
OCTAHYDRO-PYRROLO[3,4-131 PYRROLE DERIVATIVES AND
THEIR USE AS HISTAMINE-3 RECEPTOR LIGANDS  BACKGROUND
OF THE INVENTION 5       This application claims the
benefit of U.S. Provisional Patent Application No.
60/776,509, filed February 24, 2006, which is herein
incorporated by reference in its entirety. toTechnical
Field        The invention relates to
octahydro-pyrrolo[3,4-b]pyrrole compounds,
compositions comprising such compounds, particular
salts and polymorphs thereof, methods for making the
compounds, salts, and polymorphs, and methods of
treating conditions and disorders using such compounds
and compositions. 15 Description of Related Technoloov
Histamine is a well-known modulator of neuronal
activity. At least four types 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 20 histamine receptor
known as the histamine-3 receptor (also sometimes
called the histamine H3 receptor or the H3 receptor)
is believed to play a role in neurotransmission in the
central nervous system.       The histamine-3 (H3)
receptor was first pharmacologically characterized on
histaminergic nerve terminals (Nature, 302.832-837
(1983)). The histamine H3 25 receptor is able to
regulate the release of neurotransmitters in the
central nervous system and peripheral nervous system,
and also in peripheral organs such as the
gastrointestinal tract. Histamine H3 ligands have been
shown to be able to modulate the release of histamine,
dopamine, serotonin, acetylcholine, and other
neurotransmitters. The existence of H3 receptors and
their established role in 30 modulating
neurotransmitter release activity in animal models of
disease indicate the utility of histamine H3 ligands
for the treatment of disease. This has motivated a
search for, and the development of, selective H3
receptor agonists and antagonists ((Leurs, et al.,
"The histamine H3 receptor: From gene cloning to H3
-1-  receptor drugs" Nature Reviews Drug Discovery
(2005) v 4, p107-120, Arrang, et al. Nature,
327:117-123 (1987), Leurs and Timmerman, ed. "The
History of Ha Receptor: a Target for New Drugs,"
Elsevier (1998)) The activity of histamine Ha
receptors can be modified or regulated by the
5administration of histamine H3 receptor ligands The
ligands can demonstrate antagonist, inverse agonist,
or partial agonist activity. For example, histamine Ha
receptors have been linked to conditions and disorders
related to the central nervous system involving
memory, cognitive and other neurological processes,
obesity, and also peripheral and systemic activities,
such those involved in asthma 10and allergic rhinitis.
Although various classes of compounds demonstrating H3
receptor-modulating activity exist, it would be
beneficial to provide additional compounds
demonstrating activity at the H receptors that can be
incorporated into pharmaceutical compositions useful
for therapeutic methods. 15BRIEF DESCRIPTION OF THE
DRAWINGS FIGURE 1 is a powder X-ray diffraction
pattern of a L-tartrate rnonohydrate Form A polymorph
of
2-(4'-[(3aR,6aR)-5-rnethylhexahydropyrrolof3,4-b]pyrro
l1(2H)-yti-1,11-biphenyl-4-y1)pyi11azin-3(2H)-one,
FIGURE 2 is a powder X-ray diffraction pattern of a
L-tartrate monohydrate 20 Form B polymorph of
2-{44(3aR16aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol1(
2H)-yI]-1,1'-biphenyl-4-yl)pyridazin-3(2H)-one FIGURES
is a powder X-ray diffraction pattern of a
hydrochloride trihemihydrate polymorph of
2-{4'-[(3aR,6aR)-5-methythexahydropyrrolo[3,4-
b]pyrrol-1(2H)-y11-1,1'-biphenyl-4-yllpyridazin-3(2H)-
one 



25FIGURE 4 is a powder X-ray diffraction pattern of an
anhydrous tartrate polymorph of
2-(4r-PaR,6aft)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-y1]- 1,17-bipheny1-4-yllpyririazin-3(211)-one.
FIGURE 5 is a powder X-ray diffraction pattern of an
anhydrous hydrochloride polymorph of
2-{44(3aR,6aR)-5-methythexahydropyrrolo[3,4-
30b]pyrrok1(2H)-y1]-1,1r-biphenyl-4-yllpyridazin-3(2H)
-one. SUMMARY OF THE INVENTION The invention is
directed to octahydro-pyrrolo[3,4-b]pyrrole
derivatives and, -2-  more particularly,
octahydro-pyrrolo[3,4-b]pyrrole derivatives having a
compound of formula (I): Rae    (I) 5or a
pharmaceutically acceptable salt, ester, amide,
prodrug, or radioactive isotopic form thereof, wherein
RI is alkyl, C3-05 cycloalkyl, or (C3-05
cycloaikyl)methyl; R, R2b, R2d, Rad, R2s, and R2f each
is independently hydrogen, methyl, or fluoromethyl;
R32, R3b, R3b, and R3d are each independently
hydrogen, alkyl, fluoroalkyl, fluoroalkoxy, alkoxy,
thioalkoxy, halogen, or Ale, with the toproviso that
when one or more of R3a, R3b, R3d1 and R3d are alkyl,
then at least one of Fe, R3b, Rab, and R3d is
fitieroalkyl, fluoreaikoxy, alkexy, thiealkoxy,
halogen, or nitrile; 1_1 is a bond, oxygen, sulfur,
carbonyl, alkylene, alkylcarbonyl, alkylamine,
-C(=N-Calkyl)-, NR4, -C(=0) NR4-, or -NR8C(=0)-; L2 is
a bond, oxygen, sulfur, carbonyl, alkylene,
alkylcarbonyi, alkylamino, -C(=N-Galkyl)-, NR5, -C(-0)
NR5-, 15or -NR5C(=0)-, Cyl is aryl, cycloalkyl,
cycloalkenyl, heteroaryi, or heterocycle; Cy2 is aryl,
cycloalkyl, cycloalkenyl, heteroaryl or heterocycle;
R4 and R5 at each occurrence is hydrogen or alkyl; and
provided that Cy2 is not R"' tti R2CR2e R2b 2f R2A N
R1 Another aspect of the invention relates to
pharmaceutical compositions 20 comprising compounds of
the invention. Such compositions can be administered
in accordance with a method of the invention,
typically as part of a therapeutic regimen for
treatment or prevention of conditions and disorders
related to H2 receptor activity. In addition,
compounds of the invention can have the formula (II)
and also  



demonstrate an ability modulate histamine-3 receptor
activity. Compounds of formula (H) have the structure:
R3c R3e R2e R2e-R2e R2bFt.la R7I R2" 1=v  (IL) 5or a
pharmaceutically acceptable salt, ester, amide,
prodrug, or radii:labelled form thereof, wherein R11
is alkyl, Ca-C cycloalkyl, or (C3-06
cycloalkyl)methyl; R22, R21), R2G, -2d,         Fee,
and R2I each are independently hydrogen, methyl, or
fluoromethyl, R32, R81), R8c, and R3i each are
independently hydrogen, alkyl, fluoroalkyi,
fluoroalkoxy, alkoxy, thioalkoxy, halogen, or nitrile,
with the proviso that when one Toor more of R32, IR3b,
R3`, and R" are alkyl, then at least one of R3e, e,
R3e, and R3d is fluoroalkyl, fluoroalkoxy, afkoxy,
thioalkoxy, halogen, or nitrile; Lt is a bond, oxygen,
sulfur, carbonyl, alkylene, alkylcarbonyl, alkylamino,
-C(=N-Oalkyl)-, NR4, -C(=0) NR4-, or -NRIC(=0)-; R4 is
hydrogen or alkyl; Cyl is aryl, cycloalkyl,
cycloalkenyl, heteroaryl, or heterocycle; Z is a
substituent R8 or a group isrepresented by 4.3-Cy3; R6
is hydrogen, acyl, acyloxy, alkenyl, alkoxy,
alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyi,
alkoxylmino, alkoxysulfonyl, alkyl, alkylcarbonyl,
alkylsulfonyl, alkynyi, amide, carboxy, cyan,
cycloalkyl, fluoroalkoxy, haloalkoxy, haloalkyl,
halogen, hydroxy, hydroxyalkyl, mercapto, nitro,
alkylthio, amino, NHR7, NR7R8, -N(R7)C(=0)R9,
-C(=0)NR7R8, or 20 N(R7)S02(Rc()); L3 is a bond,
oxygen, sulfur, carbonyl, alkyiene, alkylcarbonyl,
alkylamino, -C(=111-0alkyl)-, NR", -C(=0) NR11_, or
-NR11C(=0)-;Cy3 is aryl, cycloalkyi, cycloalkenyl,
heteroaryl, or heterocycle; R7, R8, R9, R19, and R11
at each occurrence are independently hydrogen, Ct4
alkyl, C3-C4 cycloaikyl, or a (C3-C4 cycloalkyparnine;
provided that Cy3 is not          Yet another aspect
of the invention relates to a method of selectively
modulating I-13 receptor activity. The method is
useful for treating, or preventing conditions and
disorders related to H3 receptor modulation in mammals
Such 5conditions and disorders include Alzheimer's
disease, asthma, allergic rhinitis, attention-deficit
hyperactivity disorder, bipolar disorder, cognitive
dysfunction, cognitive deficits in psychiatric
disorders, deficits of memory, deficits of learning,
dementia, cutaneous carcinoma, drug abuse, diabetes,
type If diabetes, depression, epilepsy,
gastrointestinal disorders, inflammation, insulin
resistance /0syndrome, jet lag, medullary thyroid
carcinoma, melanoma, Meniere's disease, metabolic
syndrome, mild cognitive impairment, migraine, mood
and attention alteration, motion sickness, narcolepsy,
neurogenic inflammation, obesity, obsessive compulsive
disorder, pain, Parkinson's disease, polycystic ovary
syndrome, schizophrenia, cognitive deficits of
schizophrenia, seizures, septic 15 shock, Syndrome X,
Tourette's syndrome, vertigo, and sleep disorders.
More particularly, the method is useful for treating
or preventing conditions and disorders related
conditions and disorders reiated to the central
nervous system involving memory, cognitive and other
neurological processes, obesity, and also peripheral
and systemic activities, such those involved in
asthma, allergic rhinitis 



20and obesity. Accordingly, the compounds and
compositions of the invention are useful as a
medicament for treating or preventing H3 receptor
modulated disease.        Yet another aspect of the
invention relates to radiolabelled pharmaceutical
compositions. Radiolabelled forms of compounds of
formula (I) can be provided as compositions of the
invention and administered in accordance with a method
of 25the invention, typically for assessing or
diagnosing conditions and disorders related to H3
receptor activity, for example in medical imaging.
More particularly, positron-emitting isotopes of
compounds of the invention may be used for medical
imaging in PET (positron emitting tomography), wherein
the localization of histamine H3 receptors, and the
extent to which these receptors are occupied by
ligands, can be determined. In this use, the compounds
of the invention possess at least one atom of a
positron-emitting radioisotope selected from 11C, 18F,
180, and 13N. Compounds of the invention may also
incorporate isotopes that useful for sPECT imaging,
for example 1231. The invention also relates to
particular 5salts and polymorphs of certain compounds
of the invention as well as compositions comprising
and processes for preparing such compounds, salts, and
polymorphs The invention also relates to compounds
that are intermediates in processes 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 salts of certain compounds.
particularly polymorphs of certain compounds, and
compositions containing such salts, polymorphs, and
radiolabelled forms of the compounds are further
described herein. 15 DETAILED DESCRIPTION OF THE
INVENTION Definition of Terms             Certain
terms as used in the specification are intended to
refer to the 20following definitions, as detailed
below.        The term "acyl" as used herein means an
alkyl group, as defined herein, appended to the parent
molecular moiety through a carbonyl group, as defined
herein. Representative examples of acyl include, but
are not limited to, acetyl, 1- oxopropyl,
2,2-dimethyl- 1-oxopropyl, 1-oxobutyl, and
1-oxopentyl. 25The term "acyloxy" as used herein means
an acyl group, as defined herein, appended to the
parent molecular moiety through an oxygen atom.
Representative examples of acyloxy include, but are
not limited to, acetyloxy, propionyloxy, and
isobutyryloxy_ The term halkenyl" as used herein means
a straight or branched chain 30hydrocarbon containing
from 2 to 10 carbons, and preferably 2, 3, 4, 5, or 6
carbons, and containing at least one carbon-carbon
double bond Representative examples of alkenyl
include, hut are not limited to, ethenyl, 2-propenyl,
2-methyl2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyl,
2-heptenyl, 2-methy1-1-heptenyl, and 3-decenyl
The term "alkoxy" as used herein means an alkyl group,
as defined herein, appended to the parent molecular
moiety through an oxygen atom. Representative examples
of alkoxy include, but are not limited to, methoxy,
5ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,
pentyloxy, and hexyloxy.       The term "aikoxyalkoxy"
as used herein means an alkoxy group, as defined
herein, appended to the parent molecular moiety
through another alkoxy group, as defined herein.
Representative examples of alkoxyaikoxy include, but
are not limited to, tert-butoxymethoxy,
2-ethoxyethoxy, 2-methoxyettioxy, and
tomethoxyrnethoxy.       The term "alkoxyalkyl" as
used herein means an alkoxy group, as defined herein,
appended to the parent molecular moiety through an
alkyl group, as defined herein Representative examples
of alkoxyalkyl include, but are not limited to,
teri-butoxymethyl, 2-ethoxyethyl, 2-methoxyethyl, and
methoxymethyl. The term "alkoxycarbonyl" as used
herein means an alkoxy group, as defined herein,
appended to the parent molecular moiety through a
carbonyl group, as defined herein. Representative
examples of aikoxycarbonyl include, but are not
limited to, nnethoxycarbonyl, ethoxycarbonyl, and
ted-butoxycarbonyi 



The term "alkoxysulfonyl" as used herein means an
alkoxy group, as 20 defined herein, appended to the
parent molecular moiety through a sulfonyl group, as
defined herein. Representative examples of
alkoxysulfonyl include, but are not limited to,
rnethoxysulfonyl, ethoxysulfonyl, and propoxysulfonyl
The term "alkyl" as used herein means a straight or
branched chain hydrocarbon containing from 1 to 10
carbon atoms, and preferably 1, 2, 3, 4, 5, or 256
carbons Representative examples of alkyl include, hut
are not limited to, methyl, ethyl, n-propyi,
iso-propyl, n-butyl sec-butyl, iso-butyl, tert-butyl,
n-pentyl, isopentyl, neopentyl, n-hexyl,
3-methylhexyl, 2,2-dimethylpentyl, 2,3-
dimethylpentyl, n-heptyi, n-octyl, n-nonyl, and
n-decyl             The term "alkylene" means a
divalent group derived from a straight or 30branched
chain hydrocarbon of from 1 to 10 carbon atoms.
Representative examples of alkylene include, but are
not limited to, -CH2-, -CH(CH3)-, -C(CH2)2-,
-CH2CH2CH2-, -CH2CH2CH2CH2-, and -CF2CH(CH3)CH2- The
term galkylamino" as used herein means an alkyl group,
as defined -7-  herein, appended to the parent
molecular moiety through a NH group. Representative
examples of alkylamino include, but are not limited
to, methylamino, ethylamino, isopropylamino, and
butylamino. The term "alkylcarbonyl" as used herein
means an alkyl group, as defined 5herein, appended to
the parent molecular moiety through a carbonyl group,
as defined herein. Representative examples of
alkylcarbonyl include, but are not limited to,
methylcarbonyl, ethylcarbonyl, isopropylcarbonyl,
n-propylcarbonyl, and the like. The term
"alkylsulfonyl" as used herein means an alkyl group,
as defined to herein, appended to the parent molecular
moiety through a sulfonyl group, as defined herein.
Representative examples of alkylsulfonyl include, but
are not limited to, methylsulFonyl and ethylsulfonyl.
The term "alkylthio" as used herein, means an alkyl
group, as defined herein, appended to the parent
molecular moiety through a sulfur atom
15Representative examples of alkylthio include, but
are not limited, methylthio, ethylthio,
tert-butylthio, and hexylthio.        The term
"alkynyl" as used herein means a straight or branched
chain hydrocarbon group containing from 2 to 10 carbon
atoms, and preferably 2, 3, 4, or 5 carbons, and
containing at least one carbon-carbon triple bond.
20Representative examples of alkynyl include, but are
not limited to, acetylenyl, 1- propynyl, 2-propynyl,
3-butynyl, 2-pentynyl, and 1-butynyl.        The term
"amido" as used herein means an amino, alkylamino, or
dialkylarnino group appended to the parent molecular
moiety through a carbonyl group, as defined herein
Representative examples of amido include, but are not
25limited to, aminocarbonyl, methylaminocarbonyl,
dimethylarninocarbonyl, and ethylmethylaminocarbonyl.
The term "amino" as used herein means an -NH2 group
The term "aryl," as used herein, means phenyl, a
bicyclic aryl, or a tricyclic aryl. The bicyclic aryl
is naphthyir a phenyl fused to a cycloalkyl, or a
phenyl fused 30 to a cycloalkenyl. The bicyclic aryl
of the invention must be attached to the parent
molecular moiety through any available carbon atom
contained within the phenyl ring. Representative
examples of the bicyclic aryl include, but are not
limited to, dihydroindenyl, indenyl, naphthyl,
dihydronaphthalenyl, and tetrahydronaphthalenyl The
tricyclic aryl is anthracene or phenanthrene, a
bicyclic aryl fused to a cycloalkyl, a bicyclic aryl
fused to a cycloalkenyi, or a bicyclic aryl fused to a
phenyl. The tricyclic aryl is attached to the parent
molecular moiety through any carbon atom contained
within a phenyl ring. 5Representative examples of
tricyclic aryl ring include, but are not limited to, 



azulenyl, dihydroanthracenyl, fluorenyl, and
tetrahydrophenanthrenyl.       The carbon atoms of the
aryl groups of this invention are substituted with
hydrogen or are optionally substituted with
substituents independently selected from acyl,
acyloxy, alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl,
alkoxycarbonyl, ioalkoxyimino, alkoxystalfonyl, alkyl,
alkylcarbonyl, alkylsulfonyi, alkynyl, amid, carboxy,
cyano, cycloalkyl, fluoroalkoxy, hrmyl, haloalkoxy,
haloalkyl, halogen, hydroxy, hydroxyalkyl, rnercapto,
nitro, alkylthio, -NR7R13, (NR7R8)carbonyl, - SO2N(R9)
(R/9), and N(R9)502(R1), wherein R7, R8 and R9 are
independently selected from the group hydrogen, C1,4
alkyl, Cri-C4 cycloalkyl, and aryl, and R19 is
isselected from the group C1.4 alkyl, C3-C4
cycloalkyr, and aryi Where the aryl group is a phenyl
group, the number of substituents is 0, 1, 2, 3, 4, or
5. Where The aryl group is a bicyclic aryl, the number
of substituents isO, 1, 2, 3, 4, 5, 6, 7, 8, or 9.
Where the aryl group is a tricyclic aryl, the number
of substituents is 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9.
20The term "aryalkyl" as used herein means an aryl
group, as defined herein, appended to the parent
molecular moiety through an alkyl group, as defined
herein. Representative examples of arylalkyl include,
but are not limited to, benzyl, 2-phenylethyl and
3-phenylpropyl The term "carbonyl" as used herein
means a -C(=0)- group. 25The term "carboxyl as used
herein means a -CO2H group.        The term "cyano" as
used herein means a -CN group, attached to the parent
molecular moiety through the carbon          The term
"cyanophenyr as used herein means a -CN group appended
to the parent molecular moiety through a phenyl group,
including, but not limited to, 30 4-cyanophenyl,
3-cyanophenyl, and 2-cyanophenyl.        The term
"cycloalky" as used herein means a saturated cyclic
hydrocarbon group containing from 3 to 8 carbons
Examples of cyclaalkyl include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. C3-05 cycloalicyl in  particular refers to
a saturated cyclic hydrocarbon group containing from 3
to 5 carbons, for example, cyclopropyl, cyciobutyl,
and cyclopentyl. The term "cycloalkenyl" as used
herein means a cyclic hydrocarbon group containing
from 3 to 8 carbons, containing 1 or 2 carbon-carbon
double bonds 5Examples of cycloafkenyl include
cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclohexenyf, cycloheptentyl, and cyclooctenyi.
Each of the carbon atoms of the cycloalkyl or
cycloalkenyl groups of the invention is substituted
with 0, 1, or 2 substituents selected from acyl,
acyloxy, alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl,
alkoxycarbonyi, alkoxyimino, toalkoxysulfonyl, alkyl,
alkylcarbonyl, alkyfsulfonyl, alkynyi, amido, carboxy,
cyano, cycloalkyl, fluoroalkoxy, formyl, haloalkoxy,
haloalkyl, halogen, hydroxy, hydroxyalkyl, mercapto,
oxo, nitro, alkylthior -NR(RD, (NR7R6)carbonyl,
-802N(R9) (RID), and -N(RD)S02(R10), wherein, R7, Ra,
RD, and R10 are defined herein. The term
"cycloalkylcarbonyi" as used herein means a cycloalkyl
group, as 15defined herein, appended to the parent
molecular moiety through a carbonyl group, as defined
herein. Representative examples of cycloalkyfcarbonyl
include, but are not limited to, cyclopropylcarbonyl r
cyclopentylcarbonyl, cyclohexylcarbonyl, and
cycloheptylcarbonyl. The term "cycloalkylalkyl" as
used herein means a cycloalkyl group, as 20 defined
herein, appended to the parent molecular moiety
through an alkyl group, as defined herein
Representative examples of cycloalkylalkyl include,
but are not limited to, cyclopropylmethyl,
cyclopentylrnethyl, cyclohexylrnethyl, and
cycloheptyfmethyl (03-05 cycloalkyl)alkyl in
particular refers to a saturated cyclic hydrocarbon
group containing from 3 to 5 carbons, for example,
cyclopropyl, 25 cyclobutyl, and cyclopentyl, appended
to the parent molecular moiety through a alkyl group.
The term "dialkylarnino" as used herein means two
independent alkyl groups, as defined herein, appended
to the parent molecular moiety through a 



nitrogen atom. Representative examples of dialkyfamino
include, but are not aolimited to, dimethylarnino,
diethylamino, ethylmethylamino, and butylmethylamino.
The term "fluoro" as used herein means -F. The term
luoroafkyl" as used herein means at least one fluor
group, appended to the parent molecular moiety through
an alkyl group, as defined WO
2007/100990PCT/US2007/062329 herein. Representative
examples of fluoroalkyl include, but are not limited
to, fluorornethyl, difluoromethyl, trifluoromethyl,
pentafluoroethyl, and 2,2,2- trifluoreethyl The term
"fluoroalkoxy" as used herein means at least one fluor
group, 5appended to the parent molecular moiety
through an alkoxy group, as defined herein.
Representative examples of fluoroalkoxy include, but
are not limited to, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, pentafluoroethoxy, and 2,2,2-
trifluoroethoxy. The term "forrnyl" as used herein
means a -C(0)1-I group 10The term "halo" or "halogen"
as used herein means Cl, Br, I, or F.       The term
"halealkoxy" as used herein means at least one
halogen, as defined herein, appended to the parent
molecular moiety through an alkoxy, as defined herein,
Representative examples of haloalkoxy include, but are
not limited to, 2-fluoroethoxy, trifluoromethoxy, and
pentafluoroethoxy. IsThe term "haloalkyl" as used
herein means at least one halogen, as defined herein,
appended to the parent molecular moiety through an
alkyl group, as defined herein. Representative
examples of haloalkyl include, but are not limited to,
chlorornethyl, 2-fluoroethyl, trifluoromethyl,
pentefluoroethyl, and 2- chloro-3-fluoropentyl. 20The
term "heterocycle", as used herein, refers to
non-aromatic cyclic groups that contain at least one
hetematom. Non-aromatic heterocycles are non- aromatic
cyclic groups that contain at least one heteroatorn;
examples of non-aromatic heterocyclic groups or
non-aromatic heterocycles are further defined below.
Heterocyclic rings are connected to the parent
molecular moiety through a 25carbon atom, or
alternatively in the case of heterocyclic rings that
contain a bivalent nitrogen atom having a free site
for attachment, the heterocyclic ring may be connected
to the parent molecular moiety though a nitrogen atom.
Additionally, the heterocycles may be present as
tautomers. The term "hetemaryl", as used herein,
refers to an aromatic ring containing 30 one or more
heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Such rings can be monocyclic or
bicyclic as further described herein. Heteroaryl rings
are connected to the parent molecular moiety, or to L1
or L2, wherein LI and L2 and 12 are defined in formula
(l) or (II), through e carbon or -11-  nitrogen atom
The terms "monocyclic heteroaryl" or "5- or 6-membered
heteroaryi ring", as used herein, refer to 5- or
6-membered aromatic rings containing at least one
heteroatom independently selected from nitrogen,
oxygen, and sulfur. The 5- s membered ring contains
two double bonds; such a ring may contain one, two,
three or four nitrogen atoms, or may contain one or
two nitrogen atoms and one oxygen atom, or may contain
one or two nitrogen atoms and one sulfur atom, or may
contain one oxygen atom, or may contain one sulfur
atom. The 6- membered ring contains three double
bonds, or alternatively, the 6- membered ring may
10contains 2 double bonds within the ring when the
ring is substituted with an oxo group. Furthermore,
the 6- membered ring may contain one, two, three or
four nitrogen atoms, or may contain one or two
nitrogen atoms and one oxygen atom, or may contain one
or two nitrogen atoms and one sulfur atom, or may
contain one or two nitrogen atoms and one sulfur atom,
or may contain one or two 15 nitrogen atoms and or one
oxygen atom. The 5- or 6- membered heteroaryl is
connected to the parent molecular moiety through any
carbon atom or any nitrogen atom contained within the
monocyclic heteroaryl ring Representative 



