe - 3.61 (m, 1 H), 3.24-3 30(m, 1 H), 299
nylether methyloctah | _3 14 (m, 1 H), 2.62 - 2.86 (m, 4 H),
ydropyrrolo[ | 2.45 (s, 3H),2.13-2.23 (m, 1 H), 1.91
3,4-bJpyrrole | - 2.02 (m, 1 H); MS (M+H)"= 373/375.
Example 66 | Product of | Example 7D 4'-|4- 'H NMR (300 MHz, CDCl3) § ppm
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Hz
Hz

aR 6aR)-5- "H NWMR (300 MHz, CDC13) 8 ppm Exanple 49C met hyl - 144- 8
(d,1=1.36 Hz, 1 H), 8.08 (dd, 4913 and (4-pyrazin-2- 1=2.71, 170
, 1 H, 7.87 (d, 3=2.71 2- yl pi perazin- Hz, 1 H), 6.95 (d, 3=8.81
, 2 11), I odnpyr azi 1- 6.55 (d, 3=8.81 Hz, 2 H), 4.13 - 4.29 M
Example [(3aR,6aR)- | 761-770(m,2H), 747-7.53(m, 2
65 and 4- 5- H),7.33-7.38(m, 2 H), 689-6.94
cyanophe methylhexah | (m, 2 H), 6.77 - 6.82 (m, 2 H), 6.52 -
nylboroni ydropyrrolo[ | 6.57 (m, 2 H), 4.03 -4.12 (m, 1 H),
¢ acid 3,4-blpyrrol- | 347-355(m, 1 H), 3.15-3.26 (m,

10

i5

20

25

12H)- | H),2.90-3.01 (m, 1 H), 2.69-2.76
yllphenoxy)- | (m, 1 H), 2.50 - 2.64 (m, 3 H), 232 -
1,1- 236(m,3H),2.12-224 (m, 1 H),
biphenyl-4- | 1.86-2.00 (m, 1 H)); MS (M+H)"=
carbonitrile | 396.

Example 67
{4-1(3aR,6aR)-5-methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-

vllphenyl}{phenyl)methanone
The product of Example 7B (35 mg, 0.28 mmole), 4-fluorobenzophenone

(110 mg, 0.55 mmole) and triethylamine (200 ul, 1.43 mmole) were dissolved in 1
ml of acetonitrile and heated at 80 °C under N, for 3 days. 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 purified by chromatography
(eluting with a mixture of 5% methanol and 0.5% ammonium hydroxide in
dichloromethane) to provide the title compound. 1H NMR (CDClI3) & 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, 1 H)3.39-3.52 (m, 1 H)3.09-3.28 (m, 1 H) 2.44 -
2.89 (m, 4 H)2.15-2.27 (m, 1 H) 2.09 (s, 3 H) 1.94 - 2.06 (m, 1 H)}; MS (M+H)'=
307.

Example 68
4-[(3aR,6aR)-5-methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-yl]benzonitrile

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
H)347-3.62(m,1H)3.31-344 (m, 1H)2.95-3.13(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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Yl') PhonYl l cer (n, 1 H), 3.70 - 3.81 (in, 4 H, 3.52- ahydropyrrol 3.58

(n, 1 H, 3.21 -330 (rn, 1 H), o[3,4- 3.11 - 320 (m 4 H), 3.00 - 3 11
(m 1 bi pyrrole H, 2.58 - 2.83 (m 4 H), 2.54 (s, 3 H), 2.12- 2.22
(n, 1 H, 192- 2.04 (n, 1 H; M5 (MtHr= 365. Exanple 57 Product of

Exanpl e (3aR 6aR)-5- 11-1NWMR (30% %!le%BCIS) 6 ppm Exanple 49C

1-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-
vllphenvylimethanamine

The product of Example 68 (676 mg, 3.0 mmole) in 50 mL of 20% ammonia
5 in methanol was stirred in the presence of 6.8 g Raney-Nickel under an

atmosphere of hydrogen at 60 psi at room temperature for 4 hours. Catalyst was
removed by filtration through CELITE® and the filtrate concentrated under
reduced pressure. The resulting oil was purified by flash chromatography (eluting
with a mixture of 5% basic methanol in dichloromethane) to provide the titled

10 compound. 'H NMR (CDCl3) 5 ppm 7.17 (d, J=8.82 Hz, 2 H) 6.55 (d, J=8.48 Hz, 2
H)4.07-4.16 (m, 1 H) 3.77 (s, 2 H) 3.45-3.59 (m, 1 H) 3.16 - 3.28 (m, 1 H) 2.88
-3.04(m, 1H)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,

15
Example 70
3-({4-1(3aR,62aR}-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-
yllbenzyllamino)benzonitrile
The product of Example 69 (40 mg, 0.173 mmole), 3-bromobenzonitrile (47

20 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 N, for 48 hours. The mixture was cooled to room
temperature, diluted with water and extracted with dichloromethane (3x). The

25 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)

30 4.19(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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met hyl - 144- 8.33 (d,
H, 6.53 -

6.58 (m 2 H),

4.06 - 4.16 (m 1 H),

3.57 (in,

10

15

20

25

1 mdine

1=4.75 Hz, 211),
6.50 (t, 2-
ehl or oDwi
i- H, 3.14 - 3.

6.91 -6.96 498 and
PYrimdin-2- 3=4.75 Hz,
yl pi perazin- 3.93 -4.00 (m 4 H),

27 (nn, 1 11), 3.06 -

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 5: Example 71.

Example Starting Reaction
Material procedure
Example 71 | Product of Example
Example 68C
68B and 2-
chloro-5-
gthylpyrimid

me

Resulting
compound

NMR and MS

S-ethyl-N-{4-
[(3aR,6aR)-5-
methylhexahydro
pyrrolo[3,4-
blpyrrol-1(2H)-
ylJbenzyl}pyrimi
din-2-amine

'HNMR (CDCl3) 8 ppm 8 15 (s, 2
H), 7.21 (d, J=8.48 Hz, 2 H), 6 .54 {d,
J=8 82 Hz, 2 H), 449 (d, J=5.76 Hz,
2H),405-4.15(m, 1 H), 3.67 -
385(m, 1 H), 3.41-3.65(m, 2 H),
3.13-3.29(m, 1 H), 2.87-3.02 (m,
1H),261-273(m, 1 H),238-
2.59(m,3H),2.32(s,3H),2.09-
2.25(m, 1 H),1.86-2.03 (m, I H),
1.19 (t, 1=7.46 Hz, 3 H),; MS
(M+H),*= 338.

Example 72
2-(5-{4-[(3aR.6aR)-5-Methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yliphenylipyridin-

2-yl)pyridazin-3(2H)-one

Example 72A
tert-Butyl (3aR,6aR)-1-(4-bromophenyl}hexahydropyrrolo[3.4-blpyrrole-5(1H)-

carboxylate
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), Pdz(dba); (275 mg, 0.3
mmol), BINAP (375 mg, 0.6 mmol) and sodium tert-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 (46 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
(SiO5, 0-25% ethyl acetate : hexanes) to provide the title compound. 'H NMR
(300 MHz, CDCla): 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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yOphenylloct (m 4 H, 2.95 - 3.05 (m 111), 2.56 - ahydropyznal 2.78
(m Hy, 2.40 (s, 3 H, 2.08 - 2 23 o[3,4- (n, 1 11), 1.88 - 2 00 (m
H; M bl pyrrol e (m+H) += 365. Exanpl e 58 product of Dxonple 4-(4-(4-
11. INWR (300 MHz, CDC13) 8 ppm Exanple 49C [ (3al2,6aR)- 7.52 (d,
1=8.82 Hz, 2 H), 6.94 (d, 499 and

Example 72B
(3aR,6aR)-1-(4-Bromophenyl}-5-methyloctahydropyrrolo[3.4-blpyrrole
To a solution of (3aR,6aR)-tert-butyl 1-(4-

5 bromophenyl)hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate (1.86 g, 5.1 mmol)
in CH,Cl> (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

10 for 10 hours, concentrated under reduced pressure and the residue was dissolved
in CH2Clz (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 (SiOz, 0-10% MeOH
in CH.Cly) to provide the title compound. 'H NMR (300 MHz, CDCl3): 6 = 7.28

15 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
20 (3aR,6aR)-5-Methyl-1-(4-(4,4,5,5-tetramethyl-1,3-dioxaborolan-2-yl)phenyl)octa-
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
25 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 (SiO2, 10-60% ethy! acetate in hexanes) to

30 provide the title 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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5- J=6.44 Hz, 2 H), 691 (d, 3=6 44 Hz, 2 4- 4- 4- 4- met hyl hexah
H, 6.56 (d, 3=8.82 Hz, 1 H), 4.11 - Dbronoben vydropyrrolof 4.25 (m 1 H),

3.52 -3.62 (m 1 H), zonitrile 3,4-13] pyrrol- 3.43 - 3.51 (n, 4 H),
3.21.. 330 (n, 1
+1): 320.1.
Example 72D
2-(5-Bromopyridin-2-yl)pyridazin-3(2H)-one and 2-(6-bromopyridin-3-yl)pyridazin-
5 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

10  reactor for 40 minutes. The mixture was concentrated under reduced pressure
afterwhich the residue was taken up in CH2Clo/MeQH, filtered and concentrated
under reduced pressure. The crude mixture was purified via chromatography
(Si02, 10-80% ethyl acetate in hexanes) to provide the title compounds.
2-(5-Bromopyridin-2-yl)pyridazin-3(2H)-one. 'H NMR (300 Mhz, CDCls): = 8.72

15 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): 253.8.
2-(6-Bromopyridin-3-yl)pyridazin-3(2H)-one. 'H NMR (300 MHz, CDCl3): 6 = 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, /= 8.4, 3.4 Hz, 1H), 7.06 (dd, /= 8.5, 1.7

20 Hz, 1H). MS (ESI, M +1): 253.8.

Example 72E
2-{5-(4-((3aR,6aS)-5-Methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-v)\phenvl)pyri-

din-2-yl)pyridazin-3(2H)-one

25 (3aR,6aR)-5-Methyl-1-(4-(4,4,5,5-tetramethyl-1,3-dioxaborolan-2-
yl)phenyl)octa-hydro-pyrrolo[3,4-blpyrrole (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 Na,CO; (1M, 225
ul) were placed in a microwave tube, purged with N2 and a mixture of solvents

30 (EtOH:dioxane = 1:1, 1 mL) was added. The mixture was heated to 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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1(2H)- H), 3.13 - 3.21 (m 4 H, 3.00-3.05 (m YOPIlerlYI}Pi 1 H), 2.56
- 277 (n, 4 H, 243 - 2.49 Perazin-1- (s, 3 H), 2 11 - 2.22 (m 111), 1
91 - yl)benzonitri le 2.03 (n, 1 H; M5 (MH)'= 388. Exanple 59 Product
of Exanple 50 (3aR 6aR)-1- 11.1NWVR (300 MHz, CDClB) 8 ppm Exarrple

(4-14- (c%roma?ogrépshy FSIH) 0 q%q% l\feoglzl ug @HZ&ZH)!O prov;g’e the tltf’e compound 'H
NMR (300 MHz, CDCl3); & = 8.82 ppm (d, J = 2.8 Hz, 1H), 7.98 (m, 2H), 7.73 (d, J
= 8.2 Hz, 1H), 7.52 (m, 2H), 7.28 (dd, J = 10.1, 3.7 Hz, 1H), 7.09 (dd, J=10.1, 1.7
Hz, 1H), 6.67 (m, 2H), 4.39 (m, 1H), 3.66 (m, 1H), 3.30 (m, 3H), 2.87 (m, 2H),
5 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,6aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-yllphenyl}pyridin-
10 3-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-(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

15 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.

20 Example 74
2-(5-{4-[(3aR.6aR)-5-methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-yllphenvyi}-1,3-
thiazol-2-yl)pyridazin-3{2H)-one

Example 74A
25 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, CDCla): & = 8.20 ppm (s, 1H), 7.98 (dd, J = 3.7, 1.7 Hz, 1H), 7.30 (dd, J
= 9.5, 3.7 Hz, 1H), 7.13 (dd, J = 9.5, 1.7 Hz, 1H). MS (ESI, M +1): 259.8.
30
Example 74B
2-(5-(4-((3aR.6aR)-5-Methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl)phenyl }thia-
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ethyl pyrimd -6.59 (in, 2 H, 4.02 - 417 (m 1 H), 2-chloro-

H),

(in,

10

15
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25

30

3.15 - 3 24(m 1 H
1 H, 255- nidi

3.89 - 3.98 (in, 4 H, 3.50-3.55 (in, 1 5- 5- 5- b5- yl ) pi perazi n-
n

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, CDCl,): 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-b]pyrrol-1(2H)-

[lphenvl}piperazin-1-yl)pyridine-2-carbonitrile

Example 75A
(3aR, 6aR)-5-Methyl-1-(4-piperazin-1-yl-phenyl}-octahydro-pyrrolo[3.4-blpyrrole
The product of Example 72B (200 mg, 0.71 mmole), piperazine (200 mg,

2.33 mmole), tris(dibenzylideneacetone)dipalladium (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
titte compound. 'H NMR (300 MHz, CDCl3) 6 ppm 6.84 - 6.94 (m, 2 H) 6.53 - 6.60
(m, 2H)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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5- H, 2.34 - 2.40 (s, 3 H, 2.11 -2.21 (n, met hyl octab 1 H), 1.86- 1.99
(n, 1 H, 1.20 (t, ydropyrrol o[ 1=7.63 Hz, 3 H); M5 (M+H) += 393.
3,4-61lpyrrole Exanple 60 Product of Exanple 50 (3aR 6aR)-5- 'H NVR (300
MHz, CDCl13) 8 ppm gxanole met hyl -114- 8.72 (s, 1 H), 8.42 (s, 2 H),
6.85- 7.00

Example 758
5-(4-(4-({3aR,6aR)-5-methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-

yl)pheny)piperazin-1-yl)picolinonitrile
5 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}-9,9-dimethylxanthene (19.0 mg, 0.037 mmole),

cesium carbonate (142.1 mg, 0.44 mmole) and 3 ml of tetrahydrofuran were
mixed under N in a Emrys process vial. The vial was sealed and heated in the

10 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

15  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 (t, /=8.65 Hz, 1 H) 3.44 - 3.59
(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
H)2.06 - 2.24 (m, 1 H) 1.83 - 2.01 (m, 1 H). MS: (M+H)*= 389.

20
Example 76
(3aR,6aR)-1-[4-(2-methoxypyrimidin-5-yl)-1,1'-biphenyl-4-yl]-5-
methyloctahydropyrrolo[3.4-bipyrrole
25 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, CDCl3) 8 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 -

30 4.22(m,1H)4.07 (s,3H)3.53-3.61(m, 1 H)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, 3 H) 2.33 (s, 3 H) 2.13 -2.25 (m, 1 H)
1.90 - 2.01 (m, 1 H). MS: (M+H)"= 387.
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49B and (4- pyrimdin-5- ylpiperazin- 1- (in, 211), 6.50 - 6.62 (in, 2 H,

4.03 - 4.12 (n, 1 H, 347 - 3.58 (n, 1 H, 3 37 - 3.45 (n, 4 11), 3 15 -3
26 (in, 411), 3.05 - 3.12 (in, 1 H, 2 90 - 3.02 5- bronopyri m di ne
yl)phenyl]Joct (in, I H, 265 (m 4 11), 2.36 (s, 311), ahydropyrrol 2.11

-221 (m 1 H, 1.85- 200(m 1 0(3,4- b]pyrrole H; M5 (M+l ) += 365.
Exanpl e 61 Product of Exanple 50

10

15

20

25

30

Example 77
5-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl}-1,1'-biphenyl-4-

yl}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, CDCl3) & 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=8.85Hz, 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)248-2.67 (m, 3 H)233(s,3H)2.13-226(m, 1 H) 1.91 -
2.03 (m, 1 H).

Example 78
6-methyl-2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3 .4-blpyrrol-1(2H)-yi]-1,1"-

biphenyl-4-vl}pyridazin-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, CDCla) & 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, 1 H)2.89 - 3.01 (m, 1 H) 2.69 -
277 (m,1H)250-2.68(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-vl)-1,1'-biphenyl-4-

ylloctahydropyrrolo[3,4-blpvrrole

The title compound was prepared according to the procedure described in
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(3aft, 6al0- 'F1 NWVR (300 MHz, CDCh) 8 ppm Exanple 2-144445- 836
(dd, 3=4.75, 2.03 Hz, 1 H, 778 4913 and Methyl- (dd, 3=7 80, 2.03 Hz,
H, 6.90- 6.96 2- hexalS- (in, 2 H), 676(dd 1746 4.75 Hz, 1
chloronico pYrrolol3.4- 1-1), 6.53 - 6.59 (m 2 , 4.09 - 4.20

tvl P?Bhﬁe{?ﬁp*e?ds%!?%ﬁwﬂwéﬁé‘a@ﬁ gf Bebiple fﬁif#tﬂe Pladisio Bt
7C and substituting 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazole for 4-cyanophenyliboronic acid. 'H NMR (300 MHz, CDCl3) § ppm 7.78
(s, 1H)7.62 (s, 1H) 7.45-7.60 (m, 6 H) 6.65 (d, J=8.82 Hz, 2 H) 4.11 - 4.21 (m,
5 1H)3.95(s,3H)3.50-3.61(m, 1H)3.23-3.35(m, 1H)2.90-3.05(m, 1H)
2.69-2.77 (m, 1 H)2.560-2.69 (m, 3H)2.33 (s,3H)2.11-2.26 (m, 1 H) 1.88 -
2.02 (m, 1 H). MS: (M+H)"= 359.

