WO 2009/036132PCT/US2008/075967 OCTAHYDRO-PYRROLOP,4-B1PYRROLE N-OXIDES
5BACKGROUND OF THE INVENTION Technical Field The invention relates to

octahydro-pygrol rrole N-oxides, compositions comprising such compounds, methods for
making the é(gr%g(%ﬁap va salts, and polymorphs, and methods of using QQHP @ﬁ?ﬁﬁ as prodrugs
for treating conditions and disorders where modulation of histamine-3 (H3) receptor activity is of
therapeutic benefit. Description of Related Technology 15Histamine is a well-known modulator of
neuronal activity. At least four types of hlstamlne receptors have been reported in the literature,
typically referred to as f‘@ i ne-4. The class of histamine
receptor known as the ' ' SO Sometimes-tat ' ¥nine H3 receptor or the
H3 receptor) is believed to play a role in neurotransm|SS|on in the 20centra| nervous system. The
histamine-3 (H3) receptor was first pharmacologically characterized on histaminergic nerve terminals
(Arrang et al, "Auto-inhibition of Brain Hlstamlne Release Medlated by a Novel Class (H3) of Histamine
Receptor"”, Nature, Vol. 302, pp. 843 (IO : mhe-@feceptor is able to regulate the
release of 25neurotransmitters in the central nervous system and peripheral nervous system, and also
in periph rgans_such as the gastrointestinal tract. Histamine-3 ligands have been shown to be
able to m%ﬂeg%ase of histamine, dopamine, serotonin, acetylcholine, and other

neurotransmittershd revexizieneR@isiseeningdio-peaidiors ansishetiesiahlighed role in modulating
neurotransmitter r{elease acﬂwtx\c}n 30animal mogels of dlsdease indicate the utility of histamine-3

ligands for?ﬁeo?rea rﬁ%ﬁfampﬂsx such compounds, methods for making the compounds,
10 salts, and polymorphs, and methods of using said compounds as prodrugs for

treating conditions and disorders where modulation of histamine-3 (Hs) receptor
activity is of therapeutic benefit.

Description of Related Technology

15 Histamine is a well-known modulator of neuronal activity. At least four fypes
of histamine receptors have been reported in the literature, typically referred to as
histamine-1, histamine-2, histamine-3, and histamine-4. The class of histamine
receptor known as the histamine-3 receptor (also sometimes called the histamine Hs
receptor or the Hj; receptor) is believed to play a role in neurotransmission in the

20 central nervous system.

The histamine-3 (Hs) receptor was first pharmacologically characterized on
histaminergic nerve terminals (Arrang et al, "Auto-inhibition of Brain Histamine
Release Mediated by a Novel Class (Hs) of Histamine Receptor", Nature, Vol. 302,
pp. 832-837 (1983)). The histamine-3 receptor is able to regulate the reiease of

25 neurofransmitters in the central nervous system and peripheral nervous system, and
also in peripheral organs such as the gastrointestinal tract. Histamine-3 ligands
have been shown to be able to modulate the release of histamine, dopamine,
serotonin, acetyicholine, and other neurotransmitters. The existence of histamine-3
receptors and their established role in modulating neurotransmitter release activity in

30 animal models of disease indicate the utility of histamine-3 ligands for the treatment
of disease. This has motivated a search for, and the development of, selective

histamine-3 receptor agonists and antagonists (Leurs et al., Nature Reviews Drug
-



of disease. This has motivated a search for, and the development of, selective histamine-3 receptor
agonists and antagonists (Leurs et al., Nature Reviews Drug Discovery, Vol. 4, pp. 107-120 (2005);
Arrang et al. "Highl otent and selective ligands for histamine H3-receptors,” Nature, Vol. 327, pp.
117-123 (198H: E%;:’ﬁBS%Sﬁd Timmerman, ed. "The History of H3 ReceptorPAFEHEE 87 4ew Drugs,”
Elsevier (1998)). 5The activity of histamine-3 receptors can be modified or regulated by the
administration of histamine-3 receptor ligands. The ligands can demonstrate antagonist, inverse

agonist, opRRYIARIUBISE ApHVIYTHISRRITS S reasrjasdayedaphiried iy cenditipns and disorders
related to the %%abne@/_é)us E}/gitem ir}]\éol\(j memo&,a%égnitlon, attention, and other neurological
processeé‘,gfﬁ fOfReEE! Tty sc?%géﬁﬁné/ - 2ird HRtehic %?&i\‘/?t?@@Sh@H%@ﬂ%se involved
in asthmaTamdnatiergic edirfiliseAibtoug bildsiPesattsses Dhepmnpouwnsls Damensatnghistamine-3
receptor-w ting activity exist, it would be beneficial to provide additional compounds that can be

incorporated Intd pharmaceutical compositions useful for therapeutic methods. 15Prodrugs are a
suitdble manner o g&iinef thistapénaid rznapoundsnAspmdifiatety Segutatddbxtmmercial drugs
worldwide, 3 AR SFRIB P HIBMR O, B ARCHEG RRIRAIP b sk R- 277280 (2004))
Prodrugs distinguish themselves in one or more significant ways. They are structurally different from
the activeRHERPRET OB FEOM Preparia) earEstistridhphiistetirenioaosripertiey s20Prodrugs

can therefssgrbmuegdo fosrRAoMRIBNtP Sebrads e Hally esvrucilems RSLIsgRRLA] to overcome some
barriers tq the utility of the parent drug molecule, for example, they can help bypassing of drug efflux

mechanisiC ¥R PR SR HHAT AVEMAL RS SHash D eNENRIIEH BFrfEEFSStion, and generally
improve bicshedilatztity abeshigdistiblsiaperFiEhel mveajsrrelatasiaiosiauerasiaedol3,4-blpyrrole
et to F e e R e S R T it e e Aot beneti,.
SUMMAR3emoasirsting fesie thio red senepiictett adotrtipg wothdfytbeisorinwiauld be beneficial to
provide additional compounds that can be incorporated into pharmaceutical
compositions usefui for therapeutic methods.
15 Prodrugs are a suitable manner for providing therapeutic compounds.
Approximately 5-7% of all commercial drugs worldwide are prodrugs (Stella, Expert
Opinion on Therapeutic Patents, Vol. 14, pp. 277-280 (2004)). Prodrugs distinguish
themselves in one or more significant ways. They are structurally different from the
active daughter compound, and they may have distinct physicochemical properties.
20 Prodrugs can therefore be used, for example, to solve drug delivery problems, and in
general to overcome some barriers to the utility of the parent drug molecule, for
example, they can help bypassing of drug efflux mechanisms, extend and delay drug
absorption to extend the period of drug action, and generally improve bioavailability
and biodistribution.
25 The invention relates to octahydro-pyrrolo[3,4-blpyrrole N-oxides as prodrugs
of histamine-3 receplor ligands. As such, the prodrugs of the invention can be useful
to treat disorders where modulation of histamine-3 receptor activity is of therapeutic
benefit.



() or a pharmaceutically acceptable salt thereof, wherein: Z1 is N or CH. In a second aspect, there
is provided -a pharmaceutical composition comprising a compound as defined above and a
pharmaceutically acceptable carrier. In a third aspect, there is provided a compound as defined
above for use in treating a mammal having a condition or disorder where modulation of histamine-3
receptor activity is of therapeutic benefit.  In a fourth aspect, there is provided the compound as
defined above, as a prodrug of compandg:of formula (1) wherein Z2 is N or CH, for use in
treating a mammal having a condition of diSorder where modulation of histamine-3 receptor activity is
or therapeutic benefit. In a fifth aspect, tg%l'e iSé)rovideg 8.cor ounﬁll_that is

(3aR,5R, 6aR)-5-r th§Is1 28t BB RIS A BRI iR ioheny 1-4-ijdctahydropyrrolo[3,4-b]pyrrole
5-oxide. In a sixth aspect, there is provided a compy d that is (3aR,5S,6aR)-5-methy1-1-
(41-(6-oxopyridazin-1(6H)-yl)biphenyl-4-ypoctahydgopy rofp[3,4-b]pyrrole 5-oxide. In a seventh
aspect, there is provided a compound that is 3a5 R )-5-methyll -(4-(6-(6-oxopyridazin- 1
(6H)-yl)pyridin-3 -yI)phenyI)octahydropyrrol -blpyrrole 5-oxide. In an eighth aspect, there is
provided a compound that is (3aR,58,6%§- nethyl- 1 -(4-(6-(6-oxopyridazin- 1 (6H)- yppyridin-3

-yl)phenyflo ctahydroPyrrol o[3 ,4-blpyrr 5-oxide. In a ninth aspect, there is provided a use of the
compound as defined above for the manufacture of a composition for the treatment of a mammal
having a condition or disorder where modulgtion of histamine-3 receptor activity is of therapeutic
benefit. H

or a pharmaceutically acceptable salt thereof, wherein:
Zqis N or CH.

In a second aspect, there is provided a pharmaceutical composition comprising a
compound as defined above and a pharmaceutically acceptable carrier.

In a third aspect, there is provided a compound as defined above for use in
treating a mammal having a condition or disorder where modulation of histamine-3
receptor activity is of therapeutic benefit,

In a fourth aspect, there is provided the compound as defined above, as a prodrug
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of compounds of formula (i)

(in

wherein Z, is N or CH,

for use in freating a2 mammal having a condition or disorder where

modulation of histamine-3 recepior aclivity is or therapeutic benefit.



The disclosure is directed to octahydro-pyrrolo[3,4-b]pyrrole N-oxides having a compound of formula
(D: (1) or a pharmaceutically acceptable salt, or polymorph thereof, wherein Z1 is N or CH. Another
embodiment of the disclosure relates to pharmaceutical compositions comprising compounds of the

disclosure. Suchigompgsitions caR-beadminisiereddmaseRIdancs Mm%m,%ﬂpp%&mclosure,
|

typically as part of a therapeutic regimen for treatment or prevention of conditions and disorders

related to(histaramgidseanidpHetiBirhesthérbnpardEm Tl bistibsiielselztdiifo a method of
treating a mammal having.a.condition;whese saadulalinpahRislamineRre Sepiry ackhdtyyisof

therapeutic benefit, said method comprising administering to a subject having or susceptible to said
disorder thh(émeqppe@mmM@ﬁbwtw@hmabﬁrﬂba%@mgmm@pd%ﬁbﬂwaie)5-Azﬁtsimer embodiment

of the disclosure i 1 6,01, copgund b A (N Gr.ARhaTRE AN AeeRlgble sal o

poiymorph thereo?, L prodrug of compounds of formula (I1):
1-(4-(6-(6-0xopyridazin-1(6H)-yl)pyridin-3-yl)phenyloctahydropyrrolo[3,4-bpyrrole

S-oxide.

In an eighth aspect, there is provided a compound that is (3aR,55,6aR)-5-methyl-
1-(4-(6-{6-oxopyridazin-1 (6H)-vD)pyridin-3 -yl)phenyljoctahydropyrroio[3 A-bipyrrole
S-oxide.

In a ninth aspect, there is provided a use of the compound as defined above for the
manufacture of a composition for the treatment of a mammal having a condition or

disorder where modulation of histamine-3 receptor activity is of therapeutic benefit.

3a



wherein Z2 is N or CH, to treat a mammal having a condition or disorder where modulation of
histamine-3 receptor activity is of therapeutic benefit, comprising 5administering to a subject having or
susceptible to said condition or disorder a therapeutically effective amount of a compound of the
forrnula (1). other embodiment of,the di %? € tQ_ hrdNO iReheqampounds of
formula (1). A[\BEA ?ﬁﬁ’é rgn%rggﬁwtgﬁt%f ?r‘%ﬁ gg%egé%ggpaigsgéggg}methog%‘ﬁggﬁg%gcompound of
10formulaothieuselecvehnimdoulate histamine-3 receptor activity. After oral administration or in
vivo administration of compounds of forrnula (1), compo of formula (ll) are formed in animals. The
compounds of formula (I) are potent histamine-3 reggptg;;tagonists that are active and beneficial in
animal models of central nervous system disease Thd mdthod is useful for treating, or 15preventing
conditions and disorders related to histamin cpfor modulation in mammals. Such conditions and
disorders include Alzheimer's disease, llergic rhinitis, attention-deficit hyperactivity disorder,
deficits in attention, bipolar disorder, cegnitive dysfunction, cognitive deficits in psychiatric disorders,
deficits of memory, deficits of learning, jdethentia, cutaneous carcinoma, drug abuse, diabetes, 25type
Il diabetes, depression, epilepsy, gastroiﬂfestinal disorders, inflammation, insulin resistance syndrome,
jet lag, medullary thyroid carcinoma, m&lan&fa, Meniere's disease, vestibular disorders, metabolic
syndrome, mild cognitive impairment, migraine, mood and attention alteration, motion sickness,
narcolepsy, pathological sleepiness, neurogenic inflammation, obesity, obsessive compulsive 25
disorder,Op@imh@u@@@iﬁﬁ@%@ﬁ?ﬁ@%ﬁ&ﬁ%g PPRINEBABHIEesRE!, %?gﬁgb\%{%ﬁ?dfome,
schizophrenia, gogitive-aefigiaaftsehizapliediauseiztitess septicshack,iByhdmmyeXidourette's
syndrome, vertigo, and sleep disgrt%er . More Ipa:gcul%arl , -4- WO ZOOI?/QSGa]dB.ZlEC{;g M{?%IQOS/O?S%?
the metHSEIRIARA CRIPRPYATR PO PretSRIY ContifibnS SRS HisBHsre refatad to the central nervous
system igy@lyingmemany ncaanitiveiandiethenne urplogibakpracest esheahbpsityc asgaisofgeripheral
and systemic activities, such thoés*? involved in as hgla, gllergriclrpigitég ne a(l)be%i_t%/. recg%qmgly, the
compourtBEEHEE BnIBBGHERR SF T8 HELIESuPEGra T R e dicament 107 treating or preventing

fif as 8 e
histamingzg¥ggeptor modulated disease.

Another embodiment of the disclosure relates to a method of treating a mammal
having a condition where modulation of histamine-3 receptor activity is of therapeutic
benefit, said method comprising administering to a subject having or susceptible to said

disorder with a therapeutically effective amount of a compound of the formula (1).

Another embodiment of the disclosure is the use of a compound of formula (1)
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or a pharmaceutically acceptable salt, or polymorph thereof, as a prodrug of

compounds of formula (11):
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The disclosure also relates to particular salts and polymorphs of certain compounds of the disclosure,
as well as compositions comprising and processes for preparing such compounds, salts, and
polymorphs Wi aoftdEidstre also relates to 10compounds that are intermeRiA&ES i coesses for
preparing the compounds, salts, and polymorphs described herein. The compounds, compositions
comprising the compounds, processes for making the compounds, methods for treating or preventing
conditions and disorders by administering the compounds, radiolabelled forms of the compounds,
particular 15 salts of certain compounds, particulazrly ﬁo:gy\piorphs of certain compounds, and
compositions containing such salts, polymorphsgatye ragfolabelled forms of the compounds are further
described herein. DETAILED DESCRIPTI E INVENTION 20 Compounds of the Invention
Compounds of the invention can have the ula (1) as described in the Summary of the Invention: 25
D67 Wherein Z1 is N or CH. There is also disclosed a

g compound of formula () and a pharmaceutically acceptable
ntion are (3aR,5R,6aR)-5-methyl-1-(4'-(6-

(1)
wherein Z; is N or CH, to freat a mammal having a condition or disorder where
modulation of histamine-3 receptor activity is of therapeutic benefit, comprising
5 administering 10 a2 subiect having or susceptible to said condition or disorder a
therapeutically effective amount of a compound of the formula (1).
Another embodiment of the disclosure relates to a method for preparing

compounds of formula (I).

Another embodiment of the disclosure relates to a method of using a compound of
10 formula (1) to selectively modulate histamine-3 receptor activity.

After oral administration or in vivo administration of compounds of formula (1),
compounds of formula (Il) are formed in animals. The compounds of formula (i) are
potent histamine-3 receptor antagonists that are active and beneficial in animal
models of central nervous system disease. The method is useful for treating, or

15 preventing conditions and disorders related to histamine-3 receptor moduiation in
mammals. Such conditions and disorders include Alzheimer's disease, asthma,
allergic rhinitis, attention-deficit hyperactivity disorder, deficits in attention, bipoiar
disorder, cognitive dysfunction, cognitive deficits in psychiatric disorders, deficits of
memory, deficiis of learning, dementia, cutaneous carcinoma, drug abuse, diabetes,

2D type Il diabetes, depression, epiiepsy, gastrointestinal disorders, inflammation,
insulin resistance syndrome, jet lag, medullary thyroid carcinoma, melanoma,
Meniere's disease, vestibular disorders, metabolic syndrome, miid cognitive
impairmeant, migraine, mood énd attention alieration, motion sickness, narcolepsy,
pathological sleepiness, neurogenic inflammation, obesity, obsessive compulsive

25 disorder, pain, neuropathic pain, neuropathy, Parkinson's disease, polycystic ovary
syndrome, schizophrenia, cognitive deficits of schizophrenia, seizures, septic shock,

Syndrome X, Touretie's syndrome, vertige, and sleep disorders. More particularty,
W



50xopyridazin-1(6H)-yObipheny1-4-yOoctahydropyrrolo[3,4-b]pyrrole 5-oxide,
(3aR,5S,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yObipheny1-4- yOoctahydropyrrolo[3,4-b]pyrrole
5-oxide, (3aRGHBARYLIEmethyl-1-(4-(6-(6- PCTIUS2008/675567
oxopyridazin-1(6H)-yOpyridin-3-yl)phenyl)octahydropyrrolo[3,4-b]pyrrole 5-oxide, and
(3aR,5S,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yl)pyridin-3-

10yOphenyl) - r -0X] refer
(2o SR R P e D o S S s letes 4R 1 ayole
5-oxide, ayditral nervous system involving memory, cognitive and other neurclogical
<3aR,5S’&@€9é§§@£tB$Qg -Gy HdAgiRT L GG BIRRGR kA yRecaRydroRuUTRIRIR 4313 1pyrrole
5-oxide. Most preferred is (3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-
15yl)biphéhgstrymodtarsjarbiyiorRS 20BFRrrAESRERREY, the Compaiitisaidhe invention were
narged by AGRIGheRSrateh ¥eisino:d. 0k (dealoped byeAilvarsedGhemisityy Qepetoptient Inc.,
Toronto, Ontario, Canada%é%)r CHEMDRAW Ultra 9.0 software (CHEMDRAW is a registered
trademarkiStEARshHESROR BOTHEEH B Eambridge, Massachusetts), or were given names
20consistent withxCRiAdvarcedsChemistryibeyeatopimentaie mearclatlyen dipkspratticatafassigning
names to chemical compounds from structurﬁs and of ass‘iiﬁ)g?% chemical strgctures fron% Ogqeiven

a

chemical AR - Ko 5 Hs 20 Bt SRR OCBMBBuRAS o tiE%iWerttion may

exist as sigtgpisemershermpbasymmnatic 2aormilialephieryaedisekante Thisserstereoisomers are
"R" or "S" depending on the Qonfig%rﬁtion of substituegts around thetfchiral carbgn at m. The terms "R"
and®'s" uSSEFRIRRT Ahat BRAGIFAREHETES HSMSEHTI UB AEHRTIR A RMERIBH B Biite Bd Applied

Chemistryﬁ&%ﬂr@%@@mged@wﬁ, Section E: Fundamental Stereochemistry (Pure & AppL Chem.,

Vol. 45, pp. 11- 1976)). The.i 100 r ol mixtures
thereof, and thei%ér%ogpg%wgl&\ém%@ v%t%%f% %ﬁ%@%@%@%ﬁ@ﬁ\%ﬁﬁéﬁ%%%%?gmers include
enantiomensking thiasteregeners, anethobadee Feténamigrrysdingissrsidonsersd sisoidisas WO

2009/036 ISOmer ' ' prepared
synth etice:? %ﬁﬁﬁ%ﬁr&%ﬁ% %%ﬁﬁ?lﬁ%qstartinggrﬁgfgfg@%vﬁggcgﬁ%%%@%%%g%p o% chiral

ceriers, oB#ip wipRIFaTD AR PRLERTC FATIERE GIRWEABY pridftrBHa D CREEBRIIIFWBIRKnown to those
of ordinary,skilda;the aoTbsssdneibods:ef resphaionare fexsmplbstayiéinatiaghment of a mixture

of enantiomers to a chiral auxiliary, _
compounds are further described herein.

DETAILED DESCRIPTiON OF THE INVENTION

20

Compounds of the Invention

Compounds of the invention can have the formuia (I) as described in the
Summary of the Invention:
N3
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separation of the resulting mixture of diastereomers by recrystallization or chromatography and
optional liberation of the optically pure product from the auxiliary as described in Furniss, Hannaford,

Smith, and Tgishell.¥pgel's Textbook of Practical Organic Chemistry", 5&%@9&%&%@ ); and

Longman Scientific & loTechnical, Essex CM20 2JE, England, or (2) direct separation of the mixture of
optical enantiorners on chiral chromatographic columns, or (3) fractional recrystallization methods.
Compounds of the invention may exist as cis or trans isomers, wherein substituents on a ring may be
attached inrsgreinaZmiarhher Bkt they are on the same 15side of the ring (cis) relative to each other, or

on opposte Sdep @ iTe U (IRINELID SERIIREL 9 FRLBxRB S RUBAR ALK,

cyclohexanes may be present in the cis or trans configuratiof may nt'as'a single isomer
or a mixtuPeBfHbacY and & aNSsHRBrCRIYIdeRAD BRI D EBEIRS isomers of compounds of the invention

may be prepare@%mi%waégﬂagmm@ﬁﬁ@%s@ﬁ%‘@d@ﬁ%ﬁ}éﬁ%@@ﬁ%&ﬁm1@'9(§9lective organic

transformations, or prepared in single isomeric form by purification of mixtures of the cis and trans

isomers. StERAYRIRERELS GHWRRIRABIMT fortisdaysrar s Skt RiRke det 2rdifigay include separation
of isomerg3aRieergsRizatiethor chimoneataempkszth shewslhn wnderstaod that the compounds of the

e e P S AR B R g e e
exist as isptoppndersnyik@rein mprosrayhaeeytitetanidneights{orekipypits Bydxags mndeuterium
composIpe o e et e b e R B pounds of formula (1, and
thdfefore WiehaBPaiepYdROYEDeLT4-blpyrrole 5-oxide.