examples of 5- to 6-membered heteroaryl rings include,
but are not limited to, furyl, imidazolyl, isoxazolyl,
isothiazolyl, oxazolyl, pyrazinyl, pyrazolyi,
pyridazinyl, 20pyridinyl, pyrimidinyi, pyrrolyl,
tetrazolyl, thiadiazolyl, thiadiazolonyl,
thiadiazinonyl, oxadiazolyl, oxadiazolonyl,
oxadiazinonyl, thiazolyl, thienyl, triazinyl,
triazolyi, triazolyl, pyridazinonyl, pyridonyl, and
pyrimidinonyl_        The term "bicyclic heteroaryl"
or "8- to 12- mernbered bicyclic heteroaryl ring, as
used herein, refers to an 8-, 9-, 10-, 11-, or 12-
membered bicyclic 25 aromatic ring wherein one or more
of the atoms of the ring has been replaced with at
least one heteroatom selected from oxygen, sulfur, and
nitrogen. The bicyclic heteroaryl of the invention
maybe attached to the parent molecular moiety through
any available carbon atom or nitrogen atom contained
within the heteroaryl ring. Representative examples of
bicyclic heteroaryl rings include indolyi,
benzothienyl, 30benzofuranyl, indazolyl,
benzimidazolyi, benzothiazolyl, benzoxazolyl,
benzoisothiazolyl, benzoisoxazolyl, quindinyl,
isoquinolinyl, quinazolinyl, quinoxalinyl,
phthalazinyl, pteridinyl, purinyl, naphthyridinyl,
cinnolinyl, thieno[2,3- d]imidazole,
1,5-dihydro-benzo[b][1,4]diazepin-2-on-yl, and
pyrrolopyrimidinyi -12-        Heteroaryl groups of
the invention, whether monocyclic or bicyclic, are
substituted with hydrogen, or optionally substituted
with substituents independently selected from acyl,
acyloxy, alkenyl, aikoxy, alkoxyalkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxyimino, alkoxysulfonyl, alkyl,
aikylcarbonyl, 5aikylsulfonyl, alkylthio, alkynyl,
amido, carboxy, cyano, cycloalkyl, fluoroalkoxy,
forrnyl, haloalkoxy, haloalkyl, halogen, hydroxy,
hydroxyalkyl, mercapto, nitro, oxo, -NR7R8,
(NR7R8)carbanyl, -S02N(R9) (R10), and -N(R9)S02(R10)
Monocyclic heteroaryl or 5- or 6-membered heteroaryl
rings are substituted with 0, 1, 2, 3, 4, or 5
substituents. Bicyclic heteroaryl or 8- to 12-membered
bicyclic heteroaryl 10rings are substituted with 0, 1,
2, 3, 4, 5, 6, 7, 8, or 9 substituents. Heteroaryl
groups of the invention may be present as tautomers.
The term "heterocycle" or "heterocyclic" as used
herein, means a rnonocyclic heterocycle or a bicyclic
heterocycle. The monocyclic heterocycle is a 3, 4, 5,
6 or 7 membered ring containing at least one
heteroatom independently 15 selected from the group
consisting of 0, N, and S. The 3- or 4- membered ring
contains 1 heteroatom selected from the group
consisting of 0, N and S. The 5- membered ring
contains zero or one double bond and one, two or three
heteroatoms selected from the group consisting of 0, N
and S. The 6 or 7- membered ring may contain zero,
one, or two double bonds provided that the ring, 20
when taken together with a substituent, does not
tautomerize with a substituent to form an aromatic
ring. The monocyclic heterocycle is connected to the
parent mofecular moiety through any carbon atom or any
nitrogen atom contained within the monocyclic
heterocycle Representative examples of monocyclic
heterocycle include, but are not limited to,
azetidinyl, azepanyl, azirldinyl, diazepanyl, 1,3-
25dioxanyl, 1,3-clioxolanyl,1,3-dithianyl,
imidazolinyi, imidazolidinyl, isothiazollnyl,
isothiazolidinyl, isoxazolinyi, isoxazolidinyl,
morpholinyl, oxadiazolinyl, oxadiazolidinyl,
oxazolinyl, oxazolidinyl, piperazinyi, piperidinyl,
pyranyl, pyrazolinyl, pyrazolidinyl, pyrrolinyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyi,
thiadiazolinyl, thiadiazolidinyl, thiazolinyl,
thiazofidinyl, 30thiomorpholinyl,
1,1-dioxidothiornorphollnyl (thiomorpholine sulfone),
thiopyranyl, and trithianyl. The bicyclic heterocycle
is a monocyclic heterocycle fused to a phenyl group, a
monocyclic heterocycle fused to a cycloalkyl, a
monocyclic heterocycle fused to a cycloalkenyl, or a
monocyclic heterocycle fused to a -13- monocyclic
heterocycle. The bicyclic heterocycle is connected to
the parent molecular moiety through any carbon atom or
any nitrogen atom contained within the monocyclic
heterocycle. Representative examples of bicyclic
heterocycle include, but are not limited to,
1,3-benzodioxolyl, 1,3-benzodithiolyl, 2,3-dihydro-
51,4-benzodioxinyl, 2,3-dihydro-1-benzofuranyl,
2,3-dihydro-1-benzothienyl, 2,3- 



dihydro-1H-indolyl, and 1,2,3,4-tetrahydroqU inolinyl.
The non-aromatic heterocycles of the invention
substituted with hydrogen, or optionally substituted
with 0, 1, 2, 3, 4, 5, 5, 7, 8, or 9 substituents
independently selected from acyl, acyloxy, aikenyl,
alkoxy, alkoxyalkoxy, 10alkoxyalkyl, alkoxycarbonyl,
alkoxyimino, alkoxysulfonyl, alkyl, alkylcarbonyl r
alkylsulfonyl, alkynyl, amido, carboxy, cyano,
cycloalkyl, fluoroalkoxy, formyl, haloalkoxy,
haioalkyl, halogen, hydroxy, hydroxyalkylr rnercapto,
nitro, alkylthio, -NR7Rs, (NR7R8)carbonyl, -302N(R9)
(R10), and -N(Ru)S02(RI). Additional examples of
heterocycles include, but are not limited to,
15(Z)-1H-benzo[ej[1,4]diazepin-5(4H)-one, pyrimidine-
2,4(1H,3H)-dione, benzo[d]thiazol-2(3H)-one,
pyridin-4(1H)-one, imidazolidin-2- one,
1H-imidazol-2(3H)-one, pyridazin-3(2H)-one,
tetrahydropyrimidin-2(1H)-one, and
1H-benzo[d]imidazol-2(3H)-one. The term "hydroxy" as
used herein means an -OH group 20The term
"hydroxyalkyl" as used herein means at least one
hydroxy group, as defined herein, appended to the
parent molecular moiety through an alkyl group, as
defined herein. Representative examples of
hydroxyalkyl include, but are not limited to,
hydroxymethyl, 2-hydroxyethyl,
2-rnethy1-2-hydroxyethyr, 3- hydroxypropyl,
2,3-dihydroxypentyl, and 2-ethyl-4-hydroxyheptyl 25The
term "hydroxy-protecting group" means a substituent
which protects hydroxyl groups against undesirable
reactions during synthetic procedures Examples of
hydroxy-protecting groups include, but are not limited
to, rnethoxymethyl, benzyloxymethyl,
2-methoxyethoxymethyl, 2-
(trimethylsilyl)ethoxymethyl, benzyl, triphenylmethyl,
2,2,2-trichloroethyl, t-butyl, 30 trimethylsilyl,
t-butyidimethylsilyl, t-butyldiphenyisilyl, methylene
acetal, acetonide benzylidene acetal, cyclic ortho
esters, methoxymethylene, cyclic carbonates, and
cyclic boronates Hydroxy-protecting groups are
appended onto hydroxy groups by reaction of the
compound that contains the hydroxy group with a base,
such as -14-  triethylamine, and a reagent selected
from an alkyl halide, alkyl trifilate, trialkylsilyl
trialkylsilyltriflate, aryldialkylsilyltriflate, or an
alkylchloroformate, CH212, or a dihabboronate ester,
for example with methyriodide, benzyl iodide,
triethylsilyltriflate, acetyl chloride,
benzylchloride, or dimethylcarbonate. A protecting
group also may be appended onto a hydroxy group by
reaction of the compound that contains the hydroxy
group with acid and an alkyl acetal The term "[mina"
as defined herein means a -C(=-NH)- group. The term
"mercapto" as used herein means a -SH group.
The term "(NR1R5" as used herein means both Wand R8
group, as defined 10 herein, appended to the parent
molecular moiety through a nitrogen atom Wand R8 are
each independently selected from the group consisting
of hydrogen, C1.4 alkyl, Ca-C4 cycloalkyl, and aryl.
The term "(NR7R8)alkyl" as used herein means an -NR7R8
group, as defined herein, appended to the parent
molecular moiety through an alkyl group, 15as defined
herein. Representative examples of (NR7R8)alkyl
include, but are not limited to, 2-(methylamino)ethyf,
2-(dirnethylamino)ethyl, 2-(amino)ethyl, 2-
(ethylmethylamino)ethyl, and the like. The term
"(N1R7R8)carbonyl" as used herein means an -NR7R8
group, as defined herein, appended to the parent
molecular moiety through a carbonyl 20group, as
defined herein. Representative examples of
(NWR9)carbonyl include, but are not limited to,
aminocarbonyl, (methylamino)carbonyl,
(dimethylamino)carbonyi, (ethylmethylamino)carbonyl,
and the like. The term "(NWRs)sulfonyl" as used herein
means a -NR7R8 group, as defined herein, appended to
the parent molecular moiety through a sulfonyl group, 



25 as defined herein. Representative examples of
(NR7R)su1fonyi include, but are not limited to,
aminosulfonyl, (rnethylamino)sulfonyl,
(dimethylamino)sulfonyl and
(ethylmethylamino)sulfonyl, The term "-N(R9)S02(R19)"
as used herein means an amino group attached     to
the parent moiety to which is further appended with an
R9 group as defined 30 herein, and a SO2 group to
which is appended an (R19) group as defined herein. R9
is selected from the group consisting of hydrogen,
C-i_4 alkyl, C3-C4 cycloalkyl, and aryl, and R'9 is
selected from the group consisting of C1.4 alkyl,
C3-C4 cycloalkyl, and aryl. Representative examples of
-N(R9)502(R19) include, but are  not limited to,
N-methylmethanesulfonamide       The term 11-SO2N(R2)(
R10)" as used herein means a N(R9)( R1) group attached
to a SO2 group, appended to the parent moiety through
the sulfonyl group. Representative examples of
-SO2N(R0)( IR1) include, but are not limited to
5(dimethylamino)sulfonyi and
N-cyclohexyl-N-rnethylsulfonyl The term "nitro" as
used herein means a -NO2 group       The term
"nitrogen protecting group" as used herein means those
groups intended to protect a nitrogen atom against
undesirable reactions during synthetic procedures.
Nitrogen protecting groups comprise carbamates,
amides, N-benzyl 14:1derivatives, and imine
derivatives. Preferred nitrogen protecting groups are
acetyl, benzoyl, benzyl, benzyloxycarbonyi (Cbz),
forrnyi, phenylsulfonyl, pivaloyl, tert-butoxycarbonyl
(13oc), tert-butylacetyl, trifluoroacetyl, and
triphenyFmethyl (trityl), Nitrogen-protecting groups
are appended onto primary or secondary amino groups by
reacting the compound that contains the amine group
with base, 15such as triethylamine, and a reagent
selected from an alkyl halide, an alkyl tritilate, a
dialkyl anhydride, for example as represented by an
alkyl anhydride (alkyl-OC=0)20, a diaryl anhydride,
for example as represented by (aryl- OCrO)20, an acyl
halide, an alkylchlorofomnate, or an
alkylsulfonylhalide, an arylsulfonylhalide, or
halo-CON(alkyl)2, for example acetylGhlonide, 20
benzoylchloride, benzylbromide,
benzyloxycarbonylchloride, forrnylfluoride,
phenylsulfonylchloride, pivaloylchloride,
(tert-butyl-O-C=0)20, trifluoroacetic anhydride, and
triphenylmethylchloricle. The term "oxo" as used
herein means (=0). The term "sulfonyl" as used herein
means a -3(0)a- group 25As used herein, the term
"antagonist" encompasses and describes compounds that
prevent receptor activation by an H3 receptor agonist,
such as histamine, and also encompasses compounds
known as "inverse agonists". Inverse agonists are
compounds that not only prevent receptor activation by
an H receptor agonist, such as histamine, but also are
able to inhibit intrinsic H3 30receptor activity. As
used herein, the term 'radiolaber refers to a compound
of the invention in which at least one of the atoms is
a radioactive atom or radioactive isotope, wherein the
radioactive atom or isotope spontaneously emits gamma
rays or  WO 2007/100990PCT/US2007/062329 energetic
particles, for example alpha particles or beta
particles, or positrons. Examples of such radioactive
atoms include, but are not limited to, 31-1 (tritium),
14c,iso, 18F, 35r., 2 b 1-31, and 121. 5 Compounds of
the Invention  Compounds of the invention can have the
formula (I) as described in the 



Summary of the Invention_ In addition, certain
embodiments of the invention further describe
compounds of formula (I).            In compounds of
formula (I), L1 is a bond or alkylene. LI is
preferably a iobond L2 is a bond or alkylene L2 is
preferably a bond.       LI and L2 are both
independently a bond or alkylene_ Preferably L1 and L2
are a bond.       In addition, there is disclosed
compounds of formula (I), wherein R2a, R2b, R2c, R2d,
R2e, and R21 all are hydrogen. s 5In another
embodiment, there is disclosed compounds of formula
(1), wherein at least two of Rae R313, Rae or Rare a
substituent other than hydrogen. Alternatively, there
is also disclosed compounds of the invention wherein
R3. 133e and Rad are each hydrogen. There are also
disclosed compounds of formula (I), wherein LT is a
bond; L2 20is a bond; Rae, Rab, Rae and Fed are each
hydrogen, Cy' is phenyl, and Cy2 is aryl, cycloalkyl,
cycloalkenyl, heteroaryr or heterocycle, wherein the
heteroaryl or heterocycle moiety has 1, 2, or 3
heteroatoms selected from nitrogen, oxygen, and
sulfur, provided that at least one heteroatom is
nitrogen. In a more preferred embodiment Cy2 is
pyridazinone. Preferably, compounds of formula (I),
wherein 25RI is alkyl; L.1 is a bond; L2 is a bond;
R2a, R2b, R2c,R2d,R2e, and R2[ each is hydrogen;
R36.R3b. R3e and Rad are all hydrogen; Cyl is phenyl,
and Cy2 pyridazinone More specifically, RI is more
preferably a methyl.       There also exists an
embodiment describing compounds of formula (I),
wherein wherein L1 is a bond; L2 is a bond: R3a,Rab
Rae and Rad are all hydrogen: 30CV is piperazine, and
Cy2 is aryl, cycloalkyl, cycloalkenyl, heteroaryl, or
heterocycle, wherein the heteroaryl or heterocycle
moiety has 1, 2, or 3 heteroatoms selected from
nitrogen, oxygen, and sulfur, provided that at least
one heteroatom is nitrogen. In a more preferred
embodiment Cy2 is pyridine optionally -17-
substituted with cyan,       There also exists a
pharmaceutical composition comprising a compound of
formula (I) and a pharmaceutically acceptable carrier.
Specific embodiments contemplated as part of the
invention also include, 5but are not limited to:
(3aR, 8aR)-4'-(5-ethyl
hexahydro-pyrrolo[3,4-b]pyrrol-1-y1)-biphenyl-4-
carbonitrile,       411(3a R,6a R)-5-iso pro pyl h exa
h ydro pyrrolo[3,4-b]pyrrol-1(21-)-y11-1
Arbipheny1-4-carbonitrile;
to41-f(3aR,6mR)-5-propylhexahydropyrrolo[3,4-bipyrrol-
1(2H)-y11-1,1'- biphenyl-4-carbonitrileT
41-paR16aR)-5-butylhexahydropyrrolo[3,4-b]pyrrol-1(2H)
-y1]-1,1'-biphenyl4-carbonitrile; 4'-paR,6aR)-5
isobutyl-hexahydro-pyrrolop,4-Npyrrol-1-y1)-biphenyl-4
- 15carbonitrile;
4'-[(3aR,6aR)-5-(cyclopropylmethyl)hexahydropyrrolo131
4-bipyrrol-1(2F1)-y1)- 1,11-biphenyl-4-carbonitrile;
4'-(3aR,6aR)-5-methylhexahydropyrmlor314-14yrrol-1(21-
1)-y11-1,1r- biphenyl-4-carbonitrile; 20(3a R ,6 a
R)-1-(4`-met hoxy-1 T1P-biphenyl-4-y1)-5-methylocta
hyd ropyrrolof 3,4- bipyrrole;       {4'-j(3a R,6 a
R)-5-methyl h exa h yd ropyrrolo[3,4-b]pyrrol- I
(21-)-y1]-1A rbipheny1-4-yllacetonitrile; 



1-{4'-[(3a R,6a R)-5-rneth yl h ex a
hydropyrrolo[3,4-b]pyrrol-1(2 F1)-ylk 1, 11-
25biphenyl-4-yl}ethanone;
344-[(3aR16aR)-5-methylhexahyd ropyrrolo[3,4-b]pyrrol-
'1(2 H)- yliphenyl}quinoline;
(3aR,6aR)-144-(6-methoxypyridin-3-yl)phenyl]-5-
rnethyloctahydropyrrolo[3,4-b]pyrrole,
30{4T-PaR,6aR)-5-rnethylhexahydmpyrrolof3,4-bipyrrol-1
(2H)-y1]-1 ,11- biphenyl-4-yllmethanol;
5-{4-paR,6aR)-5-methylhexahydropyrrolo[3,4
b]pyrrol-1(2H)- yljphenyllpyridine-2-carbonitrile;
(3aR,6aFt)-1 -[4-(2 ,6-dimethylp yridin-3-yl)p
henyI]-5- meth ylo eta hydra py rrolo[3,4-bjpy rrole;
(3aR,6a R)-1-(3'-fluoro-41-rriethoxy-1
,1'-biphenyl-4-y1)-5- methylocta
hydmpyrrolo[3,4-b]pyrrole; 52-met h
y1-5-{4-(paR,6aR)-5-met h ylhexa
hydropyrrolo[3,4-b]pyrrol-1(2F)- Apheny1}-1
,3-benzothlazole, (3aR16aR)-144-(1 H -Imidazol-1-yl)p
hen yI]-5-met hylo eta hyd r opyrrolo[3,4- I)] pyr
role;
(SaR,5aR)-1-(4'-ethoxy-1,1'-biphenyl-4-y1)-5-methyloct
ahydropyrrolo[3,4- 10b]pyrrole;
(33R,6aR)-5-methyl-1-14'-(methylth io)-
1,11-bipheny1-4- yllocta hydra py rrolo[3,4-b]py
rrole;
(3aR,6aR)-5-methy1-1-(4-pyriclin-4-ylphenyl)octahydrop
yrrolo[3,4-b]pyrrole;
4'-[(3aR,6aR)-5-methylhexallydropyrrolo[3,4-b]pyrro1-
I (21-1)-yI]-1 5biphenyl-3-carbonitrile, (3aR,6aR)-1
44-(113-benzodioxo1-5-yl)pheny1]-5- meth ylocta
hydropyrrolo[3,4-blp yrrole;
(3aR16aR)-5-rnethyl-1-(4-pyrid
in-3-ylphenyl)octahydropyrrolo[3,4-b]pyrrole;
(3aR16aR)-1 44-(2,6-d ifluoropyrid)phenyT 5- 20meth
ylo eta hydropy rrolo[3,4-b]pyrrole,
144'-[(3aR,6aR)-5-methylhexahydropyrrolor3,4-b]pyrrol-
.1(2E-1)-y1]-1 , I '- bipheny1-3-yl}ethanone,
(3aR,6aR)-1141-(ethylthio)-1
,1'-bipheny1-4-y1]-5-methyloctahydropyrrolo[3,4-
b]pyrrole;
25(3aR,6aR)-5-methyl-1-P-(trifluorornethyl)-1,1Lbiphen
yl-4- ylioctahydropyrrolo[3,4-b]pyrrole;
R,6aR)-5-rrieth y1-1-(4'-v in y1-1 ,1 Lblp hen
yl-4-yl)octa hydropyr rolo[3,4- b]p yrrolec
(32R,6aR)-5-methy1-1-(4`-rnethyl-3'-nitro-1 I
1-biphenyl-4- 30ypoctahydropyrmlo[3,4-b]pyrrole; 



(3aR,6aR)-114-(2,4-dimethoxypyrimidin-5-Aphenyl]-5-
meth ylocta h ydropyr rolo[3 ,4-blpyrrole;
(3aR,6aR)-1-(4'-fluoro1,1
r-bipheny1-4-y1)-5-methyloctahydropyrrolo[3,4- -19-
h]pyrrole;    (3aRreaR)-5-methyl-1 -[4-( 1 -naphthyl
)phenylioctah ydropyrrolo[3,4-bipyrrole;
(41-1(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1
(2H)-y1]-1 1 rbipheny1-3-yllmethanol, 5(3a
R,6aR)-1-(4-d ibenzorb,d]furan-4-ylpheny1)-5-
methyloctahydropyrrolo[3,4-h]pyrrole;
(3aR,6aR)-5-methyl-1(3'-(trifitioromethyl)--1
,V-bipheny1-4- yljoetahydropyrro1o[3,4-b]pyrrofe;
(32R6aR)-1-(4'-fluoro-
3'-methy1-111'-bipheny1-4-y1)-5- 10meth
yloctahydropyrrolo[3,4-1d)pyrrole;
(3aReaR)-5-mettly1-144-(2-naphthyDphenyl]octahydropyrr
olo[314-b]pyrrole, (1 EH
-{,41-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol
-1(211)-y11-1 ,1'- bipheny1-4-yllethanone oxime,
1-{4'-1(3a R,6aR)-5-methylhexahydropyrrolo[3,4
-b]pyrrol-1 (2F1)-y1]-1,11- 15bipheny1-4-yllethanol,
2-(4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-hipyrrol
-1(2F)-y11-1,1- biphenyl-4-yl}pyridazin-3(2F1)-one, or
(3aR, 6aR)-244'-(5-methyl-hexahyd
ro-pyrrolo[3,4-b]pyrroi-1-y1)-bipheny1-4-
yI]-2H-pyddaziri-3-one;
20(3aR16aR)-5-methy1-1-(4'-pyrimidin-5-y1-1
,1-bipheny1-4- yl)octahydropyrrolo[3,4-b]pyrrole,
4"-[(3aR,6aR)-5-methy1hexahydropyrrolo[3,4-b]pyrrol-1(
2F1)-y11-1,11:4`,1"- terphenyl-3-carhonitrile; (3a
R,6aR)-1-[4'-(6-fluoropyrid in-3-yI)-1
,11-bipheny1-4.11]-5-
25methyloctahydropyrro1o[3,4-Npyrrole
(3aR,6aR)-114'-(2,6-dimethylpyridin-3-y1)-1,1'-bipheny
l-4-y1]-5- methyloctahriropyrm10[314-b]pyrrole;
(3aR,6aR)-144'-(6-chloropyridin-3-y1)-1
X-bipheny1-4-y1]-5-
rrEethyloctahydrapyrrolDp,4-blpyrrole;
304"-[(3aR,6aR)-5-methylhexahydropyrroFo[3,4-b]pyrrol-
1 (21-1)-y1]-1 terphen y1-4-carbonitrile;
6-(4-(4-[(3aR,6aR)-5-methyl hexahyd ropyrrolo[3
,4-b]pyrro1-1 (2H)-
yliphenyllpiperazin-l-yOnicatinonitdie;
(3aR,6aR)-1-{444-(6-chloropyridazin-3-Apiperazin-l-Aph
eny1}-5- rnethyloctahydropyrmlo[3,41-b]pyrrole,
(3aR,6aR)-5-methy1-1-044-(1 ,3a7ol-2-yl)piperazin-1-
yl]phenyl}octahydropyrrolo[3,4-b]pyrrole;
5(3aR,6aR)-5-methy1-144-(4-pyridin-2-ylpiperazin-1-
yl)phenylloctahyclropyrrolo[3,441pyrrole; 



(3aR,6aR)-5-methy1-1-044-(4-nitrophenyl)piperazin-1-
Aphenylloctahydropyrrolo[3,4-b]pyrrole,
2-(4-{44(3a1R16aR)-5-methylhexahyd
ropyrrolo[3,4-1Apyrrol-1(2H )-
inAphenyl}piperazin-1-yl)benzonitrile;
(3aR16aR)-5-methy1-144-(4-pyfidin-4-ylpiperazin-1-
yl)phenylloctahydropyrrolo13,4-blpyrmlec       (3aR
,6aR)-5-methyl- 1 -{444-(6-methylpyrida
zin-3-yl)piperazin-1- yl]phenyllocta hyd
ropyrrolo[3,4-b]pyrrole, 15(3aR,6aR)-5-metli y1-1
-[4-(4-py razin-2-ylpiperazin-1 - yl)phenyljoeta
hydrop yrrolop,4-b]p yrrole;
(3aR,6aR)-5-methyl-1-[4-(4-pyrimidin-2-ylpiperazin-1-
Aphenyl]octahydropyrrolo[3,4-blpyrrole;
41-(4-{4-[(3aR,6aR)-5-rnethylhexahydropyrrolo[3141-bip
yrrol- 1 (2H)-
20yliplienyl)piperazinThyl)benzonitrile-, (3aR,6aR)-1
-{414-(5-ethylpyrimidin-2-y1)piperazin-1-ylpheny1)-5-
methyloctahydropyrrolo[314-bipyrrole;
(3aRT6aR)-5-methy1-1-[4-(4-pyrimidin-5-ylpiperazin-1-
Aphenyl]octahydropyrrolo[3,4-131pyrrole, 25(3aR,
6aR)-2-{444-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1
-y1)-phenyl]- piperazin-1-yll-nicotinonitrile;
(3aR,6aR)-1-(41-benzylphenyl)-5-rnethyloctahydropyrrol
o[3,4-1Apyrrole;
(3aR,6aR)-5-rnethy1-1-(4-phenoxyphenyl)octahydropyrrol
o[3,4-blpyrrole; 1-{4-[(3a R r6 aR)-5-rnethyl hexa
bye] ropyrrolo[3,4-13] pyrrol-1 (2F1)-yllpheny1}-2- 30
phenylethanpne,
(3aR16aR)-1-[4-(4-bromophenoxy)pheny1]-5-rnethyloctnhy
dropyrrolo[3,4- bjpyrrole; 4'-{4-[(3aR,6aR)-5-met
hylhexa hydropyr rorop,4-bip yrro1-1 (2 H)-Apheno -21
-  1,1T-bipheny1-4-carbonibile,
{4-[(3aReaR)-5-methOhexahydropyrro1o[3,4-b]pyrrol-1(2H
)- yl]phenyl)(phenyl)methanone;          4-[(3a
R,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H
)-yr]benzonitnie;
51-{41(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b] pyrol-
1(2H)- Aphenyllmethanamine; 3-({4-[(3a
R,6aR)-5-methy1hexahydropyrcolo[3,4-bjpyrrol-1 (2H )-
Ahenzyl}amino)benzonitrile;
5-ethyl-N-{4-[(3aR,6aR)-5-methylhexahydropyrtio[3,4-b]
pyrrol-1(2H)- 10Abenzyllpyrimidin-2-amine;
2-(5-{4-[(3aR,6aR)-5-methylhexahydropyrmlo[3,4-b]pyrro
l-1 (2H )- yl] phenyllpyrid in-2-yl)pyridazin-3(2H
)-one;
2-(6-(4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrr
ol-1(2H)- yliphenyllpyridin-3-yOpyridazin-3(2H)-one;
152-(5{4-[(3aR6aR)-5-methylhexahytiropyrrolo[3,4-b]pyr
rol-1(2H)-ylipbeny11-
1,3-thiazol-211)pyridazin-3(2H)-one; 