10 Example 80
(3aR,62aR)-1-[4'-(3,5-dimethyl-1H-pyrazol-4-vl)-1,1'-biphenyl-4-yi]-5-
methyloctahydropyrrolo[3,4-blpyrrole

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
15  7C and substituting 3,5-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

1H-pyrazole for 4-cyanophenylboronic acid. *H NMR (300 MHz, CDCls) § 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, 2 H)4.11-4.23 (m, 1 H) 3.561 -3.62 (m, 1 H) 3.24 - 3.36 (m, 1 H) 2.88

-3.04 (m, 1 H)2.70-2.79 (m, 1 H) 2.49 - 2.66 (m, 3 H) 2.33 (s, 9 H) 2.10 - 2.25
20 (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-yl}-5-methyloctahydropyrrolo[3.4-

25 b]pyrrole

Exampie 81A
(3aR,6aR)-5-methyl-1-(4'-(1-trityl-1H-pyrazol-4-yhbiphenyl-4-
30 yhoctahydropyrrolo]3.4-blpyrrole

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
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3.15 - 323 (m 4 H), 299-3.05 (n, 1 111-: 11), 2.55 - 2.80 (m 411),

40 - 2.45 (s, nicotinonitril 3 H, 2,09 - 2.23 (n, 1 H, 1.88- 2.01
(m 1 H; M (MH)= 389. Exanple 62 Product of Exanple 7C (3aR, 6aR)-1-
NVR (300 WMHz, CDCI3) 8 ppm Exanple le

2 = 720 LRy stibstitDtif) 9-(F4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1-trityl-1H-

10

156

20

25

30

pyrazole for 4-cyanophenylboronic acid. 'H NMR (300 MHz, CDCl3) 5 ppm 7.96
(s, TH)763(s,1H)7.42-7.54 (m, 6 H)7.29-7.37 (m, 9 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, 3 H) 2.33 (s, 3 H) 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-yi\biphenyl-4-y|)-5-methyloctahydropyrrolo[3.4-
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 sodium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography to provide the title compound. 'H
NMR (300 MHz, CDClI3) & ppm 7.88 (s, 2 H) 7.47 - 7.64 (m, 6 H) 6.65 (d, J=8.81
Hz,2H)4.11-425(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, 3 H)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)-yil-1,1'-
biphenyl-4-yl}pyridin-2(1H)-one

The title compound was prepared according o 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, /=8.85 Hz, 2 H) 6.14 - 6.20
(m, 1H)4.13-4.20 (m, 1 H) 3.53 - 3.60 (m, 1 H) 3.26 - 3.34 (m, 1 H) 2.90 - 3.03
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benzyl phenyl H), 7.05 (d, 1=8.48 Hz, 2 11), 6.43 - bronodip )-5- 6.56 (m

2 H, 4.17 - 415 (m 1 H), hertylneth nmet hyl octah 3.89 (s, 2 H, 3
46 - 3.57 (in, 1 H), 3.22 ane ydropyrrolo[ - 334 (n, 1 H), 101 -3.15
(n, 211), 3,4-b]lpyrrole 2.89 - 3.00 (m 1 H), .2.73 (in, 2 H, 2.50

(s, 3 W 134870 -2.76 (W11 H) 250 -2.88 (m, 3 H) 2.33 (s, 3 H) 2.20 (s, 3 H) 2.14 -
2.20 (m, 1 H) 1.91 -2.01 (m, 1 H). MS: (M+H)*= 386.

5 Example 83
5-methyl-1-{4-](3aR.6aR)-5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl]-1,1'-
biphenyl-4-yl}pyridin-2(1H)-one
The title compound was prepared according to the procedure described in
Example 41B, substituting 5-methylpyridin-2(1H)-one for 3(2H)-pyridazinone. 'H
10 NMR (500 MHz, CDCl3) 8 ppm 7.62 (d, J=8.59 Hz, 2 H) 7.48 (d, J=8.59 Hz, 2 H)
7.38 (d, J=8.29 Hz, 2 H) 7.31 (dd, J=9.21, 2.45 Hz, 2 H) 7.156 (s, 1 H) 6.65 (d,
J=8.90 Hz, 2 H}4.14-4.21 (m, 1 H) 3.51 - 3.60 (m, 1 H) 3.26 - 3.36 (m, 1 H) 2.92
-3.03(m, 1H)2.70-2.77 (m, 1 H) 2.51 - 2.69 (m, 3 H) 2.33 (s, 3 H) 2.15 - 2.26
(m, 1 H)2.11 (s, 3H) 1.90 - 2.01 (m, 1 H), MS: (M+H)*= 386.

16

Example 84
6-methyl-1-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3.4-bipyrrol-1(2H)-yl}-1,1"-
biphenyl-4-yi}pyridin-2(1H)-one
20 The title compound was prepared according to the procedure described in
Example 41B, substituting 6-methylpyridin-2(1H)-one for 3(2H)-pyridazinone. 'H
NMR (400 MHz, CDCI3) 8 ppm 7.67 (d, J=2.76 Hz, 2 H) 7.45 - 7.57 (m, 4 H) 7.25
7.34 (m,2H)7.20 (d, J/=8.29 Hz, 1 H) 6.63 - 6.69 (m, 2 H)4.13 -4.22 (m, 1 H)
3.50-3.62(m, 1 H}3.26-3.36(m, 1H)2.90-3.03(m, 1 H)2.70-2.78 (m, 1 H)
25 248-266(m,3H)232(s,3H)2.12-2.25(m, 1 H)2.04 (s, 3 H) 1.89 -2.00 (m,
1 H), MS: (M+H)"= 386.

Example 85
2-{4'-[(3aR,6aR)-5-ethylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yl]-1, 1-biphenyl-4-
30 ylipyridazin-3(2H)-one

Example 85A

-111-



- 1.99 (in, 1 H; M (MH += 293. Exanple 63 Product of Exanple 7C
"'H

(3aR, 6aR) - 5- NVR (300 WHz, CDC13) 8 ppm Exanple nmet hyl - 144- 725 -
731 (in, 2 H, 6.87 -705 (rn, 5 713 and 4- phenoxyphen H), 6.51. 6.61
(m 2 H, 403 - 4.14 bronobt yl)octahydro (in, 1 H), 3.45 - 3.56
(n, 1 H, 3.15 _@aafégﬁl?ettnsﬁ-(4'-(@-oxopvridazin-1(GH)-VI)QiJmemAA-

yl)hexahvydropyrrolo[3,4-blpyrrole-5(1H)-carboxylate
2-(4'-Bromobiphenyl-4-yl)pyridazin-3(2H)-one (1.92 g, 5.86 mmol),
palladium(ll) acetate (0.158 g, 0.234 mmo!), 9,9-dimethyl-4,5-
5  bis(diphenylphosphino)xanthene (0.407 g, 0.703 mmol) and cesium carbonate
(3.06 g, 9.38 mmol) were suspended in 25 mL of THF. A solution of (3aR,6aR)-
ethyl hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate in 10 mL of THF was

added and the mixture was heated at 70 °C under N3 for 20 hours. The mixture
was allowed to cool to ambient temperature, diluted with 70 mL of EtOAc, and

10 filtered through a V4" pad of Celite®. The Celite® pad was washed with an
additional 70 mL of EtOAc and the filirate was absorbed on silica gel and
chromatographed (eluting with 0-40% EtOAc in DCM) to provide the title
compound. 'H NMR (300 MHz, CDCls) § ppm 7.91 (dd, J=3.7, 1.7 Hz, 1 H), 7.64
(s,4 H), 7.53 (d, J=8.8 Hz, 2 H), 7.25 (dd, J=9.8, 3.4 Hz, 1 H), 7.07 (dd, J=9.5,1.7

15 Hz, 1 H), 6.64 (d, J=8.5 Hz, 2 H), 4.20 - 4.32 (m, 1 H), 4.12 (q, J=7.5 Hz, 2 H}),
3.70 - 3.81 (m, 1 H), 3.59 - 3.69 (m, 2 H), 3.48 - 3.58 (m, 1 H), 3.36 - 3.48 (m, 2
H), 2.99 - 3.10 (m, 1 H), 2.20 (ddd, J=13.0, 7.3 Hz, 1 H), 1.95 (ddd, J=12.9, 6.4
Hz, 1 H), 1.24 (t, J=7.1 Hz, 3 H). MS (ESI+) m/z 431 (M+H)".

20 Example 85B
2-(4'-((3aR,6aR)-hexahydropyrrolo[3.4-b]pyrrol-1(2H)-yl)biphenyl-4-yl)pyridazin-

3(2H)-one
The product from Example 85A (0.110 g, 0.256 mmol) was dissolved in 3

mL of a 1:1 mixture of HOA¢ and 12 M aqueous HCI, and heated at 100 °C for 16
25 hours in a sealed vessel. The mixture was cooled to 0 °C, diluted with 15 mL of

water, and the pH was adjusted to ~10 by the dropwise addition of 20% (w/v)
aqueous KOH. The mixture was extracted three times with 25 mL of 5% n-
propanol in CHCI; and the combined extracts were dried over Na;SQq, filtered,
and absorbed on silica gel. The crude material was chromatographed, eluting

30  with 0-5% aqueous NH4;OH in MeCN/MeQH (9:1), to provide the title compound.
'H NMR (300 MHz, CDCl3) § ppm 7.91 (dd, J=3.7, 1.7 Hz, 1 H), 7.64 (s, 4 H), 7.52
(d, J=8.8 Hz, 2 H), 7.21 - 7.27 (m, 1 H), 7.07 (dd, J=9.5, 1.7 Hz, 1 H), 6.65 (d,
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PYrrolo[3,4- 326 (m 1 H), 2.90 - 3.00 (in, 1 H, *mol e 2.69 -
2.76 (m 11-1), 2.50 - 2.63 (n, 3 H, 2.34 (s, 3 11), 2.13 - 2.22 (n,
H) , 1.85 - 2.00 (m 1 H); M5 (M+H) += 295. Exanpl e 64 Product of
Exanple 7C 1-(4- IHNWVR (CDCI3) 8 ppm 7.93 (d, Exanple

J=8.8 Hz, 2 H), 4.10 - 4.19 (m, 1 H), 3.56 - 3.67 (m, 1 H), 3.23 - 3.35 (m, 1 H),
2.91-3.22 (m, 5 H), 2.15 - 2.32 (m, 1 H), 2.12 (br s, 1 H), 1.87 (ddd, J=12.9, 7.5
Hz, 1 H). MS (ESI+) m/z 359 (M+H)".

Example 85C
2-(4'-((3aR,6aR)-5-ethylhexahydropyrrolo[3.4-blpyrrol-1(2H)-yDbiphenyl-4-

yl)pyridazin-3(2H)-one
The product from Example 85B (0.050 g, 0.140 mmol) and acetaldehyde
10 (10.0 uL, 0.140 mmol) were combined in 5 mL of dichloroethane containing 3

drops of HOAc and stirred at ambient temperature for 10 minutes. Sodium
triacetoxyborohydride (0.039 g, 0.182 mmol) was added and the mixture was
stirred for 3 hours. The mixture was diluted with 20 mL of aqueous NaHCO3; and
extracted three times with 25 mL of 5% n-propanol in CHClI3 and the combined

15  extracts were dried over Na;SQ,, filtered, and absorbed on silica gel. The crude
material was chromatographed, eluting with 1% aqueous NH4OH in EtOAc/MeOH
(9:1), to provide the title compound. 'H NMR (300 MHz, CDCl3) § ppm 7.91 (d,
J=2.0 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=8.2 Hz, 1 H), 6.65 (d, J=8.8 Hz, 2 H), 4.11 -4.25 (m, 1 H), 3.47 - 3.60 (m, 1

20 H),3.24-3.39 (m, 1 H),2.88-3.05(m, 1 H), 2.78 (dd, J=9.5, 6.4 Hz, 1 H), 2.56 -
2.70 (m, 2 H), 2.35-2.56 (m, 3 H),2.10-2.25(m, 1 H), 1.85-2.02 (m, 1 H), 1.26
(s, 1 H), 1.09 (, J=7.1 Hz, 2 H). MS (ESI+) m/z 387 (M+H)".

Example 86
25 2-{4'-[(3aR,6aR)-5-cyclobutylhexahydropyrrolof3.4-blpyrrol-1(2H)-yl]-1,1'-biphenyl-

4-yl}pyridazin-3(2H)-one

The product from Example 85B (0.033 g, 0.092 mmol), cyclobutanone
(8.00 uL, 0.101 mmol), and sodium triacetoxyborohydride (0.025 g, 0.0.120 mmol)
were processed as described in Example 85C to provide the title compound. 'H
30 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,
2H),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
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[(3nR ,6aR)- 1=8.82 Hz, 2 H), 7.20- 7.34 (n, 5 H, 71 3Jit_ W
6.50(d, 3=9.16 Hz, 2 H) 4.31 -4.47 henzyl-4- nethylhexah (m | 11),

(s,

(in

yI ] phem)l

10

15

20

25

30

?6’3 t, 1 102U @a2Hds, 2213, 1 Py P3bJdd /4 s, &4% "1 B, %06 -
2.23 (m, 1 H), 1.82 - 2.05 (m, 4 H), 1.60 - 1.80 (m, 3 H). MS (ESI+) m/z 413
(M+H)".

Example 87
2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-yi]biphenyl-4-y[}-

4,5-dihydropyridazin-3(2H)-one

Flash chromatographic purification of a 7.38 g sample of 2-(4'-
bromobiphenyl-4-yl)pyridazin-3(2H)-one (silica gel, gradient from 1 to 3%
methanol in dichloromethane) yielded 100 mg of 2-(4'-bromobiphenyl-4-yl)-4,5-
dihydropyridazin-3(2H)-one.

A small pressure tube equipped with a magnetic stir bar was charged with
100 mg of 2-(4'-bromobiphenyl-4-yl)-4,5-dihydropyridazin-3(2H)-one, 58 mg of
(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrole dihydrochloride, 350 mg of
cesium carbonate, 15 mg of silver triflate, 4.2 mg of
tris(dibenzylideneacetone)dipaliadium, and 7.2 mg of 2-dicyclohexylphosphino-2’
(N,N-dimethylamino)biphenyl and 2 ml of toluene. After sealing and purging with
argon the tube was heated at 100 °C for 20 hours. Crude product was purified by
flash chromatography (silica gel, gradient 2 to 10% methanol in dichloromethane),
which yielded 17 mg of the title compound as a dark yellow oil. Mass
spectroscopy gave (M+H)" m/z 375.2, consistent with assigned structure.

Determination of Biological Activity

To determine the effectiveness of representative compounds of this
invention as histamine-3 receptor ligands (H; receptor ligands), the following tests
were conducted according to previously described methods (see European
Journal of Pharmacology, 188:219-227 (1990); Journal of Pharmacaology and
Experimental Therapeutics, 275:598-604 (1995); Journal of Pharmacology and
Experimental Therapeutics, 276:1009-1015 (1996); and Biochemical
Pharmacology, 22:3099-3108 (1973)).

The rat Hj receptor was cloned and expressed in cells, and competition

binding assays carried out, according to methods previously described (see
-114-
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2 H, 3.55 -3.67 (m bronoolte YdroPYriolor 1 H), 3.39 - 3.52
1H) 3.09 - 3.28 nvllcetone 3,4-blpyrrol- (n, 1 H, 2 44 - 2.89 (n,



(m 1 H; M (M11)+= 321. 2- phenyl ethano ne Exanple 65 Product of
Exanpl e (3aR 6aR)-1- 114 NMR (300 MHz, CDC13) 8 PPm Exanpl e 49C

[4-(4- 7.32 - 739(n 2 11), 6.89 - 6.98 (n, 2 49B and bronopheno H),
6.75 - 6.84 (in, 2 , 6.50- 6.58 4- xY/ phenyll- (m 2 H),

4. 14- 4%‘%‘3%5&35& et%l 4ﬁ)urnal f(ﬁ?ioa?#x%cology and Experimental Therapeutics, vol.

313:165-175, 2005; Esbenshade et al., Biochemical Pharmacology 68 (2004)
933-945; Krueger, et al. Journal of Pharmacology and Experimental
Therapeutics, vol. 314:271-281, 2005. Membranes were prepared from C6& or
5 HEK293 cells, expressing the rat histamine Hj receptor, by homogenization on ice
in TE buffer (60 mM Tris-HC! buffer, pH 7.4, containing 5§ mM EDTA), 1 mM
benzamidine, 2 pg/ml aprotinin, 1 p g/ml leupeptin, and 1 p g/ml pepstatin. The
homogenate was centrifuged at 40,0009 for 20 minutes at 4 °C. This step was
repeated, and the resulting peliet was resuspended in TE buffer. Aliquots were
10 frozen at -70°C until needed. On the day of assay, membranes were thawed and
diluted with TE buffer.
Membrane preparations were incubated with [°H]-N-a-methylhistamine
(0.56-1.0 nM) in the presence or absence of increasing concentrations of ligands
for Hz receptor competition binding. The binding incubations were conducted in a
15  final volume of 0.5 ml TE buffer at 25 °C and were terminated after 30 minutes.
Thioperamide (30 pM) was used to define non-specific binding. All binding
reactions were terminated by filtration under vacuum onto polyethylenimine (0.3%)
presoaked Unifilters (Perkin Elmer Life Sciences) or Whatman GF/B filters
followed by three brief washes with 2 ml of ice-cold TE buffer. Bound radiolabel
20 was determined by liquid scintillation counting. For all of the radioligand
competition binding assays, ICsp values and Hill slopes were determined by Hill
transformation of the data and pK; values were determined by the Cheng—Prusoff
equation.
Generally, representative compounds of the invention demonstrated
25 binding affinities in the above assay from about 0.5 nM to about 500 nM.
Preferred compounds of the invention bound to histamine-3 receptors with binding
affinities from about 0.5 nM to about 100 nM. More preferred cormpounds of the
invention bound to histamine-3 receptors with binding affinities from about 0.5 nM
to about 20 nM.
30 in addition to the utility of in vitro methods for characterizing the Hj binding
affinity of compounds, there are animal models of human disease available which
demonstrate the utility of compounds of the invention for treating human disease.
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5- 3.61 (n, 1 H, 3.24-3 30(m 1 H, 2.99 nylether met hyl oetah - 3
14 (n, 1 11), 2.62 - 2.86 (m 4 H), ydropyrrolo[ 2.45 (s, 3 Fl),
2.13 - 2.23 (n, I H, 1.91 34b]pyrro|e_202(n 1 H; M5 (MH).

373/ 375. Exanple 66 Product of Exanple 7D 4'-(4- 'H NWVR (300 MHz, CDClB) 8

el EXame) fe aimitd MGt ih 6ﬂium£h709s,éa@e ADHD (afteffion dbrig? (7" 2 65 and

hyperactivity disorder) and related human disorders of attention is an inhibitory
avoidance test in SHR rat pups (a Spontaneously Hypertensive strain of rat pups).
This model has also been alternatively termed a PAR {passive avoidance
5 response) model. The methodology and utility of this test has been described in

the literature, for example in Komater, V. A., et al. Psychopharmacology (Berlin,
Germany) (2003), 167(4), 363-372; in "Two novel and selective nonimidazole Hs
receptor antagonists A-304121 and A-317920: Il. In vivo behavioral and
neurophysiological characterization." Fox, G. B., et al. Journal of pharmacology

10 and experimental therapeutics (2003), 305(3), 897-908; in Cowart, et al. J. Med.
Chem. 2005, 48, 38-55; in 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 Hz Receptor
Antagonist", Journal of Pharmacology and Experimental Therapeutics (2005) 313,

15 176-190; in "Effects of histamine Hs receptor ligands GT-2331 and ciproxifan in a
repeated acquisition avoidance response in the spontaneously hypertensive rat
pup." Fox, G. B., et al. Behavioural Brain Research (2002), 131(1,2), 151-161.
Representative compounds are active in this model, with preferred compounds of
the invention active in the model at doses of ranging about 0.001-0.1 mg/kg of

20  body weight.

Compounds of the invention are histamine-3 receptor ligands that modulate
function of the histamine-3 receptor by altering the activity of the receptor. These
compounds may be inverse agonists that inhibit the basal activity of the receptor
or they may be antagonists that block the action of receptor-activating agonists.