More preferred are (3aR,5R,6aR}-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-
yl)biphenyl-4-yljoctahydropyrrolo[3,4-bjpyrrole 5-oxide, and (3aR,5S,6aR)-5-methyl-
1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4-ytjoctahydropyrrolo[3,4-blpyrrole 5-oxide.

Most preferred is (3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-

15 yl)biphenyl-4-yljoctahydropyrrolo[3,4-b)pyrrole 5-oxide.

Compounds of the invention were named by ACD/ChemSketch version 5.01
(developed by Advanced Chemistry Development Inc., Toronto, Ontario, Canada), or
CHEMDRAW Ultra 9.0 software (CHEMDRAW is a registered frademark of
CambridgeSoft Corporation of Cambridge, Massachusetts), or were given names

20 consistent with ACD (Advanced Chemistry Development) 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.

Compounds of the invention may exist as stereoisomers wherein asymmetric

25 or chiral centers are present. These stereoisomers 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 (International Union of Pure and
Applied Chemistry) 1974 Recommendations, Section E: Fundamental
Stereochemistry (Pure & Appl. Chem., Vol. 45, pp. 11-30, (1976)). The invention

30 contemplates various stereoisomers and mixtures thereof, and these are specifically
included within the scope of this invention. Sterecisomers include enantiomers and

diastereomers, and mixtures of enantiomers or diastereomers. Individual
H-



compounds of formula (I). Although compounds of formula (1) are not potent histamine-3 receptor
antagonists or inverse agonists, compounds of formula (ll) are potent histamine-3 receptor antagonists

and inverse@%%@t/ﬁsagberefore compounds of formula (I) are useful for @(?#/%@gggl{%g 69/ffects of

histamine-3 receptors. In 5particular, the compounds and compositions of the invention can be used
for treating and preventing disorders modulated by histamine-3 receptors. Typically, such disorders
can be ameliorated by modulating the histamine-3 receptors in a mammal, preferably by administering
a compowieresisompesitfavobtheis/ehtienineithtoalioag beipreparbohatiothstitalgnbiner active agent,

f f.aik ' ime iti ' lected f th
oroun con e A S s B S R T ooty
disorder, SRITIEIS. ifr SYCPIEGRI BiGOIST cHseFdETEEg R/ BIsRihblone tesisivieagelidgicnin psychiatric

disordersygficlis 3! B9 ofSiEHEPTRRRIBE dRMEALEe CHIRRGIYS GASINAMA LU abuse,
diabetes, type Il diabetes, depression, epllepsi, é%astromtestlnal disorders, inflammation, insulin

resfstancE*SRBHEREL et 1hg R tA RORTHIOMSEh hAaciBhsrEliPBisease, vestibular
disordersggpetalslicosynd regesingilehragaityikvrRaoiests ma@ingtanpetandrattention alteration,
motion sickness, narcglepsy, pathological sleepiness, neurggenic inflammation, obesity, obsessive
compulsivi r8@&‘88F?§a n'?'%/%5%}95@%&%%%?1@%&83?@%%8%%Q(S?ldéj‘a‘i EXedNBolycystic ovary
syndrome;sdiiizy phreesaribegritiFerdediitteohabtid pphreinjarsezitoesiseptigesisonéxiByorrome X,

Tourette' ' sleep disorders, particular, a mammal.haying attention-deficit
hyperacti?/)i@AP déljég%gtr?\{ﬁ%zﬁlﬁé)ig’n@é%%fé?%ag{é Sgﬁgpngn%#ag a%nBCeEr?ermrPr%?n l8riza%dfrcr:1\|ér‘1istration of a

25therapd gvbaligebiieesme Gl RUB Erngaisb ond2idoesigardrativparitdanbdureafmal having
schizophegsia-AeraaRiivedLicts R %@P&ﬂ@@g@@ggeﬁ%@t BP)the agmypistration of a

therapeutically effective amount of a compoun mula (). Additionally, a mammal having
narcolepS§CEieEt iaaiivasrethiddtgic rhinitis, 30asthma, or obesity can benefit from the administration

of a therapeuticatlyraffgGHYE of the invention may exist as cis or frans isomers, wherein
substituents on a ring may be attached in such a manner that they are on the same
15 side of the ring (cis) relative to each other, or on opposite sides of the ring relative to
each other (frans). For example, cyclobutanes and cyclohexanes may be 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 ¢is or frans isomers of compounds of the
invention may be prepared synthetically from commercially available starfing
20 materials uéing selective organic transformations, or prepared in single isomeric form
by purification of mixtures of the ¢is and frans isomers. Such methods are weli-
known to those of ordinary skill in the art and may include separation of isomers by
recrystailization or chromatography.
it should be understood that the compounds of the invention may possess
25 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
may exist as isotopomers, wherein atoms may have different weights; for example,
hydrogen, deuterium and tritium, or “C, "'C and "*C, or "°F and "°F.

30 Methods of the Invention

Compounds and compaositions of the invention of formula () are converted in

vivo into compounds of formula (1), and therefore are useful as prodrugs of
iy



amount of a compound of formula (I). As an important consequence of the ability of the compounds of
the invention WO 2009/036132PCTRIS2008/075967 to generate compounds of formula (1) that
modulate th%,%ffztﬁgﬁ%%ggzistamines receptors in animals, the compounds_and comgosi(tions of formula
() are useful for reaﬂng and preventing diseases, conditions and disordérs &4t Péa’fﬁ/ histamine-3
receptors. Accordingly, the compounds or compositions of the invention can be 5administered either
alone or in combination with another active agent as part of a therapeutic regimen. Compounds useful

for the mettragafritie dvemtion, (Ncludebugareongidiniedtdotiess @peeaifiest imptBatExamples, and
possess an_affinity for the histamine-3 receptors. Preferred compounds of formula (J) useful for the
methods%fgﬁl {)ﬁsfgg“%g%eecr& |205raen2§%?ﬂ‘§§,8a'pﬁl)v-%{]3ﬁe?ﬁgﬁfi§l'- ’%@%‘ﬂ"ﬁ%&{?r ﬁ){m)‘?ﬁﬁhenyl-#
yl)octahyexapyirokifBTdrkldye ot Broaideg (BaRs 3R G afpisemghyists(dHérefore compounds
oxopyridazin- Kb -4 r r 4-Blpyrrole 5-qx|
(3aR,5R,aggllgeo)-5-%e&ﬁ@%@%—%&%@r’%&gn%gH -y Eﬁ/ﬁétna _zn%%xrggeptors. n
yOPBhenyIjeEtsH A S GempR Y nd e051pRRIE i af (BERNTSTEER CBMbetipled-{ar- treating

15(6-(6-Oéﬁexﬁi@aémra%ﬁﬁeoy@@wimaa%mwspmsﬁm&@@eégE@f‘@ﬁmﬂ}?s‘%ﬂxide- More
preferred are (3aR,5R,6aR)-5-methyl-1-(4'46-0xopyridazin-1(6H)-

yI)biphenﬂ@-%Et%@r%BWH%’%?ﬁ B]}SWRﬂls“%t—iBQiHé‘? Higlamine-3 receptors in a mammal,

a5 St St g0 VRO ISRl
-oxide. Most preferred is .6aR)-5-methyl-1-(4'-(6-oxopyridazin- -yObipheny1-4-
2proctaR}'}H?’O%WE&T@[%%-M&/&B%@%%F@ eﬁ?@h%é&ﬁﬁ%ﬁﬂﬁ ay ‘B@rh%éﬂl Pl tieatment and
pré@entioregindéseaSesh comdiitions, e ditsoddesscee die ddtebisthfrone RengpoutationsiEkamples of such

0ieases pndiians aldealdech Ale, MEaRmAlR L Ahefl adiRsaspasiing seie hints

cit hyperactivity disorder fsina on, bipolar order, cognitive dysfunction,
cognitive defieiiss ithastgpdigattingles dispsdasagniive dxsbnyctefictewiiteardifigitdémentia, cutaneous
carcinomagsdeHe RRURSo 8RS ESHicits of memory, deficits of learning, dementia, cutaneous

carcinoma, drug abuse, diabetes, type 1l diabetes, depression, epilepsy,

15 gastrointestinal disorders, inflammation, insulin resistance syndrome, jet lag,
meduliary thyroid carcinoma, melanoma, Meniere's disease, vestibular disorders,
metabolic syndrome, mild cognitive impairment, migraine, mood and atiention
alteration, motion sickness, narcolepsy, pathologica! sleepiness, neurogenic
inflammation, cbesity, obsessive compulsive disorder, pain, neuropathic pain,

20 neuropathy, Parkinson's disease, polycystic ovary syndrome, schizophrenia,
cognitive deficits of schizophrenia, seizures, septic shock, Syndrome X, Tourette's
syndrome, vertigo, and sieep disorders.

In particular, a mammal having attention-deficit hyperactivity disorder,
Alzheimer’s disease, or dementia can benefit from the administration of a

25 therapeutically effective amount of a compound of formuia (1).

In particular, a mammal having schizophrenia or cognitive deficits of
schizophrenia can benefit from the administration of a therapeutically effective
amount of a compound of formula (i).

Additionally, a mammal having narcolepsy, sleep disorders, allergic rhinitis,

30 asthma, or obesity can benefit from the administration of a therapeutically effective
amount of a compound of formula (1).

As an important consequence of the ability of the compounds of the invention
-8



type Il diabetes, depression, epilepsy, gastrointestinal disorders, inflammation, insulin resistance
syndrome, jet lag, medullary thyroid carcinoma, melanoma, Meniere's disease, vestibular disorders,
metabolic smgr fmﬁ{’:a%}islad cognitive 30 impairment, migraine, mood and attention alteration, motion
sickness, narcolepsy, pa%hological sleepiness, neurogenic inflammation, 88@@‘&75’%‘?3%@%
compulsive disorder, pain, neuropathic pain, neuropathy, Parkinson's disease, polycystic ovary -9-
WO 2009/036132PCT/US2008/075967 syndrome, schizophrenia, cognitive deficits of schizophrenia,

seizures, egéicsshtckoSyodraneMobuleite’y syudremeaus the Girtcdeardisordess. The ability of
histamine-3 receptor modulatqrs and consequently, the compounds of the nvention, to prevent or treat
such disegasceeg (():osnﬁit?gﬁrg? o'%r‘q iseo?88"r%°|%"%?e% cr)]r?ts%%{f'@&’ %@%ﬁ?ﬁ%ﬁ%ﬁ%&“ﬂﬁ 'rﬁ?%lif&ving
referenceeating hechpitiyeofitigedisrapesntindfiibesiavdndisardacdudivdy it n ot lindtedch teg-those
specified ot am 9 lon-defici ractivity disorder and deficits in attention, may
be demonstrg_?é Y C?o!’sv?/?a?rt gﬁ%%&?ﬁﬁ%ﬁ ?%e%c?ﬁg\%gﬁé%%tr% %Ii.nxg,nﬁ%. §§ ?ge(ZOOS); Fox et
al.,®Pharff{ebl5drcar Ritiss dles o A BTCOMEIBgian. WEusssysiclioyicat Givdracerizafion and Broad
Preclinicasfigacyidn&@arition and Schizophrenia of a Potent and Selective Histamine H3 Receptor
Antagonist"”, Journal of Pharmacology and Experimental Therapeutics, Vol. 313, pp. 176-190 (2005);

. : pp. 17
Fox et al., "EffetOTPASIERHTE IR doe msticgHidRaaTventianaiFiodn sutaranat eedted
Acquisitiom AmoistagiseciReanense ExHiephropinn sayshsd ah wapiisnevenRaldtaRingghavioural Brain

Research, Vol. 131(1,2 .151- 161(2002); Yates et al., "Identification and Pharmacological
CharactefSEtR Sf j’ é%ﬁ%%?ﬂ%ﬂ?fﬁéﬁ- JBQ?N&%@IH%%‘?&II BRBRHMRORSIBRR8 or Ligands”,
J?Wnal ohPiedmraee (Bafy/ s 6 4R peinetmphl THe (8 peutiys idéaanBiBlz-IMJ)bil;ﬁ'ileﬂﬂJEéQ(s(égS()%;gléi)gneau et
al., Journ ' T tics,Val. 287 " - 1 : Tozer,
Expert O irluglgg:r% 52%%@&%%?@&%@%&%gg%%ﬁésgﬁ)gﬁ%%&ﬁ ?’F@T@BST, Current Opinion
in CentraPxREYPEaBet & Ney)oirhsysidny invtahighooneabdiddsbityrrolenmosRie 527 (1999); Shaywitz
etal., PsyeRephRrmFeRiomeNAL1 83 el dxbhyASAN. RUmem) 6l flin-Revelopment of Amygdaloid

Cholinergic Mediation of Passive Avoidance Learning in the Rat,” Exp. 25Brain Res., Vol. 67 pp. 61-69
(1987): TEURARN¥DAra PR ERIRIGidaP MR iR et 3R BB SARIhoTeityréd4c ontaining

Histamingd-@ BesepiaaAnta@misipyNdiroRpgineMivp Sttdiespyesial Abiamnasology and
Experimgnta Th a euti(T;s , Vol. 27?, P é)gggm 199525; Teq_fp[d et al., "A‘, stracts"ﬂ, Society for
Neurosciéf (?V%{P SRS ‘ﬁeaéé%f, @%}ighé )5 A HefiPkRpEidRain (6H)
yl)biphenyl-4-ylJoctahydropyrrolo[3,4-b]pyrrole 5-oxide, and (3aR,58,6aR)-5-methyl-
1-{4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4-yl)octahydropyrrolo[3,4-blpyrrole 5-oxide.
Most preferred is (3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-y)biphenyl-4-
20 yl)octahydropyrrolo[3,4-blpyrrole 5-oxide.
Such compounds may be useful for the treatment and prevention of diseases,
conditions, or disorders related to histamine-3 modulation. Examples of such
diseases, conditions or disorders are, for example, Alzheimer's disease, asthma,
allergic rhinitis, attention-deficit hyperactivity disorder, deficits in attention, bipolar
25 disorder, cognitive dysfunction, cognitive deficits in psychiatric disorders, deficits of
memory, deficits of learning, dementia, cutaneous carcinoma, drug abuse, diabetes,
type Il diabetes, depression, epilepsy, gastrointestinal disorders, inflammation,
insulin resistance syndrome, jet lag, medullary thyroid carcinoma, melanoma,
Meniere's disease, vestibular disorders, metabolic syndrome, mild cognitive
30 impairment, migraine, mood and attention alteration, motion sickness, narcolepsy,
pathological sleepiness, neurogenic inflammation, obesity, obsessive compulsive

disorder, pain, neuropathic pain, neuropathy, Parkinson's disease, polycystic ovary
-0-



30 Disorder: Pathophysiology and Design of New Treatments"”, Annual Reports in Medicinal
Chemistry, Vol. 37, pp. 11-20 (2002); Schweitzer et al., "Drugs Under Investigation for Attention-Deficit

Hyperactivity, Di " current Opinion in WO 2009/036132PCT/1JS2 nvestigative
e e e

Drugs, Vol. 3, 2). The ability of the compounds of the invention, including but not
limited to, those specified in the Examples, to treat dementia, and diseases with deficits of memory
and learning, may be demonstrated by Fox et al., Journal of Pharmacology 5and Experimental

Therapeutipsiidole 36880 Hpe8 7GR (RE08EEitx pirdtuimoaireni R essanchs \selp SR (Sauppl. 1), pp.
531-532 . Ber. , jour, in h,: 4 Rp. = (2004); Onodera
etal., Naﬁgggﬂﬁ%&gﬁé%%%%cﬁ%ﬁ%a@é&@b%@ﬁ%& @%@@%’g (1@%?%‘%&5 fet al., Brain
ResearcH)wienming: 35ecenbr31eqUsdBR @mbransenuBral: Reseerumunds 888)pve0tias- 189 (1999);
Passani b3l MeHgSHERCS, AAMBipRERAAEBRY SN S SRberd Pl HRAAIAL2000).  The abiliy

of the compounds of the invention, mpluding but not limited to, those specified in the Examples, to treat
scHizoph@REIRIEY Mt de s JPUeRE BRIRTEARESand cognitive deficits, may be demonstrated by Fox

etal y 15"Ph?frmaﬁ@I@mlﬁnﬁ@%ag@@%ﬁ@%%% ivab}ﬂgﬁﬂhﬁﬁj@Lﬁgiﬁlék ﬁ@ﬂiﬁﬁ@cﬂil’@,ﬂog gr;fl Broad
Preclinical Efficacy in. Cognijtion and Schizophrenia of a Potent and Selectjve Histamine eceptor
Antagon 0% ST AN A8 Fan PR A AT A VRS SO £76-100(2008)
Browmandeffiglts |k mti@ndementp bR pulsestrdidaitoy ddstart etinl Micr/mathe M3dR@egptor Antagonists
Thioperarpide 20and Cipraxifan', B ioural Brain Research, Vol, 153 . 69-76 4); Komater
eral R M e R A e e o B motor
Seitsitiza®S9:,|PSyeirophasiniagite - (BeriterGativmayy Dulade7en|mpel38B<37 (2003); Rodrigues et
al., Britisholounigh ol Bhacmasaiogie\als A AR 223024 1991 Rrsraniei@l. Neuroscience

and Biobehavioral Reviews, ol. 24, 25pp. 107-113 (2000); Morriset et al., Journal of Pharmacology
and Expefiffiéatilisthefapeidicd Rigrmaw/egy s00-59pqrivegiairhecspnry issinéobompobRds of the

invention fingladmepbub Natdinted 1o ffects of Histamine H3 Receptor Ligands GT-2331 and

Ciproxifan in a Repeated Acquisition Avoidance Response in the Spontaneously

15 Hypertensive Rat Pup”, Behavioural Brain Research, Vol. 131(1,2), pp. 151-
161(2002); Yates et al., “Identification and Pharmacoiogical Characterization of a
Series of New 1H-4-Substituted-Imidazoyl Histamine H3 Receptor Ligands”, Journal
of Pharmacology and Experimental Therapeutics, Vol. 289, pp. 1151-1159 (1999);
Ligneau et al., Journal of Pharmacology and Experimental Therapeutics, Vol. 287,

20 pp. 658-666 (1998); Tozer, Expert Opinion on Therapeutic Patents, Vol. 10, p. 1045
(2000); Halpern, “GT-2331", Current Opinion in Central and Peripheral Nervous
Systemn Investigational Drugs, Vol. 1, pp. 524-527 (1999); Shaywitz et al.,
Psychopharmacology, Vol. 82, pp. 73-77 (1984); Dumery et al., “Development of
Amygdaloid Cholinergic Mediation of Passive Avoidance Learning in the Rat,” Exp.

25 Brain Res., Vol. 67 pp. 61-68 (1987); Tedford et al., "Pharmacological
Characterization of GT-2016, A Non-Thiourea-Containing Histamine Hs Receptor
Antagonist: In Vitro and In Vivo Studies”, Journal of Pharmacology and Experimental
Therapeutics , Vol. 275, pp. 598-604 (1995); Tedford et al., “Abstracts”, Society for
Neuroscience, Vol. 22, p. 22 (1996); Glase et al., "Attention Deficit Hyperactivity

30 Disorder: Pathophysiology and Design of New Treatments”, Annual Reports in
fedicinal Chemistry, Vol. 37, pp. 11-20 (2002); Schweitzer et al., “Drugs Under

Investigation for Attention-Deficit Hyperaciivity Disorder”, Current Opinion in
-10-



those specified in the Examples, to treat dysfunction in psychiatric disorders, Alzheimer's disease, and
mild cognitive impairment may be demonstrated by Meguro 30et al., Pharmacology, Biochemistry and
Behavior, V 21-325 (1995); Esbenshade et al., "Pharmacolggi vioral
Properties o ,&?%@é%%%fsmective and Potent Human Histamine H3 Regg%%%%%«ﬂrg g?g%%?st”,
Biochemical -11- Pharmacology, Vol. 68, pp. 933-945 (2004); Huang et al., Behavioural Brain
Research, Vol. 151, pp. 287-293(2004); Mazurkiewicz-Kwilecki et al., Canadian Journal of Physiology
and Pharmaestiggyiv¥ dlr-&3s,piol 73; 18 12089¢0Pahula et al., Neuroscience, Vol. 82, pp. 993-997

(1997); Haas et i@f‘ﬂﬂ! i 5\ol. p X ida et al., Arch.
Int. Pharmacodﬁ?\%gﬂ% , pp%&Bﬁgﬁg{gg}ebﬁg%g?ge?a%c ﬁgﬁéop %?r%@c%@%@&Vol. 102, pp.
312-318(1uwm sragie@irathel bpampies) butreaiciePrentitacrid gisarsie s Wihpla@itued (1991);
SChwa”ZrﬁEé‘lorﬁ’%fé%%@%aﬁ%g% dhsdranaie@speakien af Prsress Bramansldsypler (eds.),

Raven Press, Néw York, p. 397 (1995); and Wads et al., Trends 10in Neurosciences, VOl. 14, p. 415
(1991). aNFHeXABIIRESThe IARRGHEs WO Rve B M RAGNGUR o vinttlara atieke specified in
the ExampigsedecieabemieSipand)soizuses. 85y (Dermusiaiedshy Haagaaiak/ Brain Research

Bulletin, Vol. 63, pp. 143-14 04); Yoko l., Eurgpean, Jourpal of Pharmacology, Vol. 234,
Pp. 129-1%"%(5@%%630%{83%% B%a??ké%%]éﬁmbﬁuﬁﬁ rﬁﬁéﬁiaﬁf@fé’é& Vol. 260, P. 23 (1994);
Yokoyam&traledebsdaf vgsh Viehaonmiac82 IMAI996Y;, Yohbis- £1f2 Soesicesavialt 66, Braia97-301
(2000); Opodera et Progress in Newrobi y~Yol. 42, p. 885 (1994): Chen et British Journal of
Pharmac(ﬁgg)gl??fgl’. ?ﬂ%f F%g ééB@é\(‘)E%@Wétﬁgee g.?grgaargs;s:%ﬁg rrl% ’&eosﬁe%ghf) Vol. 45, pp.
170-165 (199589 618Dt Bhssorrepbsd/vDraEReseartBiatsihagor/ Reviere oy dkoyama et al.,

CNS Drugg, Vgh.5 () 1-330 (1995); Hurukami et al., Meth. Find. Exp. Clin. Pharmacol., Vol. 17

(C), pp. 70-73 (1995); and Yawata et al., Molecular Brain Research, Vol. 132, pp. 13-17 (2004).
The ability of the compounds of the invention, including but not limited to,

those specified in the Examples, to treat schizophrenia, cognitive deficits of
schizophrenia, and cognitive deficits, may be demonstrated by Fox et al,,

15 “Pharmacological Properties of ABT-239: 1l. Neurophysiological Characterization and
Broad Preclinical Efficacy in Cognition and Schizophrenia of a Potent and Selective
Histamine H3 Receptor Antagonist”, Journal of Pharmacology and Experimental
Therapeutics, Vol. 313, pp. 176-190 (2005); Browman et al., “Enhancement of
Prepuise Inhibitor of Startle in Mice by the Hs Receptor Antagonists Thioperamide

20 and Ciproxifan”, Behavioural Brain Research, Vol. 153(1), pp. 69-76 (2004); Komater
et al., “Hz Receptor Blockade by Thioperamide Enhances Cognition Without inducing
E_ocomo.tor Sensitization”, Psychopharmacology (Berlin, Germany), Vol. 167(4), pp.
363-372 (2003); Rodrigues et al., British Journal of Pharmacology, Voi. 114(8), pp.
1623-1524 (1995); Passani et al., Neuroscience and Biobehavioral Reviews, Vol. 24,

25 pp. 107-113 (2000); Morriset et al., Jounal of Pharmacology and Experimental
Therapeutics, Vol. 288, pp. 590-5986 (1999).