5-(444-[(3aR
,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1 (2H )-
yl]phenyllpiperazin-1-yl)pyddfne-2-carbonitrile,
(38 R,6aR)-144`-(2-methoxypyrimid
in-5-y1)-1,1'-bipheny1-4-y11-5-
20rnethyloctahydropyrrolo[3 kb] pyrrole,
5-{4'-[(3aR,6a
R)-5-methylhexahydropyrrofo[3,4-bipyrrol-1(2H)-y13-1,1
'- biphenyl-4-yllpyr id ine-2-carbonitrile;
6-meth y1-2-{4'-[(3a
R,6aR)-5-methyrhexanydropyrrolo[3,4-b]pyrrol-1(2H
)-y1]- 1,11-bipheny1-4-yl}pyridazin-3(2H )-one,
25(3aR,6aR)-5-methyl-1-[4'-(1-methyl-1H-pyrazol-4-y1)-
1,1'-bipheny1-4- yl]octahydropyrrolo[3,4-b]pyrrole,
(3aR,6a R)-1-{4'-(3,5-dimethyl -1 H-pyrazol-4-}4).
1,11-bipheny1-4-A-5-
methyfootahydmpyrrolof3,4-b]pyrrole;
(3aR16a R)-5-meth
y1-144T-(1-trity1-1H-pyrazol-4-y1)-1,1'-biphenyi-4-
30yi]octahydropyrrolo[3,4-b]pyrrole,
(3aR16aR)-5-methy1-144T-(1H-pyrazol-4-yl)-1
1r.-biphenyl-4- ylioctahydropyrrolo[3,4-b]pyrrolec
3-methy1-144'-[(3aR,6aR)-5-methyf hexahyd
ropyrrolo[3,4-bipyrrol-1(2H)-y1]- -22-
1,11--bipheny1-4-yllpyridin-2(1H)-one:
5-methy1-1-{4-'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,
4-b]pyrrol-1(2H)-y1j1,1-biphenyl-4-yllpyridin-2(1H)-on
e;
6-methyl-1-{4'-[(33R,6aR)-5-methylhexahydropyrrolol[31
4-b]pyrrol-1(2H)-y11- 51
X-biphenyl-4-yllpyridin-2(1F1)--one;
244'-[(3aR16aR)-5-ethylhexahydropyrrolop,4-b]pyrrol-1(
2H)-y1]-1,1'- bipheny1-4-yllpyridazin-3(2H)-one,
2-(4'4(3aR,6aR)-5-cyclobutylhexahydropyrrolo[3,4-blpyr
rol-1(2H)-y11-1,1'- biphenyl-4-yl}pyridazin-3(2H)-one;
and
244`--[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrroi
-1(2H)-ylibiphenyl4-y11-4,5-dihydropyridazin-3(2H)-one
.       In addition, there are disclosed compounds of
formula (II), wherein when L1 is a bond, Z is -L3-Cy3
Furthermore, there are described compounds of formula
15 (ID, wherein when Cis a bond, and Cyl is phenyi,
and Z is -L3-G? and L3 is a bond, and Cy3 is not a
cyclic amine of formula R2d R2cNR2e  R2b   R.7.17
Compounds of the invention were named by
ACD/ChemSketch version 205.01 (developed by Advanced
Chemistry Development, inc., Toronto, ON, Canada), or
ChemOraw Ultra 9.0 (CambridgeSoft), or were given
names consistent with ACD nomenclature. The practice
of assigning names to chemical compounds from
structures, and of assigning chemical structures from
given chemical names is well known to those of
ordinary skill in the at 25Compounds of the invention
may exist as stereoisomers wherein, 



asymmetric 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'' andused herein are
configurations as defined in IUPAC 1974
Recommendations for Section E, Fundamental
Stereochemistry, in Pure Appl.  Chem., 1976, 45: 13-30
The invention contemplates various stereoisomers and
mixtures thereof and these are specifically included
within the scope of this invention. Stereoisomers
include enantiomers and diastereomers, and mixtures of
enantiorners or diastereamers. Individual
stereoisomers of compounds of the 5invention may be
prepared synthetically from commercially available
starting materials which contain asymmetric or chiral
centers or by preparation of racemic mixtures followed
by resolution well-known to those of ordinary skill in
the art. These methods of resolution are exemplified
by (1) attachment of a mixture of enantiomers to a
chiral auxiliary, separation of the resulting mixture
of 10diastereomers by recrystallization or
chromatography and optional liberation of the
optically pure product from the auxiliary as described
in Furniss, Hannaford, Smith, and Tatcheli, "Vogel's
Textbook of Practical Organic Chemistry", 5th edition
(1989), Longman Scientific & Technical, Essex 0M20
2.1E, England, or (2) direct separation of the mixture
of optical enantiomers on chiral chromatographic
15columns or (3) fractional recrystallization methods
Compounds of the invention may exist as cis or trans
isomers, wherein substituents on a ring may attached
in such a manner that they are on the same side of the
ring (cis) relative to each other, or on opposite
sides of the ring relative to each other (trans). For
example, cyclobutanes and cyclohexanes may be
20present in the cis or trans configuration, and may
be present as a single isomer or a mixture of the cis
and trans isomers. Individual cis or trans isomers of
compounds of the invention may be prepared
synthetically from commercially available starting
materials using selective organic transformations, or
prepared in single isomeric form by purification of
mixtures of the cis and trans isomers. Such 25methods
are well-known to those of ordinary skill in the art,
and may include separation of isomers by
recrystallization or chromatography.       It should
be understood that the compounds of the invention may
possess tautomeric forms, as well as geometric
isomers, and that these also constitute an aspect of
the invention. it is also understood that the
compounds of the invention 30may exist as
isotoporners, wherein atoms may have different
weights; for example, hydrogen, deuterium and tritium,
or 12C, 'IC and 13C, or tgF and tar. Methods of the
invention  WO 2007/100990PCT/US2007/062329 Compounds
and compositions of the invention are useful for
modulating the effects of histamine-3, particularly by
histamine-3 antagonism, agonisrn, or inverse agonism.
In particular, the compounds and compositions of the
invention can be used for treating and preventing
disorders modulated by histamine-3. 5Typically, such
disorders can be ameliorated by modulating the
histamine-3 receptors in a mammal, preferably by
administering a compound or composition of the
invention, either alone or in combination with another
active agent, for example, as part of a therapeutic
regimen Certain substituted
octahydro-pyrrolo[3,4-b]pyrrole derivatives, including
io but not limited to those specified as compounds of
the invention, demonstrate the ability to affect
histamine-3 activity, and particularly for histamine-3
antagonism. Such compounds can be useful for the
treatment and prevention of a number of
histarnine-3-mediated diseases or conditions.
Substituted octahydro-pyrrolo[34- b]pyrrole compounds
contemplated to demonstrate such activity have the
formula:  R2d R2b 



R2b R2  R-soLt_0,14.2..cy2 I NR3b R2e  15 (I) wherein
RI, R2a, R2b, R2c, R21, Rze, R2r, R32, -3b, R3c, R3,
LI, L2, Cyl, and Cy2 are as previously described
herein. There is also disclosed a method of treating a
mammal having a condition 20where 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 (II),  WO 2007/100990PCT/US2007/062329 (II) or
a pharmaceutically acceptable salt, ester, amide, or
prodwg thereof, wherein, RI is alkyl, C3-05
cycloalkyl, or (C3-05 cycloalkyl)methyl; R2a, Rb, R2c,
R2d, R2e. 5and R2r each are independently hydrogen,
methyl, or fluoromethyl; Raa, Rab, R3e, and R3`1 each
are independently hydrogen, alkyl, fluoroalkyl,
fluoroalkoxy, alkoxy, thioalkoxy, halogen, or nitrile,
with the proviso that when one or more of Raa, Rah,
R3c, and Rad are alkyl, then at least one of R33, Rah,
Rat, and Rad is fluoroalkyl, fluoroalkoxy, alkoxy,
thioalkoxy, halogen, or nitrile; Lt is a bond, oxygen,
sulfur, 10carbonyl, alkylene, alkylcarbonyl,
alkylamino, -C(=N-Oalkyl)-, NR4, -C(=0) NR4-, or
-NR4q=0)-; R4 'is hydrogen or alkyl; Cyl is aryl,
cycloalkyl, cycloalkenyl, heteroaryl, or heterocycle;
7 is a substituent R6 or a group represented by -1_3-
Cy3; R6 is hydrogen, acyl, acyloxy, alIcenyl, alknxy,
alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxyimino, alkoxysulfonyl, alkyl, alkylcarbonyl,
alkyisuifonyl, 15aikynyl, amido, carboxy, cyano,
cycloalkyl, fluoroalkoxy, haloaikoxy, haloalkyl,
halogen, hydroxy, hydroxyalkyl, mercapto, nitro,
alkylthio, amino, MIR7, NR7R6, - N(R7)C(=0)R9,
-C(r-O)NR7R8, or N(R7)302(R10); La is a bond, oxygen,
sulfur, carbonyl, alkylene, alkylcarbonyl, alkylamino,
-C(=N-Oalkyl)-, NR' 1, -C(=0) NR11-, or -NR11C(-0)-;
0y3 is aryl, cycloalkyl, cycloalkenyl, heteroaryl, or
heterocycle; 20and R7, R8, R0, R1, and R'1 at each
occurrence are independently hydrogen, C1-4 



alkyl, C3-C4 cycloalkyl, or a (C3-C4 cycloalkyl)amine;
provided that Cy2 is not R26 There is also disclosed a
method of treating a mammal having a condition  WO
2007/100990PCT/US2007/062329 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 (11), wherein Cy2 is aryl, cycloalkyl,
cycloalkenyl, heteroaryl or heterocycle, each 5having
1, 2, or 3 heteroatoms selected from nitrogen, oxygen,
and sulfur, provided that at feast one heteroatom is
nitrogen; provided that when ['is a bond, Z is I3- Cy3
and further provided that when LI is a bond, and Cy'
is phenyl, and Z is -L3- C.y3 and L.3 is a bond, Cy3
is not a cyclic amine of formula R2d Rac,R2e R2b R2f
R2a.- P1 toThe method of treating a mammal having a
condition where modulation of histamine-3 receptor
activity is of therapeutic benefit from the
administration of a compounds of formula (11), wherein
the condition or disorder is selected from the group
consisting of Alzheimer's disease, asthma,
attention-deficit hyperactivity disorder, bipolar
disorder, cognitive dysfunction, cognitive deficits in
psychiatric 15disorders, deficits of memory, deficits
of learning, dementia, cutaneous carcinoma, drug
abuse, diabetes, type 11 diabetes, depression,
epilepsy, gastrointestinal disorders, inflammation,
insulin resistance syndrome, jet lag, medullary
thyroid carcinoma, melanoma, Meniere's disease,
metabolic syndrome, mild cognitive impairment,
migraine, mood and attention alteration, motion
sickness, narcolepsy, 20neurogenic inflammation,
obesity, obsessive compulsive disorder, pain,
Parkinson's disease, polycystic ovary syndrome,
schizophrenia, cognitive deficits of schizophrenia,
seizures, septic shock, Syndrome X, Tourette's
syndrome, vertigo, and sleep disorders. In particular,
the method of treating a mammal having
attention-deficit 25hyperactivity disorder,
Alzheimer's disease, or dementia where modulation of
histamine-3 receptor activity is of therapeutic
benefit from the administration of a compounds of
formula (II). In particular, the method of treating a
mammal having schizophrenia or cognitive deficits of
schizophrenia, where modulation of histamine-3
receptor  WO 2007/100990PCT/US2007/062329 activity is
of therapeutic benefit from the administration of a
compounds of formula (II)        in particular, the
method of treating a mammal having narcolepsy, sleep
disorders, asthma, or obesity, where modulation of
histamine-3 receptor activity is 



5 of therapeutic benefit from the administration of a
compounds of formula Oft As an important consequence
of the ability of the compounds of the invention to
modulate the effects of histamine-3 receptors in
cells, the compounds described for the method of the
invention can affect physiological processes in humans
and animals In this way, the compounds and
compositions of formulas in(I) or (II), are useful for
treating and preventing diseases and disorders
modulated by histamine-3 receptors. Typically,
treatment or prevention of such diseases and disorders
can be effected by selectively modulating the
histamine-3 receptors in a mammal, by administering a
compound or composition of the invention, either alone
or in combination with another active agent as part of
a therapeutic regimen 15Particularly preferred are
compounds of formula (I) or (11) as described in the
Detailed Description above More preferred are the
compounds of formula (ft Compounds of formulas (I) or
(11), can be administered to a subject having such a
disorder or susceptible to such disorders in a
therapeutically effective amount. The compounds are
particularly useful for a method of treating a
20mammal having a condition where modulation of
histamine-3 receptor activity is of therapeutic
benefit, wherein the method is accomplished by
administering a therapeutically effective amount of a
compound of formula (I) or (11) to a subject having,
or susceptible to, such a disorder. Compounds useful
for the method of the invention, include but are not
25limited to those specified In the examples, and
possess an affinity for the histamine-3 receptors.
Such compounds therefore may be useful for the
treatment and prevention of diseases or conditions
related to histamine-3 modulation. Examples of such
diseases or conditions are, for example,
attention-deficit hyperactivity disorder (ADFID),
deficits in attention, dementia, and diseases 3owith
deficits of memory, learning, schizophrenia, cognitive
deficits of schizophrenia, cognitive deficits and
dysfunction in psychiatric disorders. Alzheimer's
disease, mild cognitive impairment, epilepsy,
seizures, allergic rhinitis, and asthma, motion
sickness, dizziness, Meniere's disease, vestibular
disorders, -28-  WO 2007/100990PCT/US2007/062329
vertigo, obesity, diabetes, type II diabetes, Syndrome
X, insulin resistance syndrome, metabolic syndrome,
pain, including neuropathic pain, neuropathy, sleep
disorders, narcolepsy, pathological sleepiness, jet
lag, drug abuse, mood alteration, bipolar disorder,
depression, obsessive compulsive disorder, burette's
5syndrome, Parkinson's disease, and medullary thyroid
carcinoma, melanoma, and polycystic ovary syndrome.
The ability of histamine-3 receptor modulators, and
consequently the compounds of the invention, to
prevent or treat such disorders is demonstrated by
examples found in the following references. The
ability of the compounds of the invention, including,
but not limited to 10those specified in the examples,
to treat attention-deficit hyperactivity disorder
(ADHD), and deficits in attention, may be demonstrated
by Cowart, et al J. Med. Chem. 2005, 48, 38-55; Fox,
G. B., at al. "Pharmacological Properties of ABT239..
It Neurophysiological Characterization and Broad
Preclinical Efficacy in Cognition and Schizophrenia of
a Potent and Selective Histamine H3 Receptor
15Antagonist", Journal of Pharmacology and
Experimental Therapeutics (2005)313, 176-190; "Effects
of histamine H3 receptor ligands GT-2331 and
ciproxifan in a repeated acquisition avoidance
response in the spontaneously hypertensive rat pup."
Fox, G. B, et al. Behavioural Brain Research (2002),
131(1,2), 151-161; Yates, et at JPET (1999) 289,
1151-1159 "Identification and Pharmacological 



20Characterization of a Series of New
1H-4-Substituted-Innidazoyl Histamine H3 Receptor
Ligands"; Ligneau, et al. Journal of Pharmacology and
Experimental Therapeutics (1998), 287, 658-666; Tozer,
M. Expert Opinion Therapeutic Patents (2000) 10, p.
1045; M. T. Halpern, "GT-2331" Current Opinion in
Central and Peripheral Nervous System Investigational
Drugs (1999) 1, pages 524-527; 25Shaywitz et al.,
Psychopharmacology, 82..73-77 (1984); Dumery and
Blozovski, Exp. Brain Res_, 67:61-69 (1987); Tedford
at al, J. Pharmacol, Exp. Ther., 275:598-604 (1995);
Tedford et al., Soc. Neurosci. Abstr., 22:22 (1996);
and Fox, et at, Behav. Brain Res., 131:151-161 (2002);
Glase, S. A., et al "Attention deficit hyperactivity
disorder pathophysiology and design of new
treatments." Annual 30Reports in Medicinal Chemistry
(2002), 37 11-20; Schweitzer, J B., and Holcomb, H. H.
"Drugs under investigation for attention-deficit
hyperactivity disorder" Current Opinion in
Investigative Drugs (2002)31 p. 1207. The ability of
the compounds of the invention, including, but not
limited to, -29-  WO 2007/100990PCT/US2007/062329
those specified in the examples, to treat dementia,
and diseases with deficits of memory and learning, may
be demonstrated by "Two novel and selective
nonimidazole1-13 receptor antagonists A-304121 and
A-317920: II In vivo behavioral and neurophysiologicai
characterization." Fax, G B., et al. Journal of 5
pharmacology and experimental therapeutics (2003 Jun),
305(3), 897-908; "Identification of novel H3 receptor
(H3R) antagonist with cognition enhancing properties
in rats." Fox, G B.; Inflammation Research (2003),
52(Suppl. 1), S31- 532; Bernaerts, R, et al.
"Histamine H3 antagonist thioperarnide
dose-dependently enhances memory consolidation and
reverses amnesia induced by 10dizocilpine or
scopolamine in a one-trial inhibitory avoidance task
in mice" Behavioural Brain Research 154 (2004)
211-219; Onodera, et al. NauynSchmiedebergs' Arch.
Pharmacol. (1998), 357, 508-513; Prast, et al. Brain
Research (1996) 734, 316-318; Chen, et al Brain
Research (1999) 839, 186-189 " Effects of histamine on
MK-801-induced memory deficits in radial maze
15performance in rats", Passani, et al "Central
histaminergic system and cognition" Neuroscience and
Biobehavioral Reviews (2000) 24, p107-113       The
ability of the compounds of the invention, including,
but not limited to, those specified in the examples,
to treat schizophrenia, cognitive deficits of
schizophrenia, and cognitive deficits, may be
demonstrated by Fox, G B., et al 20"Pharmacological
Properties of ABT-239: H 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 (2005) 313,
176-190 and by" Enhancement of prepulse inhibition of
startle in mice by the FI3 receptor antagonists
thioperamide 25and ciproxifan " Browman, Kaitlin E.,
et al. Behavioural Brain Research (2004), 153(1),
69-76; "H3 receptor blockade by thioperamide enhances
cognition in rats without inducing locomotor
sensitization 11; Komater, V A., at al.
Psychopharmacology (Berlin, Germany) (2003), 167(4),
363-372; AA Rodrigues, FP tJansen, R Leurs, H
Timmerman and GD Prell 'interaction of clozapine with
the 30histamine H3 receptor in rat brain" British
Journal of Pharmacology (1995), 114(8), pp. 1523-1524;
Passani, et al "Central histarninergic system and
cognition" Neuroscience and Biobehavioral Reviews
(2000) 24, p107-113; Morriset, S., et al. "Atypical
Neumleptics Enhance Histamine Turnover in Brain Via 5-
-30-  Hydroxytryptaminem Receptor Blockade" Journal of
Pharmacology and Experimental Therapeutics (1999) 288,
pages 590-596. The ability of the compounds of the
invention, including, but not limited to, those
specified in the examples, to treat dysfunction in
psychiatric disorders, 5 Alzheimer's disease, and mild
cognitive impairment may be demonstrated by Meguro, et
al. Pharmacology, Biochemistry and Behavior (1995)
50(3), 321-325; Esbenshade, T., et al "Pharmacological
and behavioral properties of A-349871, a selective and
potent human histamine Hs receptor antagonist
Biochemical Pharmacology 68 (2004) 933-945; Huang,
Y.-W., etal. "Effect of the histamine 10 H3-antagonist
clobenpropit on spatial memory deficits induced by
MK-801 as evaluated by radial maze in Sprague-Dawley
rats" Behavioural Brain Research 151 (2004) 287-293;
Mazurkiewicz-Kwilecki and Nsonwah, Can, J. Physfol.
Pharmacof. (1989) 57, p 75-78; P Panula, et al ,
Neuroscience (1997) 82,993- 997; Haas, et al , Behav.
Brain Res (1995) 66, p. 41-44; De Almeida and 



15Izquierdo, Arch. Int. Pharmacodyn (1986), 283, p.
193-198; Kamei at al , Psychopharmacology, (1990) 102,
p 312-318; Kamei and Sakata, Jpn. J. Pharnacol.
(1991), 57, p. 437-482, Schwartz et al.,
Psychopharmacology, The Fourth Generation of Progress.
Bloom and Kupfer (eds). Raven Press, New York,
(1995)397; and Wacia, et al., Trends in Neurosci
(1991) 14,13.415. 20The ability of the compounds of
the invention, including, but not limited to, those
specified in the examples, to treat epilepsy, and
seizures, may be demonstrated by Harada, C , et al
"Inhibitory effect of iadophenpropit, a selective
histamine H3 antagonist, on arnygdaloid kindled
seizures" Brain Research Bulletin (2004) 63 p,
143-146; as well as by Yokoyama, et al., Eur. J.
Pharmacol (1993) 25 234, p 129-133; Yokoyama, et al
European Journal of Pharmacology (1994)260, p.23;
Yokoyama and linuma, CNS Drugs (1996) 5, p. 321;
Vohora, Life Sciences (2000)66, p 297-301; Onodera et
al , Prop. Neurobinl. (1994) 42, p.685; Chen, Z., et
al. "Pharmacological effects of carcinine on
histaminergic neurons in the brain" British Journal of
Pharmacology (2004) 143,573-680; R. Leurs, R.C.
30Vollinga and H Timmerman, 'The medicinal chemistry
and therapeutic potential of ligands of the histamine
H3 receptor", Progress in Drug Research (1995) 45, p.
170-165; Lours and Timmerman, Prog. Drug Res.
(1992)39, I). 127; H. Yokoyama and K linuma,
"Histamine and Seizures: Implications for the
treatment -31- WO 2007/100990PCT/US2007/062329 of
epilepsy", CNS Drugs, 5(5): 321-330 (1995), and K
Hurukami, I-1 Yokoyarna, K. Onodera, K linuma and T.
Watanabe, "AO-0145, A newly developed histamine H3
antagonist, decreased seizure susceptibility of
electrically induced convulsions in mice", Meth. Find
Exp. din. Pharmacol , 17(C):70-73 (1995); Yawata, et
al. 5"Role of histaminergic neurons in development of
epileptic seizures in EL mice" Molecular Brain
Research 132 (2004) 13-17. The ability of the
compounds of the invention, including, but not limited
to, those specified in the examples, to treat allergic
rhinitis, and asthma, may be demonstrated by McLeod,
Rt., Mingo, G.G., Herczku, C., DeGennaro-Culver, F.,
toKreutner, W., Egan, R.VV , Hey, J A., "Combined
histamine H1 and Ha receptor blockade produces nasal
decongestion in an experimental model of nasal
congestion" Am. J. Rhino!. (1999a) 13, p. 391- 399,
McLeod, Robbie L.; Egan, Robed W., Cuss, Francis M.,
Bolser, Donald C.; Hey, John A. (Allergy,
Schering-Plough Research Institute, Kenilworth, NJ,
USA. ) Progress in Respiratory 15 Research (2001)r 31
(in New Drugs for Asthma, Allergy and CORD), pp
133-136; A. Delaunois A , et al , "Modulation of
acetylcholine, capsaicin and substance P effects by
histamine F13 receptors in isolated perfused rabbit
lungs," European Journal of Pharmacology (1995) 277,
p_ 243-250, Dirnitriadou, et J, 'Functional
relationship between mast cells and C-sensitive nerve
fibres evidenced by 20histamine Hrreceptor modulation
in rat lung and spleen," Clinical Science (1994), 87,
p 151-163 The ability of the compounds of the
invention, including, but not limited to, those
specified in the examples, to treat motion sickness,
dizziness, Meniere's disease, vestibular disorders,
and vertigo, may be demonstrated by Pan, et al
25Methods and Findings in Clinical Pharmacology
(1998), 20(9), 771-777; O'Neill, et al. Methods and
Findings in Clinical Pharmacology (1999)21(4),
285-289; Chavez, et al.' Histamine (H3) receptors
modulate the excitatory amino acid receptor response
of the vestibular afferents" Brain Research (2005),
v.1064, p. 1-9, and by R. Leurs, R.0 Vollinga and H.
Timmerman, "The medicinal chemistry 30and therapeutic
potential of ligands of the histamine H3 receptor,"
Progress in Drug Research (1995), 45, p 170-165.
Lozada, et al- "Plasticity of histamine H3 receptor
expression and binding in the vestibular nuclei after
labyrinthectonny in rat" BioMedCentral Neuroscience
2004,5132.       The ability of the compounds of the
invention, including, but not limited to, those
specified in the examples, to treat obesity, diabetes,
type II diabetes, Syndrome X, insulin resistance
syndrome, and metabolic syndrome, may be demonstrated
by Hancock, A A. " Antiobesity effects of A-331440, a
novel non - 