25
Preparation of Salts and Polymorphs

Example A
2-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-bipyrrol-1(2H)-yil-1,1'-biphenyl-4-
30 ylipyridazin-3(2H)-one HCI salt hydrate;

2-{4'-|(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1'-

biphenyl-4-yl}pyridazin-3(2H)-one (745 mg) was suspended in dichloromethane
-116-



5- H, 7.33 - 7.38 (m 2 H), 6.89 - 6.94 evanophe netbylliexab (m 2 H),
6.77 - 6.82 (in, 2 H, 6.52 - nylbor oni vydropyrrolo[ 6.57 (in, 2 H),
4.03 - 4.12 (in, 1 H), c acid 3,4-b]lpyrrol- 347 - 3 55 (in, 1 H, 3.15-
3.26 (m 1 1(211) - , 2.90 - 3.01 (it, 1 H, 2.69 - 2.76

yll

2.

27y T bl s b 9y ptengr i 2,351 3 10
methanol/water mixture was prepared by mixing 2.2 ml of 1 M HCI (in MeOH) with
0.6 mi water. The HCI solution was added to the suspension in dichloromethane
dropwise. Throughout the process the suspension is stirred using a magnetic

5  stirrer. The solid completely dissolved when about half of the HCI solution was

added, yielded a clear solution. The solution was let cool to ambient temperatures
naturally. Crystallization was observed during the cooling process. The resuiting
suspension was agitated at ambient temperatures overnight before the crystals
were harvested.

10
Example B
2-{4'-[(3aR.6aR)-5-Methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-vll-1,1'-biphenyl-4-
yl}pyridazin-3(2H)-one HCI anhydrate
15 2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1'-

biphenyl-4-yl}pyridazin-3(2H)-one (226 mg) was suspended in methanol (4.0 mL).
A solution of 1 M HCI in methanol (0.66 mL) was added to the suspension
dropwise. Throughout the process the suspension is stirred using a magnetic
stirrer. Most of the solid dissolved leaving a light suspension. Upon sonication,

20 crystallization was observed. The resulting suspension was agitated at ambient
temperatures overnight before the crystals were harvested.

Example C
2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3.4-blpyrrol-1(2H)-yl]-1.1'-biphenyi-4-

25 ylipyridazin-3(2H)-one HCI anhydrate

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1'-
biphenyl-4-yl}pyridazin-3(2H)-one (372 mg) was suspended in dichloromethane
(1.5 mL). The suspension was heated to about 50 °C. A 1 M HCI (1.1 mL) solution
30 was added to the suspension in dichloromethane dropwise. Throughout the
process the suspension is stirred using a magnetic stirrer and temperature
maintained at about 50 °C. Most of the solid dissolved leaving a light suspension

when about one third of the HCI solution was added. Upon further addition of the
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carbonitrile 396. Exanpl e 67
(4- 1(3aR, 6aR) - 5- net hyl hexahvdr orw rol o[ 3, 4- bl pyrrol - 1( 2H1-
5vi | PhenVI | ( Phenvpnet hanone The product of Exanple 7B (35 ng, 0.28
mol e), 4-fl uor obenzophenone (110 ng, 0.55 mnole) and triethylam ne (200

under K BNy Gt MRR R Pus dhyda g ket Qe sfostPee BBRAEH M oo
wi th wat ambigrd teppepdatliess dwdrhlghﬂbéfo%lklﬁ?é @'?istdl@mmé ﬁawesfém conbi ned
organi cs were dried over sodium sulfate, | tered, concentrated under

reduced pressure and purified by chromatography (eluting with a mxture of
5% et hanol and 0. 5% anmoni um hycg)@ﬁll gpn di chl oronet hane) to provide the

title conpound. 1H NMR (CDCI3) 5 (d, J=8.82 Hz, 2 H 7.20 - 7.34
(m 55 BindglePydtdl, of@&'—l@aﬂﬁaR)-B)h(/létf&hexahvdrb Ial3 4y blpsrrél- -2 H)
3.55 - 3.6

(m 4 H Bl
307. Exanple 68
204- 1- (3aR 6aR) - 5- net hyl hexahvdr opyrrol o 3, 4-bl pyrrol - 1(2H)-vl i benzonitrile

The title c@nb|(BdRyeaR)p5-Methypterahyrirdpyrgolofs,4-bdpypraleidad)-glldeteri bed in

e Pl AT e el
( mio 1 E%Iuﬁoﬂ?mxtlﬁe Q@hfcmwés bl)e r@&bg:?n I_glﬁ‘\g(fﬁl) AL bF d%ﬂ)ﬁﬁome%a?% \6/[!9(1 ml ] H)2 68
1. 93 2 &mL(cpﬁzor%»watae(m meﬂhannliz"ﬁje sEsEensian wes vorax¢dand heated in a

6aR) - 5- pyrr 1 r e t hanam ne
The prS%%'FﬁﬂhﬁﬁgE%Itg%@ ?666%@&5{3 tﬁ%&ﬂ#?wr? '%'6 LL ug{‘).‘ﬁ?gmmm abin
et hanpeatsbtosdbout 70 0] THeesubpensionevas tHardileréi e Matdrddatingr an

at nosphere of hydrogen at 60 psi at roomtenperature for 4 hours. Catalyst

was refrined offy apd|the s p@rrmatantm@leddmnn@@n} tefrrerefiges inaturaliy intecent r at ed

under p g oil was purified by flash

chﬁlgrra&‘%gra ‘ﬂh %@%ﬁ%’&ﬁsta@ﬁ/e@% ‘%dt]re of 5% basi c net hanol in

di chl or onet hane) to provide the titled 10 conpound. 1H NVR (CDClI 3) 8 ppm

7.17 (d, J=8.82 Hz, 2 H 6.55 (d, J=8.48 Hz, 2 H 4..07 - 4.16 (m 1 H

3.77 (s, 2 H 345 - 3.59 (m 1 H)Eﬁmmféws (m 1 H)2 86 -3.04 (m 1 H)

i gg i-, ystalof .‘n-r; 8aR 500kt -_no YRR 1 H)

3-(14- 113hﬂ?~lﬂa%n\‘a-4¥eﬂ}m B@im\e thrblfaﬁe 4alb hivnohydrateé ZFprm B):

vl | benzvl | am no) benzonitrile The product of Exanple 69 (40 ng, 0.173
?e), 3- brormbenzonltrl le (47 20ngy, 0.258 mmol e),

tris(di benzygL ?gR@éF@}U&MEtH hb%&%éﬁ@olﬂ}% 4% @}VOIWE‘QH%/IH 1

racem c- 2, 2 i pherfyl phosphi no) bi naph 0. 034 mmol e)
and cebimxwhﬁwdi@anéa;lesi( )-Ooezartmﬁ@(l'éqrm\ér) wamwaenéed mﬂ Inlt:rbf of tol uene

and he t .1 N2 for haur s to room
terrpergft"@?i@ﬁ rﬁ?‘?"{f?e‘HHWq%ﬁa e@rargicﬁgygygwgcq ééﬁvﬁk ﬁ'cﬁ Ogﬂ%ﬁﬁpﬁ g e (3x).
The 25 50@ibi SEZDWveRBE (6 nigthandl). Ttk aysienssh waas yoHéré® and iNeatsctd
concentrated under reduced pressure an |§Fu“ fied by chr omat ogr aphy (el uting

wi 28 aakput 48 eCoteldingrasiear galutianol he golytien wasdhepdiltaeed and figovi de t he

titl 7 8. 82 Hz,

7. 30-- SHBEgfen St fblehlertoiaips fdedrdly yShudhy ?h«&%‘fzyd% s (1,
%ngGS p?i-’e%%rfeztbi)i ogeﬁfhezmgﬁﬁwém c;igsi(ﬂ)/eaglgésnlgueg?xtﬂgyl)ggaaﬁmg tBeGgf g r2n (2 Hé

. - 3. . . - 2. . - 2. . . S,

fH)I Iz 08UsPENSEN (%E?iuwolg%vﬁz@mtgﬂ was pyoles&@lqw#bwgsntseﬁswmly ] The

ol I owj ,ﬁ.g{;rm ff?é’rfx ocedur es
outli ne ab %@ﬁﬂﬁﬁ&@@fgﬁ&@n%ﬁﬁ{ difrer ent g%é%’%tss@\;\g@% substituted
t 03obt arystalbevaretdfieded.onpounds. Table 5: Exanple 71. Exanple Star tin e
Reacti on Resulting

Exarnple F

Crystallization of Form B of L-tartrate salt of 2-{4'-[(3aR,6aR)-5-
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conpound NVR and M5 WMaterial procedure Exanpl e 71 product of Exanple
5-ethyl-N- (4- "H NMR (CDC13) 6 ppm 8 15 (s, 2 Exanple 68C [(3aR 6aR) - 5-
H, 7.21 (d, 3=848 Hz, 2 H), 654 (d, 688 and 2- met hyl hexahydr o
1=8.82 Hz, 2 H), 4.49 (d,1=5.76 Hz, ¢ hloro-5- PY17010(3,4- 2 1-1), 4.05

435, ebftlingofrlorsSt B Tislo bRV it Pt Bz - 242

one

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-1,1'-

5  biphenyl-4-yl}pyridazin-3(2H)-one (free base, 1.74 g) was dissolved in 25 mLs of
dimethyl acetamide by heating to 75 °C in a 50 mL jacketed reactor equipped with
overhead stirring motor. A solution of L-tartaric acid in water was prepared by
dissolving 850 mg of L-tartaric acid in 15 mL of de-ionized water by mixing at 25
+/- 5 % °C. The L-tartaric acid solution was slowly added to the hot free base

10 solution, while maintaining the temperature of the free base solution at 75 °C.
Once all the L-tartaric acid solution had been, the reactor was cooled to 20 °C at
12 °C/hour. Once the reactor reached 20 °C, a sample was collected from the
reactor for PXRD. The reactor was stirred for another 72 hours. The slurry was
discharged onto a medium frit sintered glass filtration funnel. The reactor was

15 rinsed with 20 mL of de-ionized water and the rinse was used to wash the cake.
Solids were air-dried on the filter for 3 hours. PXRD analysis on the solids was
collected after at 20 °C before and after the 72-hour hold and indicated that the
solids were of crystalline Form B of the L-tartrate salt of 2-{4"-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yI]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-

20 one.

Example G
Crystallization of Form B of L-tartrate salt of 2-{4'-[(3aR,6aR)-5-

Methylhexahydropyriolo[3,4-blpyrrol-1(2H)-vl]-1,1'-biphenyl-4-yl}pyridazin-3(2H)-
25 one

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]-1,1'-
biphenyl-4-yl}pyridazin-3(2H)-one (free base, 3.12 grams), 1.5 grams of L-tartaric
acid and 15 mL each of absolute ethanol and water were added to 2 50 mL
30 jacketed reactor and heated to 76 °C while stirring at 250 rpm to affect a clear
solution. Once all the solids had dissolved, the reactor was cooled to 60 °C at 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 °C for 24
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YlibenzYUPYrim 3.13 - 3.29 (m 1 H), 2.87 - 3.02 (in, din-2-amne 1 H),
2.61 -2.73 (m 1 H, 2.38 - 2.59(in,) H, 2.32 (s, 311), 2.09-
225(|n 1H),186 2.03 (m 1 H), 19(t1746Hz 3 H,; M

, 4= 338. nple 72

2 E%&f’é%@ﬁﬁ@%@ﬁ%ﬂéﬁ*@%ﬂ%&k%@A‘s‘wi%ﬁ%ﬁ%ﬁ ffcgipn) v T onernvi o

6aR) - 14rindlr SoR W8I WEQM@@Mhome@bﬂ@rxénizbﬁ\wamEaﬁd dn aircied @] at e
15tert- B,ut%/ 3aR 6aR hexahydr opyrrol o[ 3 pyrrol e-5(1H) - car boxyl ate (1,

1.5 g, mng RD @nayalsmfdhawhé%mnaze@ﬂgatt Lalidgwese obthe dba) 3. (275 g
0. 3I )””%Qstalﬁ{w%'?gﬁeggf L QarfrapEeby ofl?g42@§é ?amrg but oxi de (1.93g, 20.0

in-glhass mcrowave en purged three tines with

N2 gas ,méthylheweldydmpmaoﬁmmb]pyxfolof(zt-lgﬂyqenqa‘-mﬂﬁemsu%y%wdazm 8f2¢was heat ed
to 140 C for 20 15 mnutes in a mcrowave reactor. The m xture was then

cool ed A& room tenperature, was filtered, and the crude m xture was
purified via chromatography (S102, 0-25% ethyl acetate : hexanes) to
provide the title conmpound. 1H NWVR (300 MHz, CDCI3): 8 = 7.30 ppm (m 2H),

739 (m 2H), 411 (m 1H), 3.57 (rExadhpled.31 (m 3H), 2.99 (m 1H), 2.15
(m 1, 1.92 (,(r%tai]lsji%ﬁo% 'o?éogr?l’Ag -'tar'}/rgte salt of 2-{4"-[(3aR,6aR)-5-

10 Methylhexahydropyrrolo[3.,4-blpyrrol-1{2H)-vl]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-

one

2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1'-
biphenyl-4-yl}pyridazin-3(2H)-one (free base, 1.74 g) was dissolved in 25 mLs of

15  dimethyl acetamide by heating to 75 °C in a 50 mL jacketed reactor equipped with
overhead stirring motor. A solution of L-tartaric acid in water was prepared by
dissolving 549 mg of L-tartaric acid in 15 mL of de-ionized water by mixing at 25
+/- 6 % °C. The L-tartaric acid solution was slowly added to the hot free base
solution, while maintaining the temperature of the free base solution at 75 °C.

20 The temperature of the solution was held at 75 °C for 20 minutes. The reactor was
cooled to 47 °C. The reactor was held at 47 °C for 30 minutes and then continued
cool to 20 °C. Once the reactor reached 20 °C, a sample was collected from the
reactor for PXRD. The reactor was stirred for another 24 hours. The slurry was
discharged onto a medium frit sintered glass filtration funnel. The cake was

25 washed with 18 mL of a 50/50 v/v mixture of de-ionized water and methanol.
Solids were air-dried on the filter for 3 hours. PXRD analysis on the solids
collected after at 20 °C before and after the 72-hour hold and indicated that the
solids were of crystalline Form A of the L-tartrate salt of 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-bjpyrrol-1(2H)-yl}-1,1"-biphenyl-4-yl}pyridazin-3(2H)-

30 one.

Example |
2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3.4-b]pyrrol-1(2H)-yll-1, 1*-biphenyl-4-

yl}pyridazin-3(2H)-one L-tartrate anhydrate
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25(ESI, M +1): 310 9. Exanpl e 72B

(3aR6aR) 1- (4- Bronophenv1l) - 5- net hvl oct ahvdr opyrrol 013, 4-blevrrole To a
solution of (3aR 6aR)-tert-butyl 1-(4-

5br onophenyl ) hexahydr opyrrol o[ 3, 4- b] pyrrol e-5(1H)-carboxylate (1.86 g, 5.1
mmol) in CH2A 2 (50 nL) at 23 C was added TFA (8 nlL) and the m xture was
allowed to stir for 2 hrs. The solvents were renoved under vacuum and the
resi due was 2t kﬁ(aaapsam) mﬁhgm@xawdrbpwrm4mpym ‘e(GEli)4yI101r)1 of

f or mal dehyde 37% %’_ g .

m xt ur SIRGEENYS ryﬂhpaadazlnﬁZU)mef feeP@Sﬁo%?é mg waérq'wé\@ﬂi 'ar?m"wéeuced

Cequent eap oy clorefEMtefs W RUBRR2T Win g pabnghc BRaBin o 4R o,

Na2§O4 A §oluitiam eﬂlf_aanlam@amelﬂn rrmtednmirms prepcinee By missiving 18'B1mgomféde) pr oduct
m xture was rifi via chro ap 0% oH i 2C1 2) to
pI’OVI ddaniayie ?'gl"é 5&%‘8[91@”91 'N WQB%Y&W‘%'”Q@@ /- 5g M;— Sppm (m

2 67 ( %%ﬁ%crg '%&Lm?m%é{& 0“59 gga?d"ﬁ) g@fréé;b?%é géfﬁtl%ﬂ& wﬁ![a Sgﬁl(uﬁfﬁ'ﬁb 1H)

(ESI, KkeadprwassiifedEandhoars Zhe slurry was dlscharged onto a medium frit
20(3aR e PN R bada dndd: SouRbrl SRR hetielh U hihgs 2 Y1) Phen

)octa

(BaB GWRéMﬁi@aﬁmQéﬂtasﬁdi&téw!h@ﬁ@wlrd@,RNéfe%fC&r?stémhbpyrrol e (1.0 g,

.6 mnol ), bis(pinacol at o) di boron
(4 4, 4'aphydmus, fermsrfilmt_stﬁﬁtawgalzoﬂ{Brt(aala gaR)db-oxaborol ane, (1.0 g, 3.9

ol ) BRSO RY S0t b iR AL TR i BR Y R R R G v e

times wneh N2 gas. Dioxane (20 nL) was added, and the m xture was heated at
150 C for 15 mnutes. After cooling dowmn to 23 C, the mxture was filtered,
and sol vent was renoved under reduced pressure. The m xture was then

B‘#Lé.f ot he SR AdA BRaPing BrRppinb sl ANGra Aac IR Oo

. 54 (mxaRifles dredhetealy |ll]JsJIrat;3e a#d @re ndto bé%ték’ér(an Ilmft&atlorﬂs Gor(the 1H), 2.67
(12H) ﬁgopggzthq\)pveggon g\gycli is deflnelj)solely by t&e appended clalﬁnS andl_%ggrlrpfg (7;[)
2. (6. brounaletg; Vafiols bAUROESENd IHIatEg 16 %o disglosed embodiments 556
3 1 mdil) be ZpPpadiritrto tlogse sidiletblr(the(hrg S@cf?clmarmge)s ans pelifiqatiodsr (200 ny,

Lufe mméff%”‘ﬁng &Q%COEP@ afion Hosh RIAHE té 1a6 chef %&Uﬁ@rgﬁiﬁiaﬁgup%r ovave

pyri di peritafveadinterthédiBies, 4yAtheass, TeRh@dLibRs J&Qn&hbﬂsaof% owave 10 react or

for 40 mnutes. The m xture was concentrated under reduce pressure
af t er wePBwiIRAtpN fsiughechanges andrmogificationsxdissenelihe invertienethayre

concen S r xture was purified via
chroma %ﬁﬁﬁﬁ%“cﬁ?ﬂﬁﬁgﬂﬁ'ﬁ%“ %?Cﬁp% HH%F%QXaneS) to provide the title
conpounds. 2-(5-Bronopyridin-2-yl)pyridazin-3(2H) -one. 1F1 NMR (300 Mz,
CDCI3) 8 = 8.72 15ppm (s(br), 1H), 7.99 (m 2H), 7.68 (d(br), J= 8.4 Hz,
1HPS 7.29 (dd (br), = 8.4, 3.7 Hz, 1H), 7.07 (dd, J= 9,5, 1.7 Hz, 1H). MS
(ES', M +1): 253.8. 2-(6-Bronopyridin-3-yl)pyridazin-3(2H) -one. 1H NMR (300
MHz, CDCI3): 8= 8.76 ppm (d, J= 3.4 Hz, 1H), 7.98 (4dcl, 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 20Hz, 1H). Ms (ESI, M +1): 253.8.
Exanpl e 72E