The ability of the compounds of the invention, including but not limited to,
those specified in the Examples, to treat dysfunction in psychiatric disorders,
Alzheimer's disease, and mild cognitive impairment may be demonsirated by Meguro

30 et al., Pharmacology, Biochemistry and Behavior, Vol. 50(3), pp. 321-325 (1995);
Esbenshade et al., "Pharmacological and Behavioral Properties of A-349821, a

Selective and Potent Human Histamine Hs Receptor Antagonist”, Biochemical
-11-



The ability of the compounds of the invention, including but not limited to, 25those specified in the
Examples, to treat allergic rhinitis and asthma, may be demonstrated by McLeod et al., American

Journal of RQjinalogy,.Val. 13, pp. 391- 399 (1999); McLeod et al., Allergy, Schering-Plough Research
Institute, Ker%@\/%ér)#]},ﬁ%?"lJSA.; Hansel et al., "New Drugs for Asthma, AnﬁFd&/er?ﬁ%{’%Bﬁﬁg, Progress in

Respiratory Research, Vol. 31, pp. 133-136 (2001); Delaunois et al., European 30Journal of
Pharmacology, Vol. 277, pp. 243-250 (1995); Dimitriadou et al., Clinical Science, Vol. 87, pp. 151 -1

63 (1994)Pharmateciiliyodf sBe mmropsusdts @0t iMentips: MGlsding Ru-soshmited to, those

i vorigReTNEy e MR Mty 2000 GGG A ERARR. ot i ekl ahalmasology, Vol
20(9), pp JPrInT 7 ROpS)/agy Kol Riatinateiboys/ahdFintings-rsCiade) Phauzasoingy, Vol. 21(4),
pp. 285- - Ch tal, i : I , -9 (2 . Leyrs et al., Progress in
Drug Rejgg}%%,g \%%%10%5 9}%2%970%6%55 19%@%%?{]3@%% a%e?t%fi’. ,gég%)@od& 'ggét?r%pl\#e%sr%%rcqehce, Vol. 5,

p. 32 (2004 f’ﬁe%ﬁbiﬁﬁr’ tﬂ@%h@@lﬁ‘iﬁ@'@iﬁtﬁé@hvéﬁ@i’@rﬁhcﬂﬁﬁfﬁ@bﬂdﬁ@t Moité@ 3o pothose
specified ipthedexampdgskishiepat apeslycHinpeiesa syl digpeigs. r!?'f?-’@?sﬁ J lin resistance
0

syndrome, and metabolic syndrome, may be demonstrated by Hancock, Eurosea rnal of
PharmacAtBgiF\#b P 48/PRF eEB oM TE( B AN RIaSe®etAl, HiHaR i SREE2VIR943, Supplement 1,
S47-S48 Guertitah eX aksiinlggieahBeyRiYAlThY BhtH L cpRr A 4B LIS, atesnet al.,

15Abstracts ciety for Neuroscience, 102.1Q:219 (Ngyemper, 2000);: Malmlof et al., International
Journal of 6%%@%%% ‘)\//&%\é’ %g\.’ﬁﬁeg]ﬁ?ﬁi%%{y%%’a%dgée r%ﬂ@é‘?% ' Wara sbal. |1 AteAtional Sendai
HistaminerSyepostienc8endali, thpart #R39¢November, 2000); Sakata et al., Brain Research, Vol.

537(1-2). - 307A0R 9P E" ARDABL WRRSTDRHAGE, RILLR Y BLYRB: Inglgting but not imited

those specified in the Examples, to treat epilepsy, and seizures, may be
demonstrated by Harada et al., Brain Ressarch Bulletin, Vol. 63, pp. 143-146
(2004); Yokoyama et al., European Journal of Pharmacology, Vol. 234, pp. 129-133

15 (1993); Yokoyama et al., European Journal of Phammacology, Vol. 260, p. 23 (1994);
Yokoyama et al., CNS Drugs, Vol. 5, p. 321 {1996); Vohora, Life Sciences, Vol. 66,
pp. 297-301 (2000), Onodera et al., Progress in Neurobiology, Vol. 42, p. 685
(1994); Chen et al., Brtish Journal of Pharmacology, Vol. 143, pp. 573-580 (2004);
Leurs et al., Progress in Drug Research, Vol. 45, pp. 170-165 (1995); Leurs et al.,

20 Progress in Drug Research, Vol. 39, p. 127 (1992); Yokoyama et al., CNS Drugs,
Vol. 5 (5) pp. 321-330 (1995); Hurukami et al., Meth. Find. Exp. Clin. Pharmacol.,
Vol. 17 (C), pp. 70-73 (1995); and Yawata et al., Molecular Brain Reséarch, Vol. 132,
pp. 13-17 (2004).

The ability of the compounds of the invention, including but not limited to,

25 those specified in the Examples, to treat allergic rhinitis and asthma, may be
demonstrated by McLeod et al., American Journal of Rhinology, Vol. 13, pp. 391-
389 (1999); McLeod et al., Allergy, Schering-Plough Research Institute, Kenilworth,
NJ, USA.; Hansel et al., “New Drugs for Asthma, Allergy and COPD”, Progress in
Respiratory Research, Vol. 31, pp. 133-136 (2001); Delaunois et al., Furopean

30 Jourmnal of Pharmacology, Vol. 277, pp. 243-250 (1995); Dimitriadou et al., Clinical
Science, Vol. 87, pp. 151-163 (1994).

-12-



20those specified in the Examples, to treat pain, including neuropathic pain and neuropathy, may be
demonstrated by Malmberg-Aiello et al., British Journal of Pharmacology, Vol. 111(4), pp. 1269-1279
(1994); Hrlscu Farmacia, Vol. 49(2), pp. 23-30, (2001). The ability of the compounds of the invention,
including but SO, 25those specified in the Examples, to treat sléygg/é)wpﬁ@ﬂégﬁ%cludlng
narcolepsy and pathological sleepiness, and jet lag, may be demonstrated by Barbier et al., British
Journal of Pharmacology, pp. 1-13 (2004); Monti et al., Neuropsychopharmacology, Vol.15, pp. 31-35

(1996); Lin et al Tm@nilﬁgese&r@mowoéaﬁs @mﬁ@ﬁ@&%&%mﬁtﬁ@tbaf Abt limited to,

Neuropsy&h%pha éog)( g 1 35 é199 eau et al., 30 Journal of Pharmacology
and Expefimental Ther pelﬂ% Heg 88 §5§S§aﬂglzg1e§|s Mer&srsces, Vol. 48, pp.
2397- 24041@99&)vmmmm&smeahdexahg@anaﬁ ﬁaeu demmétcét@dmwcﬁegxeaad, Pharmacology,
Vol. 67, p SCIe p 98); Wada et al.,
Trends mPAN%%EPo%%m%enr%%’ Vor?gﬂﬁe}ﬁj%?@gim% 6t A vor: é/d?' )p(-f')g ?]%L?Zﬁg rmacology, Vol.
205 p. 283 i‘(@@@ﬁb\p@ﬁ%mc@t’&aand@mfmaﬁ méﬁn@m@n @mﬁmryogjoms D64 R220-2238 (2005). 5The
ability of tbggc%rg@gym%m sIesiian Reskin Qul njimiipd {00 WieRs hecified g the Examples,

to treat drug abuse, may be demonstrated by Clapham et al., Europea nal of Pharmacology, Vol.

259 (2), pp %?Sféi’tfygﬂ)f?ﬁ\ﬁ?ﬁﬁ@?aﬁ%él% BR- a’t?&é@%ﬁﬁ%%hﬁﬁdmaﬂ@ at 2hn@isibdeidr abused

drugs stln@&at%m@m@@@rea,@@v%|ngirgjnﬁlsgggmj)lt has been found that the histamine-3 10antagonist
thioperamide SUfES ﬁs?ga%th locomotor stimulation induced by amphetamlne Therefore histamine-3
I

antagonists are B8 0IPRERER QTR 'aBERECRs ’H%%@MBHE {aid 19 Clapham et al.,
Eutopeartiimesakofidamties &gy piés, %&%@)o@saﬂg@&%é@@ﬂ hiedahiibe©f the compounds of

the invensgg;;’ d}gqr%ld! R?%é@é%% hose %%cme ‘gféﬁlgessﬁ%%)}ﬁ%’ eat mood alteration,

bipolar di epression, obsessive mpu isvé disord er a %me may be

demonstrémt[%tﬁibbm@rmgcﬁnﬁwmmdbuf@haﬁﬁﬁaﬂlmg@o!vgy, V2B, 487, 18814836 (1998);
Perez-Gajgin oy, PRvRRA N asHahm (RRIIMEP!5348(2)n P &1 29479998 (2004).
ltoh et al., Biological Psychiatry, Vol. 45(4), pp. 475-481 (1999); Yates et al.,

15 Abstracts, Society for Neuroscience, 102.10:219 (November, 2000); Maimiof et al.,
International Journal of Obesity, Vol. 29, pp. 1402-1412 (2005); and Bjenning et al.,
Abstracts, International Sendai Histarnine Symposium, Sendai, Japan, #P39
(November, 2000); Sakata et al., Brain Research, Vol. 537(1-2), pp. 303-306 (1990).

The ability of the compounds of the invention, including but not limited to,

20 those specified in the Examples, to treat pain, including neuropathic pain and
neuropathy, may be demonstrated by Maimberg-Aiello et al., British Journal of
Pharmacology, Vol. 111(4), pp. 1269-1279 (1994); Hriscu, Farmacia, Vol. 49(2), pp.
23-30, (2001).

The ability of the compounds of the invention, including but not limited to,

25 those specified in the Examples, to treat sleep disorders, including narcolepsy and
pathological sleepiness, and jet lag, may be demonstrated by Barbier et al., British
Journal of Pharmacology, pp. 1-13 (2004); Monti et al., Neuropsychopharmacology,
Vol.15, pp. 31-35 (1996). Lin et al., Brain Research, Vol. 523, pp. 325-330 {1990);
Monti et al., Neuropsychopharmacology, Vol. 15, pp. 31-35 (1996); Ligneau et al.,

30 Journal of Pharmacology and Experimental Therapeutics, Vol. 287, pp. 658-666
(1998); Sakai et al., Life Sciences, Vol. 48, pp. 2397-2404 (1991); Mazurkiewicz-

Kwilecki et al., Canadian Journal of Physiology and Pharmacology, Vol. 67, pp. 75-
-13-



20The ability of the compounds of the invention, including but not limited to, those specified in the
Examples, to treat Parkinson's disease (a disease wherein patients have deficits in the ability to initiate

movements,“z{ig%%'[t}i%qtg brains have low dopamine levels) may be demonstrated by Sanchez-Lemus
et al., Neuroscience e&ers, Vol. 364, pp. 179-184 (2004); Sakai et al., L& SERamEs P41 48, pp.

2397- 252404 (1991); Fox et al., Journal of Pharmacology and Experimental Therapeutics, Vol. 313,
pp. 176-190 (2005); Chen et al., British Journal of Pharmacology, Vol. 143, pp. 573-580 (2004).

The ability ®f theToPpouads af thacimsotinneanegbiding put sesliviteddos thasrisracified in the

Examples,to treat medullary thyroid,carcino noma, 30polycystic ovary syndrome, may be
demonst?gfggcésy”ﬁ’g?s%%%%ﬁ c’i?}l%n4\?0&%5@%%4%%@%@%%5@%&(@% @%!}Qg]ce Monitor,
Vol. 4(5), ippamaac 265Gy 1 908 2 A dFRESIKIS8d e Daloraifleinamatmn e sf, Meticdiia(Suppl. 1), pp. 550-551

(1998). -145, ewgtgpwogglééPﬁyé@%ﬁQ%%ég 67 Compounds of the invention are particularly

useful for treating and prevéhting a conditio isorder affecting attention-deficit hyperactivity,

Alzheimer's diseH¥® 2bilitieai drtigoCoRipuimeakios theantentivielacingdrtit utdrlimilesfis for treating and
preventing,gseondiianandiseress affrsing sehizorly aBiase! rRANIVeLslsisAbasshizophrenia.

Compounds of the invention are particularly useful for treating and preventing a condition or disorder

affecting (APPORPSE Yre &y (HRERTS UM G IARMEC BlodIm Pgr yPr- TAEidAI 4884  levels of

active ingredigris initeaphambasedtisrhormpasiiensef thisiyemies eaudervaiigd so as to obtain an
amount of the fi%tive comEoundts;A 10that is effective to aghieve the desired therapeutic response for a

particular PR (BRTTERLRENAY I 80L Y S AthishaR s ePHa W dbat dNFo S RMEGsPwill depend
uptin the actagynéft itopartmitie sopppesses; tihe iincteatbadtinmisitiatiandtiieseverity of the condition

being tre canditi |Qr med] istory of atient being treated, However, it is
within th(j)at S&%T%%R@ %r‘t ?&%t};agrktg a%lisg%% ﬂﬁ?é%%%ﬁ%%%ﬁéﬂ%é Fe%gl% !f())vt\)/%rut?'ue;ﬂlj r%&tﬁ?g “}8 achieve the
desired tH#itispabiivecifetiahde e gmensitBiedopy dgenhandcsale Lmipherdsired/affect is achieved.

Pharmacofogy, Vol. 259 (2), pp. 107-14 (1994).
The ability of the compounds of the invention, including but not limited to,

15 those specified in the Examples, to treat mood alteration, bipolar disorder,
depression, obsessive compulsive disorder, and Tourette's syndrome, may be
demonstrated by Lamberti et al., British Journal of Pharmacology, Vol. 123, pp.
1331-1336 (1998), Perez-Garcia et. al., Psychopharmacology, (Berlin) Vol. 142(2),
pp. 215-20 (1999).

20 The ability of the compounds of the invention, including but not limited to,
those specified in the Examples, to treat Parkinson's disease (a disease wherein
patients have deficits in the ability to initiate movements, and patients' brains héve
low dopamine levels) may be demonstrated by Sanchez-Lemus et al., Neuroscience
Letters, Vol. 364, pp. 179-184 (2004); Sakai et al., Life Sciences, Vol. 48, pp. 2397-

25 2404 (1991), Fox et al., Joumal of Pharmacology and Experimental Therapeutics,
Vol. 313, pp. 176-190 (2005), Chen et al., British Joumnal of Pharmacology, Vol. 143
pp. 573-580 (2004).

_The ability of the compounds of the invention, including but not limited to,

those specified in the Examples, to treat medullary thyroid carcinoma, mefanoma,
30 polycystic ovary syndrome, may be demonstrated by Polish Med. Sci. Mon., Vol.
4(5), p. 747 (1998), Szelag, Medical Science Monitor, Vol. 4(5), pp. 747-755 (1998);

and Fitzsimons et al., Inflammation Res., Vol. 47 (Suppl. 1), pp. $50-851 (1998).
-14-



When used in the above or other treatments, a therapeutically effective amount of one of the
compounds of the invention can be employed in pure form, or where such forms exist, in
pharmaceutég%l%%(i 3e6[1)§§1ble salt, ester, amide or prodrug 20form. Alternayf\,/rt?l .the compound can be

. . . . P 2008/07396 . .
administered'as a P armaceutical composition containing the compound of Intefest In combination

with one or more pharmaceutically acceptable carriers. The phrase "therapeutically effective amount”
of the compound of the invention means a sufficient amount of the compound to treat disorders, at a

reasonable benegfitriskunatio aitpicabentanryaneadical drsatreiot. f-2hyulifgeanadeestenthdowever, that
the total daily usage of the compaunds and compositions of the.inyention will be decided by the
attendingapﬁ}é/g%ﬁa%!veftéfﬁoﬁ%ggﬁsgg s%)}g%n t%]rgtgjeég?%gar%rgﬁ{{vﬁ,eﬁs%%%img ifﬁeai';ls’ﬁgﬁﬁcally effective
dosage |evietiéonantip p&rdowar pasientivellrdepsnd arsopestizatiety oééactfos lretngenthe disorder being
treated a [ 4 |sQrder;activi t T:IR%W e ed; the specific
composit%qk?t\z%gﬁ%eg ?6{‘}?]&6; %3@ b% y%ﬁéﬁgég@ e?gr e It?§§(§<%gn®§ %:gqg)%‘t S%%t@nt; the time of
adrpinistrSEBRCRIUESGF fapmnsHadsR! difl iyentpe rercliories il sisedifidardrapbimantnployed; the

15 WO J0RHIREAEBIILIE00BIITEPET raing:obiiny camBcdrgRusd i combinalion or

coincidental with the specific compound employed; and like factors well-known in the medical arts. For
example, ri?‘i'%‘%eﬁgil‘ﬁgﬁ' {#eODGRTGF the art to start dosages of the compound at levels lower than

required to achigueuhieidesietihasaeitiveifepeanrmioigradustiyrinemasr dhechalasagengntil the
desired effect.is. achi?ved. For treatment or prevention of disease, the. total daily dgsage of the
compountle BFRHLHIAIER LSS S AU GRS LA ALY 545 RBRe Rout 0.0003
mgdkg to Etus 8GanikgmaboeyabigkieFedpbepesestnf msl@athriftsEaimticumrpaiigigrable doses
can be in E t 0 ight. ired, the
effective égﬁ]f ?%ggjéqg cggrgln Bﬁ?ﬁﬁj/%%%{@gm{}ﬁt(lﬁe 3555%%2 o%%%é%s@g%%ﬂ%?g%?%n.
Consequéth®y, §iaqletidits o éheapapisitisreomaguishthie iR ahrsimrisraignningisrRtHEgreof to make

up the dajly fesaggiidaMaihrdsdaareparing CammrOHNAIRISHBe G Rstory of the

patient being treated. However, it is within the skill of the art to start doses of the
15 compound at levels lower than required {o achieve the desired therapeutic effect and
to gradually increase the dosage until the desired effect is achieved.

When used in the above or other treaiments, a therapeutically effective
amount of one of the compounds of the invention can be employed in pure form, or
where such forms exist, in pharmaceutically acceptable salt, ester, amide or prodrug

20 form. Alternatively, the compound can be administered as a pharmaceutical
composition containing the compound of interest in combination with one or more
pharmaceuticalty acceptable carriers. The phrase "therapeutically effective amount”
of the compound of the invention means a sufficient amount of the compound to treat
disorders, at a reasonable benefit/risk ratio applicable to any medical treatment. 1t

25 will be undersiood, however, that the total daily usage of the compounds and
compositions of the invention will be decided by the attending physician within the
scope of sound medical judgment. The specific therapeutically effective dosage
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

30 compound employed; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of adminisiration, route of

administration, and rate of excretion of the specific compound employed; the
15-



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.
Abbreviations which have been used in the descriptions of the schemes and 20the Examples that
follow are: )&gﬁtﬁwglé}%rsﬁ,&bis(diphenylphosphino)-9,9- dimethylxanther’i)g,T[Téi%%@z%i?S]; BINAP for
2,2'-bis(diphenylphosphino)-1,11- binaphthyl; Boc for butyloxycarbonyl; EtOAc for ethyl acetate; HPLC
for high pressure liquid chromatography; IPA for isopropyl alcohol; Me for methyl; MeOH for methanol,
Ms for methesniesubfong tidtfoe malrdisnstBudaidesibatsh SESofatidbtrigthytarmsepEbiidor

trif tic acid; THF for tetrahydrofuran: and Ts f _ tol ifonyl: dba for dipenzylidi
acotons, SNBSS oL AP QAT AU AL A RO b ChCRESIE r for room

temperatiires m@lmﬁﬂehtﬁmahémfuh’ze suitabbiadnyisegke of 17e30Mooppat iediele isvédu!; palladium
acetate i ( C ialj i Ve jal s 30 vial with
sealed cgpﬁa%r(%n%@gﬁgqoﬁg@h%%igﬁ/%@ﬁ?&@ﬁﬁ%\ér%ftr?og%%ﬁe%ﬁr%%%%%w&%%%n%ﬁ% were carried
outtusingdpemmKisistisesired RiecPeBHaCHemistry AB (Uppsala). All experiments were carried

out in sealed -1 HgERBNERAEREH MM DHE|KBgdNG SiapdlargigRrRAGNEE deyvel (300 W maximum

power). If not stated otherwise, reaction times under microwave conditions reflect total irradiation times

counted TROMRRETSISHR MRy BYEREQR A9RIIASART R AtieT b AdRMBBLANES SIRNIENESM descriptions
reported ifdiresilelatiinos avaialle absiameigiag LGOS, WerPe! SFoay Pedssebiefsd NnumMbers are

identifi b igned t by Chemical Abstract ice of the American Chemical
Society, SATE HPRLBHTF T G PO 1 118 EH06° O FoRbAHRHOG of his invenion
catvbe pnarmkgdd:)ytmuaﬁietyrgﬁIﬂg/_bﬂite,tiwqaigjﬁedﬂmjr@oﬁtﬁiﬁcaﬁmmtmwdnﬁag@mpavation of the
Compounﬂﬁffg‘iafc?{ﬁ?&é%cgg‘;éwQac{Sgg%%gf gg&f;‘?&scees%%‘%H}Rlﬁiéram%.fO&!BWé%%Jé%iﬁ{,eé?ﬁ&gxamp'es

describe synthesis 0 poun
dosage compositions may contain such amounts or submultiples thereof to make up

the daily dosage.