5imidazole histamine H3 receptor antagonist " European
Journal of Pharmacology (2004)487, 183- 197; Hancock,
A A., et al. " Histamine H3 antagonists in models of
obesity" Inflamm. res. (2004) 53, Supplement I
S47-548; as well as by E. 'toll, M. Fujirniay, and A.
Inut "Thioperamide, A histamine Ha receptor
antagonist, powerfully suppresses peptide YY-induced
food intake in rats," Biol. Psych. (1999) to45(4), p.
475-481; S I. Yates, et al, "Effects of a novel
histamine Ha receptor antagonist, GT-2394, on food
intake and weight gain in Sprague-Dawley rats,"
Abstracts, Society for Neuroscience, 102.10:219
(November, 2000); Malmlof, et at "Influence of a
selective histamine Ha receptor antagonist on
hypothalamic neural activity, food intake and body
weight" international Journal of Obesity
15(2005)29,1402-1412; and C. Bjenning, et at,
"Peripherally administered ciproxifan elevates
hypothalamic histamine levels and potently reduces
food intake in the Sprague Dawley rat," Abstracts,
international Sendai Histamine Symposium, Sendai,
Japan, #P39 (November, 2000); Sakata T, et al.
"Hypothalamic neuronal histamine modulates ad libitum
feeding by rats." Brain 20research (1990 Dec 24),
537(1-2), 303-6 The ability of the compounds of the
invention, including, but not limited to, those
specified in the examples, to treat pain, including
neuropathic pain and neuropathy, may be demonstrated
by Malmberg-Aiello, Petra; Lambert, Claudia,
Ghelardini, Carla; Glatt', Alberto; Bartolini,
Alessandro British Journal of 25 Pharmacology (1994),
111(4), 1269,1279, Hriscu, Anisoara; Gherase,
Florenta, Pavelescu, M.; Hriscu, E. 'Experimental
evaluation of the analgesic efficacy of some
antihistamines as proof of the histaminergic receptor
involvement in pain." Farmacia, (2001), 49(2), 23-30,
76. The ability of the compounds of the invention,
including, but not limited to, acthose specified in
the examples, to treat sleep disorders, including
narcolepsy and pathological sleepiness, and jet lag,
may be demonstrated by Barbier, A J., et at "Acute
wake-promoting actions of JNJ-5207852, a novel,
diamine-based H3 antagonist" British Journal of
Pharmacology (2004) 1-13; Monti et al.,
Neuropsychopharmacology (1995)15, 31-35, Lin et al ,
Brain Res (1990) 523, p. 325-330; Monti, et al ,
Neuropsychopharmacology (1996) 15, p 31-35; Ligneau,
et al. Journal of Pharmacology and Experimental
Therapeutics (1998), 287, 658-566; Sakai, et al., Life
Sci (1991)48! p.2397-2404, Mazurkiewicz-Kwilecki and
5Nsonwah, Can. J. Physiol. Pharmacol., (1989) 67, p.
75J8; P Panula, et al , Neuroscience (1998)44,
465-481, Wada, et al., Trends in Neuroscience (1991)
14, p 415; and Monti, et al , Eur. J. Pharmacol.
(1991), 205, p. 283; Dvorak, C., et
"4-Phenoxypiperldines: Potent, Conforrnationally
Restricted, Non-Imidazole Histamine H3 Antagonists"
Journal of Medicinal Chemistry (2005) 48, 2229-2238 10
The ability of the compounds of the invention,
including, but not limited to, those specified in the
examples, to treat drug abuse. Amphetamine is an
abused stimulant in humans. It, and similar abused
drugs stimulate locomotor activity in animals, and it
has been found that the H3 antagonist thioperamide
suppresses the locomotor stimulation induced by
amphetamine; therefore H3 antagonists are 15likely to
be useful for treating drug abuse as may be
demonstrated by Clapham J ; Kilpatrick C. J
"Thioperamide, the selective histamine H3 receptor
antagonist, attenuates stimulant-induced locomotor
activity in the mouse'', European journal of
pharmacology (1994), 259(2), 107-14. The ability of
the compounds of the invention, including, but not
limited to, 20those 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 (1998) 123, 1331-1336;
Perez-Garcia C, et. al., Psychopharmacology (Berlin)
(1999) 142(2): 215-20. 25The 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
ability to initiate movements, and patients' brain
have low dopamine levels) may be demonstrated by
Sanchez-Lemus, E., et al. 1' Histamine H3 receptor
activation inhibits dopamine D1 receptor-induced CAMP
accumulation 30in rat striatal slices" Neuroscience
Letters (2004) 364, p. 179-184; Sakai, et al., Life
Sci. (1991) 48, 2397-2404; Fox, G. B., et al
"Pharmacological Properties of ABT-239: II.
Neurophysiological Characterization and Broad
Predinical Efficacy in 



Cognition and Schizophrenia of a Potent and Selective
Histamine H3 Receptor -34-  Antagonist" Journal of
Pharmacology and Experimental Therapeutics, 313.176-
190, 2005; Chen, Z., et al "Pharmacological effects of
carcinine on histaminergic neurons in the brain"
British Journal of Pharmacology (2004) 143, 573-580.
The ability of the compounds of the invention,
including, but not limited to, 5those specified in the
examples, to treat medullary thyroid carcinoma,
melanoma, polycystic ovary syndrome, may be
demonstrated by Polish Med. Sci. Mon (1998) 4(5): 747;
Adam Szelag, "Role of histamine H3-receptors in the
proliferation of neoplastic cells in vitro," Med. Sci.
Monitor (1998)4(5): 747-755; and CH. Fitzsimons, et
al., "Histamine receptors signalling in epidermal
tumor cell lines towith H-ras gene alterations,"
Inflammation Res (1998) 47 (Suppl 1):S50-S51
Compounds of the invention are particularly useful for
treating and preventing a condition or disorder
affecting attention-deficit hyperactivity, Alzheimer's
disease, or dementia. Compounds of the invention are
particularly useful for treating and preventing a
condition or disorder affecting schizophrenia 15or
cognitive deficits of schizophrenia. Compounds of the
invention are particularly useful for treating and
preventing a condition or disorder affecting
narcolepsy, sleep disorders, allergic rhinitis,
asthma, or obesity. Actual dosage levels of active
ingredients in the pharmaceutical compositions of this
invention can be varied so as to obtain an amount of
the 20active compound(s) that is effective to achieve
the desired therapeutic response for a particular
patient, compositions and mode of administration. The
selected dosage level win depend upon the activity of
the particular compound, the route of administration,
the severity of the condition being treated and the
condition and prior medical history of the patient
being treated However, it is within the skill of 25
the art to start doses of the compound at levels lower
than required to achieve the desired therapeutic
effect and to gradually increase the dosage until the
desired effect is achieved.       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 30or, where such forms exist, in
pharmaceutically acceptable salt, ester, amide or
prodrug form. Alternatively, the compound an be
administered as a pharmaceutical composition
containing the compound of interest in combination
with one or more pharmaceutically acceptable carriers
The phrase -35-  "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 It will be understood, however, that
the total daily usage of the compounds and
compositions of the invention will be 5 decided by the
attending physician within the scope of sound medical
judgment The specific therapeutically effective dose
level for any particular patient will depend upon a
variety of factors including the disorder being
treated and the severity of the disorder; activity of
the specific compound employed; the specific
composition employed; the age, body weight, general
health, sex and diet of the 10patient; the time of
administration, route of administration, and rate of
excretion of the specific compound employed; the
duration of the treatment; drugs used in combination
or coincidental with the specific compound employed;
and like factors well known in the medical arts. For
example, it is well within the skill of the art to
start doses of the compound at levels lower than
required to achieve the desired 15therapeutic effect
and to gradually increase the dosage until the desired
effect is achieved.       For treatment or prevention
of disease, the total daily dose of the compounds of
this invention administered to a human or lower animal
may range from about 0.0003 to about 30 mg/kg of body
weight. For purposes of oral 20 administration, more
preferable doses can be in the range of from about 0
001 to about 0.1 mg/kg body weight. ff desired, the
effective daily dose can be divided 



into multiple doses for purposes of administration;
consequently, single dose compositions may contain
such amounts or subrnultiples thereof to make up the
daily dose. 25 Methods for Preparing Compounds of the
Invention        The compounds of the invention can be
better understood in connection with the following
synthetic schemes and methods which illustrate a means
by which the compounds can be prepared.
30Abbreviations which have been used in the
descriptions of the schemes and the examples that
follow are: Xantphos for
4,5-bis(diphenylphosphino)-9,9- dimethylxanthene,
[161265-03-6]; BINAP for
2,2'-bis(diphenylphosphino)411r- binaphthyl; Boc for
butyloxycarbonyl; Et0Ac for ethyl acetate; HPLC for
high -35- WO 2007/100990PCT/US2007/062329 pressure
liquid chromatography; IPA for isopropyl alcohol, Me
for methyl; Me0F1 for methanol; Ms for
methanesulfonyl; Pd for palladium, tBu for tert-butyl;
TEA for triethylamine; TFA for trifluoroacetic acid;
THE for tetrahydrofuran; and Ts for
para-toluenesulfonyl; dba for dibenzylidine acetone,
rt for "room temperature'. or 5ambient temperature
suitably ranging 17-30C. Copper iodide is Cul;
palladium acetate is Pd(OAc)2 EmrysTm Process Vial is
a microwave process vial (10 ml or 30 mf glass vial
with sealed cap). All microwave irradiation
experiments were carried out using the Emrys
Synthesizer from PersonalChemistry AB (Uppsala), All
experiments were carried out in sealed microwave
process vials utilizing the TO standard absorbance
level (300 W maximum power) If not stated otherwise,
reaction times under microwave conditions reflect
total irradiation times counted from the beginning of
the irradiation As identifiers of compounds available
from descriptions reported in the literature or
available commercially, CAS numbers may be used; CAS
numbers are identifier numbers assigned to compounds
by 15 Chemical Abstracts Service of the American
Chemical Society, and are well known to those of
ordinary skill in the art.       The compounds of this
invention can be prepared by a variety of synthetic
procedures Representative procedures are shown in, but
are not limited to, Schemes 1-17 20 Scheme  1
Compounds represented by formula 3, which are
representative of 25 compounds of the invention may be
obtained as describe in Scheme 1. Compounds of formula
[I, wherein R1 is an alkyl, cycloakyl or a cycloalkyl
alkyl group as defined in formula (I) and R2a,
R2b,Rai, and are as defined in formula (I), when
treated with compounds of formula 2, wherein R3, R3b,
Rk, and R3d, are as defined in formula (I), X1 is
bromide, iodide, chloride or F3CCO2- and   wherein X2
is -L1-Cyl-L2-Cy2, -L2-Cy3 or R6, along with a
palladium catalyst such as but not limited to
palladium acetate (Pd(OAc)2) or
tris(dibenzylideneacetone)dipalladium (Pd2dba3), a
ligand additive such
racemic2,2i-bis(diphenylphosphino)-1,11-binaphthyl
(B1NAP) and a base such as sodium 5tert-butoxide in a
solvent such as but not limited to toluene, with the
reaction carried out under heating conditions between
about 50C to about 110C for about 12 to about 20 hours
will provide compounds of formula 3 which are
representative of compounds of the invention. The
general reaction of amines with aryl halides and aryl
&Mates is well 



10known to those of ordinary skill in the art of
organic synthesis. The reaction of amines with aryl
halides and aryl trifiates is known to proceed in the
presence of sodium t-butoxide (Na0t-Bu) or cesium
carbonate (Cs2CO3) in the presence of a metal catalyst
such as, but not limited to, copper metal or Cu!.
palladium diacetate (Pd(OM)2) or
tris(dibenzylideneacetone)dipalladium (Pd2dba3) , and
also 5optionally with a ligand such as, but not
limited to, BINAP, or tri-tert- butylphosphine
((t-Bu)3P) under ambient or heated conditions to
provide new compounds wherein the nitrogen of the
amine moiety has displaced the halide or trifiate of
the aryl halides and aryl triflate. The reaction can
be performed in a solvent such as dioxane, toluene, or
pyridine. References that describe examples 20of the
methodologies may be found in the following: J.
Hartwig, eta]., Angew, Chem. Int. Ed., 37:2046-2067
(1998); J. P. Wolfe et al., Acc. Chem Res., 13:805-
818 (1998); J. P. Wolfe et al., J. Org. Chem.,
65.1158-1174 (2000); F. Y. Kwong et al., Org Lett,
4:581-58-4 (2002); and B. H.Yang et al., J.
Organornet. Chem., 576:125-146 (1999). 25Diarnine
compounds of general formula 1 described in Scheme 1
are available by general routes and methods described
in the literature. For specific examples, Schenke, et
at (US Patent 5,071,999) describes 5,6-
dimethyloctahydropyrrolo[3,4-b]pyrrole where R1 and
R2I are methyl, and R2', R2b, R2, R2d, and R2a are
hydrogen is described. Also described in Schenke, et
al 30(US Patent 5,071,999) is a
3-fluoro-5-methyloctahydropyrrolo[3,4-b]pyrrole
wherein RI r methyl, R2b = fluoro, and R26, Rat, R2d,
R2', and R21 are hydrogen. In the same reference
(Schenke, et al. US Patent 5,071,999) is described
ethyl 3-
methylhexahydropyrrolo[3,4-bipyrrole-5(1H)-carboxylate
, a compound which may -38- WO
2007/100990PCT/US2007/062329 be treated with lithium
aluminum hydride in THE to reduce the ethyl carbamate
group to a methyl group and produce
3,5-dimethyloctahydropyrrolo[3,4-b]pyrrole, e wherein
R1 and R2c are methyl, and R2 R2b, le, -2 ', ,and R2f
are hydrogen In the same reference (Schenke, et al. US
Patent 5,071,999) is described ethyl 3-
5methy1-2,7-diazabicyclo[3.3.0]octane-7-carboxylate, a
compound which may be treated with Lithium aluminum
hydride in THF to reduce the ethyl carbamate groups to
a methyl groups and produce methyl, - b]pyrrole
wherein RI and R2d are ethyl, and R2 R2e t-t20, a,
,R2e, and R21 are hydrogen. In Basha, etal. (US Patent
Publication 2005/0101602A1) is described
to6a-methyl-hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxyl
ic acid benzyl ester, which after treatment with
methyl iodide followed by treatment with HBr in acetic
acid to remove the benzyl ester, will provide
5,6a-dimethyloctahydropyrrolor3,4-b]pyrrole, wherein
R1 and R2e are methyl, and R2a, R2b, R2`, R2d, and R2f
are hydrogen In the case where compounds of formula
(I) are present as a racemic mixture, and it 15is
desired that enantiomerically purified products be
isolated, column chromatography of the racernic
mixture on a chiral column may be utilized to separate
one or both enantiomers 20Scheme 2   



nr N- 1H aikyl 10  Alternatively, the nitrogen of
compound formula 4, may be protected with a
benzyloxycarbonyl protecting group utilizing
N-(benzyloxycarbonyloxy)- succinimide or
benzyloxycarbonyl chloride, and a base such as
diisopropylethylamine in solvents such as
dichlorometharie to provide a compound of formula 5.
Compounds of formula 5 may undergo acid catalyzed 5
removal of the butoxycarbonyl group when treated with
an acid such as trifluoroacetic acid in a solvent such
as dichloromethane, to provide a compound of formula 6
Compound of formula 6, when treated with a compound of
formula 7 according to conditions outlined in Scheme 1
will provide compounds of formula 8. The removal of
the benzyloxycarbonyl protecting group using heated
10trifluoroacetic acid or other acids such as HBr in
acetic acid or by hydrogenolysis utilizing hydrogen
gas and a palladium catalyst are processes well known
by those skilled in the art, and will provide
compounds of formula 9. Compounds of formula 9 when
treated with a base such as sodium hydride in a
solvent such as but not limited to TI-IF followed by
the addition of an alkyl halide and will provide 15
compounds of formula 10 which are representative of
compounds of the invention Alternative methods of
direct alkyation of compounds of formula 9 are
available by treatment of alkyl halides and triflates
with compounds of formula 9 in solvents such as but
not limited to dichlorornethane, toluene, ethyl
acetate, at temperatures ranging from -78 to 150 C,
optionally in the presence of a base such as sodium
20carbonate, sodium bicarbonate, cesium carbonate, or
triethylamine to produce compounds of formula 10.
Other methods for the conversion of compounds of
formula 9 into compounds of formula 10 involve
treatment with sodium cyanoborohydride in a solvent
such as THE with carbonyl compounds such as
paraformaldehyde, acetone, or acetaldehyde. Yet
another method for the 26 conversion of compounds of
formula 9 to compounds of formula 10 involves reaction
of compounds of formula 9 with a carbonyl compound in
dichloromethane in the presence of sodium
triacetoxyborohydride, as is well known to those
skilled in the art, and as described in Abdel-Magid,
et al. in the Journal of Organic Chemistry (1996)61,
p. 3849-3862 30Compound of formula 4 (CAS
#370880-09-4, also known as pyrrolo[3,4-
b]pyrrole-1(2H)-carboxylic acid, hexahydro-,
1,1-dimethylethyl ester, (3aR,6aR) or
(3aR,6aR)-tert-butyl
hexahydropyrrolo[2,3-c]pyrrole-1(2H)-carboxylate is
available from methods described in Basha, et al. U.S.
Pat. Appl. Publ. (2005) 2005101602 -40-  WO
2007/100990PCT/US2007/062329 Al and Schrirnpf, et a.
PCT Int, Appl. (2001 ), WO 2001081347 A2. Compound of
formula 4 is available in racemic form commercially
from J & W PharmLab LLC, 1300W Steel Rd, Unit #1 ,
Morrisville, PA, 19067, USA and from Anichem [LC, 1
Deer Park Dr., Suite P, Monmouth Junction, NJ, 08852.
An alternative 5 preparation of compounds of formula 4
may be obtained by hydrogenolytic removal (with
palladium and hydrogen gas) of the benzyl moiety from
tert-butyl 1-
benzylhexahydropyrrolo[2,3-c]pyrole-5(1H)-carboxylate,
to provide a compound produced as a racemic mixture is
provided in Schenke, T., et al, U.S. Patent 5,071,999,
(1991); the isolation of enantiomerically purified
products from racemic to mixtures by column
chromatography on a chiral column is well known to
those of ordinary skill in the art of organic
synthesis, will provide enantiornerically pure
(3aR,6aR)-tert-butyl
hexahydropyrrolo[3,4-h]pyrrole-5(1H)-carboxylate, from
its racemic form, 15Scheme 3   



13 alkyl        Compounds of formula 4 may also be
treated directly with a base such as sodium hydride or
sodium carbonate in a solvent such as THE followed by
an alkyl 20 halide to provide compounds of formula 11.
Alternatively, compounds of formula 4 when treated
with paraformaldehyde, an alkylaldehyde or alkyl
ketone, followed by treatment with sodium
cyanoborohydride will provide compounds of formula 11
Compounds of formula 11 when treated with a mixture of
trifluoroacetic acid and dichioromethane will provide
compounds of formula 12. Compounds of formula 2512
when treated with compounds of formula 2 according to
conditions outlined in Scheme 1 will provide compounds
of formula 13 which are representative of compounds of
the invention Alternatively, the method of direct
alkyation of compounds of formula 4 by treatment of
alkyl halides or triflates with compounds of formula 4
in solvents such as but not limited to
dichloromethane, toluene, ethyl 30 acetate, optionally
in the presence of a base such as sodium carbonate,
sodium -41-  WO 2007/100990PCT/US2007/062329
bicarbonate, cesium carbonate, or triethylamine to
produce compounds of formula 11. Scheme 4    Compounds
of formula 14, which may be prepared according to the
methods outlined in Scheme 1, wherein X2 is R6 and R6
is bromide may be treated according to methods known
to one skilled in the art to provide compounds of 10
formula 16, which are representative of compounds of
the invention. Compound of formula 14 when treated
with compounds of formula 15, wherein Cy2 is aryl or
heteroaryl, as defined within the scope of formula
(I), in the presence of palladium acetate,
2-(dicyclohexlphosphino)biphenyi and potassium
phosphate in a mixture of solvents such as but not
limited to toluene, isopropanol and water under heated
15 conditions of about 60C to about 75C will provide
compounds of formula 16       The reaction of aryl and
heteroaryi halides and trifiates, such as those
represented by compounds of formula 14 with aryl and
heteroaryl boronic acids, boronic acid esters, and
pinacol boranes in the presence of a base such as
sodium carbonate, K3PO4, or KF in a solvent such as
tetrahydrofuran or toluene, 20in the presence of a
palladium source such as palladium diacetate,
Pd012(RPh3)2, or Pd(PPh3)4, and a ligancl such as
triphenylphosphine, 2-
(dicyclohexylphosphino)biphenyl, tri-t-Butylphosphine,
or tris(2-furyl)phosphine is well known to those
skilled in the art as a Suzuki reaction. The general
methodology has been reviewed for example in J. Tsuji,
Palladium Reagents and 25Catalysts-innovations in
Organic Synthesis, John Wiley & Sons: New York, 1995
Reference describing the preparation of boronic adds
such as compounds of formula 15 may be found for
example in B. T. O'Neill, et al., Organic Letters,
2:4201 (2000); M 0.. Sindkhedkar, at al., Tetrahedron,
57:2991 (2001); W. C. Black, et al , Journal of
Medicinal Chemistry, 42:1274 (1999), Letsinger;
Dandegaonker, J. Amer. Chem. Soc., 81.498-501 (1959);
Carroll, F. Ivy, et al. J. Med. Chem , 2229-2237
(2001).       Boronic acids and esters of formula 15
include both boronic acids wherein R' is 14, boronic
acid esters wherein R' is an alkyl such as methyl or
isopropyl, and 5 also includes pinacol borane esters
wherein the two R'0 groups taken together with the
boron atom form a
4,4,5,5-tetramethyl-[1,3,2]dioxaborolanyl moiety.
There are many aryl, heteroarylr and heterocyclic
boronic acids and boronic acid esters that are
available commercially or that can he prepared as
described in the scientific literature of synthetic
organic chemistry. Examples of boronic acid and
10boronic acid ester reagents are shown in the
following table. 



Table  Examples of Boronic Acid and &ironic Acid Ester
Reagents Boronic Acid or Boronic Acid Ester Commercial
Source, Chemical Abstracts Numbed_CAS #), or
Literature Reference  CAS #373384-19-1
2-pyrirnidinone-5- boronic acid
2-methoxypyrimidine-5-boronic acid Frontier
Scientific, Inc., Logan, UT, USA '
1H-pyrimidine-2,4-dione-5- boranic acid Specs,
Fleminglaan, the Netherlands CAS #70523-22-7;
Schinazi, Raymond F.; Prusoff, William H., Synthesis
of 5- (dihydroxyboryI)-2'-deoxyuridine and related
boron-containing pyrirnidines, Journal of Organic
Chemistry (1985), 50(6), 841-7. pyridine-3-boronic
acid CAS #1692-25-7, Frontier Scientific, Inc.., Loan,
UT, USA 2,4-dimethoxypyrirnidine-5- boronic acid CAS
#89641-18-9, Frontier Scientific, Inc., Logan, UT, USA
2-methoxy-5-pyridine boronic acid Digital Specialty
Chemicals, Dublin, NH; CAS #163105-89-3; New
shelf-stable halo-and alkoxy-substituted
pyridylboronic acids and their Suzuki cross-coupling
reactions to yield heteroarylpyridines, Parry, Paul
R., Bryce, Martin R.; Tarblt, Brian, Department of
Chemistry, Synthesis (2003), (7), 10351038;
Functionalized Pyridyiboronic Acids and Their Suzuki
Cross-Coupling Reactions To Yield Novel
Hetemarylpyridines, Parry, Paul R.; Wang, Changsheng;
Batsanoy, Andrei S.; Bryce, Martin R.; Tarbit, Brian,
Journal of manic_  WO 2007/100990PCT/US2007/062329
Chemistry (2002), 67(21), 7541-7543.  CAS
#109299-78-7, S. Gronowitz, et al., "On the synthesis
of various thienyl- and selenienylpyrimidines", Chem.
Scr. 26(2)305-309 (1986).  Umemoto, et al., Angew.
Chem hit. Ed 40(14):2620-2622 (2001). 1
pyrimidine-5-boronic acid  pyrimidine-5-boronic add,
inacol ester  2-methylpyriciine-5-boronic acidhydrate
SYNCHEM OHS Heinrich-Plett-Strassse 40; Kassel,
D34132, Germany; CAS #659742-21-9 



2H-Pyran, 3,6-dihydro-4- (4,4,5,5-tetramethyl- 1 ;3,2-
dioxaborolan-2-y1) CAS # 287944-16-6, Murata, Mild;
Oyama, Takashi; Watanabe, Shinji; Masuda, YUZU ru,
Synthesis of alkenylboronates via palladium-catalyzed
borylation of aikenyl triflates (or iodides) with
pinacolborane Synthesis(2000), (6), 778-780.  CAS
#286961-14-6; A versatile synthesis of
4-aryltetrahydropyridines via palladium mediated
Suzuki cross-coupling with cyclic vinyl boronates,
Eastwood, Paul R., Discovery Chemistry, Aventis
Pharrna, Essex, UK., Tetrahedron Letters (2000),
41(19), 3705-3708. 1(2F1)-Pyridinecarboxylic acid,
3,6-dihydro-4-(4,4,5,5- tetramethy1-1 r
3r2-dioxaborolan- 2-yI)-, 1,1-dimethylethyl ester
(5-cyano-3-pyridinyI)-boronic acid CAS # 497147-93-0,
Chemstep Institut du PIN - University Bordeaux 1 351
cours de la liberation Talence Cedex, 33450 France
Thianthrene-1-boronic acid Aldrich Chemical Company,
Inc.  Cat # 110831, Asyrnchem Laboratories, Inc.
Benzoxazole-5-boronic acid  Benzothiazole-5-boronic
acid Cat # 1464, Digital Specialty Chemicals, Inc.
4-Methy1-7-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yI)-3,4-
dihydro-2h-1,4-benzoxazine Cat # CC13539CB, Acros
Organics USA 10-Methy1-3-(4,4,5,5-
tetramethyi41,3,2jdioxaborolan-
2-y1)-10H-phenothiazine Kraemer, C. S., et, al,
Synthesis 2002, 9, 1163 - 1170
(1,4-Dihytho-4,4-dimethy1-2- oxo-2H-3,1-benzoxazin-6-
yl)boronic acid Zhang, Pet, al J,Med Chem 2002, 45,
4379 -4382.        Pinacolboronate esters may be
prepared by procedures such as those described in
Takagi et al, Tetrahedron Letters; 43:5649-5651
(2002), N. Miyaura  WO 2007/100990PCT/US2007/062329 at
al., Chem Rev. 95:2457(1995) or references cited
within the article, and ishiyama, et al, Tetrahedron,
9813-9816 (2001) 