2- (5-(44(3aR, 6aS) - 5- Met hvl hexahydr opyrrol o[ 3, 4-111pw ol - 1(2H) - vl | phenyl ) pyr
i - din-2-vl bw dazi n- 3( 2H1- one

25(3aR, 6aR)-5- Met hyl -1-(4. (4, 4,5,5-tetranet hyl -1, 3-di oxabor ol an- 2-
yI)phenyl)octa-hydro-pyrrolor3,4-b]pyrro|e (50 ng, 0.15 nmol),

2- (5-bromopyridi n2-yl) pyri dazi n-3(2H)-one (42 ng, 0.17 nmmol ), Pd(PPh3) 20l 2
(11 ng, 0.01 mmol), 2-(dicycl ohexyl phosphi no)bi phenyl (5.6 nmg, 0.016 mmol)
and Na2CO3 (1M 225 pt) were placed in a m crowave tube, purged with N2 and
a mxture of solvents 30 (EtOH: dioxane = 1:1, 1 nL) was added. The m xture
was heated to 140 Cin a mcrowave 12dector for 15 mnutes, cooled to

anbi ent tenperature, was filtered, and concentrated under reduced pressure.
The residue was purified via



chromat ography (Si 02, 0-10% MeOH in CH2C 2) to provide the title conpound.
"H NVR (300 MHz, CDCI3): 8 = 8.82 ppm(d, J = 2.8 Hz, 1H), 7.98 (m 2H),
7.73 (d, J =8.2 Hz, 1H), 7.52 (m 2H), 7.28 (dd, J = 10.1, 3.7 Hz, 1H),
7.09 (dd, J = 10.1, 1.7 Hz, 1H), 6.67 (m 211), 4.39 (m 1H), 3.66 (m 1H),
3.30 ( 2H), 52.59 (s(br), 3H), 2.23 (m 2H), 2.05 (m 1H).
VS (ES:WHH*)JFI%(?L%M.E?IS. Exanmpl e 73

2- (6-{4-1(3aR, 6aR) - 5- et hyl hexahydr opyrrol 013, 4-bl evrrol - 1(2H) -v110henvil | tw
ri di n103- vOPRyri dagzi n- 3( 2H) - ope _ The title conpound was prepared
according t *the%?@@@éﬁﬁoggﬁfﬁ’ﬂéﬁ-i n Exanpl e 72E, substituting

2- (5-bronmopyridin-2-yl)pyridazin-3(2H) -one with 2-(6-

br onopyri di n-3-yl ) pyridazin-3(2H)-onge 1H NMR (300 MHz, CDCI3): 5 = 8.91
ppm (d, J = 2.8 Hz, 1H), 8.02 (dghy J = Br.8y112.042 Hz, 1H, 7.94 (m 3H), 7.73
(d, J = 8.8 15Hz, 1H), 7,27 (gd, ,5,73.7Hz, 1H), 7.08 (dd, J = 9.5,
1.7 Hz, 1H), 6.65 (m 2H), 4.3 ~ogy 02 (M 1H), 3.43 (m 111), 3.15
(m 111), 2.83 (m 2H), 2. RFKm 3a2'347 (s(br), 3H), 2.22(m 1H), 2.03
(m 111). MB (ESI, M+1): 3ReY—\0Eanpl e 74

2-(5-{4-113aR 6aR) - 5- net hyl , g#orrol of 3, 4- bl pyrrol -1(2H) -yl | phenv13-1.
3- thiazol -2-vllpyridazin-3(2H)-one Exanple 74A
252- (5- Bronot hi azol - 2-v1) Pvri dazRn- 3(2H) - one The title conpound was

prepared according to the procedure described in Exanple 72D, substituting
2, 55cl i bromopyri di ne with 2, 5-di bron®t hi azole. 1H NVR (300 MHz, CDCI3): 8 =
8.20 ppm (s, 1H), 7.98 (dd, J =3.7, 1.7 Hz, 1H), 7.30 (dd, J = 9.5, 3.7
Hz, 1H), 7.13 (dd, J= 9.5, 1.7 Hz, 1H). M5 (ESI, M +1): 259.8. 30 Exanple
748 or a pharmaceutically acceptable salt, ester, amide, prodrug, or radiolabelled form
2-(544-Aéaagz. aR%,— 5- Met hyl hexahydr oPyrrol or 3, 4-blpyrrol - 1(2H) -yl | phenvl)t hi
a- zolth -"39') Pz n- 3( 2H) - one The title conmpound was prepared

accor di ng t R8I I éywclesmgnbpgg{bbe c?é@%myﬁn?é(ﬁgz_ substituting

2- (5- bromopyri di p-2-y1) yr£da2|n-g -ohe W th 2-

br dfot hi azolR%2REHR .dﬁ’% R%3and)R%each ate inNBpesdentivydrage,anethgl, org. 43 pp
5 (s, %IH%? 7.573‘5,(dd, J= 4.0, 1.7 Hz, 1H), 7.84 (m 2H), 7.25 (dd, J = 9.5,
4.0 HTURIMEHYEL" (4d 3= 95 1.7 Hz, | H). 6.59 (m 2H). 4.26 (m 1H),
3.58 (m 1HR®RPORY sHdR*%r8zaciinddpendéntl hgﬂ”ro%rl). alk¥/l, §fofdBlk@dH) . 2. 39
(s(br), 3H, 2.19 (m 1H), 2.00 (m 1H. M (ESI, +1) 7 380.1. 10 Exanple
75 514flparcalieay, elxy sthinalkwiyl baloggor ephitnle] with the prigyjsa hat when-one

UL TR Al ik g iR ed Syt eR
Thas pr P ¢ fledroBNeiluerdalibxy? alkoxy, thibalkoxyrhbigenpopritriiej ne (200 ng, 2, 33

le), tris(dibenzylid di pal | adi 0 0. 02 ole), (R -
200+) 2, 2" - bt 5 PSP o LY AR VI GERRORY, Sy )

sodi umd et Xipghes (M0 4. G_FHQ@_ and 7 m of toluene were m xed
under IQZ‘ r\lnog}’%ﬂfyméﬁﬁr %@g‘gg“’ﬁ a{IO.‘} e v(ieg)l) 'was seal ed heated in the
m crowave f &fid5 bandy brggeart, SLEOC cashomy!,taikyl&ne yalkyicarbboyl, alkyamingt ur e was
di | uted, W er, a6d_ex ed wi i ehl oronmet hane (4x). The conbi ned
or gani i(%éﬁﬁ%er"éﬁmgi-e@ Slgswqrﬁl\h%]ﬁié:[g, dried over sodium sul fate,

filbpered, ar@iﬂq@ggﬂr@)ydgémwamw’qﬂgﬁ;ﬁﬁw Refefodicke the crude product

whi ch was purified by col urm chromatogra 0% net hanol and 1% anmmoni um

hydr oxi de i foydiie Bryy eyetoatisylegydaalienyl hiterdasylarthelerosigeuwbereimthdR (300

MHz, 3) 8 . 84- 6. 94 2 6.,.53 ,- 6. 60 Q0 -4.07 1
H 3. adete ?‘M%me?%g%c'g.”ﬂe&g}.%ﬂ(?nm q‘l%teﬁ?ag@“ggeéfét%ﬁt’% 9 H 2 o

-2.96 (ﬂiﬂoéerﬁ)oxggéﬁ, aritfsulflirdpeRided that &Fleadt dlie RettPoatorh BSilrdgerd H) 2. 31
(s, 3H 2.09- 2219 (m 1 H 1.89 (m 1 H. M (MH= 287. anpl e 75B
5- (4- (40d3aR, 6aR) - 5- met hyl hexahydr opyr r ol 013. 4- bl pyrrol - 1( 2H) -

vl)ohenvnoi | RS Y]l ' idn T oduct of Exanple 75A (78.0
ng%80.27 nng?%??’g:%¢§ﬁ§89§8%$§ﬁ%%§Fb@ﬁ%¥§tgﬁ?@§Mg, 0.41 mmol e), pall adi um
acet ate (2. provded thdtiCyhivine} ,

4, 5- bi s(di phenyl phosphi no) - 9, 9-di net hyl xant hene (19.0 ng, 0.037 mmol e),
cesium carbonate (142.1 ng, 0.44 mmole) and 3 m of tetrahydrofuran were

m xed under N2 in a Ernrys process vial. The vial was seal ed and heated in
the 10 microwave for 2 hours at 120-1€82using the Enrys Creator. The mi xture
was diluted with water and extracted with dichl oromet hane (4x). The

conbi ned organic |ayers were washed with brine, dried over sodiumsulfate,
filtered, and concentrated under reduced pressure to give the crude product
whi ch was purified



by col um chromat ography (10% net hanol and 1% amoni um hydroxi de in 15

di chl orornethane) to provide the title conpound. 1H N MR (300 MHz, CDCI 3)
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 - 665(m2H)4.06(t,J=8.65Hz,1

H)344-359(m5H)311 324(,_5&. 2.88-3.02(rn,1H)2.56-
2.72 (m 4 H 2.33 (s, 3 H 2.06 -2 1 H 1.83- 2201 (m 1 H. M
(M+H) += 389. 20 Exanple 76 RZc RZe

(3aR, 6aR) - 1- 1442- met hoxyrwr i m di n- 5gapdt=\|, 11- bi phenyl - 4-v11-5-

met hyl oct ahydr opyrr ol or 3, 4- bl evrrolapg2 5 pztitl e conmpound was prepared
according to the procedure describ |n\ExarrpI e 7D, substituting the
product of Exanple 41A for the product & Exanpl e 7C and substituting
2- met hoxy- pyri m di ne-5-boroni c acid for 4- cyanophenyl boronic acid. 1H NWR
(500 MHz, CDCI3) 8 ppm8.76 (s, 2 H 7.66 (d, J=8.54 Hz, 2 H 7.53 (dd,
J=11.75, 8. %0 mrhféwm@emd éﬂmam  okéin |2 ibh bbnd3 - 30 4.22 (m 11
4.07 (s, 3 H 3.53 - 3.61 (m (mlH)291- .03 (m 1
2. 71 277(m|H)248-267(m3H)233(s H)213-225(m1
E)xa%plgg 7% QL (Mg c@mpt%srid 508t 138 herein L2 is a bond.
544' 4(3aR, 6aR) - 5- et hyl hexahydr opyrr ol of3 4- bl pyrrol -1(2H)-y0-1, 11- bi phenyl
-4- 5vlipyridine-2-carbonitrile title,conpound was prepared
according t4- the%\%ﬂﬁ?@dﬂ@%@ai%édwhﬁf@énﬁpé L7sachaied beRd-ng t he
product of Exanple 41A for the product of Exanple 7C and substituting
5-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-yl)picolinonitrile for
4- cyanophen35l bor dineccmpolindlef M ( 5@Beldi REIRIPIR?S RFARE, 88d R¥ all=2. 14 10
%%83 dd, J=8.09, 2.29 Hz, 1 H 7.76 (d, J=7.93 Hz, 1 H) 7.68
.‘93 ¥ ‘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 2.69 - 2.78 (m 1 14)2.48 -2.67 :é 3 H
2.13 - 2. 25(6m 1'I1H)edor9pounc20m!amm1 whelein b5 labshiwo of l%a Rébrlae‘f 444(3aR

6aR) - 5- net r 131pyrrol -1(2H)-Y11-1,1" -

bi phenyA™® E%‘M ﬁ(}(ﬁ”ﬁghq%é? h?/&f&sl& 20The title conpound was prepared

according to the procedure described in Exanpl e 416, substituting

6- met hyl - 3( 2H) ridazinone for 3(2H)-pyri d% ne, 1H N%g? (400 MHz, CDCl 3)

s ppm 7,61 (7d, J teammaqunﬁ of clainad, wherelns’is *2nd R7.are glld, J=9.51 Hz,
%@é%JQSle 1 H 6.65 (d, J=8.90 Hz, 2 H 4.13 - 4.21 (m 1 H)

350 §' 0 r?u 3.25 -3.35 (m 1H)2.89-3.01(m 1 H 2.69 - 25 2.77

(m 1 H 2,50 - 268(m3H)240(s H)232(s 3 H 2.11 - 226 (m 1

H 1.89- 2,01 (m a

30( 3aR, 6aR) 55- netTﬁgﬁlcomamnd@M?lmi WETa A abDMlL isa bendRRY 1- 4-

vl | oct B B, I t q_«r).;zq par ed

accor d%%o%@%%r%@e&@ﬁé@s@r e%rﬂﬁew' ‘L’]ﬁd %Bﬂﬂs bs |tﬂt| ng the

pr aductcyolbameayplheteqrd)aryﬂ or hetezogyotes] wetierein ﬂﬁnmmemaVyImmwtmbmlet uting

1-nmethyl-4-(4,4,5, 5-tefranet i oxaporola n-2-yl)-1Hpyrazol e for

1 Cy an SHRIER ) i e @TCAAEIScIEH TR MIRGEe B RIe AT BBTE. 5 1y 7. 62

(s 1 n82 Hz, 2 H) 4.11 -4.21 (m 51 H)
?io%dé@t%a?gag@ee(éﬂon@ H@ter@a&?‘ngggltrb e (1 H 290 - 305(m 10

269-277(m1 250-269(m3|—|)233(s 3 H 2.11 -2.26 (m 1 H)

5o et by By g orhboudd 6 bigim BoRnelir (AT Bytazinait s 2R - 1 1443

nneghyl oct ahydr opyrrol 013. 4-b1Dyrrol e The title conmpound was
pr epar ed accordl ng to the procedure descri qu in Ex rrpl e 7D, gubstl tuting
t he product 1 anmwnd of claime 1pwberin Rofis Eikyhru ds arondahdisabsti t ut i ng

3, 5-di Y fy2dt {24, 425 Bry. a 532~ pyrazol e
for 4- ::@’té‘ﬁoﬁ]é?{}‘ub'gmn e PR ?@%8%? LR’ ;ks%%iﬁ?%

J=8. 14 diizhydroddn; TyP3as (JﬁlemlI{%r:m(E:‘»Ey|2|41yrlaai_'i|)1oﬁ’e;e30 (d, J=8.14 Hz, 66 (d,
J=8.82 Hz, 2 H 4.11 -4.23 (m 1 H) 3.51 362(m1H)324 336(m1H)
288-304(m1H)270-279(m1H)249 2.66 (m 3 H 2.33 (s, 9 H
2.10 -2.25 20 (M 1 H) 1.90- 203(m1|—|) MS: (MtH) = 373 Exanple 81
(3aR 6aR)-1-(4' - (1H pyrazol - 4-yl ) bi-1

henyl-4-y1)-5-net hyl oct ahydr opyrrol of 3, 4- 25bl ovrrole Exanple 81A

(3a R 6a R -5-nethyl-1-(441-trityl-1H pyrazol -4-yl)bi Phenyl - 4-



30yl ) oct ahydr oPyrrol of 3, 4- bl pyrrol e The title conmpound was prepared
according to the procedure described in Exanple 7D, substituting the
product of Exanple 41A for the product of Exanple 7C and substituting
4-(4,4,5, 5- tetrarrethyl 1, 3, 2-di oxaborol an-2-y1)-1-trityl-1Hpyrazol e for

(LT g M e F e o 2 G 82

(d, J=8.82 Hz, .11 -4. 23 (m 1H 3.49 - 3 61(|n 1H)323-3.35
1 5H) 2.91 3 H 2.33
Eg‘ 3 H)H)z 11% i@?ququﬂfé_%ﬁég 1, 2’]118'19‘('&1 'Slalt?P”dNé 3586H) Exanpl e

818 3 | | Ik

t o( 3aR, 6al§ arz 441 evarlgg%qrogfer\}l(f)é s e%?/r zlne S'dgyz Y 9’ %yc m (yropyrrol 013,
4- Bl uxnycblalkenyl heter?ﬁaejl pr beterocydie, Emampinatr@ﬂmt(emm ormeméchydel e) was
stlrrede rjyc ac s{ The m xture waLEfconcentrated

ho
to dr yﬁ%%'? a'?‘f'i‘P ?'h%' Q’eiﬁaﬁﬁé%seg"soﬁ%%ﬁéé RPN BXYEEL BNASYSUEN or onet hane

and st igrb@dedithdt a?%éét@n@%ééroﬁﬁﬂhqghﬁfdg’éhbonate Two | ayers were separated
and the aqueous |ayer was extracted w th dichl oronnethane (2X). The

conbi ned organic |layers were dried over sodiumsulfate, filtered, and

chr omat ogr agy 't o 5 SUTEERERPERN 32, BRBHIREY PR B RO hELY béo‘é‘iéimg opm
7.88 (%ubgmlj}ed?wﬂﬁggaﬁ@64 (m 6 H 6.65 (d, J=8.81 20Hz, 2 H) 4,11 -4.25

(m 1 H 3.50 - 3.66 (m 1 H 3.25- 3.37 (m 1H 2.92- 3.07 (m 1 H
2.71 -2.82 (m 1 H 2.51 -2.69 (m 3 H 2.34 (s, 3 H 2.13 -2.25 (m 1 H

1.90 - 2.05 4(4m 5

3ot hy 1 1445 sarinegrBouid Bl bRt dn e dag Broup sensisinaintny L vas 1, 1
- bi phenv1- 43aR| 6gR)-d!-(5-2hiHhexateydfbpytrold[8,4cidpproRt-Witsippesylat-ed accor di ng
to the procedure described in Exanple 41B, substituting

3- met hyRRRNHHS;- 2( 1H) - one for 3(2H) - pyri dazi none. 1H 30 NMR (500 Mz,

120k et 3 AR SR Fpnredido @@a@d‘s bi"‘ﬁg&i‘éﬂz‘%*% 1439628 (m

1 H) 4bighenysdzmarbonitrileH) 3.53 - 3.60 (m 1 H) 3.26 - 3.34 m H) 2.90 -

3.03 1 1 2. 50 3, 2. 20
(s, 3 (Hl)nz J&a%%ﬁﬁ' 'PIOW}'% dr rqiﬂéfﬁ%/”i‘q@(ﬂ%uﬁhﬁ '386 5Exarrp|e
83 rphen I—4-carbonxtrlle

5- net hyl - {y R, 6aR) - 5- net hyl hexahydropyrrol or3, 4-bl oyrrol -1(2H)-y11-1,1
‘- bi pheny I4—aﬂ( ?R}%R) ﬂ+bui)dhemhydn@yrrolo[3 4-Plpyrrol-d (%hﬂmomml-pr epar ed

acgqrdin procedure described in Exanple 41B, substituting
%@t hﬁ %fbgaft'QSZ(lH) one for 3(2H)-pyridazinone. 1H 10 NVR (500 MHz,

CDCI 3) 5 ppmp- . 38 (d,
a 229 Hzpp E)sﬁze 64R)- B-té?otﬁ,gylgﬁ’ezxf&yb‘éo Eyﬁl&o (34~ b]pgrcﬁ-‘% ?l}blpﬂ'telﬁ)ylg 38 Ed
Jsg@aﬁzomfz'lehl)414421(m1 351—360 (m 1 H 3.26- 3.36 (m 1

3 232 %%y éﬂ&Wﬂ?&r’feév'@tﬁmé@d%@ﬁ?’anfp&&m?’JQF” = She

15 Exaripl'ebipdenyi-dacarbbyitrléd4' 4(3a R 6a R) 5- et hyl hexa hyd

ropyrrolor3, 4 4-v] | 2(1H) - one
?\ﬁle title4 b@ﬁ%ﬂé%‘&& 'BVCHEBWF@I'PE%)XER;DWF@ E‘Xé‘hﬂvé described in

Exarrpl ﬂ.kE}] ng 6-net hyl pyridi n-2(1H)-one for 3(2H) - pyri dazi none.
HNl\/Reb400y‘ %?%‘,%C“% ppm 7.67 (d, J=2.76 Hz, 2 H 7.45- 7.57 (m 4 H)

7 25 - 7 34 (BaR,8aR)1-¢4' ;memd»xv- +H-tsheiyl-41yIHb-reebgloctalg@ropyrraofd)d-4. 13 4. 22
lg%] 510-362(m1H)326 -3.36 (m 1 H 2.90 - 3.03 (m 1 H 2.70
- 278 P9y 252 48 -2.66 (m 3 H) 2.32 (s, 3 H 2.12 - 2.25 (n-i, 1 H)

2. Ofrp |(Z 82 Ha-[138R,6aR) Hnicihyldetdhy by rid¥E)4E6)p3R - 1(2H)-yI]- 1,1

2- 30" (iphewRy-Wlasetonitiéahydr opyrrol 013, 4- bl pyrrol - 1(2111-ya- 1, 1. - bi pheny!
-4- 30V pyry HRZILHR3E4RY. 5 MSthTFANRh Fdr BB rolo[3 4-bJpyrrol-1(2H)-yi]-1,1-
biphenyl-4-yi}ethanone;

3-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-
-124-



(3aR 6aR)-ethvl 1-(446-oxopyridazin-1(6H)-v1)biphenyl -4-

yphexat oLdr opyrrol or 3, 4- bi pvrrol e-5(1H) - car boxvl at e

2- (4' - Bronobi phenyl-4-yl)pyridazin-3(2H)-one (1.92 g, 5.86 mol),
pal | adiun(l1) acetate (0.158 g, 0.234 mol), 9,9-dinethyl-4,5- 6

bi s(di i no) xant hene (0.407 g, 0703 mmol ) and cesi um carbonate
(3,06 gﬁsggwlbgwere suspended in 25 nL of THE. A solution of

(3aR 6aR) - ¢B4RI6aRXialayb-neiaxygtidin3-Yl)pheny]-8- 5( 1H) - car boxyl ate in 10 nL
of THE was g%lded and wwmxt uxry?was hggtped at 70 C under N2 for 20 hours.