15 Methods for Preparing Compounds of the Invention

The compounds of the invention can be better understood in connection with
the foliowing synthetic schemes and methods, which illustrate a means by which the
compounds can be prepared.

Abbreviations which have been used in the descriptions of the schemes and

20 the Examples that follow are: Xantphos for 4,5-bis(diphenyiphosphinc)-9,9-
dimethyixanthene, [161265-03-8]; BINAP for 2,2-bis{diphenyiphosphino)-1,1'-
binaphthyl; Boc for butyloxycarbony!l; EtOAc for ethyl acetate; HPLC for high
pressure liguid chromatography,; IPA for isopropyl alcohol; Me for methyl; MeOH for
methanol; Ms for methanesuifonyl; Pd for paliadium; tBu for tert-butyl; TEA for

25 triethylamine; TFA for trifluoroacetic acid; THF for tetrahydrofuran; and Ts for para-
toluenesulfonyl; dba for dibenzylidine acetone; DCM for dichloromethane, NH4OH for
saturated aqueous ammonium hydroxide; rt for room temperature or ambient
temperature suitably ranging from 17-30°C. Copper iodide is Cul; paliadium acetate
is Pd(OAc),. Emrys process vial is a microwave process vial (10 ml or 30 ml glass

30 vial with sealed cap) from PersonalChemistry AB (Uppsala). All microwave
irradiation experiments were carried out using the Emrys synthesizer from

PersonalChemistry AB (Uppsala). All experiments were carried out in sealed
-16-



preparation of compounds as described in the Examples. Such methods are 15intended only to
provide examples of how such compounds can be obtained and are not intended to provide an
exhaustive Iia;ooya%/ (t?igrovide the desired compound. Reference Example A Ethyl (3aR
6aR)-hexahydropyrr03]6 ,3-clpyrrole-5(1H)-carboxylate dibenzoyl-D- 20t N = ple Al
((R)-1-phenyl-ethylamino)-acetic acid methyl ester A reactor was charged with 10 g of
R-methylbenzylamine, 100 mL of EtOAc, 25and 9.199 of Et3N. Methyl bromoacetate (15.15 g) was
added anchitrewixtipeovassheattediiizbig- 60 Cstand Srbeisovstn séinenel (Boe mixtagm@s then cooled to
ambient t re..then ed with 50 mL of water followed by 50 mL of 15% NaCl solution, to
provide 1 gl\lgggfg‘f'nng%&%g es\écy) Utioh W elbi:]egglﬁ A B‘%fr @icﬁﬂ\gﬁy\fﬁ&%?/@?ﬂfﬁ%f? E<§3f§’\ltic acid methyl
ester (9696 taltadBTicEMEseAD 1¢U-(R)¥pinenybgithyitagrin d)ecicetitadicin. Asaletitifiens of

(2-(R)-ph = laming): iC. AC) : A . ion in Et0A¢) was concentrated,
and the rgg)gl,l@ %@%ﬁ%ﬁ% %&%L&gﬁ/ﬁﬁ@héﬁiﬁ?f}%@?ﬁ%P fg Y%@@?Upon completion,
theSixtuFEEREEETARLfrdfe d UiNeREERYCRe Breds rd BB ent aeiitanifiervimesradded. The

resulting BERKPIEAI S0 ERPBIRIRIS TS AR AVINLAOIBS StivRr AP khrpdIice MR educed

pressure to provide 2.4 g of the title compound, .
ociety, and are well-known fo those of ordinary skill in the art.
The compounds of this invention can be prepared by a variety of synthetic
procedures. Specific procedures for the preparation of the compounds of formula (1)

10 are given,

Reference Example A

The following Reference Examples describe synthesis of compounds used for
preparation of compounds as described in the Examples. Such methods are
15 intended only to provide examples of how such compounds can be obtained and are

not intended to provide an exhaustive list of how fo provide the desired compound.

Reference Example A
Ethyi (3aR 6aR)-hexahydropvirolo[2,3-clpyrrole-5(1H)-carboxylate dibenzoyl-D-
20 tarirate salt

Example A1
({R)-1-phenyl-ethyiamino)-acetic acid methyl ester

A reactor was charged with 10 g of R-methylbenzylamine, 100 mL of EtOAc,
25 and 9.19 g of EizN. Methyl bromoacetate (15.15 g) was added and the mixture was
heated to 50-60°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 EtOAc solution which contained 15 g of (1-
phenyl-ethylamino)-acetic acid methy! ester (96% vield).
30

-17-



10 Example A3 Ethyl 14(R)-1-phenylethyl)hexahydropyrrolo12,3-clpyrrole-5(1H)-carboxylate A
solution of (1-(R)-phenyl-ethylamino)-acetic acid (25.6 g) in 384 mL of toluene was heated to 90C. To
this 170 g (1.1 e%uivalents) of a 15.84 wt.% solution 150f aIIyl-(2-oxo-eth]¥rg-carbamic acid ethyl ester

(U.S. Pat. N& 50719955 in toluene, was added over 20 minutes and theniHFIWAL Sired at 90C

for 14 hours then at 95C 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 20water, and thoroughly shaken.
The layers were separated, and the aqueouz Iaéer Yva; extracted again with 102'mL of isopropy!
acetate. The organic extracts were combine d under reduced pressure to provide an oll

which was then diluted with 125 (hi{®f-Medi tetipyarideci4itgiicl 8696 yield) of the title compound as a

30% b ight splution i 4 Ethyl h h lof3,4- | e-5( 1H1-
rboxyl );'Egelg ;&%ﬁ@%ﬁ%ﬁ?ﬁig@@?ﬁ@ﬁ@ﬂé@&é&%ﬁ%@%@%@%%%??hqvjﬁge éjas(adde(;: ?o a
pre8sure Fe4HIORN MHe RSt DEECENIRIOS dad BUBBcheands: dale¥s BOE0R4ioN. aff ethyl
1-((R)-1-nhsryisHy hbarahydropyelol3 SRy olson dERaIBHaE Mk 3vadn MeOH was added,

followed by a MeOH rinse (37 g). The mixture was heated to 50C under an atmosphere of hydrogen
(40 psi) fORFESNrated gnder 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 titie compound.
10
Example A3
Ethyl 1-((R)-1-phenyiethyl)hexahydropyrroio[2. 3-clpyrrole-5(1H)-carboxviate
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
15 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 KoCO3 in 120 g

20 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
dituted with 125 mL of MeOH to provide 140 g (100% vield) of the titte compound as
a 30% by weight solution in MeOH.

25

Example A4
Ethyl hexahydropyrrolol3.4-bipyrrole-5(1H)-carboxylate

5% palladium hydroxide on activated carbon (13.9 g, 50% w/w in water) was
added to a pressure reactor. The product of Example A3 (as 506.8 g of a 25.9 wt%
30 solution of ethyl 1-{(R)-1-phenylethyl)hexahydropyrrolo[2,3-clpyrrole-5(1H)-
carboxylate (131.3 g) in MeOH was added, followed by a MeOH rinse (37 g). The

mixture was heated to 50°C under an atmosphere of hydrogen (40 psi) for 4 hours.
-18-



WO 2009/036132PC T/US2008/075967 The mixture was filtered through HYFLO Filter Aid (HYFLO is
a registered trademark of Celite Products Company of Los Angeles, California) and rinsed with 200 mL
of MeOH to prowde a solution containing 78.9 g of the title compound. 5Example AS Eth};l
(3aR,6aR)- he?a%yd’ropyrrololz 3-clpyrrole-5(1H)-carboxylate dibenzoyl- [gcﬁé{ﬁ%’fgs@é?ﬂ solution of
150 g of ethyl hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate (-11.2 %wt in MeOH) was heated to
60C. To this was added a solution of D- 10dibenzoyltartaric acid mono-hydrate (231.5 g) dissolved in

MeOH (S%mmmgm@rm&m@gmMWtwm@m @!m&%%% i dur@which time
crystallizati Cc slurr ooled to 18 ours, and the product was collected by
filtration a%%ger ng%l](‘_jq\ﬁ qu'?% %< ﬁ% ﬁﬂﬁ)‘s‘fﬂ%?ﬁ'cﬁ qo?fé%rﬁsfﬁ WE;%?Q?)FB bi@& 198 g of the
title complgigxiat @hpmmmsaha!ymsdrﬁamhg The-darivhbviti§ daR @Ry 1-benzyl 5-ethyl
hexahydropyrrolo[3,4-b]pyrrole- 1,5-dicarboxylate. The Cbz group is an abbreviation for the

carbobenzyloxy protecting group of the product and indicates that the product was obtained with 99%
endhtiomeric excess. 20Example A6 (3aR Examgie AS

6aR)-5-Methyihexatiy . ._ Gy
(3aR, 6aR)-hexahydro- pyrroo Z-D pyrro e- -carox IC acid tert-pu STer (18.310, U.86 mol) in
MeOH (450 ml) was added paraformaldehydéﬁmgi 72 mole), and the mixture was stirred at room
temperature for A b@luhomﬁhusncg/am@w periBRNPAlARCL AR E-tre ImixkR AR Stirred at
room temge %1%1 %W?rq 1(&% %ﬁ diluted \\%v/éh IN NaOH (450 ml), extractedg\}wtﬁ)dlchIorornethane (5x
200 m1). FH 8 % iWBRAPEGRIC B (Nr85§§)ﬁﬁa?lﬁ§i@ﬂj§rﬁoﬁg%ﬂ?@ted to provide the
titleocompaibedzd R (B0 Mbir-BNd88e (231.5 g) dissolved in MeOH (591 mL+ 95 mL

rinse), and the mixture was stirred at 80+ 5°C for 2 hours during which time

a solution of

crystallization occurred. The slurry was cooled to 18°C over 6 hours, and the
product was collected by filiration 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

15 of the Cbz-derivative ((3aR,6aR)-1-benzyl 5-ethyl hexahydropyrrolo[3,4-blpyrrole-
1,5-dicarboxylate. The Cbz group is an abbreviation for the carbobenzyloxy
protecting group of the product and indicates that the product was obtained with 99%
enantiomeric excess.

20 Example A6
(3aR, 6aR}-5-Methyl-hexahvdro-pyrrolo[3 4-blpvrrole-1-carboxylic acid tert-butyi
ester

To a solution of (3aR, 6aR)-hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxylic acid
tert-butyl ester (18.31g, 0.86 mol) in MeQOH (450 mi) was added paraformaldehyde
25 (52g, 1.72 mole), and the mixiure was stirred at room temperature for 1 hour.
Sodium cyanoborohydride was then added, and the mixture was stirred at room
temperature for 10 hours, diluted with 1N NaOH (450 mi), extracted with
dichloromethane (5 x 200 mt). The combined organic layers were dried (Na,SO,),
filtered and concentrated to provide the title compound. "H NMR (300 MHz, DMSO-
30 ds) 3 ppm 4.18 (m, 1 H) 3.47 - 3.58 (m, 1 H) 3.34 - 3.46 (m, 2 H) 2.75-2.90 (m, 1 H)
271 (m, 1H)2.44-260(m,2H)2.29(s,3H)1.89-2.06 (m, 1 H) 1.65-1.81 (m, 1

H) 1.42 - 1.49 (m, 9 H). MS: (M+H)"= 226.
-49-



so CIO 6 ppm 4.18 (m, 1 H) 3.47 - 3.59 (m, 1 H) 3.34 - 3.46 (m, 2 H) 2.75 - 2.90 (m, 1 H) 2.71 (m, 1 H)
2.44 -2.60 (m, 2 H) 2.29 (s, 3 H) 1.89- 2.06 (m, 1 H) 1.65- 1.81 (m, 1 H) 1A2 - 1.49 (m, 9 H). MS:
(M+H)= 226W' %-Wyl\ég)12009/036132PCT/U82008/075967 (3aR, ,
6aR)-hexahy ro-pyrroﬁo‘"’[éA-b]pyrrole-l-carboxylic acid tert-butyl ester (C}A(ggsi?%‘gégﬁb-4) may be
prepared as described in Schenke et al, "Preparation of 2,7-Diazabicyclo[3.3.01octanes", U.S. Patent
Number 5,071,999 (1991), which provides a racemate which may be resolved by chromatography on a
chiral column 5qBbR feadtiphakatyrindizationof 4lispiarorecrieaalixyt asidesarhed isskasha et al.,
"Substitut [ ' kane Derivatives”, U.S. Patent Publication Numher 2005/0101602 (2005).
Example %0%@%@@5%%%%@{gﬁ%'&ér%;'api/#%?ﬁ?ﬁdom\ﬁ%]gﬁke e’ﬁ'aqa BWﬂ%%he product of
Example #i62(208:ga0i880[0|S) floMeates (48 BnPavend bddexkafiisoydsEN 1961 (30Bichl). The mixture
was stirr : ; j 30C under vacuum. The
SR IBmPRLALUR YD F@s&gg&@gﬁ%@gg@ﬁ%% eadfrve

residue was treated with aqueous 1N Htoo e mixture was 15Concentrated
to drynes8! Phéreetiapaneiearial ikelippnfiasks emesin o iraphys Segieiipatin Batke s af.10% MeOH
and 1% Nislaghirdichuarpmstianrhie ovidebe titesasapguns A NMRNEABAAHz, CDC13) 6
ppm 4.12 -4.17 (m, 1 Hé?S.Sl-- 3.43 (m, 1 H) 3.19 - 3.30 (m, 1 H) 3.12 (d, J=11.53 Hz, 1 H) 2.88 -3.01
(m, 1 H) 289°(84°38824&%93Y Hz, 1 H) 2.40 -2.52 (m, 2 H) 2.33 (s, 3 H) 2.12 - 2.28 (M, 1 H) 1.82
20-1.95 (m, 1 H). MS: (M+H)+= 127. Example A8 (3aR,

6aR)-1-(4-bromo-phenvl)-5-methyl-octahvdr, -ovrr?lo ,4-NP_Yrrole The product of Example A7
(2.30g, 18.2 mmole), 1,4-dibromobenzene (é@%@&—éﬁ. ~20.9 mmole),
trig@dibenzylideneaceton¢jdifabad x5 B Byirue GiBinmetedlol3 4-blpyrrole

racemic-2,21-bis(di inQ)- -hi , 0. le).a i ert-butoxide
(2.63 g, 27.3 mrigg)gv%@?ﬁ%i%ﬁ%g ?rglj @é ﬁl%%%%n@%? r%eglte6 ] t%@é@dﬁgg?ﬁg ré:?’ 6 hours. The
mixture W@Q M@@@MQ@MH%{@@mH-WTﬂl’rﬁwabdu%W@(B‘ﬁﬁﬁdaﬁlmmmloromethaﬂe (5x).
The combingdPEaARIGemight, then concentrated to dryness at 30°C under vacuum. The

residue was treated with agueous 1N NaOH to obtain a pH of 8-10. The mixture was

15 concentrated to dryness. The crude material was purified by chromatography
(eluting with a mixture of 10% MeOH and 1% NH4OH in dichloromethane) to provide
the tittle compound. "H NMR (300 MHz, CDCl3) 6 ppm 4.12 - 4.17 (m, 1TH)3.31 -
343 (m, 1H)3.19-3.30(m, 1 H)3.12(d, J=11.53 Hz, 1 H) 2.88 - 3.01 (m, 1 H) 2.69
(dd, J=9.49,2.37 Hz, 1 H)2.40- 252 (m, 2 H)2.33 (s, 3 H)2.12-2.28 (m, 1 H) 1.82

20 -1.95 (m, 1 H). MS: (M+H)=127.

Example A8
(3aR, 6aR)-1-(4-bromo-pheny|}-5-methvl-octahydro-pvrrolol3.4-blpyrrole

The product of Example A7 (2.30g, 18.2 mmoie), 1,4-dibromobenzene (5.16
25 g. 20.9 mmole), tris(dibenzylideneacetone)dipalladium (340 mg, 0.36 mmole),
racemic-2,2'-bis{diphenyiphosphino)-1,1"-binaphthyi (460 mg, 0.73 mmole) and
sodium tert-butoxide (2.63 g, 27.3 mmole) were dissolved in 20 mi of toluene and
heated to 70°C under Nz for 16 hours. The mixture was cooled to room temperature,
diluted with water and extracted with dichloromethane (5x). The combined organics
30 were dried over sodium sulfate, filtered and concentrated and purified by
chromatography (eluting with a mixture of 5% MeOH in dichloromethane) to provide

the title compound. "H NMR (300 MHz, CDCls) 6 ppm 7.25 - 7.30 (m, 2 H) 6.41 -
-20-



30were dried over sodium sulfate, filtered and concentrated and purified by chromatography (eluting
with a mixture of 5% MeOH in dichloromethane) to provide the title compound. 1H NMR (300 MHz,
CDC13) 6 ppm 7.25 - 7.30 (m, 2 H) 6.41 - -20- 6.46 (m, 2 H) 4.07(m, 1:_—%347%% J=9.1,7.7,5.9
Hz, 1 H) 3. 18”&1% FE8Y3% 3 Hz, 1 H) 2.95 (m, 1 H) 2.68 (dd, J=9.0, 3.0 HECYEFYHEHE0 (m, 3 H)
2.32(s,3H)2.13-2.22(m,1H)1.88-1.98 (m, 1 H). MS: (M+H)+= 281/283. 5Synthesis of
compounds of the invention Examples The compounds and processes of the invention will be

better undestoed byl;etfeﬁ(meﬂ}t@ﬂmezfpl euinNgExampies whighiarg mtendedsas anllysization of and

not a limit the i therwise described, reactions were carried
out under?mgﬁ E g ﬁﬁr%)%a{g&n‘é %n%l‘?‘il%c% 421%?% té%%ﬂ %Jh‘légsggtﬁeﬁl\wezd&cnbed
"column ch2dtdtogiadhy 8@ edn8&lash hitorivio bty <@8iedaiut using silica gel, a technique
well-known to those of ordinary skill in the art of organic synthesis. 15 Example 1

(3aR,5R,6aR)-5-methy1-1- (4 46 oxopyrldazm 1(6H) y1)biphenyl-4- vl)octahydropyrrolot3,4-blpyrrole
5-ofide aRdHESARIEYN 13 ieoxopyridazin-1(6H)-y1)biphenyl-4-

yl)octahydropyrrolof3,4-blpyrrole 5 OXIde 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,

10 Unless otherwise described, reactions were carried out under ambient
conditions (ranging from 17-27°C), under nitrogen. Unless otherwise described,
“column chromatography” means flash chromatography carried out using silica gel, a
technigue well-known to those of ordinary skill in the art of organic synthesis.

15
Example 1
(3aR.5R.6aR)-5-methyl-1-(4'-(6-oxopyridazin-1{6H}-y)biphenyl-4-
vhoctahydropyrroiol3.4-bipyrrole 5-oxide

and
20 (3aR.58 .6aR)-5-methvi-1-(4'-(6-oxopyridazin-1(&H)-yl)biphenyl-4-
yhoctahydropyrrolo[3.4-blpyrrole 5-oxide

Example 1A
(3aR, 6aR}-1-(4'-bromo-biphenyi-4-vi}-5-methyl-octahvdro-pyrrolo]3.4-blpyrrole

25 The title compound was prepared according to the procedure described in
Example A8, substituting 4,4'-dibromobipheny! for 1,4-dibromobenzene. 'H NMR
(300 MHz, CDCls) 8 ppm 7.38 - 7.53 (m, 6 H) 6.60 - 6.66 (m, 2 H) 4.17 - 4.23 (m, 1
H)3.52-3.61 (m, 1 H)3.26-3.35(m, 1H)2.98-3.05(m, 1 H}2.70 - 2.80 (m, 2 H)
2.58 -2.64 (m, 2H)2.38 (s, 3H)2.15-2.26 (m, 1 H) 1.97 {(m, 1 H). MS: (M+H)*=
30 357/359.
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Example 1A (3aR, 6aR)-1-(4'-bromo-biphem/1-4-y1)-5-methyl-octahydro-pyrrolor3,4-b1Pwrole 25The
title compound was prepared according to the procedure described in Example A8, substituting
4,4'-dibrom I f 4-dibromobenzene. 1H NMR (300 MHz, CDC 31 é 7.53 (m, 6 H)
6.60 666(3?19%9@?)2&9;21423@ 1 H) 3.52 -3.61 (m, 1 H) 3.26 -3.35 (m IE? ﬁ—‘(l)%% ,%9(65(m,1H)
2.70-2.80(m, 2 H) 2.58-2.64 (m, 2H)2.38(s,3H)2.15-2.26(m, 1 H) 1.97 (m, 1 H). MS: (M+H)+=
30357/359. WO 2009/036132PCT/US2008/075967 Example 1B
2f41-1(3aR,6aR)-5-methylhexahydropyrroIOMI 1(2H) y11-1,11-biphenyl-4-

yl}Pyridazins3(2! hgﬁ%a eproduc %f .u‘ cg 240 1%& g\ge ?1(% oo rldqz none (2.41g,
525.2 mmof&);topper pOwdeT (1.60 U, OTE) dputa 0, 37.7 mmole)
were dissolved in 63 ml of quinoline and!heaid

$)-ander N2 for 48 hours The mixture was

cooled to room tﬁﬁ%&ﬁ%b‘é@g@'%ﬁd}@th )Q%g(lﬁzlmgé?:t @é%ﬁ%ﬁ% & 4] ter (CELITE

is a registered trademark of Johns-Manville Corporation of De tra ' was

corfcentretad (MAEHe) 0FER0BEAPVESE (BRI Bio4ERTOvE RS PRIy @ﬁ%‘hﬂéf@d%ﬁh)@(elutmg first

with diethy} ethemdriionad B stearpnestihans.dhpaiplytion wibradixigeeef R%dVROGH N
dlchloro han E])’b rowde the title compound, 2

3aR,6aR
methylhe ?oT&*’ﬂ“i%]‘ﬁ?PrBPﬁ?k%%‘VfPT ?’&?&ﬁ AQH&E.&Q%W@(EPS Fe™H NMR (300
MHz, CDW)f&e}pmtﬁfreﬁg(}dd QEBITE, fmté'O(BleTﬂ)sgaeﬂegfétéﬁeﬁnrabéﬁid)k7o$lsdﬂnsl—8 48 Hz, 2 H)

125 90 Gl 9T LI GRS MO S Gai e 2 D 002
2.10 - 2.2%duGed Yes89s 2rQhtiim rgsiduRsWES, aumemsj(mmamgmhwmsmg {BaiRyi6aR)-214'-(5-
methyl-hexahy iRy Rifidda Wy Eiehbs ek 4nvd bt R LPAIR3 88 5% MeOH
in dichloromethane) to provide the fitle compound, 2-{4'-[(3aR,8aR)-5-
methythexahydropyrrolo[3,4-b]pyrrol-1(2H)-yl}-1,1'-biphenyl-4-yl}pyridazin-3(2H)-one.
'H NMR (300 MHz, CDCl3) 8 ppm 7.91 (dd, J=3.73, 1.70 Hz, 1 H) 7.61 - 7.65 (m, 4
15 H) 7.51 (d, J=8.48 Hz, 2 H) 7.25 (dd, dd, J=9.40, 4.07 Hz,1 H) 7.07 (dd, J=9.49, 1.70
Hz, 1 H)6.64 (d, J=8.81 Hz, 2 H) 4.19-4.27 (m, 1 H)3.54 -3.64 (m, 1 H) 3.28 - 3.38
(m, 1TH)3.00-3.11(m, 1 H)2.56-2.85(m,4H)2.40 (s, 3 H)2.10-2.29 (m, 1 H)
1.89 - 2.05 (m, J=6.78 Hz, 1 H); MS (M+H) = 373. The solid (3aR, 6aR)-2-]4'-(5-
methyl-hexahydro-pyrrolo[3,4-blpyrrol-1-yl)-biphenyl-4-yl]-2H-pyridazin-3-one
20 obtained showed a melting range of 204-207°C (dec.).
Alternatively, (3aR, 6aR)-2-[4'-(5-methyi-hexahydro-pyrrolo[3,4-blpyrrol-1-yl)-
biphenyl-4-yl}-2H-pyridazin-3-one, the product of Example 1B, can be prepared
according to the following procedure:

25 Example 1C
Ethyl (3aR.6aR)-hexahvydropyrroio[3 4-blpvrrole-5(1H)-carboxylate

The product of Example A5 (205 g) and CH:Cis (1 L) were combined and
cooled to 0°C. 1.54 L of a 20% KOH solution was cooled to 0°C then slowly added
to the salt slurry, and the biphasic reaction mixture was stirred vigorously at 0°C.