5Scheme 5  R3c RSBr R2d R2aRSb R2bR2a Ra R2a 14 k
Rat R5 R3b RZI:jWa R2c R3b R2b --/ R2a R3a R22R2f   R1
.18        Similary, in a Suzuki reaction, compounds
of formula 14 may be treated with phenyl boronic acids
of formula 17, in the presence of palladium diacetate,
2- 10(dicyclohexlphosphino)biphenyl and potassium
phosphate (K2PO4) or sodium carbonate in a mixture of
solvents such as but not limited to toluene,
isopropanol and water under heated conditions of about
30 C to about 150 C to provide compounds of formula
18.          Alternatively, compounds of formula 14
may also be used to generate compounds of formula 20
which are representative of compounds of formula (ft
20 Compounds of formula _14 when treated with
compounds of formula 19, wherein L1 is a heteroatom
such as oxygen, sulfur or nitrogen, in the presence of
copper powder and potassium carbonate in guinoline
under heated conditions between about 120C to about
150C will provide compounds of formula 20 which are
representative of compounds of the invention.
Alternative methodologies that 25 describe the
reaction of halides such as compounds of formula 14
with 



-45-  compounds of formula 19 where L is nitrogen as
for example NH2 or NH(alkyl) in the presence of sodium
t-butoxide or cesium carbonate in the presence of a
metal catalyst such as, but not limited to copper
metal or Cul, palladium diacetate, and also optionally
with a ligand such as, but not limited to, BINAP,
tritertbutylphosphine in solvents such as dioxane,
toluene, and pyridine, are well known to those skilled
in the art, with examples described in J. Hartwig, et
al., Angew. Chem. Int. Ed., 37:2046-2067 (1998); J. P.
Wolfe et al., Acc. Chem. Res., 13805-818 (1998); J. P.
Wolfe et al., J. Org. Chem., 65:1158-1174 (2000); F.
Y. Kwong et al., Org. Lett., 4:581-584, (2002); and B.
H.Yang et al., J. Organornet. 10Chem., 576:125-146
(1999). Alternative methodologies that describe the
reaction of halides such as compounds of formula 14
with compounds of formula 19 where 12 is oxygen as for
example hydroxyl in the presence of a base such as but
not limited to sodium hydride in a solvent such as
toluene or N,N-dimethylformamide in the presence of
15a metal-containing catalyst such as Cul or palladium
diacetate are well known to those skilled in the art,
with examples described in Hartwig et al., Angew.
Chem, Int, Ed., 37:2046-2067 (1998); K. E. Torraca et
al., J. Amer. Chem, Soc., 123:10770-10771 (2001); S.
Kuwabe et al., J. Amer. Chem. Soc.,123:12202- 12206
(2001); K. E Toracca el al., J. Am. Chem. Soc.,
122:12907-12908 (2000); 20R. olivera et al., Tet.
Lett., 41:4353-4356 (2000); J.-F. Mara:nix et al., J.
Am. Chem. Soc., 119:10539-10540 (1997); A. Aranyos et
al., J. Amer. Chem. Soc., 121,4369-4378 (1999); T.
Satoh et al., Bull. Chant Soc. Jpn., 712239-2246
(1998), J F. Hartwig, Tet. Lett., 38:2239-2246 (1997);
M. Palucki et al., J. Amer Chem. Soc.,
119:3395-3396(1997); N. Hags et al, J. Org. Chem.,
61:735-745 25(1996); R. Bates etal., J. Org. Chem.,
47.4374-4376 (1982); T. Yamamoto et al., Can. J.
Chem., 61:86-91 (1983).       Alternative
methodologies that describe the reaction of halides
such as compounds of formula 14 with compounds of
formula 19 where LI is sulfur such as a thiol in the
presence of a base with or without a metal catalyst
such as Cu] or 30palladium diacetate in a solvent such
as dimethylforrnamide or toluene are described in G.
Y. Li et al., J. Org. Chem., 66:8677-8681 (2001); Y.
VVang et al., Bioorg. Med. Chem. Lett., 11;891-894
(2001); G. Liu et al., J. Med. Chem.,
44:1202-1210(2001); G. Y. Li et al., Angew. Chem..
Int. Ed., 40:1513-1516  (2001); U Schopfer at al ,
Tetrahedron, 57:3069-3074 (2001); and a Palomo et al.,
Jet. Lett., 41:1283-1286 (2000). 5Scheme 7  R3eR3c. r
L2_c"Y2 Yi  R3a ...j--,,- ...BrR3d 4.) -. ___ N) R2d
IR2 r_ ., L2,01,2 y ;R2c N --c------r---R3b iRc--..R3b



R2b..r.R2e rea  HN)R2b1 iR2e R3a -, I-,---'Pf.1,.. .,
R2a .N. R2' 21 r R1R ' 1422       Compounds of formula
14 may also be used to generate compounds of formula
22 which are representative of compounds of formula
(I) wherein LI is a tobond and Cyl is a nitrogen
containing heterocycle. Compounds of formula 14 when
treated with compounds of formula 21 wherein 'in is a
bond or is selected from the group consisting of CH
and N, in the presence of copper powder and potassium
carbonate in quinoline under heated conditions between
about 120 to about 150C will provide compounds of
formula 22 which are representative of 15 compounds of
the invention.  Scheme 8  WO
2007/100990PCT/US2007/062329           Similarly,
compounds of formula 14 when treated with
1-acetylpiperazine, the compound of formula 23 in the
presence of 5tris(dibenzylideneacetone)dipallactium,
(R)-(4-)-212'-bis(diphenylphosphino)-1,1`- binaphthyl
and sodium tert-butoxide in toluene subjected to
microwave heating under heated microwave conditions
will provide compounds of formula 24. The compounds of
formula 24 when treated according to conditions known
to remove an acetyl group from a nitrogen atom such as
but not limited to heating a the io compound in a
mixture of 2N HCI and methanol will provide compounds
of formula 25. The conditions suitable to convert
compounds of formula 25 into compounds of formula 27
may vary based on the reactivity of compounds of
formula 26 The treatment of compounds of formula 25
with compounds of formula 26 (RT-X3), wherein R7 is
aryi, cycloalkyl, cycloalkenyl, heteroaryl or
15heterocycle and X3 is halogen or another appropriate
electrophile known to one skilled in the art, will
provide compounds of formula 27 maybe carried out
under different conditions depending on the reagent,
R7-X3. When Fe is cycloalkyl, cycloalkenyl,
heterocycle or certain heteroaryl rings and X3 is a
halogen or triflate (F3CS020-), the conversion may be
carded out by heating a mixture in a solvent 20such as
acetonitrile in the presence of a base such as but not
limited to triethylamine. When R7 is aryl or
heteroaryl then the conversion can be carried out by
heating the mixture in the presence of
tris(dibenzylideneacetone)dipalladium,
racemic-2,2t-bis(diphenylphosphino)-1,1'- -48- 



WO 2007/100990PCT/US2007/062329 binaphthyl and sodium
tert-butoxide in a solvent such as toluene at 30-150
C. Scheme 9    5        in addition, compounds of
formula 29 are obtained by the treatment of compounds
of formula 1 with compounds of formula 28, wherein X1
is a halogen (Cl, Br, 1) or a triflate (C1.738020)
using conditions outlined in Scheme 1 Compounds of
formuia 28 may he obtained from commercial sources, or
are 10readily available according to methods described
in the scientific literature, or in the case where X'
is a Inflate may he made from phenols by treatment
with triflic anhydride in the presences of a base.
Examples of readily available suitable compounds of
formula 28 include but are not limited to
1,4-dibromo-2,5- difluorobenzene,
2,5-dibrorno(trifluoromethoxy)benzene,
4-bromo-2-fluorophenol, 15and
5-bromo-2-iodobenzonitriie.        Furthermore,
compounds of formula 29 which contain an X4 group that
is a bromide, may be further treated according the
methods outlined in Schemes 4, 5, 6,7 or 8 to generate
compounds of formula 16, 18, 20, 22 or 27,
respectively which are representative of compounds of
the invention. 20 Scheme 10   Re -W- O)(R10)2B Rae
3017         A wide variety of compounds of formula 17
are available from commercial suppliers In addition,
compounds of formula 11 are also available
synthetically through methods described in the
scientific literature, or may be prepared from
compounds of formula 30 by methods described in Scheme
10 Compounds of 5formula 17 include include both
boronic acids wherein His H, and boronic acid esters
wherein Ri is an alkyl such as methyl or isopropyl,
and also includes pinacol borane esters wherein the
two R10 groups taken together with the boron atom form
a 4,4,5,54etramethyql ,3,21dioxaborolanyl moiety.
Compounds of formula 18, wherein R6 is a halogen may
be treated with aryl boronic acids or aryl boronic
esters according to the procedure outlined in 15
Scheme 4, to provide compounds of formula 31 wherein
Cys is an aryf ring 



Alternatively, compounds of formula 18, wherein R6 is
a halogen may also be treated with heteroaryl boronic
acids or heteroaryf boronic esters according to the
procedure outlined in Scheme 4, to provide compounds
of formula 31 wherein Cys is a heteroaryl. 20Compounds
of formula 31 wherein Cys is a heterocyclic or
heteroaiyi ring connected to the parent molecular
moiety through a nitrogen atom contained within the
ring, may be prepared by the treatment of a
heteraromatic compound or a heterocyclic compound with
a compound of formula 18 wherein R6 is a halogen or
trifiate. The conditions needed to effected this
transformation Include but are 25not limited to
heating in the presence of a base such as, hut not
limited to, sodium t-butoxide or cesium carbonate, in
the presence of a metal catalyst such as, but  WO
2007/100990PCT/US2007/062329 not limited to copper
metal or Cul, palladium diacetate, optionally with a
ligand such as, but not limited to,13INAP,
tri-tertbutylphosphine in solvents such as dioxane,
toluene and pyridine. References that describe these
methodologies may be found in the following
references: J Hartwig et al, Angew. Chem. Int. Ed.
537:2046-2067 (1998); J. P. Wolfe et al., Acc. Chem.
Res., 13:805-818 (1998); Sugahara et al., Chern.
Pharm. Bull., 45:719-721 (1997); J. P. Wolfe et al.,
J.Org.Chem., 65:1158-1174, (2000); F. Y. Kvvong et
al., Org. Lett., 4:581-584w (2002); A. Klapars et al.,
J. Amer. Chem. Soc., 123:7727--7729 (2001); B. H.Yang
et al., J Organomet. Chem., 576 1 25-146 (1999);A.
Kiyamori et al., 'let. Lett., 1040:2657-2640 (1999);
Hartwig, J. Org. Chem., 64(15):5576-5580 (1999); Pu,
et al. Tetrahedron Letters (2006) vol. 47 p149; WO
0024719, p. 127, Example 62. Examples of suitable
heterocyclic and heteroaromatic reagents include but
are not limited to piperidin-2-one, 1H-pyridin-2-one,
and 2H-pyridazin-3-one. 15Scheme 12        Similarly,
the compound of formula 32, protected by a
tert-butyloxycarbonyl protecting group (Boc), when
treated with 1,4-dibromobenzene along with
tris(dibenzylideneacetone)dipalladium (Pd2(dba)3),
racemic-2,2P- 20bis(diphenylphosphino)-1,1'-binaphthyl
(13INAP), sodium tert-butoxide in toluene as described
in Scheme 1, will provide the compound of formula 34.
The removal of the Boc protecting group using TEA in
dichloromethane followed by reductive  WO
2007/100990PCT/US2007/062329 amination using
formaldehyde and sodium cyanoborohyd ride will provide
the compound of formula 35. The treatment of the
compound of formula 35 with
4,4,4'14',5,55,5'-octamethy1-2,2l-bi(1,3,2-dioxaborola
ne), Pd(dppf)C12 and potassium acetate in dioxane will
provide compounds of formula 36 Scheme 13    Compounds
of the present invention containing a heteroaryl ring
such as 10but not limited to a pyridinyl ring in the
Cyl position may be prepared by following the
procedures outlined in Scheme 13 followed by the
procedure outlined in either Scheme 13 or Scheme 14.
The compound of formula 38 when treated with the
compound of formula 39 in the presence of copper and
potassium carbonate in pyridine under heated
conditions will provide a mixture of both the compound
of 15 formula 40 and the compound of formula 41. The
mixture of compounds is separable utilizing
chromatographic procedures known to one skilled in the
art  20The compound of formula 40 and the compound of
formula 36 when heated and rnicrowayed in the presence
of dichloroditriphenylphosphino palladium,
2-(dicyclonexylphosphino)biphenyl, and Na2C00 in a
solvents such as a mixture of ethanol and dioxane will
provide the compound of formula 43. 



25Scheme 15  WO 2007/100990PCT/US2007/062329 41:3644
Similarly, compound of formula 41 and compound of
formula 36 when treated according to the procedure
outlined in Scheme 14, will provide the compound of
formula 44. 6 Scheme 16  0 NHS Br  I'-I131--{'
ICu/K2CO3                 pyridine  NN N g.4546  3G
47       Examples of other heteroaryl rings in the Cyl
position of the compounds of formula (I) may be
prepared accordingly. For example, the compound of
formula 10 38 when treated with the compound of
formula 45 according to the procedure outlined in
Scheme 13 will provide the compound of formula 46. The
compound of formula 46 when treated with the compound
of formula 36 according to the procedure outlined in
Scheme 14 will provide the compound of formula 47.
IsScheme 17  Similarly, compounds of formula 48,
wherein Rlx is alkyl, when heated with compounds of
formula 49, wherein Cy' is aryl, and preferably is
phenyl, in the presence of palladium acetate,
Xantphos, and cesium carbonate will provide 5
compounds of formula 50 Alternatively, other carbonate
bases also can be suitable, for example potassium
carbonate. Typical conditions include but are not
limited to heating the mixture of 2 molar equivalents
of compounds of formula 49 with 1 molar equivalent of
compounds of formula 50 along with 2 molar equivalents
of cesium carbonate and catalytic quantities of
palladium acetate and 10 Xantphos in toluene at a
temperature of about 80C to about 110C, and preferably
about 95 C Compounds of formula 50 when heated in the
presence of compounds of formula 38 with copper
iodide, or copper powder with a base in a polar,
high-boiling solvent, for example DMF, DMA, pyridine,
or 4-methylpyridine. Preferred conditions are heating
compounds of formula 50 in the presence of 15
compounds of formula 38 along with 8-hydroxyquinoline,
copper iodide, and potassium carbonate, in a solvent
such as DMF, to provide compounds of formula 51.
Compounds of formula 51, wherein Rix is alkyl such as
methyl or ethyl, and preferably ethyl, when treated
with 33%1-1Br in acetic acid while heated to about  WO
2007/100990PCT/US2007/062329 65 to about 75 C will
provide compounds of formula 52 isolated as a salt.
Alternatively, compounds of formula 51 can be treated
with base in ethylene glycol to provide compounds of
formula 52. Accordingly, compounds of formula 52 may
be used to provide compounds of formula 53 which are
representative of 5 compounds of the present
invention. Therefore, contemplated within the scope of
the invention is the process of preparing the
compounds of formula (11E), I-1 N. 



(1E1), wherein Cyi is aryl, preferably phenyl, which
are useful for the preparation of 10 some compounds of
formula (I). In addition, the process also discloses
the treatment of a compound of formula (111) with
alkylating conditions to provide compounds of formula
(IV)  (IV), 15 wherein R1 is an alkyl group The
alkylating conditions comprise treating a mixture of a
compound of formula (11E) and formaldehyde,
acetaldehyde, or cycloalkyl ketones, with a reducing
agent such as sodium triacetoxyborohydricle, sodium
cyanoborohydride, or sodium borohydride. In a
preferred embodiment, the alkyiating conditions
comprises treating a mixture of a compound of formula
20(I11) and formaldehyde with sodium
triacetoxyborohydride.         The treatment of
compounds of formula 52 with alkyiating conditions
known to one skilled in the art will provide compounds
of formula 53. For example, the treatment of compounds
of formula 52 with a base such as lithium
difsopropyiamide or lithium bis(trimethylsilyparnide
in a solvent such as THE or dioxane at a temperature
between about -78 C to about 0 C followed by treatment
with a compound of formula R1-X, wherein R1 is defined
in formula (I) and X is chloro, bromo, lodo, mesyl or
triflate will provide compounds of formula 63.
Alternative conditions for a base mediated alkylation
include the treatment of compounds of formula 52 with
sodium hydride in DMF at about -10 C to about 0 10 DC
followed by treatment with R1-X will provide compounds
of formula 53 Furthermore, the treatment of the
mixture of compounds of formula 52 and R1-X with
sodium hydroxide in a mixture of water and an
appropriate organic solvent containing a phase
transfer catalyst known to one skilled in the art will
provide compounds of formula 53. Alternatively,
treatment of compounds of formula 52 15with reductive
arnination conditions known to those skilled in the
art will provide compounds of formula 53. Accordingly,
the treatment of compounds of formula 52 with
aldehydes, such as but not limited to formaldehyde,
acetaldehyde, or cycloalkyl ketones, in the presence
of a reducing reagent, such as but not limited to
sodium triacetoxyborohydride, sodium cyanoborohydride,
or sodium 20 borohydride, provides compounds of
formula 63 The process of preparing compounds of
formula (Ill) relates to heating the mixture of the
compounds of formula (111a) (wherein P is a nitrogen
protecting group such as but not limited to
alkoxycarbonyi compounds), with compounds of formula
(111b) (wherein Cyl is aryl), and with a carbonate
base, a palladium source, 26and Xantphos in a solvent
Suitable carbonate bass are, for example, potassium
carbonate or cesium carbonate. A suitable palladium
source can be, for example, palladium acetate or
palladium chloride Preferably the reaction is carried
out with cesium carbonate, palladium acetate, and
Xantphos in toluene and heated to, preferably, a
temperature between about 80C and about 110C to
complete the 30reaction to provide a compound of
formula (illc). The resulting mixture can be cooled to
between about 15 C and about 40 C and diluted with a
halogenated hydrocarbon, followed by filtering the
mixture, and then concentrating the mixture to provide
an isolated compound of general formula (1110). The
compounds of -56-  (lila), (II lb), and (11c) have the
structures:  (111a)(111b)Cy1(111c) Br wherein Cy' is
aryl, and preferably is phenyl, and P is a
nitrogen-protecting group Heating compounds of formula
(111c) with the compound of formula (111d), a
5carbonate base and a copper source in a high-boiling
polar solvent produces compounds of formula (111e).
Preferably, the carbonate base is potassium carbonate.
The copper source can be copper powder or copper (I)
iodide. The preferred reaction is carried out by
heating a compound of formula (111c) and a compound of
formula (111d) with copper (1) iodide,
8-hydroxyguinoline and 



10potassium carbonate in N,N-dimethylforrnamide to
about 120 GC to about 150C under an inert atmosphere.
The compounds can be isolated by cooling the mixture
to between about 15C and about 40 C, partitioning the
mixture between and organic solvent and a sodium
chloride solution, and then concentrating the organic
solution provides compounds of formula (111e), as
shown below  15 Removing the nitrogen protecting group
of the compound of formula (111e) provides compounds
of formula (IN), wherein preferably Cyl is p-phenyl.
Preferably the nitrogen-protecting group P of (111e)
is ethoxycarbonyi, methoxycarbonyl, or tert-
butyloxycarbonyl. The preferred nitrogen-protecting
group is ethoxycarbonyl.  Commonly used
nitrogen-protecting groups as well as methods to
remove them are disclosed in T W. Greene and P.G.M
Writs, Protective Groups in Organic Synthesis, 3rd
edition, John Wiley & Sons, New York (1999). Preferred
methods of removing nitrogen-protecting groups include
the treatment with hydrogen 5bromide in acetic acid
or, alternatively, treatment with a base in the
presence of ethylene glycol       The invention also
provides pharmaceutical compositions comprising a
therapeutically effective amount of a compound of
formula (I) or (II), or suitable salts and polymorphs
thereof, in combination with a pharmaceutically
acceptable carrier. The compositions comprise
compounds of the invention formulated together with
one or more non-toxic pharrnaceuticaliy acceptable
carriers. The pharmaceutical 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 15non-toxic, inert
solid, semi-solid or liquid filler, diluent,
encapsulating material or formulation auxiliary of any
type Some examples of materials which can serve as
pharmaceutically acceptable carriers are sugars such
as lactose, glucose and sucrose, starches such as corn
starch and potato starch; cellulose and its
derivatives such as sodium carboxyrnethyl cellulose,
ethyl cellulose and cellulose 20acetate; powdered
tragacanth; malt; gelatin, talc; cocoa butter and
suppository waxes; oils such as peanut oil, cottonseed
oil, safflower oil, sesame oil, olive oil, corn oil
and soybean oil; glycols; such a propylene glycol;
esters such as ethyl oleate and ethyl iaurate; agar;
buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water,
isotonic saline; Ringer's  25 solution; ethyl alcohol,
and phosphate buffer solutions, as well as other
non-toxic compatible lubricants such as sodium lauryl
sulfate and magnesium stearate, as well as coloring
agents, releasing agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and
antioxidants can also be present in the composition,
according to the judgment of one skilled in the art of
formulations_       The pharmaceutical compositions of
this invention can be administered to humans and other
mammals orally, rectally, parenterally,
intracisternally, intravaginally, intraperitoneally,
topically (as by powders, ointments or drops), bucally
or as an oral or nasal spray. The term "parenterally",
as used herein, -58-  refers to modes of
administration which include intravenous,
intramuscular, intraperitoneal, intrasternal,
subcutaneous, intraarticuiar injection and infusion.
Pharmaceutical compositions for parenteral injection
comprise pharmaceutically acceptable sterile aqueous
or nonaqueous solutions, 5dispersions, suspensions or
emulsions and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Examples
of suitable aqueous and nonaqueous carriers, diluents,
solvents or vehicles include water, ethanol, polyols
(propylene glycol, polyethylene glycol, glycerol, and
the like, and suitable mixtures thereof), vegetable
oils (such as olive oil) and injectable organic esters
such as toethyl oleate, or suitable mixtures thereof.
Suitable fluidity of the composition may 



be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required
particle size in the case of dispersions, and by the
use of surfactants. These compositions may also
contain adjuvants such as preservative 15agents,
wetting agents, emulsifying agents, and dispersing
agents. Prevention of the action of microorganisms may
be ensured by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, and the like. it may also be desirable to
include isotonic agents, for example, sugars, sodium
chloride and the like. Prolonged absorption of the
injectable 20 pharmaceutical form may be brought about
by the use of agents delaying absorption, for example,
aluminum monostearate and gelatin.        In some
cases, in order to prolong the effect of a drug, it is
often desirable to slow the absorption of the drug
from subcutaneous or intramuscular injection. This may
be accomplished by the use of a liquid suspension of
crystalline or 25amorphous material with poor water
solubility. The rate of absorption of the drug then
depends upon its rate of dissolution which, in turn,
may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally
administered drug form is accomplished by dissolving
or suspending the drug in an oil vehicle.
30Suspensions, in addition to the active compounds,
may contain suspending agents, for example,
ethoxylated isostearyl alcohols, polyoxyethyfene
sorbitol and sorbitan esters, microcrystalline
cellulose, aluminum metahydroxide, bentonite,
agar-agar, tragacanth, and mixtures thereof. -59-  WO
2007/100990PCT/US2007/062329       If desired, and for
more effective distribution, the compounds of the
invention can be incorporated into slow-release or
targeted-delivery systems such as polymer matrices,
liposornes, and microspheres. They may be sterilized,
for example, by filtration through a
bacteria-retaining filter or by incorporation of
6sterilizing agents in the form of sterile solid
compositions, which may be dissolved in sterile water
or some other sterile injectable medium immediately
before use       Injectable depot forms are made by
forming microencapsulated matrices of the drug in
biodegradable polymers such as
polylactide-polyglycolide Depending upon the ratio of
drug to polymer and the nature of the particular
polymer id employed, the rate of drug release can be
controlled Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides) Depot
injectable formulations also are prepared by
entrapping the drug in liposomes or microemulsions
which are compatible with body tissues. The injectable
formulations can be sterilized, for example, by
filtration 15through a bacterial-retaining filter or
by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved or
dispersed in sterile water or other sterile injectable
medium just prior to use. Injectable preparations, for
example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known
art using 20suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation
may also be a sterile injectable solution, suspension
or emulsion in a nontoxic, parenterally acceptable
diluent or solvent such as a solution in
1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution, U S.P. and isotonic sodium chloride
25solution, In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending
medium For this purpose any bland fixed oil can be
employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in
the preparation of injectables. Solid dosage forms for
oral administration include capsules, tablets, pills,
30 powders, and granules In such solid dosage forms,
one or more compounds of the invention is mixed with
at least one inert pharmaceutically acceptable carrier
such as sodium citrate or dicalcium phosphate and/or
a) fillers or extenders such as starches, lactose,
sucrose, glucose, mannitol, and salicylic acid; b)
binders -60- 