The ni xeethwogiabydraryrete[B4-blpyrroles ambi ent tenperature, diluted with 70 ni

vas vashed b doaeam ey roR It ARRFRENAHINELE Lag Ghsbr bed

on 5i | bipheygl-4afiehethanolt ogr aphed (el uting with 0-40% Et0Ac in DCM to

i”%’VL‘ée L A RS methexdhy ?g&na%séﬁ’%zr?m A5 (0d, 5%6.3. 3.4

4 32 &hpﬂr@%yﬁd%-?@%r@nﬁg 0 HZ , 3. 706 248§d(mj ? Ei)HZ3 5239H)3 292(()m-
3. 48 {3aR paR)M-[4L(2,5- dlrﬁeﬂﬁ'lpynﬂlm-&y@ipheﬁyll-l}i 2.99 - 3.10 (m 1 H,

? 301(&9ehgoﬁ€a%v%@qvggﬁ‘é APPSR (W) . 20Bcampl e 858 | o

2 -f(3aR 18 = 1) bi ph 1-4-v1)Dvrid
i 320 R O T Ena e BYA 0. 110 G, 0. 256 mmbl)

was di seethyleatahywd®pyrroig[34-blpyrrelett ure of HOAG and 12 M aqueous FICl, and

Lo 0 c, ai i B8R LB SR e A Rl AR89 50 0y Che

dropw §fp n@b@yl}.u@nbaizoaq&’géw v) aqueous KO-l The m xture was extracted three
tines vmth m. of 5% 17- propanol in 3 and the conbi ned _extracts were

dr| ed over l&%@%@@ )i [%@r"bﬂmdéﬁﬂl'h'l’yﬁbh@éﬂ] 6Tm@tth0@§afyéropmor§s4rde mat eri al
chr W‘?ﬁr aphed, eluting 30 with 0-5% aqueous NHAOH in MeCN MeOH (9: 1),

to provr 'e title conmpound. 1H NWR (300 WMHz, CDC13) 5 ppm 7.91 (dd,
J=3.7, 1.7 KBaRbaR).1 (74%@61-1 4 b[pheﬁylw-yocﬁ-mbﬁwlactbhydrbpwrolors a1 -7.27 (m
1 H, 07(‘dd J=9.5, 1.7 Hz, , 6.65 (d, J=8. 2 H, 4.10- 4.19
(m 1 RPYPI®s. 3.67 (m 1 H) ,323 335(m1H) 291 -3.22 (m 5 H),

52 GO R i P 12075 210

2 (4 (SHECtéth@yabIm[lBhdnq;mNdleopyrrol or3 4-binvrrol-1(2H) -yl )b| phenyk4-

LR i i IR s ™

di chl or oet hanﬂsaRrém)nsmetﬁymésemo%pﬁ%e{aam%é}rrdmgwman’pt ent

tenperature for 10 minutes.” Sodi umtriacet oxyborohydridé (0.039 g, 0.182
mol ) \kighenybddagbenitrites m xture was stirred for 3 hours. The m xture was

diluted wt H X cted three times with 25 nL
of 5% n- prog%%g#gmgd%gg%gz&ﬁg ?f&ﬂﬂ‘a n)ﬁjgextracts were dried over
Na2 SO4 méthiloetatydrapieroid[3 - Eqn@ng silica gel. The crude material was

chr omat ogr aphed, el utin 1% aqueous NHAOH in Et OAc/ MeOH_(9.1), to

pr o e the@am@m&rw%m Zapohemy joctiyrEopTolpka. 4-biRyale! 1=2. 0

707 (d éﬁa}R@R)“‘-ﬁ%ﬁéﬂi@iﬂ‘(@pWﬁf@b’éﬂEé*e@'lﬁ-: 4110425 (m 1k, 547

- 3 S0 nethylboRyHlopyickd3-Bopgrole; 1 1), 2.88- 3,05 (m 1K), 2.78 (dd
2_25 (m 1 :1;{4' i(3g§"5323):8if_’?fﬁ§"h§xé47n§’dfﬁ?PpGé’eé?ij%]Fﬁajfrdlﬂ@éSTJQ/H:1.59:’7. 1 He, 2
l\/sb?ﬁ,g ’V--g gﬁ"c VikH) +. Exanpl e 86

252 4' ("3aR, 6a obut vl hexahvdropyrrol of 3, 4-bl ovrrol -1(2H)-v11-1,11-b
i phenvl- 4-\(BaRBaR)alz[4H&thgithiopn el -biphenyl-Fhd]-pnuethgloctahydrdpyabd({8,435B
(0.033tbg[;)< 0.0,92 nnnol ), cycl obutanone (8.00 pi., 0.101 mol), and sodi um
trlace Ohydrlde (0.025 g, 0.0.120 nmol) were processed as descri bed
in Exarrple 5532% 09} 1Ry K &ﬁéfﬁ dy- MR (300 MHz, CDClI3) 8
ppm 7. 91 Q R9 H1é¥|%/|_l|)1 Bt lﬂhSr ﬂ?lnj béﬁh&g/,l‘w\] =8.5 Hz, 2 H), 7.23
(d, J= 3]]¢CtﬁbydIPDMF0|0f3,6?b]PM"0l$+8 8 Hz 1 , 6.65 (d, J=8.5 Hz, 2 H), 4.13
- 424 (m 1 H, 3.52 (q, 1 H, 332126q J73Hz 1H, 2.74 - 3.04 (m 3
H, 2.63 (t, 1 H, 2.46 (dd, J=9.3, 2.2 Hz, 1 H, 2.35 (dd, J=8.8, 4.4 Hz,
1 H, 2.06 - 2.23(m 1 H), 1.822.05(m 4 H, 1.60- 1.80 (m 3 H. M
(ESI+) mz 413 (M+H) +. S5Exanpl e 87

2-{4' (3aR 6aR) - 5- Met hyl hexahvdr opyrrol or 3, 4- bl oyrrol - 1(2H) - vi | bi phenv1-4-Y1
1- 4,5-di hydropyridazi n-3(2H)-one Flash chromatographic purification of a
7 38 g sarrple of 2 (4 - 10 brormbl phenyl 4 yI)pyrldaZ| n- 3(2H) one (5|I|ca

o ~~n 7 - - NN



A smal |l pressure tube equipped with a magnetic stir bar was charged with
100 ng of 2-(4'-bronobi phenyl-4-yl)-4,5-di hydropyri dazi n-3(2H)-one, 58 ng
of 15 (3aR, 6aR)-5-net hyl hexahydr opyrrol of 3, 4- bi pyrrol e di hydrochl ori de, 350
ng of cesium carbonate, 15 ng of silver triflate, 4.2 ng of

tris(dib ' t i pal . adi .and 7.2 f
2 di cycl oneXyPIBRar BV RN el TRIPSY 4 B ENArOBYIP9- of tol uene.
Af ter rrdlg; and purging with argon the tube was heated at 100 C for 20

hour s. ude product was purified bﬁ 20 flash chromatography (silica gel,
gradi ent 2 t3aRBaMer-matbyl-1-(A' dnethybd gnserah'dyiphemyleh yi el ded 17 ng of the

title r w oil. Mass spectroscopy gave (MH)t mz
375. 2, Qf@@ﬁ%‘@ﬂé‘ﬁ&@’ﬁ%ﬁ?ﬁ’&&ﬁged structure. Determ nation of Biol ogical
Actvity 233aRdRIFF M2 thdimetiagbyNeidsS-dipHepiyilesent at i ve conpounds of

this invention as histam ne-3 receptor |igands (H3 receptor |igands), the
f ol | onimethylestahvderryreiRld tbIRY & or di ng to previously described met hods

bhar ol ooy AN LN e TR A TS RIS 50 et o

Phar hrracb}pplg;leﬁnd 30 Experinmental Therapeutics, 276:1009-1015 (1996); and
Bi ' 22: 3099- 3108 (197 T

c Sﬁegﬁaﬁﬁ 4§5§2é§®8é-%9grﬁm-&map@%wémwﬁ%ﬁata&yﬁﬁqé@@é&%fn}%pfé:eﬁﬂfiut ,
Touenal o | Bho R e g By (2 P15 65 1 T

2005; Eipwmwyhdddimethahol;, Bi ocheni cal Pharnmacol ogy 68 (2004) 933-945;

Krueger, etal. nal . af. Pha ol og d eri mental Therapeutics, vol.
314: 271- 281?@’8&%@%&&%@%@@“rﬁ'P'e%Mﬁ’B&“%‘ f CO or 5 HEK293 cel I s,

expr esshggymgﬂyqyogr&q@@img]ﬂﬁrd]@cept or, by honogeni zation on ice in TE
buffer (50 nmM Tri s-HC1L buf f er, H 7,4, containing 5 nM EDTA), 1 nM
benzani di ne,(3€Rrﬁﬁﬁfﬁ%mﬁihylm-[ﬁ'-(glﬂpomrﬁ@thvadpé'&lph?n)dﬁd 1 p g/m pepstatin.

The_ho trdqf .at 40,000g for 20 mnutes at 4 C. This step
wagsr eg@gg‘%ﬁ&sﬁ’wff’ﬁ"ggr%@&&ﬁﬁf?g pell et was resuspended in TE buffer.
Ali quot s vergaREAR)Eeforo-B0Femyii1, I utsipriesy-ay)Bhe day of assay,

menbr anes were thawed and diluted with TE buffer. Menbr ane
pr epar dbetbilociavdromataialiBaAtblawele;3H) - N- oc- met hyl hi stannine (0.5-1.0 nM in

th ) : : : i
recept or cotpa g LA RSRR RRG TR VAR OB el T
15 fitnal ¥ﬁ!(mﬁj§1G{ﬂ_’-g35l(23tﬁoaH)Ei-htéthﬁheﬁ%h)?ﬁogyr?ﬂd[wb@ yrﬂjlm(fﬁlawg-jafd'{: er 32& I
m nut es.. Thi operani de ) was used to define non-specific binding.
bi 48 n}‘?'@dﬁ’ﬁa@ﬂ}?tm@Q%ﬁ\%at ed by filtration under \F;acuum ont o ’

Vet Pyl enimig N o . Li Sei
b vihat rmn G BT SR Paf PR ah e rBicts & IR R 2RBIH, S, 0t °ee)
i ce- colhiptemybdfyiethamdund radi ol abel 20 was determined by |iquid

intillati j I f t dioli d i, pn, bi ndi
2ssays, | Coq AR Sa-BrihetynsaayotBpkalort ARG £ anst or mat i on
of the Hishehyad/Pfriduaint®H)RR; det erm ned by the Cheng- Prusoff equati on.

General Iy, representative conpounds of the invention denpnstrated 25

bi R8i ng af f i(BaRiGaR)-Srmatbylab it/ Pysstdin-G-ybh1abiphenpl-4- nM t o about 500 nM
Preferr ke fnvention bound to histam ne-3 receptors with
bi ndi nﬁ%@?&?ﬁ%‘@@@ﬁé,ﬁ %XU@YG‘OS nMto about 100 nM Mre preferred
conpounds of4"{[{GaR, B4RMI-wetiMEGhyardpysiofi[B Acbpyfrek¢ -0, pindi ng
affinities fro[mt&about_olios.-S nMto a ouc{pygo nM S]glyn ad‘cﬁl?in)g]n to the utility
of in Jetphenyedwaseoniile;char act eri zing the M3 binding affinity of
conpounds, t e1 i/ RE af wmap. di seasenavai l abl e which
denonstrate (?ﬁg%uﬁ)l ? i{; (g?flué)o ot‘mig Vérvﬁﬁg'pﬁﬁﬁgﬁ‘?&gﬁyf or treating human
di seasamethyloctahydnepyarolof, 4-bimefoleyf t he hunan di sease ADHD (attention

an i nhi bi | ogaE A A et dpyid ard i<l PR Sl y Hyper  ensi ve

strai n \thiRictabiRFopyridlo ABfif)rdies al so been alternatively termed a PAR
(passive a\S/,oi darce %y respons nmodel . The net hodol ogy and utility of this

t est has beddalBdEaR ) béd-(6rchidropyiidietBaylinlel-biphenyddml8- i n Komater, V. A,
et al. Psychopharmacol ogy (Berlin, G@erany) (2003), 167(4), 363-372; in
"Two novel and sel ective noni m dazol e H3 receptor antagoni sts A-304121 and
A-317920: I1. In vivo behavioral and neurophysiol ogi cal characterization.”
Fox, G B., et al. Journal of pharmacol ogy 10and experi nental therapeutics
(2003), 305(3), 897-908; in Cowart, et al. J. Med. Chem 2005, 48, 38-55;
in Fox, G B,, et al. "Pharmacol ogical Properties of ABT- 239: I1.

Neur ophysi ol ogi cal Characterization and Broad Preclinical Efficacy in

- Y o ~ 2 a2 ~ a0 -, = ~ .o



2-(4' -[(3aR, 6aR) - 5- Met hyl hexahydr opyrrol o[ 3, 4-b] pyrrol -1(2H)-y1J-1,1' -

bi phenyl-4-yl }pyridazi n-3(2H)-one (745 ng) was suspended in dichl oronet hane
-116- (2.4 nlL). The suspension was heated to about 35 C. A solution of HCl
i n nmet hanol /water m xture was prepared by mxing 2.2 m of 1 MHCI (in
MeOH) with 0.6 nml, water. The HCl solution was added to the suspension in

di chl omﬁgylﬁﬁﬁ@yefmcg%p"{llﬁmg&%ut the process the suspension is stirred

he PO S0l ot R e P T on v et

the HCl solution was a , ation. The solution was |et
cool t derpienygld-cadhgétrite;ur es naturally. Crystallization was observed during

L emper at ur oS VEr RRgReEr e pHBS R eI RANAAE 1o S e 8

2-(41 i e | o[ 3, 4- bl l-1(2 H
31 e Y e 8l 219 - one HOl. anhvar ate

éSZE (4.-[( 34?@‘3;ﬁa)q)51-%{4r{@-ﬁbb©mwi(d@ph31y;)§[ﬂﬁfazibj1py|ilg‘cﬂdﬂ}'ﬂ}(@|-|) - Kl] - I1 (1 -

i phenyl-.4- i i n- - (226 was suspended i n net hano 4.0
rrL?. Aﬁ%ﬁﬁ%%*%@?@faﬁ?y%ﬁanol ?8_66 m.) wgs added to the

suspensi on qB@lp)@'aﬂg.s.mtpyghwp-(hsftpmgml)pngrgzmgensi on is stirred using

a magnetic stirrer. Mst of the solid dissolved |eaving a |ight suspension.
Upon solpbeayliaetahndrepyreelald.4-binyreieivas observed. The resul ting suspension

vvaqoagi t at e%g&Gaéﬁ)i_g_metﬁﬁmﬁf_e&_wﬁcﬁng){ﬁbrﬂegg@gpr_rfplo(r:)eCt he crystals were

harvest ed.
2-{4' ( 3BBhéayoctaliriropyineisBy-bimpraieol or 3. 4- bl pyrrol - 1(2H) -v11-1, 11- bi phenv

1-4- 25vl| i in-3(21-1)- Cl hvdr at, ,

2-(4' - \(/3a%%%%%%%mm}lékg‘ﬂ%%ﬁ@%&éahglgefﬁzﬂwr ol -1(2H) -y1] -1, 11-

bi ph A i h 2 ded in dichb h
ip enw'lpﬁﬁﬂiwéﬁémﬁ‘?‘&??ﬂﬁ &72 nmg) was suspended in di chbronet hane

(1.5 ni)" e sus to about 50 CC. A1 MHCL (1.1 nl)
sol ution 30 2ads{4al{daR,GaR ) Hrenatgbexahysiopyrralo[3d-bipyresd 1420 )-dr opwi se.