30 After 2.75 hours, the layers were separated and the aqueous layer was extracted
with CHzCl2 (1 L). The organic layers were combined and concentrated under

reduced pressure, then chased with toluene (1.6 L) to provide 386 g of a 19 wt%
22



200btained showed a melting range of 204-207C (dec.). Alternatively, (3aR,
6aR)-244'-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1-y1)- biphenyl-4-y1]-2H-pyridazin-3-one, the
product of Eéﬂm an be prepared according to the following procedure; 25Example 1C Ethyl
(3a R,6aR)-hexa§1}'§é}rjo§6?§/grrolor3,4-b|pyrrole-5(1H)-carboxylate The p%%%%? o ﬁ?&’gle A5 (205 g)
and CH2CI2 (1 L) were combined and cooled to 0C. 1.54 L of a 20% KOH solution was cooled to 0C
then slowly added to the salt slurry, and the biphasic reaction mixture was stirred vigorously at OC.
30After 2stdutioursf thredayesofere separated and the aqueous layer was extracted with CH2CI2 (1 L).
The organic layers were combined and concentrated under reduced pressure, then chased with
toluene (1.6 L) to provide 386 g of a 19 wt% -22- WO 2009/036132PCPUS2008/075967 solution of
product (100%). Example 1D Ethyl Example 1D

(32R 6aRk A iemos). L big MR ARARYIRIS- B Rearhayyiate Toa
vessel containing 4,4 -dibromobipheny 48Q, Z.0equiv. . ,2.0eq.)
wa8 added the product of Example 1C (17.9 3900882, 1.0 eq.) after which the vessel was
evacuated and piygefbsicidigiyshaiuian RS REHBRery N @583 eUesSe! i bdrg,fantphos
(0.779g, 0.067 eq.) and 10palladium (1) acetate (0.2 % 0.049 eq.) and degassed after which 17.39 of
toluene wWeACRRRLE Wiﬁw%tﬁriﬁ& eq.) was added the product of Example 1C(17.9 wi%,

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
10 palladium (Il) 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 fo 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

15 of dichloromethane was added. The resuiting mixture was stirred and then filiered 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.

20
Example 1E
Ethyt (3aR.6aR)-1-[4"-(6-oxopyridazin-1(6H)-vi)-1,1"-bipheny|-4-
yllhexahydropyrrolo[3.4-blpyrrole-5{1H}-carboxylate
A mixture of 1.98 g of copper (1) iodide (10.4 mmole, 0.10 eq.), 1.66 g of 8-
25 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 1D (100.16 mmole, 1.00 eq.), 23.6 g of potassium carbonate
{170.75 mmole, 1.70 eq.), and 14.4 g of 3(2H)-pyridazinone (149.86 mmole, 1.50

30 eq.). Aaditional 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%
23,



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 98C for 12 hours. The mixture was

cooled to 20‘% 9(9 E}%ﬁqSleof dichloromethane was added. The resulting mixture was stirred and then
filtered to remove the catalyst. The resulting solution was concentrated urq&a%ﬁ%gﬁgﬁessure and

the residue was purified by column chromatography to yield 5.65 g of the title compound. 20 Example
|IE Ethyl (3aR,6aR)-144'-(6-oxopyridazin-1(6H)-vl)-1 1r-biphenyl1-4-
Vilhexahydaap wsaltes. 4thkpyiirelesbidd Fitarbexylssendvenbxauesafal:O8 i aheepprio(s iodide (10.4

le, 0.10 eq.), 1.66 g of 8- 25hyd inoli 44 le, 0. . tassi
carbonatd (BB SN AEIE 0198 200 Rt P N ARHAEE (R S hmtpar ambien
temperat@embinedixgaenesadsedte theothersteskveitnttiingatl. 6ay.0ibthéSpBddurt of tkexample 1D
(100.16 miplficlo A0 ol SO RRLASIIND SARANAIR (LD, £ IAIEa (218 -fgnd 1449 of
3(2H)-pyridazino e%149.§ mmo?e,’%. %sg’cﬁg.). %%loﬁa E?ﬁ‘% gef wa us:% {8 Fransfer the
catélyst sRABEATH EsURATHENIR0RIaR) HedkgtRshufsi¢ theausedtpteas U0 G ftar atsoing 8 hours. After

cooling to-nRisH t@ré@erg%@%shﬁ@@&%wa@%seléﬂttbﬁﬁbgf%@d?a@m&%‘}@a%&ﬁ% -23- WO
2009/036132PCT/1JS2008/075967 NaCl solution. The mixture was filtered to remove excess salts

and the a§l8dVIE BhasEnR A8 LeRFaelfs rra LI BXeHER O AtHASH HE AYBAAP Vsl 3 1. The
combined ®1gEnigiplpsesaueBiberosasied 1B 19% NaB|solitiomiBxaib au-Eherganic phase

comceom SEHS L o e e M 2T e P B A B e e
10 H), 3.03 (s, 1 H), 3.24 - 3.35 (m, 5 H), 3.53 (ddd, J=9.23, 6.86, 6.69 Hz, 2 H), 3.67 (s,
1H), 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), 7.53 - 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) 8 ppm 14.79 (CH3),
28.89 (CHy), 47.71 (CHy), 60.24 (CHy), 112.34 (CH), 124.87 (CH), 125.27 (CH),
15 126.02 (C), 126.89 (CH), 130.05 (CH), 131.69 (CH), 136.87 (CH), 138.78 (C),
139.31(C), 145.861(C), 153.53(C), 158.64 (C).

Example 1F
2-{4'-[(3aR 6aR)-hexahydropyrrolo[3.4-blpvrrol-1(2H)-vI]-1,1'-biphenvl-4-yllpyridazin-

20 4 3(2H)-one
A mixture of the product of Example 1E (7.50 g, 17.42 mmoi) 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 MeOH (111

25 mL). The mixture was cooled to 20-25°C, the product is collected by filtration and is
washed with fresh MeOH (50 mL). The wet cake is dried in the vacuum oven at not
more than 55°C to provide the title compound (7.25¢g, 94.8%).

Example 1G
30 2-[4'-(3aR 8aR}-(5-methyihexahydropyrrolof3,4-blpyrrol-1(2H)-vD-1.1-biphenyi-4-

vliipyridazin-3(2HY-one
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additional MeOH (158 g), the contents were cooled to 0C, filtered, and washed with cold MeOH. The
resulting solids were transferred to a vacuum oven to yield 35.31 g (81.9% yield). Mass Spectroscopy:
431.5 (m.w. MR (400 MHz, DMSOd6) 5 ppm 1.15 (s, 3 H), -1.88 (m, 1 H), 2.10 (ddd,
J=12.49, 6.1‘@?%%%@% 10 H), 3.03 (s, 1 H), 3.24 - 3.35 (m, 5 H), 3.53%%5{153%%'?55’,98786, 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), 7.53 - 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). 136 AlstR¢tGDMidr, GINSQd6)E ppExdhpR (FH3B.86.69CTH2A6Y Ih(CH2), 60.24

e o (hra e s S T AT A P st aieasy 1o 2
1F 2-{41(1’(@5\‘4—,6@1‘2%W&&?M@@,@@I@WQE@M)SOQM,mabﬁqﬁthwmot}ml}ipgzridazi_n- _
203(2H)-g88 LK .Wmﬁ?o@fgn?e%r&%@h%)svmﬁgﬁém 798@;933‘ ma‘%g&ﬁ%%h‘w In acetic

acid (37 mL, 205.57 mmol, 11.8 equivalents) we to 65- at least 6 hours while
mohitoredHHEES IO EItaBisTdR e GfapiaachaiaNR VRS eaORUB eBngHtéNe  aiRteaTiveitdign cooled to not

more thar S ARt HMISREIMEIN (iodS ML THE B WR IR AROJEA 4R A9ERE, the product

i
is collected by filtration and is washed with fresh MeOH (50 mL). The wet cake is dried in the vacuum

oven at nBERTEPEthARS BRI BraeRIadS B A SbBid @-286tholebig OEkEpIRLs The

302-14'-(BeikiraRy S gtedavibe x o ropyr fierkd 4-Theykrel-d4RE ki na dhdupbenw=ter
vIIcvridazin-igH)-one WO 2009/036132PCT/US2008/075967 To a stirred solution of the product

of Exampfe'4 £"142 By V35U Ahaib Y iSc i Rrve 566 titie) sRe¥anaedaldolution of 37%
aqueous {BaRadaelydentétByinexar2Bopynolofsias|pivateniDHplowed-bipsedim-

triacetoxyhprohydrid %1 09,9 m g éa/o equivalents). The mixture was stirred at 25+/- 5C for 30
5minutes pHHglav%m%é Hé"é’%‘?tﬁg-rﬁnd;%rg ' 3.):; consumed, giving a clear solution. The mixture was

diluted with IN 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 about 50C to provide the title
compound, 2-[4- 10(3aR,6aR)-(5-methylhexahydropyrrolo[3,4-blpyrrol-1(2H)-y1)-1,1'-biphenyl-4-
15
Example 1H
(3aR.5R.6aR)-5-methvl-1-(4"-(6-oxopyridazin-1(6H)-v)biphenyl-4-

vlloctahydropyrrolo[3.4-blpyrrole 5-oxide

20 A solution of the product from Example 1G (5 g, 13.44 mmol) in DCM (80mL)
and MeOH (40mL) was treated with hydrogen peroxide (5.2 mL, 30% in H20, 53.8
mmol). The mixture was heated to 50°C for 48 hours. The mixture was concentrated
under reduced pressure to a smaller volume while still in a solution. The solution was
loaded onto an ANALOGIX SuperFiash silica gel column (ANALOGIX is a registered

25 trademark of Analogix Inc. of Burlington, Wisconsin) and eluted with
NH4OH/MeOH/DCM(1/10/90) to obtain the faster moving component (comparing
with Example 11) as the title product. 'H NMR (300 MHz, DMSO) 6 ppm 8.06 (m, 1
H), 7.69 (d, J=8 Hz, 2 H), 7.57 (d, J=8 Hz, 4 H), 7.50 (d, J=6 Hz, 1 H), 7.08 (dd, dd,
J=9, 4.0 Hz,1 H), 6.70 (d, J=9 Hz, 2 H}, 4.72 (d, J=6 Hz, 1 H), 3.75 - 3.82 {m, 1 H),

30 3.92-3.59 (m, 2 H), 3.36 - 3.45 (m, 3 H), 3.15-3.21 (m, 1 H), 3.14 (s, 3H), 2.05 -
2.12 (m, 1 H), 1.80 - 1.86 (m, 1 H); MS (DCI,) M"= 388.

-25-



yllpyridazin-3(2H)-one (10.40 g, 88.9%). 15 Example 1H f 3a R,5R,6a
R1-5-methvi-1-(4'-(6-oxopyridazin -1(6H )-vI)biphenv1-4- vl)octahyd ropyrrolo13,4-blpyrrole 5-oxide
20A solutlo %}g @ ct from Example 1G (5 g, 13.44 mmol) in DCM @(g)’rmls) &Q%M;%C)H (40mL)
was treated with hydrogen peroxide (5.2 mL, 30% in H20, 53.8 mmol). The mixtire Was heated to 50C
for 48 hours. The mixture was concentrated under reduced pressure to a smaller volume while still in a
solution. The solution was loaded onto an ANALOGIX Supernash silica gel column (ANALOGIX is a
registered 25trademark of Analogix Inc. of Burlington, Wisconsin) and eluted with
NH40OH/MeOH/DCM(1/10/90) to obtain the faster moving component (comparing with Example 10 as
the title product. 1H NMR (300 MHz, DMSO) 6 ppm 8.06 (m, 1 H), 7.69 (d, J=9 Hz, 2 H), 7.57 (d, J=9
Hz, 4 H), 7.50 (d, J=6 Hz, 1 H), 7.08 (dd, ddEﬁm&_Hle) 6.70 (d, J=9 Hz, 2 H), 4.72 (d, J=6 Hz,
e AE (M. 1H), 314 (5, 3

20@9/036132PCT/U82008/07 dioriabyEpRYT ‘ RARFIIE R1-5-methy1-1-(4'46-oxopyrid
azin-1 (6H )-yl)biphenv1-4- 5v1)octahydroovrro|o[3 4- b]ovrrole 5- OXIde A solution of the product

from Example 1 13.44 DCM (80mL) and MeOH (40mL) was treated with hyd
peroide (3.2 mbs SONGR ADRSGEA i AP A S oA ST GBI BRLTe ure

was concenﬁMed)Hiqundﬂr)rwdquhmesﬂﬂfexwmgmedi@fdmmmhﬂﬂ_e SGtkima-saiteg The solution
Analog Tl R R T e Gt ot R OL A RGKIB o S B0 BBbtain the
sloWer meviger cothpsdeapregsamplarmgmalreEvainpevitilpagithe ttkiutaxudha ldd\eh (388 MHz,
DMSO) SppeBdhtc@h AMALOGIX SuperFlash silica gel column (ANALOGIX is a registered

trademark of Analogix Inc. of Burlington, Wisconsin) and eluted with NH;,OH

/MeOH/DCM(1/10/90) to obtain the slower moving component (comparing with

Example 1H) as the titie product. 'H NMR (300 MHz, DMSO) & ppm 8.07 (m, 1 H),

15 7.70(d, J=9 Hz, 2 H), 7.57 (d, J=9 Hz, 4 H), 7.50 (d, J=6 Hz, 1 H), 7.08 (dd, dd, J=9,

4.0Hz,1 H),6.65 (d, J=9 Hz, 2 H), 4.48-4.54 (m, 1 H), 3.81 - 3.87 (m, 1 H), 3.66 -

374 (m,2H),3.36-3.42(m, 2 H), 3.24 (m, 1 H),3.09 (s, 3H),2.11-2.17 (m, 1 H);

MS (DCI,} M*= 388.

20

-26-



107.70 (d, J=9 Hz, 2 H), 7.57 (d, J=9 Hz, 4 H), 7.50 (d, J=6 Hz, 1 H), 7.08 (dd, dd, J=9, 4.0 Hz,1 H),
6.65 (d, J=9 Hz, 2 H), 4.48-4.54 (m, 1 H), 3.81 -3.87 (m, 1 H), 3.66 - 3.74 (m, 2H) 336 3.42 (m, 2
H), 3.24 (m, s3H)211 -2.17 (m, 1 H); MS (DCI,) M+=388. 20 Exa

2-(5-{4- 1(3aé§)?1§-‘% thylhexahydropyrrolof3 4-b}Pyrrol-1(2H)- yIIphenWB %}%8/5%:) 67
v1)Pyridazin-3(2H)-one 5Example 2A Tert-butyl
(3aR,6aR)-1-(4-bromophenvl)hexahydropyrrolof3,4-blpyrrole-5(1H)- carboxylate A mixture of tert-butyl
(3aR,6aR)- hexahydropyrrolo[3 4 b]pyrrole-5(ER}naaebpxylate (1, 1.5 g, 7.0 mmol),

1,4-dibromphe one (28 g Pd dba31 7 mg 0 o)), BINAP 3 5 mg, 0.6 mmol)
and sodiuffrte u & '* x -e g e)Xah ;o ]%‘ ? "l RIS R GHE4hen purged
three times with N2 gas, followed by thqﬁﬁﬂj@@mof&@@ Q45 mL). The mixture was heated to 140C

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 15(Si02, 0-25% EtOAc : hexanes) to provide
theitle compound. 1H NMR (300 MHz, CD@MO ppm (m, 2H), 7.39 (m, 2H), 4.11 (m, 1H),

3.57 (m, 3H) 133 . ﬁ ESI, M +1):
310.9. Tert-buty dropyrr '

- o v y - ‘ - : eacacs
may be prepared by the method described m—-@@%%}-%t al.,

A mixture of tert-buty! (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), Pd2{dba);
10 (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

N2 gas, followed by the addition of toluene (45 mL). The mixture was heated to
140°C for 15 minutes in a microwave reactor. The mixture was then cooled to room
temperature, was filtered, and the crude mixiure was purified via chromatography

15 (SiO2, 0-25% EtOAcC : hexanes) to provide the title compound. 'H NMR (300 MHz,
CDCls): & = 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.

Tert-butyl (3aR ,6aR)-hexahydropyrrolof3,4-blpyrrole-5(1H)-carboxylate (CAS

#370882-39-6) may be prepared by the method described in Schrimpf et al.,

20 “Diazabicyclic Central Nervous System Active Agents”, WO 2001/081347(A2)
(2001).

Example 2B
(3aR,6aR)-1-(4-brormophenvl)-5-methyloctahydropyrrola[3.4-bloyrrole

25 To a solution of (3aR,6aR)-tert-butyl 1-(4-bromophenyiihexahydropyrroio]3,4-
blpyrrole-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 aliowed 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 NaBH;CN (950 mg, 15.1

30 mmol). The mixture was stirred at 23°C for 10 hours, concentrated under reduced
pressure and the residue was dissolved in CHzCl» (100 mL), washed sequentially

with water (2 X 50 mL), brine (1 X 30 mL), and dried over Na,SQy, filtered and
7.



20"Diazabicyclic Central Nervous System Active Agents”, WO 2001/081347(A2) (2001). Example 2B
(3aR,6aR)-1-(4-bromophenvl)-5-methyloctahydropyrrolo(3,4-blpyrrole 25To a solution of

(3aR,6aR)-tert-butyl 1-(4-bromophenyl)hexahydropyrrolo[3,4- b]pyrrole-S%g)-carbox late (1.86 g, 5.1
mmol) in CH@BI@G@B:;F’T%F_% at 23C was added TFA (8 mL) and the mixture ggﬁﬁ%wgé%”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 30 mmol). The

Cissolved gy CHZCI (100 b, Wasod Safenally i naser (3 e oty B (L 50 mby, and
issolved | , Washed, sequenti ith, water . mL), brine mL), an
dried over” E[gﬁ?&ﬁréﬁg e@?ﬁd 2@5 /V\I%E%%g@/ PR %d%%tra?ed under
reduced M&W@Gﬁg\ﬁzrmmcﬂmtm&tpmwas zur)i,f'@dai@mrmay)natogr(aﬁ,hmﬁi@a,s%g% MeO(I-l in
CH2CI2) rovi e title ou 1 R 0 C 3).6=7. p. , 2H), 6.44 (m,
2H), 4.05%’%#%6&521’51%51’, g%?%nlg%r% ,51‘;1’?)%94 %X%@’%%{n%%%?%(&% 1230 (s, 3H),
2.16 (m, 5HH), 11985 /m ]! {tiH) MBS EES 1MV H1 2 &86.8. Example 2C (3a R,6a
R)-5-methy1-1-(4-(4,4,5,5-tetra methyl-1 ,3-d ioxa borola n-2-yl)phenyl)octa- hydropyrrolof3,4-blpyrrole

10(3aR,6aR)-1-(4-bromophenyl)-5-methyloctahydropyrrolo[3,4-b]pyrrole (1.0 g, 3.6 mmaol),
bis(pinacolato)diboron (4,4,41,4'5,5,5,51-ockxABiBie12% 21-bi(1,3,2- dioxaborolane, (1.0 g, 3.9 mmol),

Pd(dppf)CI2@kHRG éﬁ‘e{@&@EQ&Z%@M@@E&&@&%#11?%0&?893éér&éﬂg%'g— 0 mgﬁﬂaegd in a sealed
microwave reaction tube, and purged three times wit gas. Dioxanée mL) was added, and the
mixture was heated at hydropyrrolo[3.4-blpyrrole
10 (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)Cl,CH,Clz (100 mg, 0.12 mmol) and KOAc
(1150 mg, 11.7 mmol) were placed in a sealed microwave reaction tube, and purged

three times with N2 gas. Dioxane (20 mL) was added, and the mixture was heated at
15 150°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% EtOAc in hexanes) to provide the title compound. 'H

NMR (300 MHz, CDClz): 8 = 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,
20 1H), 1.95 (m, 1H), 1.32 (s, 12H). MS (ESI, M +1): 329.1.