such as carboxyrnethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia; c)
humectants such as glycerol; d) disintegrating agents
such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates, and
sodium carbonate; e) solution retarding agents such as
5 paraffin, f) absorption accelerators such as
quaternary ammonium compounds; g) wetting agents such
as cetyl alcohol and glycerol monostearate, h)
absorbents such as kaolin and bentonite clay; and i)
lubricants such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl
sulfate, and mixtures thereof. In the case of
capsules, tablets and pills, the dosage form may
10also comprise buffering agents.       Solid
compositions of a similar type may also be employed as
fillers in soft and hard-filled gelatin capsules using
lactose or milk sugar as well as high molecular weight
polyethylene glycols. The solid dosage forms of
tablets, dragees, capsules, pills, and granules 15 can
be prepared with coatings and shells such as enteric
coatings and other coatings well known in the
pharmaceutical formulating art. They may optionally
contain pacifying agents and can also be of a
composition that they release the active ingredient(s)
only, or preferentially, in a certain part of the
intestinal tract in a delayed manner. Examples of
materials which can be useful for delaying 20release
of the active agent can include polymeric substances
and waxes.        Compositions for rectal or vaginal
administration are preferably suppositories which can
be prepared by mixing the compounds of this invention
with suitable non-irritating carriers such as cocoa
butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body 25
temperature and therefore melt in the rectum or
vaginal cavity and release the active compound.
Liquid dosage forms for oral administration include
pharmaceutically acceptable emulsions,
rnicroemuisions, solutions, suspensions, syrups and
elixirs In addition to the active compounds, the
liquid dosage forms may contain inert 30 diluents
commonly used in the art such as, for example, water
or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyf alcohol, benzyl
benzoate, propylene glycol, 1,3- butylene glycol,
dimethylformamide, oils (in particular, cottonseed,
groundnut, -61-  WO 2007/100990PCT/US2007/062329 corn,
germ, olive, castor, and sesame oiis), glycerol,
tetrahydrofuffuryl alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and mixtures thereof
Besides inert diluents, the oral compositions can also
include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, 5 flavoring, and
perfuming agents.        Dosage forms for topical or
transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions,
gels, powders, solutions, sprays, inhalants or patches
A desired compound of the invention is admixed under
sterile conditions with a pharmaceutically acceptable
carrier and any toneeded preservatives or buffers as
may be required Ophthalmic formulation, ear drops, eye
ointments, powders and solutions are afso contemplated
as being within the scope of this invention The
ointments, pastes, creams and gels may contain, in
addition to an active compound of this invention,
animal and vegetable fats, oils, waxes, 15paraffins,
starch, tragacanth, celiuiose derivatives,
polyethylene glycols, silicones, bentonites, silicic
acid, talc and zinc oxide, or mixtures thereof
Powders and sprays can contain, in addition to the
compounds of this invention, lactose, talc, silicic
acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances.
Sprays can additionally 20contain customary
propellants such as chlorofluorohydrocarbons.
Compounds of the invention may also be administered in
the form of liposomes. As is known in the art,
liposomes are generally derived from phospholipids Of
other lipid substances. Liposomes are formed by mono-
or multilarneliar hydrated liquid crystals that are
dispersed in an aqueous medium. Any 25non-toxic,
physiologically acceptable and metabolizable lipid
capable of forming 



liposomes may be used The present compositions in
liposome form may contain, in addition to the
compounds of the invention, stabilizers,
preservatives, and the like. The preferred lipids are
the naturai and synthetic phospholipids and
phosphatidylcholines (lecithins) used separately or
together. 30Methods to form liposomes are known in the
art. See, for exarnple, Prescott, Ed., Methods in Cell
Biology, Volume XIV, Academic Press, New York, N Y.,
(1976), p33 et seq. Dosage forms for topical
administration of a compound of this invention -62-
WO 2007/100990PCT/US2007/062329 Include powders,
sprays, ointments and inhalants. The active compound
is mixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed
preservatives, buffers or propellants, which can be
required Opthalmic formulations, eye ointments,
powders and solutions are contemplated as being
6within the scope of this invention. Aqueous liquid
compositions comprising compounds of the invention
also are contemplated The compounds of the invention
can be used in the form of pharmaceutically acceptable
salts, esters, or amides derived from inorganic or
organic acids. The term 'pharmaceutically acceptable
salts, esters and amides", as used herein, refer to
carboxylate salts, amino acid addition salts,
zwitterions, esters and amides of compounds of formula
(I) which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues
of humans and lower animals without undue toxicity,
irritation, allergic response, and the like, are
commensurate with a reasonable benefit/risk ratio, and
are effective for their 15 intended use        The
term "pharmaceutically acceptable salt" refers to
those salts which are, within the scope of sound
medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue
toxicity, irritation, allergic response, and the like,
and are commensurate with a reasonable benefit/risk
ratio. 20Pharmaceutically acceptable salts are
well-known in the art. The salts can be prepared in
situ during the final isolation and purification of
the compounds of the invention or separately by
reacting a free base function with a suitable organic
acid or inorganic acid. Representative acid addition
salts include, but are not limited to ascorbic 25acid,
(D)-tartaric acid, (14-tartaric acid, phosphoric acid,
salicylic acid, sulfuric acid, trifluoroacetic acid,
and hydrochloric acid.        Also, the basic
nitrogen-containing groups can be quaternized with
such agents as lower alkyl halides such as methyl,
ethyl, propyl, and butyl chlorides, bromides and
iodides; dialkyl sulfates such as dimethyl, diethyl,
dibutyi and diarnyl 30 sulfates; long chain halides
such as decyl, lauryl, myristyl and stharyl chlorides,
bromides and iodides; arylaikyl halides such as benzyl
and phenethyl bromides and others. Water or
oil-soluble or dispersible products are thereby
obtained Basic addition salts can be prepared in situ
during the final isolation and -63-  WO
2007/100990PCT/US2007/062329 purification 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 5not limited to, cations based on alkali metals or
alkaline earth metals such as lithium, sodium,
potassium, calcium, magnesium, and aluminum salts, and
the like, and nontoxic quaternary ammonia and amine
cations including ammonium, tetramethylammonium,
tetraethylarnrnonium, rnethylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine,
ethylamine and the such as Other 10representative
organic amines useful for the formation of base
addition salts 



include ethylenediamine, ethanolamine,
ciiethanalarnine, piperidine, and piperazine.
The term 'Epharmaceutically acceptable ester", as used
herein, refers to esters of compounds of the invention
which hydrolyze in vivo and include those 15 that
break down readily in the human body to leave the
parent compound or a salt thereof. Examples of
pharmaceutically acceptable, non-toxic esters of the
invention include C1-to-C6 alkyl esters and C5-to-07
cycloalkyl esters, although Cita-at aikyl esters are
preferred. Esters of the compounds of formula (I) may
be prepared according to conventional methods For
example, such esters may be 20 appended onto hyclroxy
groups by reaction of the compound that contains the
hydroxy group with acid and an alkylcarboxylic acid
such as acetic acid, or with acid and an
arylcarboxylic acid such as benzoic acid. In the case
of compounds containing carboxylic acid groups, the
pharmaceutically acceptable esters are prepared from
compounds containing the carboxylic acid groups by
reaction of the 25compound with base such as
triethylamine and an alkyl halide, alkyl trifilate,
for example with methyliodide, benzyl iodide1
cyclopentyl iodide. They also may be prepared by
reaction of the compound with an acid such as
hydrochloric acid and an alkylcarboxylic acid such as
acetic acid, or with acid and an arylcarboxylic acid
such as benzoic acid. 30The term "pharmaceutically
acceptable amide, as used herein, refers to non-toxic
amides of the invention derived from ammonia, primary
01-to-C6 alkyl amines and secondary C1-to-05 dialkyl
amines. In the case of secondary amines, the amine may
also be in the form of a 5- or 6-membered heterocycle
containing  one nitrogen atom. Amides derived from
ammonia! C1-to-C3 alkyl primary amides and Ci-to-C2
dialkyl secondary amides are preferred Amides of the
compounds of formula (i) may be prepared according to
conventional methods. Pharmaceutically acceptable
amides are prepared from compounds containing 5
primary or secondary amine groups by reaction of the
compound that contains the amino group with an alkyl
anhydride, anfl anhydride, acyl halide, or aryl halide
In the case of compounds containing carboxylic acid
groups, the pharmaceutically acceptable esters are
prepared from compounds containing the carboxylic acid
groups by reaction of the compound with base such as
triethylarnine, a todehydrating agent such as
dicyclohexyl carbodiimide or carbonyl diimidazole, and
an alkyl amine, dialkylamine, for example with
methylamine, diethyiamine, piperidine_ They also may
be prepared by reaction of the compound with an acid
such as sulfuric acid and an alkylcarboxylic acid such
as acetic acid, or with acid and an arylcarboxylic
acid such as benzoic acid under dehydrating conditions
as 15 with molecular sieves added. The composition can
contain a compound of the invention in the form of a
pharmaceutically acceptable prodrug.        The term
'pharmaceutically acceptable prodrug' or i`prodrug",
as used herein, represents those prodrugs of the
compounds of the invention which are, within the scope
of sound medical judgment, suitable for use in contact
with the tissues of humans and lower animals without
undue toxicity, irritation, allergic response, and the
like, commensurate with a reasonable benefit/risk
ratio, and effective for their intended use. Prodrugs
of the invention may be rapidly transformed in vivo to
a parent compound of formula (I), for example, by
hydrolysis in blood. A thorough discussion is provided
in T. Higuchi and V. Stella, 25Pro-drugs as Novel
Delivery Systems, V. 14 of the A.C.S.Symposium Series,
and in Edward B Roche, ed Bioreversible Carriers in
Drug Design, American Pharmaceutical Association and
Pergamon Press (1987), hereby incorporated by
reference.          The invention contemplates
pharmaceutically active compounds either 30
chernically synthesized or formed by in vivo
biotransformation to compounds of formula (I) or
formula (II). Salts and Polynnorphs         Particular
salts and polymorphs of compounds of the invention
also have been identified and are described herein.
More particularly, the invention relates to 2-{41-R3aR
re a
R)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-y11-1,1
r-bipheny1- 4-yl)pyridazin-3(2H)-one ascorbate,
(D)-tartrate, (L)-tartrate, phosphate, salicyiate,
sulfate, hydrochloride, and trifluoroacetate salts.
Particular poiymorphs of the L-tartrate salt and
hydrochloride salt also are described herein.
More particularly, the invention relates to
crystalline 2-{4'4(3aR,6aR)-5-
rnethylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-y1]-1,
1'-biphenyl-4-yl)pyridazin-3(2H)- one L.-tartrate salt
rnonohydrate. The salt exhibits at least two
polymorphs, 10designated as
2-{44(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1
(2H)-y11- 1,1'-biphenyl-4-yl)pyridazin-3(2H)-one
L-tartrate monohydrate Form A and 2-(41-
[(3aRr6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)
-y11-1,1'-biphenyl-4- Apyridazin-3(2H)-one L-tartrate
monohydrate Form B.
2-(4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b}pyrrol
-1(2H)-y1]-1 11'- 15 biphenyl-4-yllpyridazin-3(2H)-one
L-tartrate monohydrate Form A (also referred to herein
as "Form A") exists as a crystalline solid
characterized by the powder X-ray diffraction pattern
shown in FIGURE 1. The crystallographic unit cell
parameters of
2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol
-1(2H)-y11-1 ,1'-blpheny1- 4-yl}pyridazin-3(2H)-one
L-tartrate monohydrate Form A have been determined
20as: a is 7.6 A, b is 7.4 A. c is 221 A, or more
precisely where a is 7.588(3) A, b is 7.428(3) A, c is
22100(7) A, to afford a cell volume of 1276 A3, or
more precisely 1276.3(7) A', wherein a, b, and c are
each a representative length of the crystal lattice
and the unit cell angle 5 is 94.1, or more precisely
94 093(5). The salt crystallizes in the monoclinic P21
space group.
252-44-`-[(3a1R,6aR)-5-Methylhexahydropyrrolo[3,4-b]py
rrol-1(2H)-yll-1,1'- 



biphenyl-4-yllpyridazin-3(2H)-one L-tartrate
monohydrate Form A crystalline solid can be identified
by characteristic peaks in its powder X-ray
diffraction pattern. One with skill in the art of
analytical chemistry would be able to readily identify
the
2-(41-1(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol
-1(2H)-y11-1, I.-biphenyl-4-- yllpyridazin-3(2H)-one
L-tartrate monohydrate Form A solid by as few as one
characteristic peak in its powder X-ray diffraction
pattern Two-theta angle positions of characteristic
peaks in a powder X-ray diffraction pattern of 2-{4'-
WO 2007/100990PCT/US2007/062329
R3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-
y11-1111-biphenyl-4- yllpyridazin-3(2H)-ohe L-tartrate
monohydrate Form A are 3_900.2, 16120.2, 16.990.2,
11170.2, .18.120.2, 19.72-10.2, 19.980.2, 20250.2,
23.960.2, 27.650.2, and 28.930.2.
52-{4r-R3aR,6aR)-5-Methylhexahydropyrrolo[3,4-bipyrrol
-1(2H)-y1]-1111- biphenyl-4-yllpyridazin-3(2H)-one
L-tart rate monohydrate Form B (also refe red to
herein as "Form 13") exists as a crystalline solid
characterized by the powder X-ray diffraction pattern
shown in FIGURE 2. The crystallographic unit cell
parameters of '-hiphenyl- ioL-tartrate monohydrate
Form 13 have been determined as: a is 7.6 A, b is 8.7
A, c is 40.3 A, or more precisely where a is 7..551(5)
A, b is 8.660(6) A, c is 40.26(3) A, to afford a cell
volume of 2633(3) A3, wherein a, b, and c are each a
representative length of the crystal lattice. The salt
crystallizes in the orthorhombic P212121 space grail).
152+4'4(3 a R,6aR)-5-Methylhexahydropyr
rolo[3,4-blpyrrol-1(211)-y1]-1,1'-
biphenyl-4-yilpyridazin-3(2 H Yore L-tartrate
monohydrate Form B crystalline solid can be identified
by characteristic peaks in its powder X-ray
diffraction pattern One with skill in the art of
analytical chemistry would be able to readily identify
the
2-{41-R3aR,6aR)-5-methyihexahydropyrrolo[3,4-blpyrroi-
1(2H)-y1]-1,1T-bipheny1-4- 20yl}pyridazin-3(21-1)-one
L-tartrate monohydrate Form B solid by as few as one
characteristic peak in its powder X-ray diffraction
pattern. Two-theta angle positions of characteristic
peaks in a powder X-ray diffraction pattern of 2-14'-
[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)
-y1]-1,1'-hipheny1-4- yilpyridazin-3(2F1)-one
L-tartrate monohyd rate Form B are 4.390.2, 10.45-02,
2511.920.2, 12.520.2, 13.450.2, 16.710.2, 16.920.2,
17.620.2, 17.90-1-02, 19.100.2, 20.460.2, and
20.630.2. The invention also relates to crystalline
2-{4'-[(3aR,6aR)-5- methylhexahyd ropyrrolo[3
,4-bipyrrol-1(2H
)-y1]-1,11-bipheny1-4-yl)pyridazin-3(2H)- one
hydrochloride trihemihydrate. 2-{41(3aR,6aR)-5-
soMethylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-y11-1,1t-b
iphenyl-4-yllpyridazin-3(2E1)- one hydrochloride
trihemihydrate exists as a crystailine solid
characterized by the powder X-ray diffraction pattern
shown in FIGURE 3. The crystallographic unit cell
parameters of
2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrof
-1(2F1)- -67-  WO 2007/100990PCT/US2007/062329
yi]-1,1t-bipheny1-4-Apyridazin-3(2H)-one hydrochloride
trihemihydrate have been determined as: a is 7,3 A , b
is 7.4 A, and c is 22.2 A, or more precisely where a
is 7.287(2) A. b is 7.405(2) A, and c is 22.234(5) A
to afford a cell volume of 1155 A', or more precisely
1155.4(4) A3, wherein a, b, and c are each a
representative 5length of the crystal lattice and the
unit cell angles a, j), and y are each respectively
86.3, 81.0, and 77 a, or more precisely 86.258(4),
80.957(4), and 77.330(4) The salt crystallizes in the
triclinic P1 space group.
2-{4'1(3aR,6aR)-5-1vIethylhexahyd
ropyrrolo[3,4-b]pyrrol-1(2F1)-y1]-1 r l'-
bipheny1-4-yl}pyridazin-3(2H)-one hydrochloride
trihemihydrate crystalline solid 



10can be identified by characteristic peaks in its
powder X-ray diffraction pattern One with skill in the
art of analytical chemistry would be able to readily
identify the
2-{4'4(3aR16aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-A-1,1'-biphenyi-4- yl}pyridazin-3(2H)-one
hydrochloride trihemihydrate solid by as few as one
characteristic peak in its powder X-ray diffraction
pattern. Two-theta angle 15positions of characteristic
peaks in a powder X-ray diffraction pattern of 2.-{4T-
[(3aR,6aR)-5-methylhexahydropyrrolot3,4-bipyrrol-1(2H)
-y11-1,1Lbiphenyl-4- yllpyridazin-3(2F1)-one
hydrochloride trihemihydrate are 4,0302, 13.920.2.
15.550.2, 15.6110.2, 15 930 2, 16.150 2, 24 3710 2, 24
660 2, 25.120 2, 25.680.2, and 27.90-10.2. 20The
invention also relates to crystalline
244'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3T4-b]pyrrol-1(2H)-y1]-1,1'-bip
henyl-4-yl)pyridazin-3(211)- one L-tartrate anhydrate
2-{414(3aR,6aR)-5-Nlethylhexahydropyrrolo[3,4-bipyrrol
1(2H)-y11-1,11-biphenyl-4-yl}pyridazin-3(2H)-one
L-tartrate anhydrate exists as a crystalline solid
characterized by the powder X-ray diffraction pattern
shown in 25FIGURE 4.
2-(4%[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-y1]-1,1'- biphenyl-4-yllpyridazin-3(2H)-one
tartrate anhydrate crystalline solid can be identified
by characteristic peaks in its powder X-ray
diffraction pattern One with skill in the art of
analytical chemistry would be able to readily identify
the 2-{4%
PaR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(211)-
y1]-1,1-bipheny1-4- 30yl}pyridazin-3(2H)-one tartrate
anhyd rate solid by as few as one characteristic peak
in its powder X-ray diffraction pattern. Two-theta
angle positions of characteristic peaks in a powder
X-ray diffraction pattern of 2-{44(3aR,6aR)-5-
methylhexahydropyrrolof 3,4-b]pyrrol-1(21A)-y1]-1
,11-bipheny1-4-yllpyridazin-3(2F1)- one tartrate anhyd
rate are 4.340.2, 8.690.2, 13.040.2, 15.820.2, 17
110.2, 15.350.2, 15.930.2, 20.740.2,22 400.2, 23.0402,
and 26.450.2. The invention also relates to
crystalline
5methylhexahydropyrrolo[314-b]pyrrol-1(2H)-yi]-1,
1-bipheny1-4-yl}pyridazin-3(2H)- one hydrochloride
anhydrate.
2-(4-[(3aR,6aR)-5-1VIethylhexahydropyrrolo[3,4-
b]pyrrol-1(21-1)-y11-1,1'-biphenyl-4-yllpyridazin-3(2H
)-one hydrochloride anhydrate exists as a crystalline
solid characterized by the powder X-ray diffraction
pattern shown in FIGURE 5.
2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrrol
- 101 (2H)-yI]-1 ,V-biphenyl-4-y1}pyridazin-3(211)-one
hydrochloride anhydrate crystalline solid can be
identified by characteristic peaks in its powder X-ray
diffraction pattern. One with skiil in the art of
analytical chemistry would be able to readily identify
the
2-M'-[(3aR,6aR)-5-rnethylhexahydropyrrolo[3,4-bjpyrm1-
1(2H)- yip ,V-biphenyl-4-y1)pyridazin-3(211)-one
hydrochloride anhydrate solid by as few 15as one
characteristic peak in its powder X-ray diffraction
pattern Two-theta angle positions of characteristic
peaks in a powder X-ray diffraction pattern of 2-(4'-
[(3aR,6aR)-5-nnethylhexahydropyrrolo[3,4-bjpyrrol-1(2H
)-y1]-1,1'-bipheny1-4- yl}pyridazin-3(2F1)-one
hydrochloride anhyd rate are 6.2702, 12.590.2,
15.150.2, 6 710.2, 18.490.2, 18.950.2, 20.310.2,
20.9702, 22.440.2, 2023.820.2, 24.030.2, 24.67i-02,
31.900.2, and 32.750.2. The L-tartrate monohyd rate
Form A salt and L-tartrate rnonohydrate Form B salt
generally demonstrate better relative oxidative
stability than the
2-K[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(
211)-y1]-1,11-biphenyl-4- Apyridazin-3(2H)-one
compound Accordingly, a L-tartrate monohydrate Form A
25 or L-tartrate monohydrate Form B salt may be
preferred for formulation and more suitable for
administration. As used herein the term "substantially
pure", when used in reference to a salt of 2 {41-j(3aR
re
aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)-y11-1,
1'- biphenyl-4-yl}pyridazin-3(2H)-one, refers to a
salt that is greater than about 90% 30pure. The
crystalline form of
2-(41-1-paR,6aR)-5-rnethylhexahydropyrrolo[3,4- 



b]pyrrol-1(2H)-y11-1,11-biphenyl-4-yllpyridazin-3(2F1)
-one does not contain more than about 10% of any other
compound and, in particular, does not contain more
than about 10% of any other form of
2-{4r-[(3aR,6aR)-5-  WO 2007/100990PCT/US2007/062329
rnethylhexahydropyrrolo[3,4-bipyrro1-1(21-1)-111-1
,1'-biphenyl-4-yllpyridazin-3(2H)- one, such as
amorphous, solvated forms, non-solvated forms,
desolvated forms, and the enantiomer. More preferably,
a 'substantially pure" salt refers to a salt that is
greater 5than about 95% pure, wherein the crystalline
form of 2-{4'-[(3aR16aR)-5-
rnethylhexahydropyrrolo[3,4-b]pyrol-1(2F1)-y11-1,1t-bi
phenyl-4-yllpyndazin-3(211)- one does not contain more
than about 6% of any other compound and, in
particular, does not contain more than about 5% of any
other form of 2-{41-
[(3aR,6aR)-5-methylhexahydropyrrolo13,4-b]pyrrol-1(2H)
-y1]-1,1'-biphenyl-4 10yl)pyridazin-3(2H)-one, such as
amorphous, solvated forms, non-solvated forms,
desolvated forms, and the enantiomer.        Even more
preferably, a "substantially pure" salt refers to a
salt that is greater than about 97% pure, wherein the
crystalline form of 244-'-[(3aR,6aR)--5- methylhexahyd
ropyrrolo[3,4-blpyrrol-1(2H)-y1]-1 cbip hen
y1-4-yilpyridazin-3(211)- 15 one does not contain mow
than about 3% of any other compound and, in
particular, does not contain more than about 3% of any
other form of 2-{4'-
[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H)
-A-1,11-bipheny1-4- yllpyridazin-3(21-1)-one, such as
amorphous, solvated forms, nor-solvated forms,
desolvated forms, and the enantiomer_ 20Compositions
comprising
2-01-1(3aR,6aR)-5-methylhexahydropyrrolor3,4-
bipyrrol-1(21-1)-y11-1,1'-biphenyl-4-ylipyridazin-3(2H
)-one salts and polymorphs also are contemplated. A
suitable pharmaceutical composition comprises a
substantially pure
2-{41-t(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b)pyrrol
-1(2E1)- y13-1,1r-bipheny1-4-yl}pyridazin-3(2F1)-one
salt or polymorph formulated together 25with one or
more non-toxic pharmaceutically acceptable carriers as
previously described for the compositions Such
compositions comprising 2-{44(3aR,6aR)-
5-methylhexahydropyrrolo[3,4-131pyrroll(21-1)-yli---1,
1'-biphenyl-4-yllpyridazin3(2H)-one salts and
polymorphs are administered and can be used in the
methods of the invention as previously described for
the compounds of the 30invention, except substituting
a desired salt or polymorph in place of a compound,
which would readily understood by one with skill in
the art        Powder X-ray diffraction (PXRD)
analysis of samples was conducted in the following
manner. Samples for X-ray diffraction analysis were
prepared by  WO 2007/100990PCT/US2007/062329 spreading
the sample in a thin layer on the sample holder and
gently flattening the sample with a microscope slide.
For example, the sample may have been ground to a fine
powder with mortar and pestle, or with glass
microscope slides for limited quantity samples.
Samples were run in one of three configurations:
circular bulk 5holder, a quartz zero background plate,
or hot stage mount (similar mounting to a zero
background plate).        Diffraction patterns were
collected using an lnel G3000 difrractometer equipped
with an incident beam germanium monochromator to
provide Cu-K1 radiation. The X-ray generator was
operated at a voltage of 40 kV and a current lo of 30
rnA. The fnel G3000 is equipped with a position
sensitive detector that monitors all diffraction data
simultaneously. The detector was calibrated by
collecting the attenuated direct beam for seven
seconds in 1 degree intervals across a 90 degree two
theta range. The calibration was checked against a
silicon line position reference standard (NIST 640c)
Samples were placed on an 15aluminum sample holder and
leveled with a glass slide.        Alternatively,
X-ray powder diffraction can be performed using a
Rigaku Miniflex diffractometer (30 kV and 15 mA; X-ray
source: Cu, Range: 2.00-40.000 Two Theta; Scan rate.
1-5 degree/minute) or a Scintag X1 or X2
diffractometer (2 kW normal focus X-ray tube with
either a liquid nitrogen or Peltier cooled 20
germanium solid state detector; 45 kV and 40 mA; X-ray
source: Cu; Range: 2 00- 40,00 Two Theta; Scan Rate:
1-5 degree/minute).        Characteristic powder X-ray
diffraction pattern peak positions are reported in
terms of angular positions (two theta) with an
allowable variability of 0.2' The variability of 0.10
is intended to be used when comparing two powder X-ray
25diffraction patterns In practice, if a diffraction
pattern peak from one pattern is assigned a range of
angular positions (two theta) which is the measured
peak position 0.20 and a diffraction pattern peak from
another pattern is assigned a range of angular
positions (two theta) which is measured peak position
0.20 and if those ranges of peak position overlap,
then the two peaks are considered to 