Throughgut t he.proces e suspension is stirred using a magnetic stirrer
andg_ter)@gbﬁ?ﬂﬁ’ ‘?F&Fﬁ't'i‘.y_hga"é?f“gﬁ%ut 50 C. Mbst of the solid dissolved
| eaving a "(QQR,@R’)WWﬁV‘-W@-?ﬂg&h-ﬁgﬂiﬁ@bﬁﬁ-@f the HCl sol ution was

added. Upon further addition o HCl solution, crystallization
was obybphenyljontehydrepyrolald,4-biperdeon was agitated at anbi ent tenperatures

overni ght b cryst har vest ed.. |l e D 5Single crystal of
2441( 3R 6agz;’8@3@@%@5&%@4’%@%@'@Y’i‘f%”i‘%ﬂﬁ?@%’?ﬁ'ﬁy %1% ¢ o

1, 11- bimbﬁgﬂﬂmyﬂgdmp'mam Rdol@ne L-tartrate salt nonohydrate (Form
A 2-(4 - [\%BaR aR % I\/b{ hyl hexahydr opyrrol o[ 3, 4-b] pyrrol -1(2H)-y1]-1, 1" -
bi Benyl - 4- | ?Bﬁﬂ@a‘%ﬂ?ﬁtmﬂzﬁ -dRwagirZyipigerazly-in A)  was suspended in 1 mb

of 10 j 1 tCh epared by mxing 3.0 nL of
di chl oﬁ@h‘é?h@&ﬁw ﬁéqylgmn{ﬁ%ﬂ@gsoé\'later (in methanol). The suspensi on was
vort exed and3aR@aR)-5-methglhbld-(GpydnidinRaylpiperazidbdut 40 C and mai nt ai ned

for 1.5 hrs. |t s, further heated to about 70 C. The suspension was then
fil teré’@PF‘?ﬂﬂj‘?ﬁé@V@drﬁﬁyrﬁ&R&Sd’ WE¥of f, and the supernatant cool ed to

ambi ent temer&ﬁﬂgg%B%@LQHéthgﬁe%%d}ép%@[3,@_%1]Igyrroﬁhr@gqyz crystals were

of fered. Exa cryst
2- {28’ ( 3tipheay)pipensirhyiyhbranymitritdyr r ol 013, 4- bl pyrrol - 1(2H) -v11- 1

. 11- bi ph 5 4= ' i n= 3(,2H) - L-tartrat I dr at F B) :
20 2 (4 - SaFREAR LA Farisg bRy e Ry IR Bt 20 y 111, 1
bl phenyhethylctaidréidgtdlofd(42blpyarafe;t artrate (Form A) was suspended in 1 ni
of solution m xture,” which W?Mrepared by mxing 5.0 nL of dichloronethane

with 5.0 ni (3aR‘ER madmathyltr puimidin-57ylpipstagiedsi on was vortexed and
heat ed i i | ear solution. The solution was then
filter e@%&'%gylfcﬁcg%gpﬁﬁtéﬁ{’&%%r@&t o anbient tenperatures naturally

ovepni ght . TBQR$6QR¢Q-{@E[QC(BnhbﬁfyﬁHerrb%rﬂtﬁk&[ﬁ%%&ﬂoﬁﬂ%@P{bhﬁ@llﬁgai n the

next day by heating the suspension to about 90 C e solution was cool ed
sl owl y PReraziegt-yBdiicetinpnitlgsr i ng t he tenperature of the water bath to

nbi tt t i F

Qystal 1 zaRSaRedOR (ELaRsAniEh AL EHBVIRIS RO SRl 1o

g/t(atz EBH hexahydaRBaR)es-aicthyi- b{4phendxybh2nyhodtahidrbpyolie:avipyrrelel ovr i dazi n-
- -127-



one 2-{4' R3aR, 6aR) - 5- Met hyl hexahydropyrrol o[ 3, 4-b] pyrrol -1(2H)-y1]-1,1t 5
bi phenyl - 4-yl } pyri dazi n-3(2H)-one (free base, 1.74 g) was dissolved in 25
mLs of dinethyl acetam de by heating to 75 Cin a 50 nlL jacketed reactor
equi pped with overhead stirring notor. A solution of L-tartaric acid in

wat er was pr,e, sol.vi of - tar| i,n 1

de-ioni zed %@igﬁ%@'i éigyl%aiw%r Q‘PM@ Hynioéq{éﬂ }Oélll S%Lutl on
was sl epbiylefiirfbnie® the hot free base tosol ution, while maint a| ni ng the
terrperature of the free base solution at 75 C. Once all the L-tartaric acid
sol uti on hafBaR&aR)t hi-tdebmroephenoxyihenylltorethydoetahydropyriolai3.4once t he
reacto?)]é@aoq%ed 20 C, a sanple was collected fromthe reactor for PXRD. The
react o irred for another 72 hours. The slurry was discharged onto a

medsum frit 45{41[(35RQB&Q?)BS%éthylheﬁélhyv‘roEm@[S A-Bsyrsag2El-yiperddxytd nsed
W th 20 rriL of de-ionized water and the rinse was used to wash the cake.
Sol i ds wertdphgnyl-drearhonitiilehe filter for 3 hours. PXRD analysis on the

i cat ed ¢ RAACHR SRS gRer e g PRI AP B el (R T artr e st
f 2. &)
o | YApharyBiph ohanone; p yrrol - 1( 2H) - henyl - 4-yl } pyri dazi n-

nethylhexahy ropyrrolof 3
M LA TV KR SRR T e DR o1 I A R

I f 2444
sa1 ylohﬁ,\xahvd;r a‘%};rrol o] S-Tethycl) qydﬁ@fl-ﬁd%f Elp]\.mo' 1p%1enw 4-vl 1 Pyri dazi n-
3(2H ) yijaisemdlmethanamine;
2-14 3aR,,6 5+ I - hi | -y11-1, 1t
o1 pheny! - 4- PRABYERIMORRL SToRpvbirearyo oBy el AR a R 175 ot o o
L- tal':r?[]bé:nziy}}laﬁ“ﬁ@ eqqgomm;gach of absolute ethanol and water were added to

30 jacketed reactor and heated to 76 C while stirring at 250 rpmto
affect a cl ée@thbet{ﬂr[b'iaR 6aR¢-Samethytexablydapyneip[didskblpytelt | (2He react or was

( andthen held at 60 C for 3 hours. After the 3
ho %‘ h@e"&?@? gi%' c#"g Cicooled to 20 C at 10 C hour. The reactor was
sti rred CO”QL('SUFN AR BaRYb- EleftIWIhé)(’ahym&Jyrrd! r@b]le@L‘-‘l 2H)-y wWas di schar ged

3
onto a nedi umfrll? si nt er ed glass filtrati ongl"fsunne Sol'i ds were washed
Wi th 13']@'1‘.@1)6}{))/6@1'1-%1“)Bkéﬂd%m@(ﬂdh@nehen air-dried 30 minutes. PXRD

anal el < of LR b a0 L b EplH Tohe Crvstalline

Smet hy i) pw@ﬁw}pynpw&ql)p{/ﬁda’zubbwm)ohe,l(%b yl] -1, 11- bi phenyl - 4-yl ) pyridazin

. 3%&2‘% éa%nggﬁ?@qﬁgaR 6aR?§/ mea}\)llllgléxahy%ropyrrol o[r3r2 ﬁ]pyrr 1(§ﬁ)r pﬁ'}eny alt of

10Met hyl |-1(2 |-1,1' - bi phenvl-4-vl| d
1 3(2H§1 é‘ﬁﬁéf&f‘%’&?l%rfd&zﬁ{?x(z‘h)bérwrro (2H) -yi i phenv1-4-vi | pyri dazi

ﬁ-{ﬁ [(BZRﬁaé%ﬁzaﬂﬁaﬁ)%mﬂwthmgﬂdﬁm DIP%MF)NZHH) dyll |1 ld- -
i phen ri daz ree base g) was dissolved in
nLs of %Bh?fﬁh}ﬁ’pﬁ‘?‘fﬁ' é()B)?ﬁ 'ée‘lpr)y; BQ%‘\”HS to 75 Cin a 50 nL jacketed
reactor eqU'(m@a‘N)m[@(@fnﬁlﬁﬁQ Gﬁynmnamgs 110I1-b| ﬂtW-yIPB—Of L-tartaric
acid in water was prepared I'ssol V|ng tartaric acid in 15 nL
of 2§e- nmthyledtalwdwpmlofﬂﬂ-h yeolees +/- 5 %C The L-tartaric acid sol ution

Lamper at u o 307 TR 641§t BB Ao RSBl LR oS BN S of e
sol uti gmm{.@a}l}@yﬁaméfg.ggfwmta@; m nutes. The reactor was cooled to 47 C
The reactor was held at 47 m nut es and then continued cool to 20

C. Once the r@&ﬂ"t)ﬂnz Meﬂ@ﬂ@cﬁai@ ﬁzm%thstlaﬁmlwdmsyrwp[%tbwrmid&%Dra I eact or

for PX C for another 24 hours. The slurry was

di scharl?gec?]-@%rwﬁ'w |”§%1§'1n ?Hg_%g't Cer ed glass filtration funnel _ The cake
was025 wash¢BaRi6aR)BmsthyH 1-'-SRhERhyL 1Hpyrdzol4-yf- 1 debipheinyed- wat er and
methanol |IdS M[PT ﬂ{’r dried on the fllter for 3 hours. PXRD anal ysis on
t he soIY]‘a%ta yaropyrelplaArlPYHeleo C before and after the 72-hour hol d and
e ed | SRR S0l4-45,SURRY 1 Bkl YR T Biphlehfid g tartrate salt
met hyl hmthﬂpdtahyglmpwmﬂdﬁm-—h]pyrmtd 1(2H) -yl ]-1, 11- bi phenyl - 4-yl } pyri dazi n-3
(2H)- 30 one. Exanpl e! -128-

2444( 3aR, 6aR) - 5- Met hyl hexahydr opyrrol 013, 4- bl pyrrol -1(2H)-y11-1, 11- bi phenyl
-4- vl | Dwi dazin-3(2H)-one L-tartrate anhydrate -120-

2-{4' (3aR, 6aR) - 5- Met hyl hexahydr opyrrol o[ 3, 4-b] pyrrol -1(2H)-y1] -1, 11-

bi phenyl - 4-y1} pyri dazi n-3(2H)-one (free base, 37.4 ny) was dissolved in 300
mcro liters of dichloronethane by stirring at 25 Cwith a nagnetic bead in
a 4 m_ VI aI 5 A sol utlon of L- tartarlc aC|d in rrethanol was: prepared by

o oA N —~ M o NN M. o o



exanples are nerely illustrative and are not to be taken as Iimtations
upon the scope of the invention, which is defined solely by the appended
clainms and their equivalents. Various changes and nodifications to the
di scl osed enbodi nents will be apparent to those skilled in the art. Such

Che ohem ol SRR eER By el P I Al gt R B ees o O O
synt he?ﬂﬁctah?dim?iyﬂbldwﬂrb]ﬁyrrm%t hods, or any conbi nati on of such changes and
nodi fications of use of e invention, be nade WlthOUt departing from

the spirit 4&PrREebHE-medmddr4-pEH- Wlﬂﬁ'lﬂlﬂl ‘winbangl-44. A compound of the
f or mul R2d Rat} R2cR2D Raa R2f R2a R1 5(1) or a
phar mgéuﬁgﬁaﬁ%&k'ﬂrg%%‘#ﬁpg%@grt est}er am de, prodrug, or ra((jl 2)I abel | ed

f or g0 t her eo3 metial-4i{a'-[(BhR|EaRY-Svheth@BeRShyiro ls§3,4-bPwyrtdT3HRE)-yl
cycl oal kél)rretw {HRE( L Ra)L ce, %}e Rggbm BIng bqepa)::rh@gt(e Mk

R2
i ndeperd TWP'}FW@‘GMWHd'WT%ﬂWTO"%r f 1 uor onet hyl ; Raa, Fe, Rae, and

oo Sacl RGNS SR Bllatya bhRSSE Ko tditoagiory,

mor e off ‘Rdnphd?t)&b-dr-ﬂ@yndnﬁ2ﬁaﬂ-mee al kyl, than at |east one of Raa, Rab,
TR N A TN R T
| kyl Qal kyl NR4, =0) NR4-,

al ky C%Bfﬁwenﬂhk%gﬁﬁmwﬁné\* yl)- - ¢(=0) or

- NR4 gen, suI fur, carbonyl, al kyI ene,

al kyl car bong{4' é(BBRL&aRh@—ethy!l&ﬂhympwtoje[B Mﬂ}i)yrroe(l & )-WR3:1- or 20Cyl is
aryl, | 0a l.. cycl.0 | .. heteroaryl, or heterocycle; 21is
arg;l %’i}lﬁ'\ '_E_y '}PVE§%¥'B§1¢@E‘§PE het er oaril or heter ocy>cll e, wherei nqt/he
het er oaryl Qt4h amecwbshwm@@h%ro%yn@lo[s mb?fr@aﬂ@m ywph acted from

ni trogen, ﬁg sul fur, provid that at |east one heteroatomis
n| t rogbﬂ) L wmrldaanﬁwa Oéacﬁn@ccurrence i s hydrogen or al kyl; provided

L0072 o AP RN SR SRR Sk oo L BB T
v\/nerel - ;u}l4a3’-xdahk/arog@aaahe(a|32@né 5. The conpound of claim 1

wherein and R2f all 10 are hydrogen. 6. The
conpound of clal m 1, wherein at |east two of Rae Rat' Rad. or R3d are a

substl t uent i rein Rae,
R3e ar? Ra(':?‘ %Iﬁ%?na%%%ﬁe% @S'@}ﬁcgﬁ %Tﬁéﬁﬂamﬂﬁlamvmqer ein LI is
a bond,‘anHZa pbaméwnﬂicalﬁeacmmél&ememd Rad are aII hydrogen; Cy' is

phenyl, and Cy2 is aryl, cycloal kyl, 20 cycl oal kenyl, heteroaryl or
hetz%rocycle wherein the heteroaryl or heterocycle noiety has 1, 2, or 3

het er oat ons 1gel et €5nbbGRA Bf tHedBfulaxygen, and sul fur, provided that at

| east one het eroat om Ps ni trogen.

R3c
RY L-cy'-z

(In
25
or a pharmaceutically acceptable salt, ester, amide, prodrug, or radiolabelled form
thereof, wherein:
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9. The conpound of claim8, wherein Cy2 is pyridazinone. 25 10. The
conpound of claim1, wherein Rl is alkyl; L1 is a bond; L2 is a bond; R2a,
R2b, R2c, R2d, R2e, and aeach is hydrogen; Rae, Rab, Rac and Rad are all
hydrogen; Cy' is phenyl, and Cy2 pyridazi none. 11. The conpound of

| ai m 10, i i hy}, . 2. T d of claim1, wherei
D e 2 bonds 5L C-fia RCORY. @540 ovaRATRBRERY"S T oarogen: oy b
pi perazi ne, RAAIRYYRY R¥rRP, apd RPahily bre ndepehositieiydrogbe et \dr or

het erogﬁg@le wher ei n 't he het eroaryl or het erocycle noiety has 1, 2, or 3
het er odluer@metiybct ed from nitrogen, oxygen, and sul fur, provided that at

| east one heismrgat i ar claim 12,
wherein Q/Zq%‘s %yrlﬁgf r@do tle%g‘ﬁrﬁ 'E%%%%qentﬂxﬂ-' ggr%%%ﬂ%qm%émy'i4 The
gogpoz rﬁdxogrfalkdﬂ, alkbxy ﬁﬁh@lk@d/ helcmgetghgr gituﬁlepwmlwie ptimm@t» tiat m(rmzone

c:r ﬁomqrgnpqwgtoy % ggaRxgl dp l¥§dra?reoalkyl the]n% rIegaost one,»yof)R?‘QI Igﬂ’erl]?w’ :

b piv [3?% B ﬁﬁ%aﬁy ?ﬁPF@a‘%ﬁFéﬁWmélmlfhéto@ehl BY hififlk: 1(2H) - y1] 1,11-

b| phen car bon|

-[(3aR 6a®‘+5ammudybhﬁgmhmtfonwarmw Blkyleheyalkyltarbopi), ajkijanting, -
blpheny

[(3 -glaé)aikgﬂ J{“{?IJI‘ L@a@}%pﬁ&ﬂ%[(@( =)5] pyrrol - 1(2H) -y1] -1, 1' - bi pheny! -

car boni tg4 ik &g Ikyl:
?(SaR 6aR) - 5(?‘|’ysro i ?r% ¥<ah dro-pyrrol o[ 3, 4-b] pyrrol - 1-y1) - bi phenyl - 4-

car bonitril &y is aryl, cycloalkyl cycloalkenyl heteroaryl, or heterocycle;

L o hany] B AR AR F LA Apraluray Lolsp. ¢ Dlpvrrol - 12 -yt
254' (3aR, 6a®‘i|5ﬁyatd@dnha&ﬁhadw@i(ayrémér%ﬂ3a| >t131 de?lakb&?"ﬁlkdﬂﬂaﬂ@yil -

bi phenyl - 4-carbonitril - met hox

phenyl alkaxyparhonyt, @kaxyiraingdalkepysutionst, alkyhal!mltpﬁfbpayieamy*sulfonyl
(2 1oL 307 RriRo BB AR EAMEIS Alonds g haBhdLs Randikyt- 11

|ph

é (ﬁ ﬂ(aﬁagérﬁf:wr@ymymwkmxwhmrc@mbr aitel, Alkgithibpanicd,-NHRHNRIRE 1, 1" -
| en - &- VI
S LR RO S RO BBy el MR IS ORR %) 4- bl pyr r ol - 1(2H) - - 124-

rethytoct oty d°oRfe SRS 3 orr TR et AR o
o] Swcalay: 12 stoy St Ao &yl
yl Izﬂhenyl }p?f Bd§ ﬁéy @anglgﬂ %?qlggxw hete aggll ol he erocycjfé

R, 6aR) - 114- (&, ®ad 0 1t
met hyl oct ahydr (ﬁ){;yﬁﬁ o{éﬁdﬁ)] Eg?é%l?(épaﬁ'gé/rgde are independently hydrogen,

R, 6aR) Q=4 @kylf Cor€hiasysioatil rana/ (Qa-T1 chclpakkyhamingy 1) - 5- net hyl oct a hyd
ropyrrol o[ 3, 4- b%

2-met hyl- 5- (p)i i g%ﬁ‘%a@f -'%-nmat hyl hexahydr opyrrol o[ 3, 4- b] pyrrol - 1( 2H) -
yl ] pheny11-1, 3-benzot hi azol e; (3a R gaR)-1-[4-(1Him

i dazol - 1- Aphenyl ] - 5- net hyl oct ahydr opyrxQq| 8t 3, 4- 15bi pyrrol e;

(3aR, 6aR) - 1- (4' - et hoxy-1, 11- bl phenkZ- R%5- met hyl oct ahydr opyrr ol o[ 3, 4-
b] pyrrol e; (3aR, 6aR) 5- net hyl R@ (met hyl t hi o) -1, 11 bi phenyl- 4-
yl | oct ahydropyrrol o[ 3, 4-b] pyrrol e; @ ﬁHR) 5- met hyl -

-(4-pyridin-4- yIphenypoctahydropyrrolo[ 4-

b] pyrrol e;

25
17.  The compound of claim 16, wherein when L' is a bond, Z is »L3-Cy3
and further provided that when L' is a bond, Cy' is phenyl, Z is -L3-Cy® and L®is a
bond, Cy® is not
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-[ (3aR, 6aR) - 5- et hyl hexahydropyrrol o[ 3, 4-b] pyrrol -1(2H)-y1]-1,1" -
bi phenyl-3-carbonitrile; (3a R 6a44-(1, 3-benzodi oxol-5-yl)phenyl]-5-
net hyl oct ahydr opyrrol op, 4-bj pyrrol e;
25(3aR 6aR) - 5- net hyl- 1- (4- pyri di n- 3-yl phenyl ) oct ahydr opyrrol o[ 3, 4-b] pyrrol e
(3a R, 6a44-(2,6-difluor opyrliggdn 3- Aphenyl1] - 5-
methyl oct ahydr opyrrol of 3, 4-b] pyrrol €, e 1-(4' - [(3a R, 6a
R) - 5- met hyl hexahyd ropyrrol of 3, 4- bR$s RZe( 2H) -y1] -
bi phenyl-3-yl}etha non e; 30(3a R, 6gz
R) - 144" - (ethyl thio)-1, 1" - bi pheny1-4- % hyl oct ahydr opyn- ol of 3, 4-
b] pyrrol e; (3aR 6aR) - 5- net hyl [4N (tr| fluoronethyl)-1, 11- bi phenyl - 4-
ygoct ahydr opyrrol o[ 3, 4- b] pyrrol e; R (3a-
R, 6aR) - 5-net hyl-1- (4' -vinyl-1, 11- bi phenyl - 4-yl ) octa hydropyrrol o[ 3, 4-
b] pyrrol e; (3aR, 6aR)-5-nmet hyl -1-(4' -nethyl-3'-nitro-1, 11- bi phenyl - 4-
ypoct ahydr ophg: r olfomethdd o/ iresti rig a pi@amal having a condition where

R, 6aR) - 114-( 2, 4- di met hoxy 3oyrlm di n-5-yl ) phenyll-5- neth Ioctah¥
ropyrr@m@cﬂlgatfprbp bistagniae-3 receptor activity is of therapeutic benefit, said method

(3aR 6 I [3, 4-

b] pgr r g:ﬁ)'np]ns nzb a&hﬂ‘?i@ng&gé& %‘E’@% )ﬁt?al H';h?y dirzﬂé‘ E g&ﬁ%%ﬁ%ﬁﬁ:{%ﬁ%%@c ahyd

r opyr r thexiapedtidallyyeffegitiee amount of a compound of the formula (1) of claim 16.