Example 2D
2-(5-bromopyridin-2-yl)pyridazin-3(2H)-one and 2-(6-bromopyridin-3-yl)pyridazin-

3(2H)-one
25 3-pyridazinone (300 mg, 3.1 mmol), 2,5-dibromopyridine (1.0 g, 4.2 mmol),
copper powder (200 mg, 3.1 mmot) and K.COs (1.22 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 tc 120°C in a microwave reactor for 40
minutes. The mixture was concentrated under reduced pressure after which the

30 residue was taken up in CHxCl,/MeOH, filtered and concentrated under reduced
pressure. The crude mixture was purified via chromatography (SiQ2, 10-80% EtOAc

in hexanes) fo provide the titie compounds.
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15150C for 15 minutes. After cooling down to 23C, the mixture was filtered, and solvent was removed
under reduced pressure. The mixture was then purified via chromatography (Si02, 10-60% EtOAc in

hexanes) to,provi itle compound. 1H NMR (300 MHz, CDCI3): 6 = H), 6.54 (m,
2H), 4.21 (m‘%%‘%g’ém 1H), 3.33 (M, 1H), 2.97 (m, 1H), 2.67 (m, 2H)?Z§l?@?%€h§?’éﬁgf’%2.34 (br, 3H),
2.15 (m, 201H), 1.95 (m, 1H), 1.32 (s, 12H). MS (ESI, M +1): 329.1. Example 2D
2-(5-bromopyridin-2-Opyridazin-3(2H)-one and 2-(6-bromopyridin-3-v1)pyridazin- 3(2H)-one
253-pyridazinore(BetbmgpFitimmel)ogs ks BrErpyoicine’ (L IGR4 DMWY, COERgE pewder (200 mg,
3.1 mmol) and K2CO3 (1 mmgl laced in g,sealed mijc tube, and,purged three
e it X8 B2 VR by 2 Ao S e VL5 B o AP e84 b 120C i &
microwav fedmtdHin 7 4 riddutes. IThel ifixtard Miad/Soticahtkhteth bl Breduced pressure after which
the 30residue w, ken up in 2/MeQH, filtered and tr e ed pressure. The
crude mixture W%Zéﬁ%%%{gﬁg\yigdﬁ%ﬁi%graaph@%%%ofgﬂ?&%@%ﬁyhﬂeﬁghEéjsf,?%’jg 'Er‘%\'?ide the title
coriipounds6-28m\NO/20091086182P T DAER008/B7BIBT Hz, 1H), 7.94 (dd, J = 2.7, 1.7 Hz,
2-(5-bro Hdin- 21y Ryr dagin-3(AH H NMR; ( h iy = 8.7 br), 1H),
799 (m 3] 788 g%ggr),%%@‘@% R A R A R
1H). MS (BES! MBAER 2882282 tomopyridin-3-yl)pyridazin-3(2H)-one. 1H NMR (300 MHz, CDCI3):
6 =5 8.76 ppm (d, J= 3.4 Hz, 1H), 7.98 (dd, J= 8.5, 2.7 Hz, 1H), 7.94 (dd, J= 2.7, 1.7 Hz, 1H), 7.59 (d,
J=8.4 Hz, 1H), 7.29 (dd, J- 8.4, 3.4 Hz, 1H), 7.06 (dd, J= 8.5, 1.7 Hz, 1H). MS (ES!, M +1): 253.8.
Example 2E 102-(5-(4-((3aR 6aS)-5-methyIﬁéﬁg@a@yrrolom,4-b|pyrro|-l(2H)-y1)phenvflpyridin-z-
10 2-(5-(4-({3aR ,6aS)-5-methylhexahvydropyrroio[3 4 -blpyrrol-1(2H)-vl)phenvhpyridin-2-

vl)pyridazin-3(2H)-one
(3aR,8aR)-5-methyl-1-(4-(4,4,5 5-tetramethyl-1,3-dioxaborolan-2-
ylphenyhocta-hydro-pyrrolo[3,4-blpyrrole (50 mg, 0.15 mmol), 2-(5-bromopyridin-2-
yhpyridazin-3(2H}-one (42 mg, 0.17 mmol), Pd{PPh3),Cl; (11 mg, 0.01 mmol), 2-
15 (dicyclohexylphosphino)biphenyl (5.6 mg, 0.016 mmol) and Na,COg (1M, 225 pl)

were placed in a microwave tube, purged with N and a mixture of solvents
(EtOH:dioxane = 1:1, 1 mL) was added. The mixture was heated to 140°C in a
microwave reactor for 15 minutes, cooled to ambient temperature, was filtered, and
concentrated under reduced pressure. The residue was purified via chromatography
20 (Si02, 0-10% MeOH in CH.Cl2) to provide the titie compound, 2-(5-(4-{(3aR,6a8)-5-
methylhexahydropyrrolo[3,4-bipyrrol-1(2H)-yl)phenyhpyridin-2-ylpyridazin-3(2H)-
one. '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), 7.08 (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,
25 2H), 2.58 (s(br), 3H), 2.23 (m, 2H), 2.05 (m, 1H). MS (ESI, M +1): 374.2.

Example 2F
(3aR,5R, 6aR)-5-methvi-1-(4-(6~(B-oxopyridazin-1{6H)}-yDpyridin-3-
yiiphenyloctahvdropyrrolo[3 4-blpyrrole 5-oxide

30
A solution of the product from Example 2E (23 mg, 0.062 mmol) in DCM (0.5
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vllpyridazin-3(2H)-one (3aR,6aR)-5-methyl-1-(4-(4,4,5,5-tetramethy1-1,3-dioxaborolan-2-
yl)phenyl)octa-hydro- pyrrolo[3 4-b]pyrrole (50 mg, 0.15 mmol), 2-(5-bromopyridin-2-
yl)pyridazin lla& 2 mg, 0.17 mmol), Pd(PPh3)2CI2 (11 mg, 0.01 m&gz@m OTSCT
15(d|cycloh§<£f osphlno)blphenyl (5.6 mg, 0.016 mmol) and Na2CO3 (1M, 225 4) were placed in a
microwave tube, purged with N2 and a mixture of solvents (EtOH:dioxane = 1:1, 1 mL) was added. The
mixture was heated to 140C in a microwave reactor for 15 minutes, cooled to ambient temperature,

was filtered, emzdi(b@e@éh(namkj) w&ﬁeﬂwmwmmﬁkﬂgmmmsidw@ Odaspudfiedinidlghromatography

20(Si02, % MeQH.in CH to pr |de 4-((3 5
methylhe@a%drop? r:ipo%én i pyrroF(l\r ?}%é(gﬁ?/ p@r %né%/ﬁ gg%r(? )();(?roigziiH NMR (300
MHz, CDI@i8)s STa 8 18 Xipperw@s @m{z%tﬂﬂaiscﬂHﬁ@gaedm%pr%gwectoﬁsmaﬂlazVQEH?‘IG 52 (m, 2H),

728 (dd, Qv g 1%é§g1nu%25‘%2ﬁ s@ﬂt&n‘\ﬂaquroédéd%tb'@m Qﬁﬂﬂ@e?k‘éépéﬂ: By H), 3.66 (m,

1H), 330 259 (S(br). 3H). 2-23 (M (m, 1H). MS (ES!, M +1): 374.2.
ExémpleSQFC&%QCQR"BQFQM%W13(ﬁ1(@(€t%’%§dﬁﬁ)%?ﬂh(§ﬁ'ﬁa}@%mﬁn0§

v1)Phenyg)agiainarepsssials 4rlniriels wiexidss 8P Aseiviion ghedmmbﬁs% Ey@mple 2E (23
mg, 0.062 mmol) in DCM (0.5 WO 2009/036132PCT/US2008/075967 mL) and MeOH (1 mL) was

treated Wit Ry ATGYEN FRFBRANSTH GRRRA SIS0 F28MPIeA2 AN NPHE!G R vas screw-capped in
a4mL v@m@hm@m@@fm %(Boa@n@xﬁbwm@zﬁu:e(wwwmﬂﬂed under reduced pressure to

a smaIIer me till in a sp tlon W ‘}gﬂn‘%? uperFlash
5silica géf H?Mgv&#@eﬂ Qﬂ%‘% ’g8 arkﬁ_k nalo Efn M?r-lllﬁgt\hl isconsin) and
eluged Wllbﬂjlﬁiﬂa@rhﬁmeOI-l/BCM(lAlH))QO}am dhmir(nheliammlavmgﬁt@rﬁperﬂalg(mmparlng with
Example t tifl C 5 );5-methyl-1- 4- lpyridin-3-
yI)phenyI);g% dirllgpjr%?%og 5 t&f‘%ﬁ&%@ E@% 4§ r\%#l%léo z@f( I\%I%érl-ﬁifl\lyo’%%(%g 3 ppm 1.25-
1.31 (m, 1 H) %.68 tzope,(MmH)218622¢H =1 H3 4. 2@@%2@ (k) 6. 78 (d, J=8.54 Hz, 1 H)7.12

(dd, J=9.76, 1.53 Hz, 1 H) 7.53 (dd, J=9.61, 3.81 Hz, 1 H) 7.62 (d, J=8.85 Mz, 2 H)

7.65 (d, J=8.54 Hz, 1 H) 8.19 (dd, J=8.24, 244 Hz, 1 H) 8.76 (d, J=2.14 Hz, 1 H). MS

15 (DC1,) M"= 380.

Example 2G
(3aR .55 ,6aR)-5-methyi-1-(4-(6-{6-oxopvridazin-1{6H)-vpyridin-3-

viiphenvboctahvdropyrrolo[3.4-blpyrrole 5-oxide.

20
A solution of the product from Example 2E (23 mg, 0.062 mmol) in DCM (0.5

mL) and MeOH (1 mL) was treated with hydrogen peroxide (0.04 mL, 30% in H2QO,
0.24 mmol). The mixture was screw-capped in a 4 mL vial and heated to 50°C for 24
hours. The mixture was concentrated under reduced pressure to a smaller volume

25 while still in a solution. The solution was loaded onto an ANALOGIX SuperfFlash
silica gel column (ANALOGIX is a registered trademark of Analogix Inc. of
Burlington, Wisconsin) and eluted with NH4OH/MeOH/DCM(1/10/90) to obtain the
slower moving component (comparing with Example 2F} as the title product,
(3aR,55,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yl)pyridin-3-

30 yhiphenyloctahydropyrrolo[3,4-b]pyrrole 5-oxide. (3aR,55,6aR)-5-methyl-1-(4-(6-(6-
oxopyridazin-1{6H)-yl)pyridin-3-yl)phenyljostahydropyrrolo[3,4-blpyrrole 5-oxide. 1H
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J=37.84 Hz, 1 H) 3.26 -3.28 (m, 3 H) 3.47 (d, J=27.77 Hz, 1 H) 3.55 (d, J=25.33 Hz, 1 H) 3.66 (none, 1
H) 4.03 (dd, J=11.44, 8.09 Hz, 1 H) 6.78 (d, J=8.54 Hz, 1 H) 7.12 (dd, J=9.76, 1.53 Hz, 1 H) 7.53 (dd,
J=9.61, 3.8 (d, J=8.85 Hz, 2 H) 7.65 (d, J=8.54 Hz, 1 H) 8.19 (dd, J=8.24, 2A4 Hz, 1 H)
8.76 (d, J=2.1 El‘;lz("!jl)sl‘—?ﬁ S 15(DCI,) M+= 389. Example 2G v S e
(3aR,55,6aR)-5-methyl-1-(4-16-(6-oxopyridazin-1(6H)-vl)pyridin-3-
vl)Phenvl)octahvdropyrrolor3,4-blovrrole 5-oxide. 20 A solution of the product from Example 2E
(23 mg, ommqﬁﬁmm@@llmamumpa\wmmu .B@Erﬁ,eﬁwﬂz\l\éﬁhflw@tﬁgfmpﬁ oxide (Of-04
mL, 30% | 0, Q. 0 mixture was screw-capped in a 4 mL vial and heated to 50C for 24
hours. Thgén_élitsm% %ljag]é%n?é%rzrl%dé Lﬁ%%%aea%ﬂfﬁ}eéggﬂe% Azl Vd1dfnd 5Bt still in a
solution. Tthe, setlitia viad4ddmddrintdandaiN 4L QG Soperk|ashisiiee gal.eplumnAdagOGIX is a
registered {rag t Analeg : i , Wisconsi d el it B
NH4OH/&§OH%&%&(§/&%\/£§%§O%Q£t 3 Q%@%ﬂﬁ%’oﬁ?&&%eﬁt iefrgéiﬁﬂg‘{ﬁﬁhSEXample 2F) as
theditle po8adiZ3hR)553HR) S-8diHyE11(4) 8-85-dstopydidazite1{6H) 8)Pyddin/33.83,
30yOphenygoeiahydioRyElald J=Blpymoleod-pxide (8873 9P Gak)-p e thyls L (85465 -
oxopyridazin-1(6H)-ygpyridi{n-s-yl)phehyl)octah’ydro%)yrrolg[?,,g-b]pyﬁ]r-lro%éq;)-clo&iﬁd% %’%
2009/03638%PCT/US2008/075967 NMR (501 MHz, METHANOL-D4) 6 ppm 1.27 - 1.30 (m, 1 H) 2.25
-2.30(m, 1 H)3.25(s,3H)3.35-3.48 (m, 3H) 3.52 -3.57 (m, J=21.09 Hz, 1 H) 3.71 (q, 1 H) 3.82
El?s 6.52 Hz, 1 H) 4.62 - 4.67 (m, 1=19.36 Hz, 1 H) 6.73 (d,
- BT O SS = NS IS dd, J=9.39, 53.83 Hz, 1 H) 7.59 (d, 1=8.82 Hz, 1
H)18.61 (d, 1=8.2BddmyvertipB. 03¢ guodici8sB8h dnddddutitat LonSolitbrl-Botprisiy 2, 1 H) 8.72 (d,
1=2.11 Hﬁﬂéré_geMg'aﬂ%/)%Helé?ik/:esa%?o5&%{%‘3‘8&%%%%'!1 %’%‘%‘??AH ana)?EEhs% g%%?eg tslgﬁs 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
15 compositions can be formulated for oral administration in solid or liquid 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
formuiation auxiliary of any type. Some exampies of materials which can serve as

20 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 cellulese and cellulose acetate;
powdered fragacanth; malt; gelatin; talc; cocoa butter and suppository waxes; oils
such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and

25 soybean ofl; glycols such as propylene glycoi; esters such as ethy! 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
aicohol, and phosphate buffer solutions, as well as other non-toxic compatible
lubricants such as sodium lauryl sulfate and magnesium stearate, as well as coloring

30 agents, releasing agents, coating agents, sweetening, flavoring and perfuming
agents, preservatives and antioxidants that can also be present in the composition,

according to the judgment of one skilied in the art of formulations.
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10The invention also provides pharmaceutical compositions comprising a therapeutically effective
amount of a compound of formula (1), or suitable salts and polymorphs thereof, in combination with a
pharmaceuticall ble carrier. The compositions comprise compounds of the invention
formulated t%ﬁ%’gﬁvﬁt 5%one or more non-toxic pharmaceutically accepta%?g/gggﬂ%%flsfﬁ-’é
pharmaceutical 15compositions can be formulated for oral administration in solid or liquid form, for
parenteral injection, or for rectal administration. The term "pharmaceutically acceptable carrier”, as
used herein, medins phaomimdttice rteokidsiems solitio igddil escilu eamensapsylriing material or

formulati ili f type. Sgme examples of materials, which can serye as 20pharmaceutically
acceptable (@?ﬁ%?éngg %%é}ﬁg @Lﬂ%qsa%rela@for%f&giﬂbggiéeg{r]e&%%fgcgg?@ttg@ﬁﬁg’such as corn starch
and potattiseveginetiiuiokereiorsairivariced s (ah s sodiiars cailicnentedtnylrophil dseatthyl cellulose

and celllgresgs Bis AMEI L ER0 KRNIl BRIBII 2165 SREIA ANE Ad syppostiory waxes:

oils such as peanut oil, cottonseed oil, safflower oil, sesame ive oll, corn oil and 25soybean oil;
gly€ols sUERAIES SRR HRLQ; BrshsiREgE i BaWRMIeatdrdmires i Riuiati@pagionbalfering agents
such as magnasive hubesiesand, Awmingen By sedes: aldinisagish pyrogen-free water; isotonic

saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic

. : P er Sol .
compatible lubriEAAEEEY HLLERMRPHHATT DRI Ah Ay REUAIS LRRIIste, as well as coloring

30agentspreleastwageiyisceeptiigeagents neo et It e 8e DRSHYTHISHRESOHS,
preservatives and antioxidan}s. that caQ Iso be é)resenﬁin the comgositipn, according to the judgment

of one skilled 1 the BrPoFFORmUIATIoA - ?E”e P ﬁuﬁgrﬁ QPR ti'%l’ﬂffbﬁﬁﬂl% of this invention can
betédminisiectabte hoiniiors andisthesioram hatsrpiabyofsaitdlyepaneateraliydintiagimienally,

intravagi lalig i [ In or drops cally or as an oral or
nasal spm%%%%’t%?%%%%%ﬁﬁ%&i@ }é%ﬁeg ﬁ@ﬂ(ﬁl%m% to rﬁt(()ﬁd Soqgg f%dﬁ%%%ﬁ?%%(i%n, which include
intraveno%ﬂqqahraﬁh!%%m'&ﬂerﬁl’ﬂfﬁférmf, and the iike, and suitable mixtures thereof),

vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate, or
suitable mixtures thereof. Suitable fluidity of the composition may be maintained, for

15 example, by the use of a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservative agents,
wetling agents, emulsifying agents, and dispersing agents. Prevention of the action
of microorganisms may be ensured by various antibacterial and antifungal agents,

20 for example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also
be desirable to include isotonic agents, for example, sugars, sodium chloride, and
the like. Prolonged absorption of the injectable pharmaceutical form may be brought
about by the use of agents delaying absorption, for example, aluminum
monostearate and gelatin.

25 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 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

30 crystalline form. Alternatively, delayed absorption of a parenterally administered
drug form is accomplished by dissolving or suspending the drug in an oil vehicle.

Suspensions, in addition to the active compounds, may contain suspending
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intrasternal, subcutaneous, intraarticular injection and infusion. Pharmaceutical compositions for
parenteral injection comprise pharmaceutically acceptable sterile aqueous or nonagueous solutions,

dispersions,ﬁﬁ%@mg{g or emulsions, and sterile powders for reconstit%mg&%gg%minjectable
solutions or dispersions. Examples of suitable agueous and nonaqueous carriers, diluents, solvents or

vehicles include water, ethanol, polyols (propylene glycol, polyethylene glycol, glycerol, and the like,
and suitable mixtures thereof), vegetable oils such as olive oil, and injectable organic esters such as
ethyl oleatgeotsstittabiembkd, etbdhgeed Sostably|fhiwihols, the aoygibsitos swayitoe andintained, for
15examp 0 i h ithi : 1h intenance.of the reguired particle size in
the case o SLaEsier: M0 e LR e 8 R R ot
adjuvants28aehirag peestvandartiygernes, temerly hgearsde autsityineose effestsditisfirriging agents.

Prevention ot iR AR 8F MICTRNEIABISEXH PEYHREBBRERS R \sipusiaatbacterigland antifungal

agents, 20for example, parabens, chlorobutanol, phenol, sorbic acid, and the like. 1t may also be

dedirable 46/ iRT ¥ TS ey 8RROMP BXERBIECSURNO TSGR E ANSHasPeT¢sh ey, Prolonged
absorptiomgy he dniartealerdhacmasru g fmomaybe PeugbieaRoetMitRemse &f maents delaying

absorption, for example, aluminum monostearate and gelatin. 25In some cases, in order to prolong the
cffect of 4 BUBOIFOBHE: SEUFAEESE0N S M5BT U SIS ROR QS HBiRETEbr
intramuseatissfietdnn Tlesimaptze acsomplishedshyribanjeetabia Hicpdilisuspersiamnenf crystalline or
amorpho%(%@r%t%rsigl 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 30crystalline form. Alternatively,
deleyed absorptiigciablp depatiaipsaraimsts by trugifigrmiteruanplisied mpidissoleing or
suspending.t ((WToN | i T%g ' i ition IMe C , may contain
suspendiﬂ%—ggg %ggﬁf,é?(% %\é(%%%% ethoiéq %&%@s@%ﬂ?ﬁ@#@ﬁ %ﬂ%’y%xyet %/)’Il@l%asorbitol and

sorbitan S45eRste &R Sistalthid RAIYBeR aafimMAURRPARYR R depthrner agurexssh, tragacanth,

and mixturesriigieirtgdesias andderdaarsirbective fistintionethacrgru4ms of the invention

can be incorporated intg slow-release or targeted- 5delivery systems such as golymer matrices,
liposom egomgs%?gy@ﬁ%esters) and poly{anhydrides). Depot injectable

15 formulations also are prepared by entrapping the drug in liposomes or
microemulsions, which are compatible with body tissues.

The injectable formulations can be sterilized, for example, by filtration through
a bacterial-retaining filter or by incorporating sterilizing agents in‘the form of sterile
solid compositions which can be dissclved or dispersed in sterile water or other

20 sterile injectable medium just prior to use.