30have the same angular position (two theta) For
example, if a diffraction pattern peak from one
pattern is determined to have a peak position of 5200
for comparison purposes the allowable variability
allows the peak to be assigned a  position in the
range of 500"-540b Ifs comparison peak from the other
diffraction pattern is determined to have a peak
position of 5.35 and the allowable variability allows
the peak to be assigned a position in the range of
5.15 - 5.55, then the two peaks being compared are
considered to have the same angular 5 position (two
theta) because there is overlap between the two ranges
of peak positions.       Single crystal X-ray
diffraction analysis of samples was conducted in the
following manner. Samples for X-ray diffraction
analysis were prepared by affixing selected single
crystals to glass pins with epoxy adhesive. X-ray
diffraction data to was collected using a Bruker SMART
system with an APEX area detector (50 kv and 40 mA;
X-ray source: Ma). Data were collected at -90C.
Radiolabelled Compound Use Compounds and compositions
of the invention also are useful as diagnostic 15
tools The ability of PET (positron emitting
tomography) and sPECT to probe the degree of receptor
occupancy in humans and animals by endogenous ligands
(such as histamine for the histamine H3 receptor) or
drugs (such with a clinically used drug that affects
brain histamine levels) is widely recognized. This
constitutes the use of PET as a biomarker to assess
efficacy of pharmacological 20interventions with
drugs_ The topic and use of positron-emitting ligands
for these purposes has been generally reviewed, for
example in "PET ligands for assessing receptor
occupancy in vivo" Burns, et al. Annual Reports in
Medicinal Chemistry (2001), 36, 267-276;
"Ligand-receptor interactions as studied by PET:
implications for drug development" by Jarmo Hietaia,
Annals of Medicine 25(Helsinki) (1999), 31(6),
438-443; "Positron emission tomography neuroreceptor
imaging as a tool in drug discovery, research and
development" Bums, et at Current Opinion in Chemical
Biology (1999), 3(4), 388-394 The compounds of the
invention, synthesized with "C, 18F, or other
positron-emitting isotopes are suitable ligand tools
for PET; a number of positron-emitting reagents have
been 30synthesized, are available, and are known to
those skilled in the art. Especially suitable
compounds of the invention for this use are those
wherein a IICH3 group can be incorporated in by
reaction with IICHal. Also, especially suitable
compounds of the use are those wherein a 18F group can
be incorporated into the -72-  WO
2007/100990PCT/US2007/062329 compound by reaction with
'8F4luoride anion. The incorporation of 11Cl-hl can be
carried out according to a method known to those
skilled in the art. According to one method, compounds
of formula (1), wherein RI is hydrogen can be treated
with base and 11CH31 to prepare ligands for use in PET
studies For incorporation 5 of 16E into compounds or
compositions of the invention, compounds of formula
(I), wherein R1 is 1-hydroxyethyl, can be treated with
methanesulfonic anhydride or triffic anhydride and a
base in an inert solvent such as dichloromethane, and
the resulting compound (a methanesulfonate or
trifiate) can be treated with 18E-fluoride by methods
well known to skilled in the art of synthetic organic
chemistry loor medicinal chemistry REFERENCE EXAMPLE
The following Reference Example describes synthesis of
a compounds used for preparation of compounds as
described in the Examples Such methods 15 are intended
only to provide examples of how such compounds can be
obtained and are not intended to provide an exhaustive
list of how to provide the desired compound. Reference
Example A 20Ethyl
(3aR,6aR)-hexahydropyrro1of2,3-c1pyrrole-5(11-1)-carbo
xylate dibenzoyl-D- tartrate salt Example Al
f(R)-1-Phenyl-ethylarnino)-acetic acid methyl ester 



25A reactor was charged with 10 g of
R-methylbenzylamine, 100 mL of Et0Ac, and 9.19 g of
EtaN. 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% NaCI solution, to provide 1009 of an
ethyl acetate solution which aocontained 15 grams of
(1-phenykethylamino)-acetic acid methyl ester (96%
yield). Example A2  (1-(R)-Phenvl-ethylamino)-acetic
acid  WO 2007/100990PCT/US2007/062329       A solution
of (1-(R)-phenyl-ethylarnino)-acetic acid methyl ester
(217 g of a solution in Et0Ac) was concentrated, and
the residue was taken up in 24 ml_ of water and heated
at reflux for 13 hours. Upon completion, the mixture
was concentrated under reduced pressure and 30 mL of
isopropanol was added_ The 5resulting precipitate was
filtered and rinsed with 10 mL of isopropanol then
dried under reduced pressure to provide 2.4 g of the
title compound Example  AS Ethyl
1-((R):1-phenyiethyl)hexahydropyrrolof2,3-c1oyrrole-5(
1H)-carboxylate triA solution of
(1-(R)-phenyl-ethylarnino)-acetic acid (25.6 g) in 384
ml_ of toluene was heated to 90C. To this 170 g (1.1
equivalents) of a 15.84 wt.% solution of
ally1-(2-oxo-ethyl)-carbamic acid ethyl ester (U.S.
Pat, No. 5T071,999) 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 151159  of 20% citric
acid solution. The citric acid solution was diluted
with 205 mL of isopropyl acetate, and the mixture was
neutralized with a solution of 51.2 g K2CO3 in 120 g
water, and thoroughly shaken. The layers were
separated, and the aqueous layer was extracted again
with 102 rnl_ of isopropyl acetate. The organic
extracts were combined and distilled under reduced
pressure to provide 20 an oil which was then diluted
with 125 mL of methanol to provide 140 g (100% yield)
of the title compound as a 30% by weight solution in
methanol. Example A4  Ethyl
hexahydropyrroloi3,4-blpyrrole-5(1H)-carboxylate  25
5% Palladium hydroxide on activated carbon (13.9 g,
50% w/w in water) was added to a pressure reactor. The
product of Example A3 (as 506.8 g of a 25.9 wt %
solution of ethyl
1-((R)-1-phenylethyphexahydropyrrolor2,3-clpyrrole5(1F
1)-carboxylate (131.3 g) in Me0H) was added, followed
by a methanol rinse (37 g). The mixture was heated to
50C under an atmosphere of hydrogen (40 30psi) for 4
hours. The mixture was filtered through Hyflo(r)
Filter Aid and rinsed with 200 mL of Me0Elto provide a
solution containing 78.9 g of the title compound.
Ethyl
(3aR,6aR)-hexahydropyrrolol2,3-cloyrrole-5(111)-carbox
ylate dibenzoyl-D- tartrate salt A solution of 150 g
of ethyl hexahydropyrrolo[3,4-b]pyrrole-5(1H)-
carboxylate (-11.2 %wt in Me0H) was heated to 60 C. To
this was added a solution of Ci-dibenzoyltartaric acid
mono-hydrate (231 5 g) dissolved in Me0H (591 mL-fr 95
mL rinse), and the mixture was stirred at 60  5C for 2
hours during which time crystallization occurred. The
slurry was cooled to 18 C over 6 hours, and the
product was collected by filtration and rinsed with
MOON (2 x 330 mL). The product was dried at 40 - 45 C
to provide 198 g of the title compound. Chiral 10HPLC
analysis of the Cbz-derivative of the product
indicated that the product was obtained with 99% ee
EXAMPLES          The compounds and processes of the
invention will be better understood t5by reference to
the following examples, which are intended as an
illustration of and not a limitation upon the scope of
the invention. 



Unless otherwise described, reactions were carried out
under ambient conditions (ranging 17-27 CC), under
nitrogen. Unless otherwise described, column
chromatography means flash chromatography carried out
using silica gel, 20a technique well known to those of
ordinary skill in the art of organic synthesis.
Example 1 (3aR,
6aR)-4'-(5-Ethyl-hexahydro-pyrrolof314-bloyrrol-.1-y1)
-biphenyl-4-carbonitrile 25 Example 1A (3aR,
6aR)-Hexahydro-pwrolo13,4-bloyrrole-1,5-dicarboxylic
acid 5-benzyl ester 1-tert-butyl ester 30(3a ft
6aR)-Hexahydro-pyrrolo[3,4-b]pyrrofe-1-carboxylic acid
tert-butyl ester (3.0 g, 12.5 mmole) and
N-(benzyloxycarbonyloxy)-succinimide (3.429, 13.7
mmole) were mixed in 15 ml of dichloromethane. The
mixture was stirred at room temperature overnight and
then concentrated under vacuum to provide the crude
product. The residue was purified by flash
chromatography (20% ethyl -75-  acetate in hexane) to
provide the title compound. 11-1 NMR (CDC13) 6 pprn
129 - 7.43(m, 5 H) 5.13 (s, 2 H) 4.15 - 4.33 (m, 1 H)
3,39 - 3.74 (m, 5 H) 3.20 3 37 (m, 1 H) 2 84 - 2 96
(m, fl) 1.92 - 2.03 (m, 1 1-1) 1.66 - 1.82 (m, 1 H)
1,46 (s, 9 FE). MS: (M+H)s= 347 5The starting material
(3aR, 6aR)-hexahydro-pyrrolo[3,4-b]pyrrole-1-
carboxylic acid tert-hutyl ester (GAS # 370880-094)
may be prepared as described in the literature, for
example the method of Schenke, et aE., "Preparation of
2,7-Diazabicyclo[3.3.0]octanes" U.S Patent 5,071,999
(1991) which provides a racernate which may be
resolved by chromatography on a chiral column or by
10fractional crystallization of diasteromeric salts,
or as described in Basha, et al. "Substituted
diazabicycloalkarie derivatives", US 2005101602
(2005). Example 13 15faR,
6aR)-Hexahydro-pyrrolof3.4-b1pWrole-5-carboxylic acid
benzvl ester       The product of Example lA ((3aR,
6aR)-hexahydro-pyrrolo[3,4-bipyrrole1,5-dicarboxylic
acid 5-benzyl ester 1-ten-butyl ester) (4 5 g, 12.5
mmole), was stirred with a mixture of dichloromethane
and trifluoroacetic acid (15 ml / 15 ml) for 2 hours,
The solvent was removed under reduced pressure, and
the residue was 20basified with saturated sodium
bicarbonate, then extracted with dichEoromethane (3x).
The combined organic layers were washed with brine,
dried over sodium sulfate, filtered, and concentrated
under reduced pressure. The residue was purified by
column chromatography (0.6% ammonium hydroxide and 6%
methanol in dichloromethane) to provide the title
compound, 'FE NMR (CDCI3) 6 ppm 7.28 - 25 7.40 (m, 5
H) 5.12 (s, 2 H) 3.74 - 3.87 (m, 1 FE) 3 53 - 3.71 (m,
2 H)3.35 3.48 (m, 1 H) 3.18 - 3.32 (m, 1 H) 3.01 -
3.13 (m, 1 H) 2.88 - 3.01 (in, 1 H) 2.70 - 2.83 (m, 1
H) 1.87 - 2,03 (in, 1 H) 1.58- 1.76 (m, 1 H). MS:
(Mi-H)t= 247 Example 1C  3DTrifluoro-methanesulfonic
acid 4'-cyano-biphenv1-4-y1 ester Commercially
available 4-cyano-4'-hydroxybiphenyl was dissolved in
dichloromethane. Triethylamine (2.5 equiv.) was added
and the mixture was stirred at room temperature
Triflic anhydride (1 3 eguiv) was added slowly, and  



the resulting solution was stirred for 2 hours. The
mixture was diluted with saturated aqueous sodium
bicarbonate and extracted with dichlorornethane The
organic layer was washed with brine, dried over sodium
sulfate, filtered, and concentrated under reduced
pressure. The residue was purified by column 5
chromatography to provide the title compound. 1H NMR
(CDCI3) ppm 7.76 (d, J=8.82 Hz, 2 H) 7.66 (d"/=8.82
Hz, 4 H) 7_40 (d, /=8.82 Hz, 2 H). MS: (M+H)fr= 328.
Example 1D  10paR,
6aR1-144.-Cvano-bipheny1-4-y1)-hexa1lyclrospyrrolof3,4
-b]pyrrole-5-  carboxylic acid benzyl ester       The
product of Example 1B (trifluoro-methanesulfonic acid
4'-cyanobipheny1-4-ylester) (135 mg, 0.55 mmole), the
product of Example 1C (198 mg, 0.61 mmole), palladium
acetate (27 mg, 0.012 mmole), racernic-2,2'-
15bis(diphenylphosphino)-1,11-binaphthyl (BINAP, 20
mg, 0.033 mmole) and sodium tert-butoxide (80 mg, 0.83
mrnole) were mixed in 1.5 ml of toluene and heated at
80C under N2 for 16 hours. The mixture was cooled to
room temperature, diluted with water and extracted
with dichloromethane (3x) The combined organics were
dried over sodium sulfate and concentrated to provide
the crude product, which was purified by
chromatography (5% methanol in dichloromethane) to
provide the title compound_ MS: (M+H)*=- 424. Example
12  25(3all
6aR)-4'-jHexahydro-oyrrolor3,4-blpyrrol-1-y1)-biphenyl
-4-carbonitrile  The product of Example 1D ((3aR,
6aR)-1-(4'.-Cyano-bipheny1-4-y1)-
hexahydro-pyrrolo[3,4-h]pyrrole-5-carboxylic acid
benzyl ester) (750 mg, 1.77 mrnole) was refluxed in 10
ml trifluoroacetic acid for 2.5 hours. The solution
was concentrated and triturated with dichloromethane.
The residue was redissolved in 30dichloromethane and
stirred with sodium bicarbonate powder. The solution
was loaded on a silica gel column and purified by
chromatography (0.6% ammonium hydroxide and 6%
methanol in dichloromethane) to provide the title
compound (330 mg, 64%) 1H NMR (CDCI3) 8 ppm 7.64 (d,
.J=2.71 Hz, 4 H) 7.61 (d, J=-8 81  WO
2007/100990PCT/US2007/062329 Hz, 2 H) 6.66 (d"/=-8 82
Hz, 2 H) 4.07 - 4.17(m, 1 H) 3.50 - 3 65 (m, 1 H) 3 24
3 36 (m, 1 H) 2 86 - 3 10 (m, 5 I-1) 2.15 - 2 29 (m, 1
H) 1.74 - 1.93 (rn, 1 H). MS: (M+H)+= 290. 5Example IF
(3a1K6aR)-4P-(5-Ethyl-hexahydro-pyrrolo[3,4-b1waTo1-1-
y])-bipheny1-4-carbonitrile       The product of
Example I E (22 mg, 0 076 mmole) was dissolved in 2.5
nil anhydrous THE under nitrogen Sodium hydride (95%,
4 mg, 0.167 mmole) was added and the mixture was
stirred at room temperature for 1 hour. lodoethane
10(18 pi, 0.225 mrnole) was added and the mixture was
stirred at room temperature over night. The mixture
was diluted with water and extracted with
dichloromethane (3x). The combined organic layers were
washed with brine, dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The
resulting residue was purified by column
chromatography (eluting with a mixture of 02% 15
ammonium hydroxide and 2% methanol in dichloromethane)
to provide the title compound (1 1 mg, 46%). 1N NMR
(CDCI3) 8 ppm 7_64 (d, J-=1,36 Hz, 4 H) 7.50 (d, 38.82
Hz, 2 H) 6,65 (d, J=8.82 HZ T 2 H) 4.14 4.23 (m, 1 H)
3.47 - 3.60 (rn, 1 H) 3.27 - 3.39 (m, 1 H) 2.92 3.04
(m, 1 H) 2.70 - 2.81 (m,1 H) 2.38 - 2,67 (m, 5 H) 2.11
- 2.25 (m, 1 H) 1 89 - 2.03 (m, 1 H) 1.08 (t, J=7.12
Hz, 3 H), MS (Mi-HY= 20318. Example 2
4J-113a1R,6aR)-5-isopropylhexahydro_pyrrolo13,4-b]pyrr
ol-1(2H)-y11-1,1'-jalphenv1-4- carbonitrile 25To a
solution of the product of Example lE (26 mg, 0.09
mmole) in methanol (2 mi) was added acetone (132 pl,
1.5 mmole), and the mixture was stirred at room
temperature for 1.5 hour. Sodium cyanoborohydride (28
mg, 0_44 mmole) was added and the mixture stirred
overnight. The mixture was diluted with 2 nil IN NaOH
and extracted with dichloromethane (with 5% methanol)
(3x), 



30 The combined organic layers were washed with brine,
dried over sodium sulfate, filtered, arid concentrated
under reduced pressure. The residue was purified by
column chromatography (eluting with a mixture of 0.35%
ammonium hydroxide and 3.5% methanol in
dichloromethane) to provide the title compound 1H NMR
WO 2007/100990PCT/US2007/062329 (CDCI3) 5 ppm 7.63 (d,
Jr3.74 Hz, 4 H) 7.50 (d, J=9.05 Hz, 2 H) 6.54 (d,
J=8,73 Hz, 2 H) 4.16-4.22 (m, 1 H) 3.48-3.55 (m, 1 H)
3.31-3.38 (m, 1 H) 2.90 - 3.01 (m, 2 H) 2_74 (f,
J=7.96 Hz, 1 H) 2.46 - 2.52 (m, 2 H) 2.31 2.39 (m, 1
H) 2.10 - 2.20 (m, 1 H) 1.90- 1.99 (m, 1 H)1.06 (dd,
3=6.24, 1.87 Hz, 6 H); MS (IV11-1)+= 332. 5 The
following compounds and Examples were made according
to the procedures described above with the exception
that different reagents were substituted to obtain the
titled compounds. Table 1: Examples 3-6 .xarnpEe. ..
StkutEng Material Reaction procedure 'IR.:nulling
compound 1\4.913.a,nt NIS 'H NMI (CDC]) .5 ppm 764 (d,
7=1.70 Hz, 4 1-1), 7.50 (d, .14 82 Hz, 2 H), 6.64(d.
7=8.82 11z, 2 11), 4 12 - 4 22 (m., 1 H), 3.46 - 3 57
(rn, 1I-I). 3.27 - 3 39 (rn, 1 H), 2 88 - 3 02 (in, r
11), 2.61 - 2.74 (m, 2 H), 2 49 - 2.58 Examole 3
Produci..pf Example FE anctigilo- pmpane Example
41-1(3nR.6n13.)-    1P 5-  



Propvilicxa1lvd rop=alof 3.4- bk3moj.: 11.21.1U:A.:11-
hIPher1311-4- (m, 211), 226 -242  (17., 2 H), 2.10 -
g17117.0n.ilde 2.23 (m., 1 11), 186 - 2 04 (in, 1 H),
TAO - 1.54 (in, 2 II), 089 (1,1=7 29     Fl:, 3 11),;
MS (N.H.1.1)4= 332, E3Laaplc 4 Product of Exanile 2
4'-1(3aR ear?), 'H Nmit {CDC13) 8. ppm 7 64 (ci,
Example 1E 



J=2.03 Ih, 4 II), 7.50 fd, J=8.8 / Hz, 2  and
ti-butyl-  6-  10, 6.64 (d, I-4 82 Hz, 2 H), 4.13 -
aldehyde  butylhexahydr 4.25 (in,! 11), 3 46 - 3.59
(in, I H),    opwroloi3- ,4 - 3 ,7 - 3 40 (in, 1 II),
2.87 - 3 04 (m, 1     H), 2.49- 2.77 (m, 411), 2,29 -
2 46    blOYrrol- (m, 2 11), 2.12 -2.24 (in, 1 110,
1.86 -    



1(21-11-Y34 1'- 2.03 (in, 1 11), 1.23 - 1 49 out
J=44.07    1 az, 4 11), 0 890, /7..7 12 117., 311); M8
When I,4- (MA Ir:L 346    Garbonitrile       Exankple
5 Product of Example 2 t((3aR6aR)- III NMR (CDC)3) 15
ppm 7 64 (d,  Exami) 1E    



5-Isobury4- T=1 36 Hz, 4 H), 7 50(d, .1=382 Hz, 2  and
hexahydro- 425 (n, 1 H), 3 44 - 3.54 (in, 111),    H),
6114 (d, 1=( 82 1-1z.: 2 11), 4.13 -1sohntylt
pvrrolo13.4-   aldehyde  bloyrrol-3-YIL 3 29 - 3.41
(in, 1 H),2.86 .. 2.99 (in, 1    biphenyl-4- Fr), 2.44
- ? 70 (rn, 411), 2.06 - 2 19    carbonitrile (in, 2
H), 1 86 - 2.02 (in, 2 1-1), 1 iSI -   



1 77 (in, 1 H), 082 - 0.98 (in, 6 II);     MS (M-EH)=
346. E amok 6 Product of Example 2 44(3aR.6aRh la NMR
(CDCI3) a pprn 7.04 (d,  Exannale 1E  5- .1=2.76 Hz, 4
H), 7 50 (d, I=S 90 Hz, 2  and cyclo-  (cvcioprotAlm
H), 665 (d, J-8.59 az, 2 1-1), 4 18 -  pa opanecath
etliy1111exahydi 426 (m, III), 3.51 -359  (rn, 1 a),
ox-aldellycle  21;11nolo[3.4- 



3.31 -341  Om 1I1), 2 S7 - 3 09 (in, 2    MI3v110}-
H.), 2 73 - 2 83 (in, 1 H), 2 56 - 2.70
1(21I)-0]-1.1l- (in, 2 H), 2 25 - 2 43 (in, 2 H), 2.12
-    biohenv1-4- 223 (in, 1 a), 1.93 - 2 05 (in, 1 a),
carbonitrile      ci.gs - n.96 (m, I H), 0,12 (d,
1=4.30   ; HZ, 2 1-1), 1/50 {d, 1=7.9S Hz, 2 1O; MS
(1?11-H)'= 344.
Example 7
44(3aR,6aR):5-methilhexahydropyrroloi14-blpyrrol-1(2H)
-y1]-1,1.-bipheny1-4- 5carbonitrile  Example TA
(3aR,
6aR)-5-Methyl-hexahydro-pyrroloi3,4-bipyrrole-1-carbox
ylic acid tert-butyl 10ester 



To a solution of (3aR,
6aR)-hexahydro-pyrrolo[3,4-b]pyrrole-1-carboxylic add
tert-butyl ester (18.31g, 0 86 mol) in methanol (450
ml) was added paraformaldehyde (52g, 1.72 mole) and
the mixture was stirred at room temperature for 1
hour. Sodium cyanoborohydride was then added and the
15 mixture was stirred at room temperature for 10
hours, diluted with 1N NaOH (450 nil), extracted with
dichloromethane (5 x 200 ml). The combined organic
layers were dried (Na2SO4), filtered and concentrated
to provide the title compound. 1H NMR (300 MHz,
DMSO-d6) 8 ppm 4.18 (m, 1 H) 347 - 3.59 (m, 1 H) 3.34-
3.46 (m, 2 H) 2.75 - 2.90 (m, 1 H) 2.71 (m, 1 H)244 -
2.60 (m, 2 H) 2.29 (s, 3 H) 1.89 - 2o2.06(m, 1 H) 1.65
- 1.81 (m, 1 H) 1.42 - 1.49(m, 9H). MS: (M-1-1-1)+=
226,       (3aR,
6aR)-Hexahydro-pyrroloj3,4-b]pyrrole-1-carboxylic acid
tert-butyl ester (CAS # 370880-09-4) may be prepared
as described in Schenke, T., et al, "Preparation of
2,7-Diazabicyclo[3.3.0]odanes", U.S. Patent 5,071,999
(1991) which provides a racernate which may be
resolved by chromatography on a chiral 25column or by
fractional crystallization of diasteromeric salts, or
as described in Basha, et al. "Substituted
diazabicycloalkane derivatives", US 2005101602 (2005).
Example 73  30(3a R, 6a R)-5-M ethyl-h ex a h yd
ro-pyrrolof3,4-b)pyrrole        To a solution of the
product of Example 7A (20.8 g, 0.86 mole) in methanol
(450 ml) was added aqueous 3N FICI (300 ml) The
mixture was stirred at room -80-  WO
2007/100990PCT/US2007/062329 temperature overnight,
then concentrated to dryness at 30C under vacuum. The
residue was treated with aqueous IN NaOH to obtain a
pH of 9-10. The mixture was concentrated to dryness
The crude material was purified by chromatography
(eluting with a mixture of 10% methanol and 1%
ammonium hydroxide in 5 clichloromethane) to provide
the title compound. 1H NMR (300 MHz, CDCI3) 8 ppm 4.12
4 17 (m, 1 H) 3.31 - 3.43 (m, I H) 3.19 - 3.30 (m, I
H) 3.12 (cl, J=11.63 Hz, 1 H) 2.88- 3.01 (m, 1 H) 2.69
(dd. ,J=9.49, 2.37 Hz, 1 H) 2.40 - 2.52 (iii, 2 H)
2.33(s, 3 H) 2.12 2.28 (m, 1 H) 1.82- 1.95 (m, 1 H).
MS: (M+H)+= 127. 10Example 7C 13aR,
6aR)-1-(4-Brorno-pheny1)-5-methyl-octahydro-pyrrolon,4
-b1Ovrro1e         The product of Example 7B (2.30g,
18.2 mmole), 1,4-dibromobenzene (5.16 g, 20.9 mmole),
tris(dibenzyndeneacetone)clipalladium (340 mg, 0.36
mmole),
racemic-2,21-bis(diphenylphosphino)-1,1P-binaphthyl
(460 mg, 0.73 15mmde) and sodium tert-butoxide (2.63
g, 27.3 mmole) were dissolved in 20 ml of toluene and
heated to 70C under N, for 16 hours. The mixture was
cooled to room temperature, diluted with water and
extracted with dichloromethane (5x). The combined
organics were dried over sodium sulfate, filtered and
concentrated and purified by chromatography (eluting
with a mixture of 5% methand in 20 dichlommethane) to
provide the title compound. 1H NMR (300 MHz, CDC13) 8
ppm 7.25 - 7.30 (m, 2 H) 6.41 - 6.46 (m, 2 1-1)
4,07(m, 1 H) 3.47 (ddd, J=9.1, 7.7, 5.9 Hz, 1 H) 3.19
(dt, J=8.9, T3 Hz, 1 H) 2.95 (m,1 H) 2.68 (dd, J=911,
3.0 Hz, 1 H) 2.55-2.60 (m, 3 H) 2.32 (s, 3 H) 2_13 -
2.22 (m, 1 H) 1.88 -1.98 (m, 11-1). MS: (M+H)t=
281/283. 25 Example 7D (3aR,
6aR)-41-(5-Methyl-hexahydro-pyrrolof3,4-Npyrrol-1-y1)-
biphenyl-4- carbonitrile  30The product of Example 7C
(30.0 mg, 011 rnmole), 4-cyanophenyiboronic acid (18,8
mg, 0.13 rnmole), palladium(I1) acetate (1 2 mg, 005
mmole), 2- (dicyclohexylphosphino)biphenyl (3.8 mg,
0,01 mmole) and potassium phosphate  (K3PO4) (75 mg,
0.35 mrnole) were dissolved in 1 ml of toluene, 0.5
nil of isopropanoi and 0.5 ml of water. The mixture
was stirred at 60C under N2for 5 hours. The mixture
was cooled to room temperature, diluted with water and
extracted with dichloromethane (5x). The combined
organics were dried over 5 sodium sulfate, filtered
and concentrated and purified by chromatography
(eluting with a mixture of 5% methanol in
dichloromethane) to provide the title compound (23.1
mg, 71.3%). 1H NMR (300 MHz, CD0I3) 6 ppm 7.60 -7.68
(m, 4 H) 7.47 - 7.53 (m, 2 H) 6.61 - 6.68 (m, 2 H)
4.14 - 4.22 (m, 1 H) 3.51 - 3.60 (m, 1 H) 3.28 - 3.35
(m, 1 H) 2.93 - 3.01 (m, 1 H) 2.71 - 2.75 (m, 1 H)
2.48 - 2.61 (m, 3 H) 2.32 (s, 



103 H) 2.14 2.25 (m, 1 hi) 1.96 (d, Jr7.12 Hz, 1 H).
MS: (M41)4= 281/283. The following compounds and
Examples were made according to the procedures
outlined in Example 7C, with the exception that
different reagents were substituted to obtain the
titled compounds. Table 2: Example 8-38. Example
StartiRg. Material iksu[tin; cp_mpound ha..11k_gnd
ii,41     Exarapje 8 Pmdua cif (3aR,6aR)-1- 1H NMR.
(CD03) 5 ppm 7 47 (d, J=9 [5 Hz, 2 H),  -al.E12Ple 7C
(4'-methoxy- 7 42 (d, 1....9 15 Hz, 2 1-1), 6 94
(d,1=8 81 Hz, 2 11),  3nd      6.63 (cf, J.,..3 81 Hz,
2 H.), 4 1 [ - 4 IR (m, 1 I-1), 3.83 (s,  4- 



1,1'-biphenyl- 311), 350 - 3.60 (m, 1 1-1), 32? -3.33
(in, I H), 291 -  methdx.}Tia 4 ,d) 5 3 03 (m, I H), 2
69 - 2 77 (m, I H), 2 52 - 2 62 (m, 3  11_1_,)ormlic Y
TILL 34 (s, 3 H), 2.11 -2 26(m, 1 H), 1.S9- 2 01 (m
gpd methyloctahy dropyrrolop,4 Ill): MS (1),P.H)--
309.   -IA pyrroIe  Examplc 9 Product of {4I- il NMR
(CDC13) 5 ppm 7.55 (d, J=8.48 1-1z, 2 1-1),  Exaniple
7C: F(3aR 6aR)-5- 747 (d. I=8 81 Hz, 2 H), 7.34
(d,3:-.8.48 Hz, 2 1.1),  add 4-     



" 6 64 (cl, I=8 82 Hz, 2 1-1), 4.12 - 4.23 (m, / H), 3
76 (s,  (GYano-     rnethylhexany 2 H), 3.49. - 3 63
(m, 11-1), 3,24 - 3 36 (TII, 1 11), 2 90 -  rnayl
dropyrrob[3 ,4 305 (m, 1 H), 2 70-2 80 (m, iii), 251 -
2.64 (m, 3  phenyl)      Hy, 235 (s, 3 H), 2.10- 2.25
(m, ill), 1 39 - 2.02 (m,  &manic acid     -b]pyrrol-
I H),: MS (M+14)-= 318.  