10{4' -[ (3aR16aR) - 5- net hyl hexahydr opyrrol o[ 3, 4- 1Apyrrol - 1(2H) yl]-1,1"-

bi phenyl- 3-yl } met hanol ; (3aR, 6aR) - 1- (4-di benzo[ bAf ur an- 4-yl pheny1l) - 5-

nmet hyl oct ah OPYf I

(3aR, 6aR) - Sy‘?’et hy II'r %E%d??l f uo?gn\g?%rem Cf T h%er ? Iyolr_heterocygll octa h ydro
pyr r ol ea8hhavBig b,yz rayl theteroatoms selected from mtrogen oxygen, and sulfur,

3aR, 6 4.-1l 31- 1-h 1-4-y1)-5- .

SR Pl i ASa% B Nataatamds RASIER; Biovidedinat when b is A bond,
pht hyl )mé@en?kiyéehahmﬁhepwdvﬂiédtﬁaﬂwhbmu‘ n@laeonelﬁv is K)Henﬁl (Z@LG a
R)-5-nmet hyl h £xa hydr o yrro o[ 4-b] pyrrol -1(2H)

bi phenﬁyzan;dll}elsraam iigaot
1-{4' -[ (3aR, 6aR) - 5- net hyl hexahydropy[{zzrdol o[ 314- 1Apyrrol -1(21-1)-y1]-1,1" -
bi ohenyl- 4-yl) et hanol ; T,
2-{4' -[(3aR, 6aR) - 5- met hyl hexahydr oRsf ol'\b{;'&, 4-1Apyrrol -1(2H) -y11-1, 1" -
bi phenyl-4-yl } pyridazi n-3(2H) -one; R R, 6a
R)-5-nmet hyl-1- (4" -pyrimdin-5-y1-1, &z]a i phapyl-4- yl
)octahydropyrrolo[S 4- bi pyrrol e;

-[(3aR, 6aR) - 5- et hyl hexahydr opyrr ol o[ :§< 4-blpyrrol -1(2H) -y1]-1, 1%, 1"-
ter phenyl - 3-carbonitrile; (3aR, 6a
R) - 144" - (6-fl uoropyridin-3-y1)-1, 11- bl phenyl-4-yl1]-5- 30 nethyl oct ahyd
ropgr r ol of 3,24- b] pmermlemod of claim 19, wherein the condition or disorder is

ﬁéf‘ Eyfs%@% 3 44fr8é;y drbpgtcg 5%6& g'ggggte(ééhe(n%’sbd gggs@/ %sdtha Fé_rgic

Eét ﬁ >1/4 (grgithg[]s; gttggg@ar/ (E)ieg%l{‘hﬁ%é;rrébt(i)\frgﬂ&is&'dﬁhecﬁp{é{aﬂdhéé}dé:r codrifive

- [ ( 3alysBue}ios, cagnitvendsfiditgdn ppychiatricpigordprs, deficits obmenyary - deficis' | 1" -
t h 4- tr
o ¢ P foefofeth ARt Sitgnaeys rorsinagya. g ebusersiappias: bRl
5y|2bph@%étés,R%FéS§oﬁ dﬁﬂ@p@?tgé&ﬂilﬁtébiu@al disorders, inflammation, msuiln
(3aR, 6aR) - 1- 6- chl or opyri dazi n- 3-yQpi perazi n-1-yl'| pheny1}-5
met hyl deslgtey@ecqyy\drcung{ jet lagomdullanethyroid carcinoma, melanoma, Meniere's

disease, metabolic syndrome, mild cognitive impairment, migraine, mood and

attention alteration, motion sickness, narcolepsy, neurogenic inflammation,

obesity, obsessive compulsive disorder, pain, Parkinson's disease, polycystic
25 ovary syndrome, schizophrenia, cognitive deficits of schizophrenia, seizures,

septic shock, Syndrome X, Tourette's syndrome, vertigo, and sleep disorders.
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(3aR, 6aR)-5-net hyl - 1- (414- (1, 3-t hi azol - 2-y1) pi perazi n-1-

yl | phenyl } oct ahydr opyrrol o] 3, 4- bl pyrrol e;

to(3aR, 6aR) - 5- net hyl - 114- (4- pyri di n- 2-yl pi perazi n- 1-

yOphenyf | oct ahydr opyrrol o[ 3, 4-b] pyrrol e;

(3aR16aR) - 5- et hy1- 1- (414- (4-ni trophenyl ) pi per azi n- 1-

yl i phenyl } oct ahydr opyrrol o] 3, 4-b] pyrrol e;

2-(4-{4- [(362? GaR)heBnﬁmdwdafrtﬂémyerﬁarermm Sorftiitict By diserdek(2H) -
15y|]pheny| erazin-1- benzonltrl

(3aR, 6aten it hypa V*&ydisél’dﬁMAWerﬂ%l’r%diSﬁaie or dementia.
yI)phenyI|octahydropyrrolo[3 4- b] pyrrol e;

(3aR, 6aR) - 5- net hyl - 1- (444- (6- net hyl pyri dazi n- 3- yOpi perazi n- 1-

yl | phenyl }Oamhydﬁitwmttﬁjcbtbﬁclémb]iaywheim the condition or disorder is

20( 3aR, 6aR Z@-g-nﬁth yl-114-( P ra;gn 2- yIplgeraZ|n 1-

yl )pher$§«‘- e éﬁfVGPbWQP'BV%FS it Pipsahy renia

(3aR, 6aR) - 5- net hy1-144- (4- pyri m di n- 2- ylplperazin-l-

yl ) phenyl j oct ahydr opyrrol o[ 3, 4- b] pyrrol e;

4- (4{4- [(SaR%aR)‘FHi,L nmthnd d)feo{auhydlsgphelrenﬁ thie3candifiqry or disofdeths -
25y||phen |pera2| nlt

(53R BARCaicha g a@ﬁgﬁfe@w P il pthges riabesitkoheny 11 5-

metygyl oct ahydropyrrol of 3, 4-b] pyrrol e;

(3aR, 6aR) - 5- net hyl - 144- (4- pyri m di n-5-yl pi perazi n-1-

yl ) pheny1] o@4ahy ok praaess of pssparinigs comipeund ©f armula (1V)

6aR) - 2- {414- ( 5- met hyl - hexahydr o- pyrrol of 3, 4- gdpyrrol 1-y1) - phenyl | -

pi perazin-1-yl}-nicotinonitrlle; |

(3aR, 6aR)-1-(4-benzyl phenyl) - 5- net hyl oct ahy, pyrrol o[ 3, 4- b] pyrrol e;
(3aR,6aR)-5-nEthyl-l-(4-phenoxypheny|)océg QerroIo[314 b] pyrrole; -127-
144-[ (3aR, 62R) - 5- met hyl hexahydr opyrrol o b pyrrol 1(2H) -yl i phenyll- 2-
phenyl et hanone; (3a R 6aR)-144- h enoxy) p

henyl] - 5- net hyl oct ahydro pyrrol of 3, 4- yrrole

544-{4-[ (3aR, 6aR) - 5- nethylhexahydrdhy%rolo[3 4- b] pyrrol -1(2H) -yl | phenoxy) -
1, 1' - bi phenyl-4-carbonitrile;

{4-[(3aR 6aR) - 5- et hyl hexahydr of No[3,4-bjpyrro|-1(2kb-

yl ] phenyl ) (phenyOret hanone;

4-[ (3aR, 6aR) - 5- nethylhexahydropyrr o[3,4-b|pyrol-1(2FD-yI]benzonitriIe;
101-{4-[ (3aR, 6aR) - 5- net hyl hexahydr opyrrol o[ 3, 4-13] pyrrol - 1( 2H) -

yl ] phenyl } met hanam ne;

(IV),

3-({4-[(,3aR 6 | he ah r rrgl o[,3,4-b rrol-1(2H) -
71 ] bensYIGE Bofan i grotpehd € M e of hererophll sompiha e step.of et nyi 1
exq5hyqfé§ﬂp‘ rq %ﬁbguﬂd B} fb{—ﬁ{uq)é g;l]g/ - 15yl j benzyl ) pyrimdin-2-a m ne;

R 6aR met hyl hex dropyrrol o[ 3, 4- pryrroI 1(2H) -
yI]phenyIIpyrldln 2-yl ) pyridazin-3(2H) - onﬁ 2-(6-{4-[(3a _
R, 6aR) - 5- net hyl hexa hydro pyrrol op, 4-tdpyrrpl -1(2H )- yllph enyl)pyrid
i n-3-yl ri dazin-3(2 one;
202-(%-%2¥[(3aR,6aR§-E?nethylhexahﬁiai ro o[ 3,4-b]pyrrol-1(2H )-yl] p h

enyl)- 1,3-th lazol-2-yQoyridazin-
5-(4-{4-[(3aR, 6aR)-5-net hyl hexahyd ‘-yrrolo[3 4-b] pyrrol -1(2H) -
yl ] phenyl) pi perazi n-1-yl ) pyridi ngt2-carbonitrile; (3aR, 6a

R -1-[4"-(2- nethoxypyrlnldln(§ yd)-1,1 -bi ph enyl-411]-5- 25

met hyl oct ahydr opyrr ol op, 4-bl p orm
5-{4' -[ (32R, 6aR) - 5- net hyl hexah yrrol o[ 3, 4-b] pyrrol -1(2H)-y11-1, 1" -
biphenyl-4-y1}pyridine 2- car boni riIe

6-met hyl-2-{4' -[ (3aR, 6aR) - 5- rnethylh&ﬂahydropyrrolo[B 4-b] pyrrol -1(2H) -y11-

illlll—l?:&@pg Xlaﬂnéfi})?lé{tlj?%gé? qu]B\xfi%Hglqomdound gfafofm&aﬁ )- -fet hyl-144°-(1-neth

20 25.  The process of Claim 24, wherein the compound of formula (IH)
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&eta hydropyrrol o[ 3, 4- bl pyrrol e;

(3aR, 62R) - 144" - (3, 5-di net hyl- 1H pyrazol -4-y1)-1, 1' - bi phenyl - 4-y1] - 5-

met hyl oct ahydr opyrroi o[ 3, 4- b] pyrrol e;

(3aR, 6aR)-5-nmet hyl -144" - (1-trityl-1 H pyrazol -4-yl)-1, 11- bi phenyl -

yfl oct ahydropyrrol o] 3, 4-13] pyrrol e; H

(3aR, 6aR)-5-net hyl - 114" - (1H pyrazol -4-yl ) N1, 1' - bi phenyl -

yl | oct ahydr opyrrol o[ 3, 4- b] pyrrol e;

53-net hyl - 1-{4' -[ (3aR, 6aR) - 5- net hyl hex&hydrioblyrrol o[ 3, 4-b] pyrrol -1(2H) -yl k

1,1' - bi phenyl -4-yl }pyridin-2(11-1) -efg ~N_

5-net hyl -1-{4' -[ (3aR, 6aR) - 5- net hyl ydr opyrrol o[ 3, 4-b] pyrrol -1(2H)-y1] -
1,11-biphenyl-4-y|ipyridin-2(1FDCfn-,
6- met hyl - 1- {4 [(3aR 6aR) -5 t hyl hexahydr opyrrol o[ 3, 4-b] pyrrol - 1(2H) -y1] -
101, 1' - bi phenyl -4-yl } pyridin - one,

2- (4' - paR, 6aR) - 5- et hyl hexahydr pyﬂ?olo[3 4-b] pyrrol -1(2H) -y1]-1, 11-

bi phenyl - 4-yl } pyri dazin-3(2H ) -

2-{4' (3aR, 6aR) - 5- cyclobutylhexahydrzﬁérrolop,4-b]pyrro|-1(2FD-y1]-1,1'-

bi phenyl - 4-y1} pyri dazi n- 3( 2H) - one; o

152-{4 ) »1(2H) - yl'i bi pheny1-
4-y1}- f%&§?%23§§}? |§§EM&&?62)@V®%§{B{{5&&%B£% g%% ?afl composi tion
conpri si ng) deating@campdund af formuba(lla), phar maceutical |y acceptable carrier.
16. A compound of the fornmula: R3' R3"j, R2d R2cR2eR317 R3a R2f R2a Rl or a

pharmaceutically acceptable salt, ester, am de, prodrug, or radiol abelled
formthereof, wherein: Rl is alkyl, 05 cycl oal kyl, or (C3-05

cycl oal kyl ) met hyl ; R2a, Rf , Wwe, Ra, and K each are

i ndependently hydrogen, nethyl, or huo onet hyl; R3a, R3b, R3", and R3d

each are independently hydrogen, abHkyNfluoroal kyl, 5 fluoroal koxy,

al kpxy, thioal koxy, halogen, or nitrifgy with the proviso that when one or
noré of R3a, R3b, R3e, and R3d are alky? then at | east one of R3a, R3b,
R3c, anehdraim P 36 & Initesgen fmptectingUroap] @k ¥ cobddourd, oftfbrrﬁalbl(mm, hal ogen, or

n|tr|Ie LI is a bond, oxygen sul fur, carbonyl, alkyl ene,

al kyl car bonyl, al kyl am no, - C(=N-Q B NR4, - 0) NR4-, or 10R4 is
hydrogen or al kyl; Cyl is aryl, cny , cycl oal kenyl , het eroaryl, or
het erocycle, Z is a substituent a group represented by -L3-C?; R6 is
hydr ogen, acyl, acyl oxy, alkenyl al koxy, al koxyal koxy, al koxyal kyl

al koxycar bonyl , al koxyi m no, xysut nyl, al kyl, al kyl carbonyl,
al kyl sul fonyl, 15al kynyl, an1do carb @ :cyano, cycloal kyl, fluoroal koxy,

hal oal ke, oal vl wi i tro,
al kyl t hi o, ‘?'Irﬂ‘ﬂfllo',%l %ﬂR?’”H%R%@B“aWé%%%@%@% ﬁﬂg%ﬁgﬁr’& in'%
N(R?)S@@hﬁmﬂio[WOWdeEﬁmﬁnpaummoﬂ&xmwmgehc)sulfur, carbonyl, al kyl ene,
al kyl car bonyl , al kyl am no, - C(=N-Oa|ky|} NRI 1, -C(=0) NR11-, or
-NR11C(=0)-; 20Cy3 is aryl, cycloal kyl, ycIaIkenyI het eroaryl, or

het er ocycl e; R7, R8, RO, R1, and at each occurrence are

i ndependent|y hydrogen, Cl4 al kyl, C3- cloal kyl, or a (C3-C4

cycl oal kypar ni ne; provided that cy3 il'fon H 17, The conpound of

claim 16, wherein when LI is a bopd Nis~ L3-Cy3 and further provided that
when LI is a bond, Cyl is phenyl ,s -L3-Cy3 and L3 is a bond, Cy3 is not
Cy'
o0 Bt (llic) ;
b) heating a compound of formula (lllc), a compound of formula (llld),
O

s
=N

(llid)
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R2d R2c R2b R22 18. A nmethod of treating a manmal having a
condi ti on where nodul ation of histam ne-3 receptor activity is of

t herapeutic benefit, said nethod 5 conprising adm nistering to a subject
havi ng or susceptible to said disorder with a therapeutically effective

anount _0O LI 1 ai he net hod
of ol airtyBORGRBRERR 3 coBRERaSE i b g holinB B sovent g rdiioe 5T 3 ey
3 het ercontppuhdssfifeahald (filggm ni trogen, oxygen, and sul fur, 10 provided that
at | east one heteroatomis nitrogen; prgyided that when LI is a bond, Zis
-L3-Cy3 and further provided that when L1 is a bond, Cy' is phenyl, Zis
-L3- Cy3 and La is a bond, Cy3 is not 0. The net hod of claim 19, wherein
the condition or disorder is selected, } he group consisting of acute

Al zhei mer' s di sease, asthma, allerqgi hi is, attention-deficit
hyperactivity disorder, bipolar d ¢ cogni tive dysfunction, cognitive
deficits in psychiatric disorder: ficits of menory, deficits of

| ear ni ng, dementia, cutaneous €grcinoma, drug abuse, diabetes, type |

20di abet es, depression, epilepsy, gagiiepi ntestinal disorders, inflammation,

insulin resistance syndr on&ﬁt}l ag, medullary thyroid carcinoma,
tl

nmel anonma, Meniere's di sease, bolic syndronme, mld cognitive inpairnent,
m grai ne, nobod and attention eration, not;iagd si ckness, narcol epsy,

par ki dan s "gogeRhedrod Bl REGEED W praiR Lorpbrts R "Cogni ¢ ve
def 5ci fgi)of schi zophreni a, seizures, septic shock, Syndrome X, Tourette's

syndronme, vertigo, and sleep disorders. 21.The nethod of claim 19, wherein
the condition or disorder is attention-deficit hyperactivity disorder,

Al zhei mer' s ﬁ_se%?eergﬁegggﬁég‘jd t?élaﬁ%‘ln%%%nm claim 18, wherein the

condi tion or disor I'STschizopRrenia or tog I've deficits of

schi zophr eniGy' i@ phbaylpatdiod of claim 18, wherein the condition or disorder
is narcol epsy, sleep disorders, allergic rhinitis, asthma, or obesity. 10
24. A pr ocezgeaﬁf%e@dw)t%ms %B%&%%évcaffg%ﬂl a(lV) R (1V), wher ei n
Rl,,s an alkyl group and cy'Ais aryl or heteroaryl, conprising the step of
15 treating a conmpound of formula (I11) (Ill), with alkylating conditions
to provi de @7conhenprocéss aceardimg(to\Glain? @35whkeeeip tioe etixtucd oflthei m 24,

or ovi oBEMRPURRT I THBu B s ek e onenrinuaghordetmulp (IS g ¥ihouna of

for mul geglhd @rbonate, a palladium source, and Xantphos in a solvent.