Injectable preparations, for example, sterile injectabie agueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing
or wetting agents and suspending agents. The sterile injectable preparation may
also be a sterile injectable solution, suspension or emulsion in a nontoxic,

25 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 soiution, U.S.P. and isotonic sodium chiloride solution. In addition, sterile,
fixed oiis are conventionally employed as a solvent or suspending medium. For this
purpose any bland fixed oil can be employed including synthetic mono- or

30 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,
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may be sterilized, for example, by filtration through a bacteria-retaining filter or by incorporation of
sterilizing agents in the form of sterile solid compositions, which may be dissolved in sterile water or
some other %gQ&%&%@ble medium immediately before use. IoInjectabI% gﬁﬂg’tgﬁ%ﬂ(@%‘?{e made by
forming microencapsulated matrices of the drug in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of drug to polymer and the nature of the particular
polymer employed, the rate of drug release can be controlled. Examples of other biodegradable
polymers poelddes paty{ grimagsters) andpstlibabyatysés)nbepat mjectadlectrifoumydasicng also are

d| ' .in lipt ' Isi hich tible with bod
Feues, T e R S e R gn s

ba(_:terial-ﬁ@l@irﬁﬁ@ﬁﬁmﬂiﬁjﬂiﬁ@15r@i@ﬁiﬂh@iﬁéﬁB@hﬁj@M@ﬁﬁﬂf&lmmﬁoﬁﬁMersdi@h@posit_ions
which caraf ARsqiadsR) dirpteeiarImuiRg 6 AeK RORPAIR T BRI st prior to

use. Injectable preparations, for'example, sterile injectable’aqueous eaginous suspensions

ma§ be fORRPREDEARLERIMG I8 (RIS IRAGEN SFalSIRPLIN RY HRISERERY, GLEERMEBYents and
suspendipgagenishlnestaiie doiectabip BerpRBinsimar alpg Ry entililennis cghiagaiution,

suspension or emulsion in a nontoxic, 25parenterally acceptable diluent or solvent such as a solution

i 13 butSHEHE) CATRER LG R SR e RS PO B (R AR PSR pAYed are water,

Ringer's saldiion cblRatand)isotonio setlirdinghigeds soltiiias.garateifigmisietigedixed oils are

conventionall em onéed as a solyent or susggending medium., For.this gurposeéasnééb and fixed oil can
S

Se eona-or |8|§@eﬁ%§qﬁn§igdﬁi)o\ﬁ?¥ ﬁ%%%?@ & oleic acid are

be emploﬁ”;ga inclu ingi"scilhn%se € mono-"or
us#d in theeivtepeshdbanof gijeetablosnSekd dsdueatrans dotsosat b ikdsiiatimd inetudeiteapsules,

tablets, pilsy RIS AaMh AraIUess arUeh ol desraR IRt i LEgasagpeunds of the

invention is/are miXed with at least one inert pharmaceutically e carrief, such as sodium

citrate or BRISERENEHBYERESAHTBI2D Hi srie ertshanéry SRR HNasesfarbh & RAR®SYE, sucrose,
glucose, asyited, anslesalimdicinsidnObindarsHHEMas ArEMpnstysRIgssy alginates, gelatin,
polyvmylpyrroI|d|n%geéosr%c(r)%?ﬁedn%ngf%cgli%%g R hungnectartlts such as glycerol;_ dlslntegratlng agents
such as agar-ag%‘?, p ype may also be employed as fillers in so
15 and hard-filled gelatin capsules using lactose or milk sugar as well as high molecular
weight polyethylene glycols.
The sotid dosage forms of tablets, dragees, capsuies, piils, and granules can
be prepared with coatings and shelis such as enteric coatings and other coatings
weil-known in the pharmaceutical formuiating art. They may optionally contain
20 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 intestinat tract in a delayed
manner. Exampies 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
25 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 liguid at body temperature and therefore
melt in the rectum or vaginal cavity and release the active compound.
Liquid dosage forms for oral administration include pharmaceutically
30 acceptable emulsions, microemuisions, 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,
-34-



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

compogndS' wetting,agents suqh as !ocetyl alcohol and glycgrol monogt;ceira]%%tz%bgz,]%g)g?orbents 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 ssuirilipioy egastdikerxs eamsdstibasddiaad-Gttad getstinl, capsupg uskiopdaaise or milk sugar
as well as.hj le rwel t lycals, The solid dosage forms of jablets, dragees,
capsules?cgﬁ?ssrﬁ%’ gé:rhgr? u%géss {c%g’ %%}é)%rgﬂéﬁeﬂg c\/’i/i)t%e%!(%gltitr}]eggzg%e Sﬁéﬂ%yz%c% %%Ceorf’tg% coatings and
other coafiHbiene pieolveimetiy finaranaiceu vdal forpadistifer atotDhegedagroptidnallycoontain

20paclyiggaQeiiseRdsn alRe b ahd eAspasi _m@%rm@»ar@ﬂ&ﬁﬁ fRggRyye ingredient(s) only, or

preferentlallﬁi In a certain part of the intestinal tract in a delayed manner. Examples of materials which

car? be uSAEEY EDRGNGHEIeRES B RS EBvEe SR RochiaR cRIge pslyRss begestances and waxes.

Compositions fopgeriad aiaraginrs i FratiesmasshIsiarably 0 Resiias exRiumic s an be
prepared by mixing the compounds. of this invention with suitable non- irritating carriers such as cocoa
TR v

butter, po PSR YU RER SHARSDAIOH BRERiWPEIRBIRG: TaMps AR but liquid at

body temperatwiacaagettterefore melt in the rectum or vaginal cavity and release the active compound.

Liquid dosage f r oral administration include pharmaceutically 30acceptable emulsions, -
microemulsions?sgo u%%r@irgﬁs%%{r? |’c{):rama]s,0§yrr%rﬂss Sﬁﬁ%&‘r.}:’”é‘?ﬂﬁ%é%‘&fﬁ(o %‘%HB?%%H(}Q grg%'ﬁounds, the
ligtid dosayerfirminaisgecointaianiremaiieentycomemiotihnssgdlm tivevdersusblafer example, water or

other soleRLR,s: 3An N RLALAIREL3 2R ALK A0S RRPE: 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

15 this invention.

The ointments, pastes, creams and gels may contain, in addition o an active
compound of this invention, animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, celiulose derivatives, polyethylene glycols, silicones, bentonites, silicic
acid, talc and zinc oxide, or mixtures thereof.

20 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,

25 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 fiposome form may contain, in addition to the compounds of the

30 invention, stabilizers, preservatives, and the like. The preferred lipids are the natural
and synthetic phospholipids and phosphatidyicholines (lecithins) used separately or

together.
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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 partigg@%g%t%g eed, groundnut, corn, germ, olive, castor, and sesame oils)] %Ix,?erol,

uryl alcoho c?

tetrahydrofur , bpolyethylene glycols and fatty acid esters of sgrlﬁléshz,ﬂgsﬁ 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 transditetizd@sltoifistrdiposahascara fooach of this doinGedicorrslacieleirrreents:, pastes,
creams, lgtjon -splutiqn inhalants or, patches. Sir, o] d of the
invention%l% mel?(ﬁe ﬁ%@iﬁ%ﬁ@éﬁ%ﬁ%ﬁ@é\% h’aR B%%a?r%né%eﬁf |%%3Ikl}§ea"é®§f)?t§b[§e%%rﬁe8r9§£d any
needed pPesEn@ilti%es or buffers as may be required. Ophthalmic formulation, ear drops, eye

oniments, pOWASERARHBAKY RASAIEA B0 ARLEARABEACARMINI BIRAAARRAT LIS invention.

The ointments, pastes, creams and gels may contain, in a to an active compound of this
invéntion AR IPSIVIIGEY SIS REBIRN R aREdNpalkiths ToaAH e RMBEAUNCCE MEEE derivatives,

polyethylenrighytelse Slisanphsipmansasreibici ackltaloaphBiBC SHER aRE MNWwas hereof.
20Powders and%a%s cap contain, in addition to the compounds of this invention, lactose, talc, silicic

acid, alunfifie MBS M QRRVABES WG B GRS PRERSE, SIRRINE{BFIHEER S ibstances.

Sprays cayadifittoeally, pontaénscastosoaryopro pedlabtaauphn sl il areligosohyd ineadssoCompounds
of the inv%gqrrg ma alsq be ad inistoered in th? form of Ii@osomes. As IS kn2 nin the art,

B 'SHSiggnéP ﬁ%ﬁgmpmaﬁ ?ﬂ%SQBﬂQeS are

: Verton.~ AqUeouUs igiid compo
25liposomes are general9 erived ron p'ﬂ%sp'h
forfied byiswace opmigmiplatadllar hydrated liquid crystals that are dispersed in an aqueous medium.

Ay non-t0i. phyalggalhScisRIZh ATl et il sapatle oo Jagpomes may

be used. The present compositions in liposome form may contain, in addition to the compounds of the
30 inventRFEEERIR eRLiSpRsteRRIVaR derIdREVRE MPHENREIENEPNipidse Aie aRidhalilhal and synthetic

phospholigiglsanchphasanaticenakingptdseitbing) UsedSaRaaalES” 9geSy niUGh,
2009/036132PCT/US2008/075967 Methods to form liposomes are known in the art. See, for

example, BIESRCEIOVEIRSTYSH 3TN BRSISLHIVERThTE e 2 i arRnsiEpIRISsanebamidng, N. Y.,
(1956), poB3petmamds of formula (1) which are, within the scope of sound medical judgment,

suitable for use in contact with the fissues of humans and lower animals without
undue toxicity, irritation, allergic response, and the like, are commensurate with a
reasonable benefit/risk ratio, and are effective for their intended use.

The term "pharmaceutically acceptable salt” refers to those salts which are,

20 within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic
response, and the like, and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well-known in the art. The salts can be
prepared in situ during the final isolation and purification of the compounds of the

25 invention or separately by reacting a free base function with a suitable organic acid
or inorganic acid.

Representative acid addition salts include, but are not limited to, ascorbic
acid, (D)-tartaric acid, {L)-tartaric acid, phosphoric acid, salicylic acid, sulfuric acid,
trifluoroacetic acid, and hydrochloric acid.

30 The basic nitrogen-containing groups can be quatemized with such agents as
lower alkyl halides such as methyl, ethyl, propyl, and butyl chiorides, bromides and

lodides; dialkyl sulfates such as dimethyl, diethyl, dibutyl and diamy! sulfates; long
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Dosage forms for topical administration of a compound of this invention 5include powders, sprays,
ointments and inhalants. The active compound is mixed under sterile conditions with a
pharmaceut{g%l%@gg&ggégble carrier and any needed preservatives, bu“%é%?{&d%ﬁ'&%‘}?’ which can
be required. Opthalmic formulations, eye ointments, powders and solutions are contemplated as being
within the scope of this invention. Aqueous liquid compositions comprising compounds of the invention
10also are contemplated. The compounds of the invention can be used in the form of
pharmacebtdahg ibee ptathl e s aksye stery) ,on ansisile srabsieadyirononiteg amicroidergamic acids. The
phrase " ceul ob( - salt r %r%% ides" Jsed in, refe arboxylate
salts, amqﬁgré%%d %a\é%%ﬂ! n @gﬁé%ﬁ%r%n%ﬁe%ﬁ%a d%aﬂryf’id sbl %}gg%%g{%@se E)%f(??ré%i (1) which
are, withifnthé-sebistesirsdsperafddiperquetmasathsurhplettsingsb in contact with the tissues of humans
and lower animalsyilagukndundedribe irialinas HRIIEFROREH MK ieaAge commensurate

with a reasonable benefit/risk ratio, and are effective for their intended use. The term

"pharmadiiCaPAIRERELKE FEIBIS IRy BRGSE SxIfesniics ararbowitsiAcisecsrtpBigsound medical

judgmentyrRigabiatfos dsadpleas bt dberisayanridey naps g Wwai-apbnals ¥ithout undue
and the like, and are commensurate with a reasonable benefit/risk

toxicity, irritation, allergic respons )

ratio. PhelHRLCIARRAAINF L SRS SRS e IS RO, S QHER 6PBE BRépared in situ
during thedrmtdsolatioteaiatyourifieatiOhahtheaopbunctssofdbe 25itverticephseparataly by reacting
a free ba ion_ wi itable arganic agid or inorganic acid, Representative acid addition
salts incll? ﬁgﬁ%{békﬁ{é?ﬁrﬁﬁé%ﬁg f']aas%%‘r?b%eg%%?féﬁﬁg‘r?gr%aé%é? ?E%I-?asr@gﬁcagc}%?'%rﬁ(‘)sphoric acid,
salitylic &adiwnifontaasidyyrithlioivaceirgaskivemangdlootisi aeit, 30T Haebidsic anittogen-containing

groups cap he AHalssRizeg Wi sHEh-AgeNLs.ARdausE Ak alileS HRBAsmethy!, ethyl, propyl, and
butyl chlorides, bromides and iodides; dialkyl sulfates such as dimethyl, diethyl, dibutyl and diamyl
sulfates; (§HgTsghylammonium, tetraethylammonium, methylamine, dimethylamine,

trimethytamine, triethylamine, diethylamine, ethylamine, and the like. Other

representative organic amines useful for the formation of base addition salts include

15 ethylenediamine, ethanolamine, diethanolamine, piperidine, and piperazine.

DETERMINATION OF BIOLOGICAL ACTIVITY

To determine the effectiveness of representative compounds of this invention

as histamine-3 receptor ligands, the following tests were conducted according to

20 previously described methods (see Arrang et ai, "Histamine H3 Receptor Binding
Sites in Rat Brain Membranes:Modulations by Guanine Nucleotides and Divalent
Cations", Furopean Journal of Pharmacofogy, Vol. 188, pp. 219-227 (1990); Tedford
et al., "Pharmacological Characterization of GT-2016, A Non-Thiourea-Containing
Histamine Hz Receptor Antagonist: In Vitro and In Vivo Studies”, The Journal of

25 Pharmacology and Experimental Therapeutics, Vol. 275, pp. 598-604 {1995); Leurs
et al., "Histamine Homologues Discriminating Between Two Functional Hs -Receptor
Assays. Evidence for Hz Receptor", Journal of Pharmacology and Experimental
Therapeutics, Vol. 276, No. 3, pp. 10098-1015 (1996); and Cheng et al., “Relationship
Between the Inhibition Cohstant (K1) and the Concentration of Inhibitor which

30 Causes 50% Inhibition (150) of an Enzymatic Reaction”, Biochemical Pharmacology,
Vol. 22., pp. 3099-3108 (1973)).
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WO 2009/036132PCT/US2008/075967 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 0|I‘§%98J§!ﬁgg|§per5|ble products are thereby obtained. Basic q@}w&g}&&g@ be prepared
in situ during the final isolation and 5purification of compounds of this invention by reacting a
carboxylic acid-containing moiety with a suitable base such as the hydroxide, carbonate or bicarbonate
of a pharmaceutically acceptable metal cation or with ammonia or an organic primary, secondary or
tertiary amine. Pharmaceutically acceptable salts include, but are not limited to, cations based on alkali
metals or;al - such as lithium, 10sodium, potassium, calcium, magnesium, and
aluminu i WH]& }}gegrﬁzgggnd nontoxic quaternary ammonia and amine cations including
ammonium, tetrﬁﬁ@e‘fﬂymﬁﬁﬂﬁ@ﬁﬁrﬁl recaRISMHYRIMIRORR AN GRPIRBRSHE BRTBtAY”AMINe,
tr'methy'mw;eeﬁﬂsmiﬁmmaQs}@v&@mwo@m&%mw@)@ﬁ%%@ SrehRiESpRsiBEye organic

amines useful for the formation of base addition salts include 15eth Ienedlamlne ethanolamine,
diefhanolERESDRSIGRR ShAl plpR PRk PSSR RIGRGIISION SH @@.@@d&L@@ﬁVITY To
determlnM@tﬁﬁﬁyﬁ%w@mqamw}e@éaz@ﬂme@qmmdm@ thlsmemm Bsldisiamine-3 receptor

ligand Il d di I hod A
ot 2, iS4 HaR AR S K AL B KR RES ARUBORL e by Quame,

Nucleond@seanmmuaggma&"mwm&nmpﬁmrawmataf/@hanmamm@;a—vaﬁ 1860pp. 219-227 (1990);

Tedford gmg@{: Iog% %gtﬁggégaé dé)&%ﬁﬁ% éﬁ%ll%ogfs @J&h ﬁ%&qnglnlng Histamine

H3 Receptor Antagonlst n Vitro an IVO Ies armacology and

E%pﬁerlmmqth@raﬁdtﬁr@t@ﬁf/blum ipistBOBS bl @mtq_é\n*@@@%tﬁt""Iﬁﬁ@lﬁﬁﬁ?@ﬂomologues

Discriminpfiagfetgey Veicbuastionslddd (Ragepiereasrss & idepeader Haggagepior, Journal of
Pharmacology and Experlmental Thera r%@utlcs Vol. 276, No. 3, pp. 1009-1015 (1996); and Cheng et

al., "RelafiGrémposiadeehHistamingitits %@n’t‘@@l‘ﬂﬁnﬁ‘ﬂﬁ’é’@&f@ér‘ﬁ%ﬁ@%’?ﬁ%%ltor which
30Causep &% tbibiteedp ) CbrabrERTsMtigReastionbHalethwnigaldnaarmreniagitaMol. 22., pp.
3099- Sloﬁhgrggg)t)ﬁcs, Vol. 314, pp. 271-281 (2005)). Membranes were prepared from C¢€ or
15 HEK293 cells, expressing the rat histamine-3 recepfor, by homogenization on ice in
TE buffer (50 mM Tris-HCI buffer, pH 7.4, containing 5 mM EDTA), 1 mM

benzamidine, 2 ug/mi aprotinin, 1 ug/m! leupeptin, and 1 ug/ml pepstatin. The

homogenate was cenirifuged at 40,0009 for 20 minutes at 4°C. This step was
repeated, and the resulting pellet was resuspended in TE buffer. Aliguots were

20 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 (0.5—

1.0 nM) in the presence or absence of increasing concentrations of ligands of
formula (1) and formula (1) for histamine-3 receptor competition binding. The binding

25 incubations were conducted in a final volume of 0.5 mi TE buffer at 25°C and were
terminated after 30 minutes. Thioperamide (30 uM) was used to define non-specific
binding. All binding reactions were terminated by filtration under vacuum onto
polyethylenimine (0.3%) presoaked PERKINELMER UniFilter plates
(PERKINELMER is a registered trademark of PerkinElmer, Inc. of Wellesley,

30 Massachusetts) or WHATMAN GF/B filters (WHATMAN is a registered trademark of
Whatman Paper Limited Company of the United Kingdom), followed by three brief

-38-



WO 2009/036132PCT/US2008/075967 In vitro binding assays The rat histamine-3 receptor was
cloned and expressed in cells, and competition binding assays carried out, according to methods
previously d 9&%%?%99 Esbenshade et al., "Pharmacological Properti -

[4-(2-{2-[(2R)-2- Methylpyrrolidinyllethy1}-benzofuran-5-yObenzonitrile]: Ifgﬁ{é%t? [égﬁ@%oggective
Histamine H3 Receptor Antagonist with Drug-Like Properties”, Journal of Pharmacology and
Experimental Therapeutics, Vol. 313, pp. 165-175, (2005); Esbenshade et al., "Pharmacological and
Behaviorav@iogewifs DA F49820|dhTID SefiectiBe @ami rEdisiablunzandiistarniae 3 igRedeptor
Antagoni%"ir%i Ig) ' lPrlggar a I V =945 (. - Kr et al., "G
Protein-De%en%gnm@rﬁa bfg%y%gfglgiygt%r%ﬁ(eﬁ %%%ﬁ%%é%%%%@%%ge% 5 'fof Fleterogeneous
Active Stat@Recpidiitaiarsmassngetgpuined byPHbirmasiiong ot e daterrat Therapeutics, Vol.

314, pp. %%103@%@Q%@Q@Mﬁi@@ﬁ?ﬁ%‘@@n@@ﬂﬁ%f&ﬁ%@?&r 15HEK?293 cells, expressing the rat

histamine-3 receptor, by homogenization on ice in TE buffer (50 mM Tris-HCI buffer, pH 7.4,
corftaining 5 mMAEBTN IIRDRAzEHRiAIBR 1o YRjuetprstinrg ORGMARTRPRFIEE ahd 1
ug/mipepsiatiniality Menagenaiesas eompbiore abdboBRe iesrdAtiRUiataAhAE-aT his step was
repeated, and the resulting pellet was resuspended in TE buffer. Aliquots were 20frozen at -70C until
needed. Ot O&%y of assay, membranes were thawed and diluted with TE buffer. Membrane
preparations were incubated with [H3]-N-a-methylhistamine (0.5- 1.0 nM) in the presence or absence
of increasing concentrations of ligands of formula (1) and formula (1) for histamine-3 receptor
competition binding. The binding 25incubations were conducted in a final volume of 0.5 ml TE buffer at
250 and were terminated after 30 minutes. Thioperamide (301.1M) was used to define non-specific
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binding. All binding reactions were terminated by filtration under vacuum onto polyethylenimine (0.3%)
presoaked PERKINELMER UniFilter plates (PERKINELMER is a registered trademark of PerkinElmer,
Inc. of Wellea}s)éggbq{l\él&%achusetts) or WHATMAN GF/B filters (WHATIV]LATN is aoreqq,istered trademark
of Whatman Paper Limited Company of the United Kingdom), followed by &S Bt Wakhes with 2 ml
of ice-cold TE buffer. Bound radiolabel was determined by liquid scintillation counting. For all of the
radioligand competition binding assays, IC50 values and Hill slopes were determined by Hill
transformation of the data and pKi values were determined by the Cheng-Prusoff equation. 5As shown

in Table 1, the high K values obtained for the nds of formula (1)) indicate that these compounds
do not bind potently to histamine-3 receptors. 2009/036132PCT/US2008/075967 Table 1
Compound name K (nM)* CH (3a R,5R,6aR)-5-methy1-1-(4'-(6-oxopyridazin-1(6H )-yl)b pheny1-4-
yl)octahy gon @Qﬂﬁﬁauﬁhgjﬁgfﬁ%ie 5-oxide>5000 K,
(nM)*
CH | (3aR,5R 6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4- >5000
yhoctahydropyrroio[3,4-b]pyrrole 5-oxide
CH | (3aR,58,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyi-4- 2240
yl)octahydropyrrolo[3,4-b]pyrrole 5-oxide

*Values represent mean of 4 separate determinations.

5
The compounds of formula (I) are converted, after oral administration or in
vivo administration to the compounds of formula (Il). Compounds of formula {II) were
tested as indicated above for histamine-3 receptor competition binding. As shown in
Table 2, compounds of formula (ll} have low K values. This indicates that
10 compounds of formula (Il) are extremely potent as histamine-3 receptors.
Table 2
Zs | Compound name | Ki
(nM)
CH | 2-(4'((3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)- 8.2
yh)biphenyl-4-yhpyridazin-3(2H)-one
N 2-(5-(4-((3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)- 3.5
yhphenyljpyridin-2-yl)pyridazin-3(2H)-one
15
In vivo assays in animal model
In addition {o the utility of in vifro methods for characterizing the histamine-3
binding affinity of compounds, there are animal models of human disease available
which demonstrate the utility of compounds of the invention for treating human
20 diseases, conditions or disorders. One animal mode! of the human disease attention-

deficit hyperactivity disorder and related human disorders of attention is an inhibitory
-40-



CH (3aR,5S,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4- yl)octahydropyrrolo[3,4-b]pyrrole
5-oxide 2240 a ues represent mean of separate determinations. 5 The compounds of formula (1)
are convertqag ?G&O%@%ﬁdministration or in vivo administration to the com(pTO/Hst of farmula (II).

ula

o . : 20087075967 . .
Compounds of form ) were tested as indicated above for histamine-3 receptor competition

binding. As shown in Table 2, compounds of formula (II) have low K values. This indicates that
10compounds of formula (Il) are extremely potent as histamine-3 receptors. Table 2 Z2 Compound

name K (BM)i@anc2-(¢5((8:3%| Bafd)-SuprethyBperadneoglyrtojoisiériigrsotalfiyat pups).
2150 (A BRE B R ety demiggyn oA fy pgesive avoidance responso
yl) phenylJpgaéinids stiedsiod( 20 oiihad this test has been described in the literature,
for example in Komater et al., Psychopharmacology (Berlin, Germany), Vol. 167(4),
5 pp. 363-372 (2003), Fox et al., "Two Novel and Selective Nonimidazole H3 Receptor
Antagonists A-304121 and A-317920: IL in vivo Behavioral and Neurophysiologies
Characterization,” Journal of Pharmacology and Experimental Therapeutics, Vol.
3035(3), pp. 897-908 (2003); Cowart et al., J. Med. Chem., Vol. 48, pp. 38-55 (2005);
Fox et al.,, "Pharmacological Properties of ABT- 239: IL Neurophysiological
10 Characterization and Broad Preclinical Efficacy in Cognition and Schizophrenia of a
Potent and Selective Histamine H3 Receptor Antagonist”, Journal of Pharmacology
and Experimental Therapeutics, Vol. 313, pp. 176-190 (2005); Fox et al., "Effects of
Histamine H; Receptor Ligands GT-2331 and Ciproxifan in a Repeated Acquisition
Avoidance Response in the Spontaneously Hypertensive Rat Pup”, Behavioural
15 Brain Research, Vol. 131 (1,2), pp. 151-161 (2002). In this model, both compounds
of formula (ll) were active and showed statistically significant beneficial effects after
dosing at 0.01-0.03 mg/kg of body weight, when dosed alone by intraperitoneal
injection, with behavioral efficacy achieved over a range of plasma concentrations.
As prodrugs, compounds of formula (1), when dosed in vivo at 1 mg/kg, produced
20 sustained plasma concentrations of compounds of formula (1f) far exceeding levels
needed for efficacy, and consequently the preferred doses for compounds of formula
(11} range from 0.003-0.1 mg/kg.