15 28. The process according to Claim 25, wherein the palladium source is
palladium acetate or palladium chloride.

29.  The process according to Claim 26, wherein the palladium source is
palladium chloride.
20
30.  The process according to Claim 25, wherein the solvent is toluene.

31.  The process according to Claim 25, wherein the compound of
formula (llic) and the compound of formula (llld) are heated with potassium
25 carbonate, copper () iodide, and 8-hydroxyquinoline in a high-boiling polar
solvent.
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F1-11 5(lila) wherein Pis a nitrogen protecting group; and a conpound of
formula (111b), Br 61- (111b) wherein Cyl is aryl, with a carbonate base,
a pal | adi um source, and Xantphos in a solvent, to provide a conmpound of
formula (111c), Cy' (111c) 10 b) heating a conpound of formula (11lc), a
conmpound of forrmula (111d), NH O I (111d) a carbonate base and a copper
source in a high-boiling polar solvent to provide a conpound of formula

(11le), ; amd.c) rlmq)fbugsébecmdkrglgmaphqsewherwnm@uorﬁp@updwl de conpounds
of fornula 5(111) rocess accordi ng im24, wherein Cyl is

pheny! formdaghis) ﬁnﬁﬁ%éﬁwwpaﬂé&ffwmgaéumage Bem@w&? petagsium o 27.
The P SEREAS APt BabhEt I by fofsoiehl.ur e, of the compound o
carbonate, a pal | adi um source, and Xant Phos in a solvent. 1528. The process
el | adi um ofor | 4 ProcesS 2GEordlng tgyeisas Sk o ariered tos ah-beihar oi n
the palopgidémn it m%gbt%d‘??éﬂw%@l\f{-’m fdrAmide, dlpethylégeta-'r_rﬂ&e process

according to wherein vent (S ene 31. The

pr ocespyedine; dnddg-metiGipyridirds, wherein the conpound of fornula (111¢) and
the conmpound of formula (111d) are heated wi th potassi um 25car bonat e,
copper (I) iodide, and 8-hydroxyquinoline in a high-boiling polar solvent.

32.49The pro@adss JeeYELEk b@c&ngﬁb@am‘S@rWh@réuﬁ%éﬂiﬁ?ﬁbkﬁlﬁn?bofa@r mul a
(111c) and the conpound of fornula (111d) are heated wth potassium

car bongoleahis Ndbgumethylioienamidea hi gh- boi | i ng pol ar sol vent. 33.
The process according to Clainms 30 or 31, wherein the high- b0| | i ng pol ar
solvent is selected from N, N-di met hyl f or mam de, di nmet hyl acet am de,

pyridine, aryb.4- memrbpyss geesrdinigaa/Clalhe 28! apersin dgs eoipoaind @f C ai m 31,
wherein the hjgh-boili olar sol vent is N, N-di net hyl f or mam de.

35. Thdongrgad )efctfeaf@ﬂrvy anhycérpwtwdrqmertypm'%er Bmﬁ?@@ﬁcﬁhdﬁ”qedﬂnul a
(1ile) acétléﬁgﬁt ed wi th anhydrous hydrogen bromi de or hydrogen chloride in
15acetic acl 36. The process according to Caim25, wherein the
conpound of fornula (11le) is treated with a base.

36. The process according to Claim 25, wherein the compound of
formula (llle) is treated with a base.

20 37. The process according to claim 24, wherein the alkylating condition
comprises treating a mixture of a compound of formula (l1l) and formaldehyde,
acetaldehyde, or cycloalkyl ketones, with sodium triacetoxyborohydride, sodium
cyanoborohydride, or sodium borohydride.

25 38. The process according to claim 24, wherein the alkylating conditions
comprises treating a mixture of a compound of formula (I11) and formaldehyde with

sodium triacetoxyborohydride.

39. A compound of formula (lil)
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2037. The process according to claim 24, wherein the al kylating condition
conprises treating a m xture of a conpound of formula (I1l11) and

f or mal dehyde, acet al dehyde, or cycl oal kyl ketones, w th sodi um

triacet oxyborohydri de, sodi um cyanoborohydride, or sodi um borohydri de.
2538. The process according to claim 24, erein the al kylating conditions
conprises treating a m xture of a conpound_of formula (111) and

f ormal dehyde with sodi umtri acet oxyborohydri de. 39. A conpound of formula
(I1'1'1) wherein Cy' is aryl, or a salt HhgraoH 540. A conpound that is ethyl
(3aR, 6aR) - hexahydropyrrol o[ 2, 3-c] p 1H) - car boxyl at e

di benzoyl -D-tartrate salt. 4j§j§fﬁﬁocess for preparing ethyl

(3aR, 6aR) - hexahydropyrrol of 2, 3- g}pyFT ol e-5(1H) - carboxyl ate

di benzoyl -D-tartrate salt conpriging the step of 10reacting ethyl

hexahydr opyrrol o[ 3, 4-b] pyrrolag: 581H) - car boxyl ate with D di benzoyltartaric
aci d nono- hydrate. 42. The ocess for preparing a conpound of
formula (1V), 15 (1V), wherei is an al kyl group, conprising the steps
of : a) providing an et hyl

(3aR, 6aR) - hexahydr opyrrol o[ 2, 3-c] pyr(”BI e-5(1H)- carboxyl ate

di benz gyer it,gaatrg 8Ahisy taggaeogcr eating the ethyl

(3aR, 6aR) ahydr opyrr ol oﬂZ 3-c]pyrrole-5(1H)- carboxyl ate

di benzoyl - Dtartrate salt wlth a base; c) heating a conpound of formula

(1135)! o1 #0 fbimPolhdERAGF aB] 1o bAR MRy Bl R, 2™

pal | adlsgm;;.@gmm Ia@éldll%@lﬁbﬂﬂ!)&aﬂmt@sém vent, to provide a conpound of
formula (111c), Br(11lc) d) heating a corrpound of formula (111lc), a

conmpound of formula (111d), 0 (ThJR (IW 1() a carbonate base and a copper

h- ff |
(Ti1ey, | add- O ABhdceld i hrRbally KL (haR BBV ERARUAERBRYRIZ 3L ovf e -
corrpoumx}#wmflefwﬂﬁ)*barb(oggl%% S%éntaggyﬂmntnage salt pompridingciberstemas of fornul a

5. 1 - Toasiassetkyl xayANEGIRIAdr Blsypls-5( 1 hcarboxylate with D-
b] pyrrg)r (%r(z%g?taﬁféi %clajmghcﬁ’rf‘)%ydtedf yl} pyridazin-3(2H)-one L-tartrate

nmonohy

2-{4" - [(3aR 6aR) 5- et hyl hexahydr opyrrol op, 4-b] pyrrol -1(2H)-y11-1, 1" -

b| phenyl - %ln 3% H% one L-tartrate m)ncgf}g l;t(a( orm B,

(3aR16aR) t Y \SrRIRARS IS RFFPEING 3 COmpopA IM)11-1, 11- bi pheny! -
yl } pyri dazi n- 3(2H) one hydrochl oride trihem hydr ate 2 {4'-[(3aR 6aR) - 5-

met hyl hexahydr opyrrol o[ 3, 4- 131pyrrol - 1( 2H) -y11- 1, 11- bi phenyl - 4-yl } pyri dazin
-3(2H) - one L-tartrate anhydrate, or

2-{4' 4( 3aR, 6aR) - 5- net hyl hexahydr opyrrol of 3, 44

b] pyrrol -1(2H)-y11-1, 11- bi phenyl - 4- yI}pyrl a2| n- 3( 2H) - one hydrochl ori de
anhydrate. 10 44. Crystalline ' 'H

2-{4c[ (3aR, 6aR) - 5- nnet hyl hexahydr opyr 8,4-b] pyrrol 1(2H) -y1] -1, 11- bi phen
yl -4-ylipyridazin-3(2H)-one L-tartrat nohydrate Form A denonstrating at
| east one characteristic peak in thgtp er X-ray diffraction pattern at

val ues of two theta of 3.9002, 16.@20.2, 16.990.2, 17.170.2, 1518.120. 2,
19.720. 2, 19.980.2, 20.2502, 23(3%1?,\/,5\I 27.650.2, and 28.930. 2.
I
x

15
(IV),
wherein R' is an alkyl group, comprising the steps of:
a) providing an ethyl (3aR,6aR)-hexahydropyrrolo[2,3-c]pyrrole-5(1H)-
carboxylate dibenzoyl-D-tartrate salt;
20 b) treating the ethyl (3aR,6aR)-hexahydropyrrolo[2,3-c]pyrrole-5(1H)-
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45, Crystalline

2-{4" -[ (3aR, 6aR) - 5- net hyl hexahydr opyrrol o[ 3, 4-b] pyrrol 1(2H)-y1] -1, 11- bi phen
yl -4-yl }pyridazin-3(2H)-one L-tartrate nonohydrate Form B 20 denobnstrati ng

at | east one characteristic peak in the powder X-ray diffraction pattern at

val ues 11.920.2, 12.520.2, 13.450, 2,

o 75053 Bah Mhehl Ol S@é&"é‘ng’és?oo 2, 20.460.2, and 20.630. 2.
2546. Cryes) ahéatirmy chmpé(zaalaf feriul @ (e, hyhéreiraPyg eqmrog@h ptcideetirig pyrrol -
1(2H)-y11-1, 1t - bi phenyl }pyr| dazi n-3(2H) - one hydrochl oride

tri henmigRgR:ans %I&Wf‘ﬁtqf%@' la{@®3t one characteristic peak in the powder
X-ray diffraction pattern at values Qf t theta of 4.030.2, 13.920. 2,

15. 550. 2, 15,610.2, 15,930.2, 16.1%0,2 4.370.2, 24.660.2, 25.120.2,
25.680. 2, and 30 27.9002. 47 stalline

244" - [(3aR 6aR) - 5- net hyl hexahydregyryol op, 4-b) pyrrol 1(2H) -y11-1, 11- bi phenyl
-4-yl }pyridazin-3(2H)-one L-tartgate anhydrate -138- dem)nstratl ng at

| east one characteristic peak in the pobyder X-ray diffraction pattern at
val ues of two theta of 4.340,2, 8.690.2, 13.04-10.2, 15.820.2, 17110.2,

18. 850 wheréip. ©plis 2ryl2 Githi40carboRdtedtiise? a [28l2Giin 2ourney aR6 X&GMpiRos B a

48. Crys

2-{4" - ['56’ éﬁkéarﬁ)m%}dﬁ@tmn%%%ﬁ%whﬁh'?)fs 4-b] pyrrol 1(2H) -y1] -1, 11- bi phen
yl -4-yl | pyridazi n-3(2H)-one hydrochloride anhyd rate denonstrating at |east
one characteristic peak in the powder X-Igay diffraction pattern at val ues
of two theta of 6.270.2, 12.590,2, 15. N2, 16.7110.2, 1018.490. 2,

18. 950. 2, 20.310.2, 20.970.2, 22. 440 .$20. 2, 24.030.2, 24.670.2,
31.900, 2, and 32.750. 2. st ntlaIIy pure crystalllne

2-{4' -[(3aR, 6aR) - 5-

nmet hyl hexahydr opyrrol o[ 3, 4- b] pyr 1(2H)-y1] -1, 11- bi phenyl - 4- Apyri dazi n- 3(
2H)- 15 one L-tartrate m)nohydWate Form A 50. Substantially pure
crystalline 2-(4'-[(3aRl6aR)-g; net hillchexahyd

ropyrrol o[ 3, 4-b] pyrrol -1(2H)-yl]-1, 11-bi phenyl-4-yl)pyrid azi n-3(2H)- one
L-tartrateg) meadhyd airgp GidoBorddla (1lic), a dempdasefaoralal Migur e crystalline
2-{4' -[(3aR, 6aR) - 5- rret hyl hexahydropyrrol o[ 3,4-b]pyrrol -1(2H)-y1] -1, 1cbi p
henyl -4-yl)pyrid azi n-3(2 H)- one drochloride trihem hydrate. 2552.

Substantially pure crystalline 2- (4 R6aR 5-

nmet hyl hexahydr opyrrol o[ 3, 4- bl pyrr ol -yl] - 1, 11- bi phenyl - 4-yl } pyri dazi n-
3(2H)- L-tartrate anhydrate. 53. Su | ally pure crystalline

244' -[ (3aR, 6aR) - 5- (1lid)

30net hyl hexahydr opyrrol o[ 3, 4- b] pyr roI 1( 2H) -y1] -1, 11- bi phenyl - 4-yl } pyri dazi
n- 302|—|)acarbend!lyaobané‘dmt adeppehyolrat én advigh-Ooilingadlamsnlvent to provide a
2-{4'-[(3aR, 6 h& 5- et H hexahydr opyrrol o[ 3, 4- 1Apyrrol --139- 1(2H

)-y11l- 13 mpqwﬁ dorouwlayiliedyri dazi n-3(2H )-one L-tartrate monohydrate Form A
having the unit cell paraneters V\,herelnpa is 7.6 A bis 7.4 A cis 22.7 A
and 13 is 94.1. 555. Crystalline

2-{4' -[(3aR, 6aR) - 5- et hyl hexahydr opyrr 3, 4- 1Apyrro|

1(2H)-yl]-1, 11- bi phenyl - 4- yl}pyrldazu-n 21 -one L-tartrate nonohydrate
Form B having the unit cell para rein a |s 7.6 A, bis 87A cis
40.3 AL 56. Crystalline

2-(4' -[(3aR, 6aR) - 5- et hyl hexah?f rroI o[ 3, 4-13] pyrrol -

i01(2H)-y1] -1, 11- bi phenyl - 4-yl yr| dazi n- 3(2H) - one hydrochl oride

trihem hydrate having the ity ceII pdelamet ers wherein ais 7.3 A bis 7.4
A cis 22.2 Aand a, r3, an y re each respectively 86.3, 81.00, and
77.3. 57. A process for prep 2-{4*-[(3a n(aaR) 5- i

5nmet hyl hexahydr opyrrol o 3, 4-b] pyrrol -1(2H) -y 1, 11- bi phenyl - 4-yl ) pyri dazin
-3(2H) - oep renmtngsmeg'nﬂr@@éryﬁtcﬂétbﬂr@ droup to prowde compounds of formula

2-{414 R, 6a 5-net hyl hexahydr opyrrol o[ 3
b] pyrr ﬁs vaﬁlﬂaf%foalff?nﬁvpom% ‘Pfrf?FmH@z@\Q'S(ZH) one L-tartrate salt

i nq4at er and d| met hyl acet am de or et hanol.
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43. 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 L-tartrate monohydrate
Form A, 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, 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl]-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 L-tartrate anhydrate, or 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
blpyrrol-1(2H)-yl)-1,1"-biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride anhydrate.

44. Crystalline 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
demonstrating at least one characteristic peak in the powder X-ray diffraction
pattern at values of two theta of 3.90£0.2, 16.72+0.2, 16.99+0.2, 17.17+0.2,
18.12+0.2, 19.72+0.2, 19.98+0.2, 20.25+0.2, 23.96+0.2, 27.65+0.2, and
28.9310.2.

45. Crystalline 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
demonstrating at least one characteristic peak in the powder X-ray diffraction
pattern at values of two theta of 4.394£0.2, 10.45+0.2, 11.92+0.2, 12.52+0.2,
13.45+0.2, 16.71x0.2, 16.92+0.2, 17.62+0.2, 17.90£0.2, 19.10+0.2, 20.4610.2,
and 20.6310.2.

46. Crystalline 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-yl}-1,1"-biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride trihemihydrate
demonstrating at least one characteristic peak in the powder X-ray diffraction
pattern at values of two theta of 4.03+0.2, 13.92+0.2, 15.55+0.2, 15.6110.2,
15.9310.2, 16.15£0.2, 24.37+0.2, 24.66+0.2, 25.12+0.2, 25.68+0.2, and
27.9010.2.

47. Crystalline 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-bjpyrrol-

1(2H)-yi]-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate anhydrate
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demonstrating at least one characteristic peak in the powder X-ray diffraction
pattern at values of two theta of 4.34+0.2, 8.6910.2, 13.04+0.2, 15.8210.2,
17.11£0.2, 18.3540.2, 18.93+0.2, 20.7410.2, 22.40+0.2, 23.04+0.2, and
26.450.2.

48. Crystalline 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-yl]-1,1-biphenyi-4-yl}pyridazin-3(2H)-one hydrochloride anhydrate
demonstrating at least one characteristic peak in the powder X-ray diffraction
pattern at values of two theta of 6.27+0.2, 12.59+0.2, 15.15+0.2, 16.7110.2,
18.4910.2, 18.95+0.2, 20.31x0.2, 20.97+0.2, 22.44+0.2, 23.82+0.2, 24.0310.2,
24.67+0.2, 31.90+0.2, and 32.7510.2.

49. Substantially pure crystalline 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.

50. Substantially pure crystalline 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.

51. Substantially pure crystalline 2-{4’-[(3aR,6aR)-5-
methylthexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl])-1,1"-biphenyl-4-yl} pyridazin-3(2H)-
one hydrochloride trihemihydrate.

52. Substantially pure crystalline 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yi]-1,1-biphenyl-4-yl}pyridazin-3(2H)-
L-tartrate anhydrate.

53. Substantially pure crystalline 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1-biphenyl-4-yl}pyridazin-3(2H)-
one hydrochloride anhydrate.

54. Crystalline 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
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1(2H)-yl]-1,1-biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate monohydrate Form A
having the unit cell parameters whereinais 7.6 A, bis 7.4 A, cis 22.7 Aand B is
94.1°.

55. Crystalline 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
having the unit cell parameters wherein ais 7.6 A, bis 8.7 A, cis 40.3 A.

56. Crystalline 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-yl}-1,1"-biphenyl-4-yl}pyridazin-3(2H)-one hydrochloride trihemihydrate
having the unit cell parameters whereinais 7.3 A ,bis 7.4 A, cis222Aand o, B,
and y are each respectively 86.3°, 81.0°, and 77.3°.

57. A process for preparing 2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1, 1'-biphenyl-4-yl}pyridazin-3(2H)-
one comprising recrystallizing 2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
blpyrrol-1(2H})-yl]-1,1"-biphenyl-4-yl}pyridazin-3(2H)-one L-tartrate salt in water
and dimethyl acetamide or ethanol.
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