In vivg conversion of compounds of formula (1) to compounds of formula (ID

25 Compounds of formula (1) are converted in vivo into compounds of formula
(i), therefore compounds of formula (1) can be considered to be prodrugs of
compounds of formula (Il). This is demonstrated by the following experiments. The
pharmacokinetic behavior of a prodrug was evaluated in CD-1 mice, Sprague-
Dawley rats, cynomolgus monkeys and beagle dogs.

30 The prodrug was prepared as a solution in a vehicle of 20% EtOH: 30%
propylene glycol in D&W (dextrose 5% in water) at concentrations ranging from 0.1-2
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15 In vivo assays in animal model In addition to the utility of in vitro methods for characterizing
the histamine-3 binding affinity of compounds, there are animal models of human disease available
which demog@r%&}&%ﬂéiliw of compounds of the invention for treating human 20dise§ses, conditions
or disorders. One animal model of the human disease attention- deficit h%@%ﬁ%&’%ﬁé@rder and
related human disorders of attention is an inhibitory -40- avoidance test in SHR rat pups (a
Spontaneously Hypertensive strain of rat pups). This model has also been alternatively termed a PAR

the eratyros for sxartile It Kemaior ot ol DSyenomaasoioqy. (Burle, Camam. vol. 167(4), §

e litera e in Komater et al. chopharmacqlo erlin, any), Vol. , 5pp.
363-372 gggé‘ﬁ%@gg IQED af‘apﬁ!évsoe f)(\?/%? gﬁé@@%%@@%nﬁ%ﬁ?ﬁél r %&%@m agonists
A-304121regsivac3a 7192Q/Hg (hO/inBka e itdtdeesicusdoNetalapdgesiol dupaer@iragacirézation,” Journal of
Pharmac ' t : [ =  Cowan et al., J. Med.
Chem. v B L ot ol G T 8,
Ne@rophy&R9IBkmyaIvain:di st slesainsranBrésarpadey tiews g8 caesiahaeghssonctasd Schizophrenia

of a PotenigrabSiaipetvpoHisacnm HaReF NIy tagesig 5 Jpurnal ofPagnasolegy agd
Experimental Ther%peutlcs, Vol. 313, pp. 176-190 (2005); Fox et al., “Effects of Histamine H3
f

Receptor PIGARIY &4 13443 afier ERiibdaRl TR RWpE SereratadiBiisANbeRiRe 30858 in the
Spontaneposiy dypestengiie Rat Pup”, Behavioural 15Brain Research, Vol. 131 (1,2), pp. 151-161

(2002). In this mgdel,.both compounds of formula (I1).were active and showed statistically significant
beneficial effecrgﬂ?;l?tgira g?s?n(éog 6”81’?‘%’8%?& / ga BW&{P@%F}"&%@& alone by intraperitoneal
inj&ttion, edtrebebadicgdiiefficany-ackimEdrdigara rmegedetaiadned cgridBhCati@siAsTrredrugs,
compoun lae( In.vi / ustained .plasma

concenr R o B s e b o
consequetilly Asetprifidfre i ellsseingorartriipaatien Sidcupermd)range fransiorossi0.4 degkg. In vivo
ConVerSi%ﬁfé?@@F%@E@ﬁaBHQf@M@&W%%WRH’ i F]fO"r‘ﬂH'BrQMéSHH‘B gs of formula (1) are

converted in vivo into compounds of formula (1), therefore compounds of formula (I) can be

considerdPTRE R IR SRALBIRA SRS ORI (FON BTYNBri dISipESRABs IR R following
experimeARLThaith MS/MS detection and quantitation. Spiked standards were analyzed

simultaneously with the samples. The plasma drug concentration of each sample
was calculated by least squares linear regression analysis (non-weighted) of the
peak area ratio (prodrug or parent/internal standard) of the spiked plasma standards
VErsus concentfation.

20 Peak plasma concentrations (Crax) and the time to peak plasma concentration
(Tmax) for both the administered prodrug and the parent drug were read directly from
the plasma concentration data for each rat. The plasma concentration data were
submitted to multi-exponential curve fitting using WINNONLIN Professional Version
4.0 software (WINNONLIN is a registered trademark of Pharsight Corporation of

25 Palo Alto, California). The characterized prodrug converted to a histamine-3
receptor ligand in all studies. The conversion from the prodrug was measured:
complete conversion of the prodrug was observed in the monkey (no prodrug
detected); about 50% conversion was noted in rat (prodrug: parent ratio ~1:1) and
~30% conversion in mouse (prodrug: parent ratio ~2:1); conversion was observed in

30 dog (prodrug: parent ratio ~10:1), but less than in monkey, rat, and mouse.

It is understood that the foregoing detailed description and accompanying

examples are merely iliustrative and are not to be taken as limitations upon the
42



pharmacokinetic behavior of a prodrug was evaluated in CD-1 mice, SpragueDawley rats, cynomolgus
monkeys and beagle dogs. 30The prodrug was prepared as a solution in a vehicle of 20% EtOH: 30%
propylene gW&ngR,‘é\{\gz(dextrose 5% in water) at concentrations rangin 1-2 WO
20091036132PC T1U52008/075967 mg/ml. Groups of three rats, dogs orgrf(%% é%‘é]g?%é’g?\?ed a 1 mglkg
(0.5-1 ml/kg) intravenous or oral dose of the example prodrug; additional groups of 30 mice received a
1 mg/kg (10 ml/kg) intravenous or oral dose of the prodrug. The intravenous dose was administered in
a jugular $eupeceptiainydotdorshichas desrdhenicty by ¢ thpardbdatsimagmtithinistered by
050 SHRANG aale W BL AN ARG e kot d WtbouRenuty 10 2 010
I 0S e

9, 12, 15 (dog only) an ours dfter ing. Plasma was separa y centri usg?o\ﬁ’%nd stored

frozen unBifaREgsest Thepresaid ed e dntratonSushisbangainise madifiedfiegariddhdiagcorresponding
histamineg#geeptoTdiaRnth YR FARiRERINGE Y dARLS MSAIRsT e rampaundR Al iaiest were

removed from the plasma using protein precipitation with acetonitrile. Following centrifugation, the

supernatdMEWatHialRSisTYBHES 85 cfOHR B HAIR P ARG B OER oPA R tE RPN A $HiBgen. The
prodrug afthpgeenimPmpatiaeivesoreparatesiiniR SR XHAISH Gostiarunaalunndieyerse phase
15HPLC, with 1EVIS/MS det%ction aﬂbd%c% ntitation. Spiked standards were analyzed simultaneously with
“the sampftra . Hg E‘Pérétrﬁg ﬁf&‘%% tion of each sample was calculated by least squares linear
regression analysis (non-weighted) of the peak area ratio (prodrug or parent/internal standard) of the
spiked plasma standards versus concentration. 20Peak plasma concentrations (Cmax) and the time to
peak plasma concentration (Tm") for both the administered prodrug and the parent drug were read
directly from the plasma concentration data for each rat. The plasma concentration data were
submitted to multi-exponential curve fitting using VVINNONLIN Professional Version 4.0 software
(WINNONLIN is a registered trademark of Pharsight Corporation of 25Palo Alto, California). The
characterized prodrug converted to a histamine-3 receptor ligand in all studies. The conversion from
the prodrug was measured:
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complete conversion of the prodrug was observed in the monkey (no prodrug detected); about 50%
conversion was noted in rat (prodrug: parent ratio -1:1) and -30% conversion in mouse (prodrug:
parent ratio -2:1); conversion was observed in 30dog (prodrug: parent ratio -10:1), but less than in
monkey, rat, and mouse. It is understood that the foregoing detailed description and
accompanying examples are merely illustrative and are not to be taken as limitations upon the -42-
scope of tH&/Inddnfo e LvitidE T I§fined solely by the appended claims and their equivalents. Various
changes and modifications to the disclosed embodiments will be apparent to those skilled in the art.
Such changes and modifications, including without limitation those relating to the chemical structures,
substituents, derivativespsimdrofidotatesnsydmitheses, formulations, or methods, or any combination of
such changes and modifications of use of the invention, nay be made without departing from the spirit
and scope thereof. WHAT IS CLAIMED IS: 1.A chquyd of the formula: (1) 10or a
phainaceutically acceptable salt thereof, whereifi: 41 ioN or CH. 2. The compound of claim 1,
selected from the group consisting of:

(3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyrk (6H)-yl)biphenyl-4-
N\
¢ “CH,
{1
10 or a pharmaceutically acceptable sait thereof, wherein:

Z1is N or CH.

2. The compound of claim 1, selected from the group consisting of:
(3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-ylbiphenyl-4-

15 yljoctahydropyrrolo[3,4-blpyrrole 5-oxide;
(3aR,58,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4-
ylJoctahydropyrrolo[3,4-b]pyrrole S-oxide;
(3aR,5R,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yhpyridin-3-
yhphenyl)octahydropyrrolo[3,4-blpyrrole 5-oxide; and

20 (3aR,58,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yhpyridin-3-
yhphenyhoctahydropyrrolof3,4-blpyrrole 5-oxide. '

3. A pharmaceutical composition comprising @ compound of claim 1 and a

pharmaceutically acceptable carrier.

25
4. A compound of claim 1 for use in freating a mammal having a condition or
disorder where modulation of histamine-3 receptor activity is of therapeutic
benefit.

30
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15yDoctahydropyrrolo[3,4-14yrrole 5-oxide;
(3aR,5S,6aR)-5-methyl-1-(42-(6-oxopyridazin-1(6H)-yObiphenyl-4- yDoctahydropyrrolo[3,4-b]pyrrole
5-oxide; (3aR,5R,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yl)pyridin-3-
yhphenyhoctahydropyrrolo[3,4-b]pyrrole 5-oxide; and
20(3aR,58,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yhpyridin-3-
y1)phenypostdingdcopyroolnii dibimriok Breiidee sondpiedrpradisatiel Esialssiaton comprising a
compound of clajm 1 and a phar 1Gall .ﬂéﬁﬁesp rg : ' Jr use in
treating a nfé?rr]nrrg \in %Bgc%]%?ﬁgr% Lflo%ﬁ(%’g%lr er Wﬁ%é%%%t%%&%ﬁ?%l tarf@%%’%%gﬁgﬁctivity is
of therapeutiefishefigp&ratheityomtipottet ofdafinitss intastentitia copdieondiseigerdetagRéEted from

the group cgnsisting of Alzheimer's disease : raic rhini lon-defici tivity
disorder, de %@ﬂ?ﬁ ré‘rl(f'laog"l’:'I 'i\’tpeoﬁster(%It fgso'rdgr%%t'gégh?n\%%}%ﬁ%cgg%%%ggﬁgﬁgrggg%ggiﬁegéﬁhiatric
disorgers, deficitingf themmamsiadefititseaius deaciing)aleineg tiduss adiebedasariperdidhaiesbuse,

diabetes, el iabetes, depiession, el ORGSRt ARt IGO0 ey

resistance carcmoma, melanoma, Mehiere's disease, vestibular
disorders, r@gt@@ﬁﬁ@ymmgemﬁmImxgnitiyeoim}erhMa;ignaiaaomaoMﬂaa&@idtsea&e,ration,
motion sickness, narcolepsy, pathological 10 sleepiness,.ngurogenic inflammation, Sity, obsessive
compuIs,ive\ﬁﬁém;ﬂ'éJl ,rp‘ili#,)ﬁ r?oﬁﬂ?%%@éﬁw%@&g%ﬁhw r%’r%‘é ¥ df@é’gs“é“?%@c@'i)ﬁiza&?ary
syndrome, sgbiz@phietiaagegtisive siefieitenf sahiziophreianseizuresrcaptis\shooki®yogicaine X,
Tourette's syndrome, vertigg, and sJegg disorders. 156. The comgound of Flaing'g w erein.%he
condffion orXRERMIESR ARERABAN R RRE T o REP SR R SN R A5 TS P h BB ntia. 7.

The compoyre@iagii parheneinripargndiiorins sitordies ssachiztystitacvacpgryitidecdedicits of
schizophrenia. 20 8. The compound of claim 5, wherein the condition or jso%der is§1ar§olﬁpsy, sleep
disorders, 'aﬁ‘é‘?@%’é’mﬁﬁ@éﬁﬂﬁﬁw%j?ﬂrﬁé@& schizophrenia, seizures, septic shock, Syndrome

X, Tourette's syndrome, vertigo, and sleep disorders.

15 6. The compound of claim 5, wherein the condition or disorder is attention-

deficit hyperactivity disorder, Alzheimer’s disease, or dementia.

7. The compound of claim 5, wherein the condition or disorder is

schizophrenia or cognitive deficits of schizophrenia.

20
8. The compound of claim 5, wherein the condition or disorder is narcolepsy,
sleep disorders, allergic rhinitis, asthma, or obesity. '
9. The compound of claim 1, as a prodrug of compounds of formula (1)

25

30
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9. The compound of claim 1, as a prodrug of compounds of formula (II) 25 30 wherein Z2 is N or CH,
for use in treating a mammal having a condition or disorder where modulation of histamine-3 receptor
activity is or therapeutic benefit. 1510. The compound of claim 9, wherein the compound of formula (1)
is selected from the group consisting of:
(3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4- yDoctahydropyrrolo[3,4-13]pyrrole
5-oxide; (3aR,5S,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-yl)biphenyl-4-
20yfioctahydropyrrolo[3,4-b]pyrrole 5-oxide;
(3aR,5R,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(l
yl)phenyooctahydropyrrolo[3,4-b]pyrrole 5-oxide; a nd
(3aR,58,6aR)-5-methyl-l-(4-(6-(6-oxopyrida (6H)-yl)pyridin-3-
ylphenyfioctahydropyrrolo[3,4-b]pyrrole/S-xide. 25 11. The compound of claim 9, wherein the
condgtion or disorder is selected from th up consisting of Alzheimer's disease, asthma, allergic

pY¥rid in-3-

rhinitis, attention-deficit hyperactivity disorder, deficits in attention, bipolar disorder, cognitive
dysfunction, cognitive deficits in psychiatric\ disorders, deficits of memory, deficits of 30 learning,
dementia, cutaneous carcinoma, drug abuse, diabetes, type Il diabetes, depression, epilepsy,
gastrointestinal disorders, inflammation, insulin resist ie syndrome, jet lag, medullary thyroid
carcinoma, melanoma, Meniere's disease, vestibular tisorders, metabolic syndrome, mild cognitive
impairmentyinigeamnz, inaddadHattention alteration, motion sickness, narcolepsy, pathological
sleepiness, neurogenic inflammation, obesity, obsessive compulsive disor‘ded', neuropathic pain,

Ul ai
neuropathy, ParkifsoRss dizdseatifbigcRamBeh AR sEaR B ERIdet §%e deficits of
schizophrenja, spiziires: SRAIGISROS feSYMEFARRX; i§ 4 relteip syndismefivertigo, and sleep disorders.

15 10. The compound of claim 9, wherein the compound of formula (1) is selected
from the group consisting of: _‘
(3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1 (SH)-yI)biphenyi—#-
yhoctahydropyrrolo{3,4-blpyrrole S-oxide;
(3aR,58,8aR)-5-methyl-1-(4'-(6-oxopyridazin-1 (GH)-y[)biphenyi-4-

20 ylyoctahydropyrrolo[3,4-b]pyrrole 5-oxide;
(3aR,5R,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yl)pyridin-3-
yhphenyljoctahydropyrrolo[3,4-b]pyrrole 5-oxide; and
(3aR,58,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-yl)pyridin-3-
yl)phenylyoctahydropyrrolo{3,4-bjpyrrole S-oxide.

25
11. The compound of claim 9, wherein the condition or disorder is selected
from the group consistihg of Aizheimer's disease, asthma, allergic rhinitis, attention-
deficit hyperactivity disorder, deficits in attention, bipolar disorder, cognitive
dysfunction, cognitive deficits in psychiatric disorders, deficits of memory, deficits of
30 learning, dementia, cutaneous carcinoma, drug abuse, diabetes, type Il diabetes,

depression, epilepsy, gastrointestinal disorders, inflammation, insulin resistance

syndrome, jet lag, medullary thyroid carcinoma, melanoma, Meniere's disease,
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12. A compound that is (3aR,5R,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)-
yObiphenyl-4-y0Ooctahydropyrrolo[3,4-b]pyrrole 5-oxide. 13. A compound that is
(3aR,5S,6aR)-5-methyl-1-(4'-(6-oxopyridazin-1(6H)- yObipheny1-4-ypoctahydropyrrolo[3,4-b]pyrrole
5-oxide. 14. A compound that is (3aR,5R,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-

{3%‘;{2‘3?6 ;g;gg@zgygﬂgﬁg&g%%gﬁ%&; 2% dRi S AR ARy raine,
yl)pyridin-3ry¢3ehemmposlakyasepysieteididnb nyiotitm5-siikieess, 1 6nilselebtye cpatipologitef claim 1
for the manufacture of a composition for 20the tr atmenrf'%égrf a mammal halvin &i‘%on ei;gion or disorder
where moﬁ%ﬁ%ﬁh@&ﬁﬁ@%@gm%{‘&m{%@%ﬁ REPRTNE GEREMNSYT TR W et daim 16,
wherein thg cangitiencop digoriaiisnalestethian dhesaiuunsensising sfid aveimeyisdisease, asthma,
allergic rhinitis, attention- 25 deficit hyperactivity disorder, deficits in attention, bipo r%isorder,
cogiitive d%hﬁﬁﬁi@'@,%@ﬁﬁ@g'ﬂ%ﬁ@fgciﬁ BEHERIBARD RS BRZ YERCRED 97?%‘91 >YHSIE%f learning,
dementia, qutepERUECAESIRAMAEIrVeralysandiskaissitaadrdiabetes, depression, epilepsy,
gastrointestinal disorders, inflammation, insulin resistance syndrome, jet lag, medullary thyroid
carcinoma, melanoma, Meniere's disease, vestibular disorders, metabolic 30syndrome, mild cognitive
mpairmenty snig Ao BeRr Ra RitenlieB RIIRYIERYM. ickBESHARERlERRERAolodical

sleepiness, neurogenic inflammation, obesity, obsessive compulsive rder, pain, neuropathic pain,
neuropathy/ PHRRETEHiRstalREBBN S HPARYEIRPomtideschizophrenia, cognitive deficits of

schizpphrenia, seizures, septic shock, Syndrome X, Tourette's syndrome, vertigo, and sleep disorders.

18. The use of ¢laim 16, wherein the candif] isorder is attention-deficit h tivity disorder,
Alsheimer 3 bR P Bt e T80T QR ST o Gr R LSRG e disorder i
schizophreglipiphengritiyigodefrorts opsohid8phbdpyarcBE-bRigleise of claim 16, wherein the condition or
disorder is narcolepsy, sleep disorders, allergic rhinitis, asthma, or obesity.

14. A compound that is (3aR,5R,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-
yhpyridin-3-y)phenyl)octahydropyrroio[3,4-blpyrrole 5-oxide.

15
15. A compound that is (3aR,58,6aR)-5-methyl-1-(4-(6-(6-oxopyridazin-1(6H)-
yhpyridin-3-yiphenyloctahydropyrrolo[3,4-bjpyrrole 5-oxide. ’
16. Use of the compound of claim 1 for the manufacture of a composition for
20 the freatment of a mammal having a condition or disorder where modulation

of histamine-3 receplor activity is of therapeutic benefit.

17. The use of claim 16, wherein the condifion or disorder is selecied from the
group consisting of Alzheimer's disease, asthma, allergic rhinitis, atiention-
25 deficit hyperactivity disorder, deficits in attention, bipolar disorder, cognitive
dysfunction, cognitive deficits in psychiaftric disorders, deficits of memory,
deficits of learning, dementia, cutaneous carcinoma, drug abuse, diabetes,
type Il diabetes, depression, epilepsy, gastrointestinal disorders,
inflammation, insulin resistance syndrome, jet lag, medullary thyroid
carcinoma, melanoma, Meniere's disease, vestibular disorders, metabolic
30 syndrome, miid cognitive impairment, migraine, mood and attention alteration,

motion sickness, narcolepsy, pathological
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sieepiness, neurogenic inflammation, obesity, obsessive compulsive disorder,
nain, neuropathic pain, neuropathy, Parkinson's disease, polycystic ovary
syndrome, schizophrenia, cognitive deficits of schizophrenia, seizures, seplic

shock, Syndrome X, Tourette's syndrome, vertigo, and sleep disorders.

18. The use of claim 16, wherein the condition or disorder is attention-deficit

hyperactivity disorder, Alzheimer's disease, or dementia.

19. The use of claim 186, wherein the condition or disorder is schizophrenia or

cognitive deficits or schizophrenia.

20. The use of claim 16, wherein the condition or disorder is narcolepsy, sleep

disorders, allergic rhinitis, asthma, or obesity.
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