1(2H)-yI]-1, I '- biphenyl- 4- yi)aoetonitriIe
xample10 Product of    L,,, .1-14 '11 NMI? (300 MHz,
(ZDC13) 8 ppm 7 9.6 - 8 00 (irk., 2  Example 713
1,(3aVal'015c H), 7.46 - 7 57 (m, 4 H), 6,65 (m, 2 H),
4 11 - 4.22 (m,  and 4-     rnerilyibexahyd I H), 3 49
- 3.62 (m, 114), 3 26 - 339 (m, .1 11), 2 97 ,
fbromuolten ropyrrolcq3,4- Om 1 H), 2.69 -275  (im,
11.1), 2 61 (s.,3 1i).2 50-1  YnklecturAlen bil)v]101-
262 (m, 3 H), 232 (s, 3 11), 2 13 - 2 23 (m, 1 H), 1
91  one l(lithiLL,E.7 biphenyl-42 



viiethanpnc -201  (m, 1 H); MS (M.+H).1= 321     NMR.
(C.003) 6 ppm 917 (d,1=2.37 Hz, 1I-fl, 821 (d, 7=2.37
Hz, 1 II), 8.10 (d, .P7.80 11z, 1 H). 7 34 (dd,
J=8.14, !.3611z, I 11), 7 48 - 7 71 (m, 4 H), 6 71
(cl, i=8. R1 Hz, 2 I-0, 4 17 - 4.2.3 (m, 1 II), 3 55 -
3 65 (nn, I H), 3 30 - 340 (m, 111), 2 94 - 3 09 ('n,
1 H), 2 72 - 2 32 (m, II), 2.53 - 2 70 (m, 3 2.36 (s,
3 II), 2.15 - 2.24 (m, 1 H), 1 92 - 2.06 (n, 1 11): MS
(1'.4)= 330 11.1NNIR (300 MHz, CDCI3) S pprn 8 33 (4,
J.-2 03 Hz, / H), 7 74 (cid: P8 65, 2 54 Hz, 1 H), 7
35 - 7 44 (m, 2 II), 6.77 (d,J=9.49 Hz, I fi), 661 -MS
(m, 2 H), 4 10 - 4.21 (riL 111). 3.96(s. 3 H), 3 - 3
58 (m, 1 H), 3 23 - 3 31 (rn, I II), 2 90 - 3 03 On, 1
H), 2.55 - 2.77 (m. 4 11). 2 33 (s, 3 H). 2 12 - 2 25
(in, 1-1), 1 88 - 2 03 (in, 1 1-1); MS (M+H)L- 310 111
NI/111, (CDCi3) 5 ppm 7 55 (d, 1=8 14 Hz, 2 1-0, 748
(d, J=8.32 Hz,? 11), 739 (4, I=8 14 Hz, Ni), 6.64(d,
1=8 32 Hz, 211), 471 (s, 2 II), 4 13 - 4 23 (rn, 1
H.), 3.52 - 3 61 (rn, 2 II), 3.24- 3.36 (in, 1 H), 2
92 - 3.06 (nu, I H), 2.70 - 2 77 (in, 1 II), 2 49 -
2.66 (in, 3 H), 2.35 (s, 311), 2 11 - 2 26 (m, 1 A), 1
88 - 2.03 (m, H); MS (m+11)= 309. LB NIvIR (300 MIlz,
CDCl3yoppms 76 (4,3=2.37 Hz, 1 II), 8 /9 (d, P8.I4 Hz,
1 II), 7 92 8 01 (rn, I H), 7 '18 - 7.56 (in, 2 II),
6.62 - 631 (m, 2 H), 4 15 - 4 26 (at 1 11), 3 54 - 3
63 (nn, 1 I-I), 3.34 (m, 1 H), 2 92 -308  On, 111), 2
51 - 2 79 (n, 4 H), 235 (s, 3 10, 215 - 2.26 (n, 1
II), 1 93 - 2 08 (m, I II); MS (M+/-1.) = 305 'HI4M11.
(CDC11) 6 ppm 7 40 (d, I=7 80 HZ, 1 H), 7.17 (4,1-8.81
Hz, 21-1), 7 00 (4, J=7 801-1z, 1I-f), 662 (d, P-8.81
Hz, 2 H), 4.09 - 4.20 (rn, 111), 3 50 - 3 60 (m, 1
IT), 3 .23 - 3.34 (m, 1 H), 2 90 - 3 02 (m, 1 II), 2
70 - 2 78 (m, 1 H),2.56 -2.64 (rn, 211), 255 (s, 3
II), 251 (s, 3 H), 2 44 - 2 49 (in, II), 232 (s, 311),
2 12 - 2 24 (ni, I FT), I 88 - 2 01 (m, II); MS
(IvEFH)1.= 308   NMR (CDC.13) 6 ppm 7 42 (d, J-8 82
Hz, 2 H), 7.20 - 7.32 (rn, 2 1-1), 6,98 - 7 04 (in, 1
H), 6 60 (d, 1=8.82 Hz, 2 H), 426 - 4 38(m, II), 391
(s, 3 1-), 3 78 - 3.90 (in, 1 H), 3.53 - 3.64 On, El),
3 32 - 3.45 (m, 1 H), 3.07- 3.24 (in, I t1).2 68 -
3.03 (in, 3 H), 256 (5, 3 H), 2.13 - 2 300L 1 H), 1.91
- 2 10 (n, 1 H); MS (h1+1-1)1.= 327 1/11,1MR (CDC?)
ppm 8 11 (d,1=1.70 Hz, 11.1), 781 (d, J=8 14 Hz, 11!).
7 51 - 7 60 (m, 3 H), (68(4, J=8.81 Hz,? H), 4 12 -
4.22 (in, 1 A), 3 50 - 3 63 (in, 1 H), 3.24 3 37 (rn,
I II), 2 91 - 3.06 (m, H), 2.85 (.1 311), 2.69 - 2.79
(in, in), 2.47 - 2.66 (m, 3 H),  -83-  WO
2007/100990PCT/US2007/062329   Imramctltyl- il-3
2.1(k.uxa horolant-2- A htnzuthiazol  C    1(214)-
yElphenyl-1,3- benzotlitazolc 2 33 (s, 3 I-1), 2.10 -
2.25 (rn, 1 H), I 87 - 2 03 (in, I H); MS (M-111)1=
350 



Examp1d8 Prodnm of (3aR,6aR)-1- 'H NMR (CDC13) 5 ppm
772 (s, 1 11), 7.21 (d,  Example 7B [4(111- 1-9 15 Hz,
2 H), 715- 7.]8 (rn, 2 1E, (d, T-8 81 Hz, 2  nd 1-(4-
imidazol-1- 1-0,4.09 - 4.17 (in.] H), 3.4E -3.59 (rn,
1 14), 3 21 -  bro/rEolaLiw YDP111W11-5- 3.32 (m,
111), 2.92- 3.03 (m, I II), 2 69 - 2 75 On, 1
11imidazole incthyloctahydr 1-0, 2.16 - 2 62 (iii, 3
11). 2.32 (3, 3 H), 2 13- 2.26 On,   DPYTT91.9[3,4-
blpyrrole I II), i 90 - 2 02 (in, 1 H); MS (M-141)+=
269 Example19 Product pf (3a11,6a11)-1- '1114MR
(CDC:i3) 5 ppm 7.44 (M1,3-8 82, 5 43 Hz, 4
Examplp,..7C (4'-etboxy-1.11- 



1-I), 693 (d, I=8. 82 Hz, 2 II), 6 62 (cl, T-8 82 Hz,
2 H),  and 4- bipheny14-Y1)- 4 20 - 4 33 (in, 1 1-1),
4.06(q, T.=.7 12 Hz, 2 H), 3 51 -    3.64 (m, 1 H), 3
27 - 3.40(m. 1 11), 3.02 - 3.15 (m, 1  1)13orcmic
inethyloctabydr H), 2 57 - 2.93 (In, 4 II), 247 (s, 3
14), 2.12 -226  (rn,  acid oPYITEilal34- I H), / 91 -
2 04 (in, 1 H), 1 43 0, 3=f) 95 112, 3 II);
b]PYTE-0/ MS (M+.1-1)1=, 323. Examp1e20 Product of
(3aR,6aR)-5- 1H NMR (CDC13) 5 ppm 7 48 01, T=3.39 Hz.
2 10.  Example 7C nictliy1-114'- 7.45 (d, /--.3 39 Hz,
2 11), 7 27 - 7.34 (n, 2 11), 6.62 (ct  and
(nethylthio)- 



14 81 Hz, 213), 4 19 - 4.32 (n, 111), 3 52 - 3.66 On,
(nieffivithio 1y-biphenyl- 1 1E, 328 - 3.41 (n, 1 H),
3 02 - 317 One 1 I-I), 2.73 -  lpfienylboro 4- 2.85
(in, 1 HI 2 59 - 2 71 (im, 1 H), 2,51 (s, 3 I-I), 24!
nic acid yfloctahydiopy -2 50 (m, 2 E), 2 14 - 2 28
(n, 1 11), 1.90- 2.06(m. 1   milo[3,4- biPyrroie E),
163 (s, 313): MS (M+Hr- 325 Examule21 piod,ci oF
(311116aR)-5- 'll NM11 (300 MEz, CDC.13) 3 ppm 7 54 -
7 59 Om 2  Example 7C methyl-144- H), 7 13 - 7.25 (m,
4 II), 6.54 - 6 60 (m, 2 H), 4.11 -  nod Fl.rridin-4-
4 25 (n, 1 H), 347 - 3.59 On, I II), 3 16 - 3 36 (in,
1  pyridinc-4- 



ylpltenyDomal] I1), 2 91 - 3 04 (in, 1 H), 2 64 (n, 4
H), 2 35(s, 3 H),  boronic acid yciropyrioloP, 2 08 -
2.26(m, 1 H), 1.89 -2 08(m, 1 TI): MS   4-14y/role
(M1-I-1).1= 'H. Exaniple22 Product of 4',[(3aP,6aR)-
'11 NMI?. (300 MHz, CDC1:1) 8 ppm 7.73 - 7.84 (n, 2
E), 7.39 - 7 54 (in, 4 I-1), 6.62- 6.69 (m, 213), 4 13
-  am! methylhexabyd 423 (in, I II), 3 48 -3.64 (in, 1
H), 3.25 - 3.4; (in,]  3: iopyrro/cP,4- 1.1), 291 -
3.04(m, 1 11), 2.69- 236 (m, 1 FE, 2.50 -
cvanopliany. 1 hipyirol- 2.68 (in, 3 H), 233 (s, 3 H),
2 11 - 2 25 (in, 1 H), 191  boronic acit1 



1(211)-y11-1,I'- biphenyl-3- carbonitrila _ 2.02(m, 1
H); MS (M-I-Er - 304 Examp1e23 Piuduct of (3aR,6aR)-1-
'1-1NNIR (CDCW 5 ppm 739 (d, .T915 Hz, 2H)  Example 7C
[441,3- 700 (dd, 1=10 34, 2.20 Hz, 2 H), 6 84 (d, 18
48 I-L, I  and 3.4- benzodIox01-5- H), 661 (d, T=8.31
Ey., 2 H), 5.97(s, 2 H), 4.12 -4.25  rriethylenedi
yl)plicny1]-5- (m, 1 Ti). 3 50 - 3 62 (in, I FT), 323
-3.36 (n, 1 II),  oxybenzene metlayloutahydr 2 92 - 3
09 (in, 1 E), 2 52 - 2 82 (in, 4 14), 2 38 (s, 3
borunic acid opyrrolo[3,4- H), 2 10 - 2 26(m. III),
1.88 -2.03 (m, 1 1-1), MS   bilpyn-nlc (m+I4)f= 323. 



Example24 Product of (3aR,6uP)-5- 11-I MIR (300 MIlz,
CDC13) 5 ppm 7 43 - 7 50 (in, 1  Example 7C:
methy1-144- H), 7 17 - 7.25 (m, 2 E), 6.61 - 6 74 (ni,
2 H), 6 52 -  and PYrrthil-3- 6.62 (n,2 IE, 4 05 - 4
15 (in.] H). 3.45 - 3 56(m, 1  pitictinp-3.2
ylphenyl)octab H), 3153  28 (m., In), 2 87 - 3.02 (m,
1 H), 2 47 -  hnroat acid ydropyrro1r43, 170 (Trt, 4
H), 2 30 - 2.34 (s, 3 I-1), 2 09 - 2 20 (rn, 1
4-111pyrrialc H), LH - 1.98 (in, I II): MS
(14-1-1-/)1= 280. ExampTe25 Product of (3aR,6aR)-1-
'1.414.MR (CDC13) 5 ppm 791 (di:LI-17 63, 7.80 Hz,
Example 7C [442,6- I H), 7.40 (cld, J=8,93, 1.86 Hz, 2
H), 6.86 (dd, Jr.-1.80, 



WO 2007/100990PCT/US2007/062329  and 2,5-
ditittoropyridin -3-7/1)plienyT 5- methyluctahydr
opyrrolui.3,4- blprole 3.39 Hz, 1 H), 664 (d, 1=8 82
Hz, 2 H), 4.12 - 4 20 (n, 1 H), 3.50 - 3 60 {m, 1 H),
325 - 3.35 (rn, 1 11), 2 9 / - 3.03 (no, 1 H), 2.69 -
2 76 (ni, 1 H), 2 47 - 2 64 (rn, 3 IA), 2 32 (s, 3 H),
2 12- 2.24 Cm, 1 II), 1 89 - 20! (m, 111); MS
(M+1-1)-= 316.  ditluoronvrt    dine-3-    baronic
acic1   Ex3mp1c26 ?induct of 1.29,322ple 7C: .g.1.4?-
qcntejtenzen .ithorpnic acid 



1-14'. 1(.30R,6aR)-5- Pfle111Ythexkl1Yd ropyrne1o[3,4-
b]pyrro1- 1(2H)-y11-1,1' bipbenyi-3- \di ethanone 'T-]
rimB (CDCI3) 6. ppm 8 .1.3 ft, 1=1 86 Hz, 1 H), 784
(d, 1=7 46 Hz, 1 11), 774 (d, .14 14 11z, 1 11), 7.5!
(t, 1=8.14 Hz, 2 H), 664 (d, T=8 48 Itz, 2 11), 423
-4.42 {rn, 1 11), 3.55 - 3.67 (m., 1 11), 3.34 - 3 49
(m, 1 H), 3 12 - 3.27(m, t H), 2.69 - 2.98 (ni, 4 H),
2 65(s, 31-I)2.57 (5, 3 ii), 2 15 - 2.30 (rn, III),
1.94 - 2 11 (rn, 1 11); MS (M1.-1)'= 321. Exarnolc27
Product of (3aR,6aR)-1- 3111\1MR (CDC,13) 6 ppm 7.47
(d, 3=8 14 112, 41-i)  Example 70 f4'-(erhylthio).- 7
36W, Pl 31 Hz, 2F1), 6 62(d, 3.--3 81 Hz, 2 H),  and
4-     1,r-biphenyl- 4.18 - 4 32 (m, 111), 3.51 -365
(m, 1 H). 3.28 - 3 41  (etlivlatict)be 4-y]]-:)- (m, 1
13), 3 03 - 3.16 (in, 1 H). 296 (q, 1-7 46 Hz, 2  



nzeneboroni methyloctabydr 1-1), 2.57- 2.RR
(311,1=38.31 Hz, 4 H), 245 (5, 3 H),  c acid
npyrroln(3,4- 2.13 _ 2.26 (m,1 H),1.91 - 2.08 (ni,
11-1), 1.33 (1,   bJPrl'illo 3=7.29 Hz, 3 HI;
13.4SISM-FH)1= 339._.._... F.74 a rim I e 2R Product
of (3aR,6aR)-5- 'H MAR (CDC-13) 6. ppm 7.63 (s, 4 14),
750 (d,  .1.7(art-tplc, 7c" methyl-I-NI- 1=8 82 Hz, 2
1-1), 6.65 (44=8 82 11z, 2 II), 4 19 - 4.32  and 4:
Orill.nornmethy (ni, ill), 3 51 -365  (m, i 11), 3.29
- 3 42 (m, 1 1-0,  Oritlimornet i)-1,1'- 3 00 - 3.17
(rm 11-1), 2.58- 2.92 (m, 4 13), 2.43 (s, 3  



lapipinylb biphenyl-4- 13), 2.12 -229  (In 1 II), 1.92
- 2.01 (m, I H): MS  ut-onic acid ylloctahydropy
noloP,4- b)pyrroic (tv1+.1-I)-347 r 1.3kampic29
Product of (3aR,6aR)-5- 'H NMR (CDC1.1) 6 ppm 7.47'
7.55(m, 411). 745  Example 7C Inethyt-1-(4'- (d, 34.82
Hz, 2 II), 6 .74 (dd, P--17.63, 10 85 Hz, 111),  and
4- viny.1-1,11- 6.63 (d, .1=-S 82 Ik, 2 I-1), 575 (ci,
.fr17.63 Hz, 1 11),  vinvlonenvt     bipheity1-4-
5.22(d. 1-1085 Ilz, 1 II), 4 21 - 4.32 (In, In), 3 52
-  borotdc acid yl)octallydropy 



3.64 (m, 111), 3 29 - 3 42 (m., 111), 3 02 - 3.15 (in,
1   nolo[3,4- II), 261 -288  (in, 41-1). 2.46 (s,
311), 2 12- 2.27 (m.   blpyt role 1-0, 132 - 2.04 (at,
111); MS (M-t-I-1)1-=- 305. Example30 Pioduct of
(3aR,6aR)-5- '11 NMR (CDC1a) 8 ppm 8.14 (d,1=2 03
1-12, 1 H),  Examole 70     methy1-1-(4'- 767 (dd, 1=7
80, 2 03 Hz, 1 H), 749 (d, 2=8.82 Hz, 2  and 4-
methyl-3i- FI). 7 34(d, I=7.80 Hz, 1 Fr), 664 (1,.1.-8
32 Hz, 2 H),  methyl-3-     nitro-1,J'- 



421 - 4.32 (n, 1 II), 3 52 - 3 65 (n-k. 1 I-I), 3.30 -
3 43  ill ITO- biPhenY1-4- (m, 1 H), 3 00 - 3 16 (rn,
1 H), 2.68 -294  (m,4 1-0,  phenvlboton
yfloctaitydroPV 260 (s, 3 H), 2 44 (s, 3 H), 2.15
-2.28 (in, 1 H), 1.93 -  ic acid 1r0101334- blpyrrole
2 05 (m, I H); MS (1141-1).1= 338     Fxamole31
Produe; of (3aR,6aR)-1-'IT NNIR (CDC13) 8 ppm 8.22 (s,
11-1), 737 (d,  Examalr. 7c [442+3=3.82 Hz, 2 H), 662
(d,38.82 Hz, 2 H), 4 11 -4.24  a3g1...2-4-
dirrafilinxypYr1 (rn, 1 H), 4 02(, 3 H), 401 (s, 3 H),
3.50 - 3.61 (nn, 1 



(thnietboxy) midin-5- H), 3.24 - 3 35 (m, 1 H), 293 -
3.05 (ni, 1 H), 269 -  TWrimidnie- yl)plieny/.1-5- 279
(in, 2 H), 2.53 -264  (m, 2 H). 2.35 {s, 3 H), 2 11
5-botonic mothyldetahydr -225  (n), 1 1-1), 1 90 - 2
03 (in.] H); MS (134.11),I=  acid 0P317019[3,4 341
bt)rrro]e  _ t-MmP!dP P.T.Oduct oi (3a1t,35aR)-1- '1-I
NMR (300 MHz, C Deb) 8 ppm 7 40 - 7.50 (m, 4  EN
artp-Oelc (4'-iluor 6-1,11- H), 7.02 - 7.11 (m, 2 H),
658 - 6.67 (m, 2 H), 4 13 -  and biplieny1-4-y1)- 426
(in, 1 H), 3.50- 3.63 (m, 1 H), 3.24 - 3 37 (m, 1 



4: 5- I), 3.01 (m, 1 H), 2.56- 2.79 (m, 4 H), 2.38 (5,
3 H),  flunrapfriefly1 bryan.c..41 rnethylnulallyth
Dun oloiL4- 2 11 -2.25 {m, 1 H), 1.91 - 2.01 (in, 1
H); MS  WO 2007/100990PCT/US2007/062329   lit.pyrro[e
(M.II-)l- 297, Exarmic33 Ploduc E Elf i3aR,6aR)-5-
mcilly/44441- naphrhyl)pheny llocrahydropyrr. alu[3,4-
b]pyriole 'II NMI{ (CDC13) 8 pprn 8 01 (c1,1-8.48
I-Tz, 19), 7.88 (d, T=9 16 1.1z, 1 14), 780 (d, J=8 14
Hz, 1 11), 7 40 - 7.53 (rrE, 4 H), 7.38 (d, I-8 82 Hz,
2 H), 6.69 (d, I.-8 48 Hz, 2 H), 4.21 - 4.30 (m, I
FT), 3.55 - 3.66 (m., 1 I-1), 3.32 - 3 42 (m, 111), 2
99 - 3.10 (En, 1 H), 2.57 - 293 (iii, 4 H), 241  (s, 3
II), 2 14 - 2.27 (m, 1 II), 1.97  Example 7C   



and I-    Ela1211thaleD9 bar onic  ac   .-   -2.06
(rn, 1 B); MS (M+I.1)+=. 329 Example Product of
{4'4(3aP,6aR)- '1-I NMR (CDCJA 8 ppm 7.55 (a, I H), 7
46 - 7 52  Example 7C 5- (m, 414), 7.39 ( t, 3-7 63
Hz, 1 H), 664 (d, 3=8 82 1-k,  and 3- rndhylbexahyd 2
H), 4 74 (d, 1=576 112, 214), 4.13 - 4 24 (rn 1 Id),
(hydroxymet ropyrtolo[3,4- 3 50 - 3.62 (m, 1 H), 3.23
- 3 39 (m, 1 11), 2 92 - 108  hthOhenil hjpyrroT- 022,
1 1-1), 2 69 - 2.80 (rn, 211), 2 52 - 2 66 (m, 2 H), 



borobic acid 1(2/1.)-y1]-1.,1'- 2 37 (s, 3 H), 2.12 -
2 27 (m, 1 H), 1.89 - 2 06 (m, 1   biphenyl-3- yll
methanol H); Ms. 04+11)309 Exam 21e3a Product uf
(3aR,6aR)-1- 'H NMP. (CDC13) 5 ppm 7.98 (ci, I=6 78
Hz, III),  Examole 7C (4- 7 8L1 - 7 90 (iii, 2 H), 7
52 - 7 65 (m, 2 H), 7 31 - 7.50  and dibenzaila,d)(ir
(nr, 4 H), 6 69 - 6.78 (m, 2 11), 4 21 - 4 34 (nr, I
H),  dibenzofura an-4-ylphcny1)- 355 - 367 (m, 1 H), 3
33 - 3 47 (m, In), 2.97 - 3.13  n-2-boronic 5- (m, t
H), 2.75- 2.90 (m, 2 11), 2.54 - 2 70 (En, 2 II),
acid merhYlocEatrYdi 



2.4] (d, 7=1 36 Hz, 3 H), 2.14- 2.29 On, 1 F1), 1.93 -
upyrro/o[3,4- blpytiole 2.05 On, 1 H); MS (M1-Ii) -
369 Example36 Prodp.ct nf (3aR, 6aR)-5- 'I-1 NMR
(CDC13) 5 ppm 7 77 (s, 1 1-1), 7.71 (d,  F.xamnle 7C
Methy1-14Y- I=1 361-1z, 1 11), 7.50 (d, J=2.03 Hz, 2
11), 747 (d,  and 3- nifluororncthyl 1=1.36 Hz, 2 11),
6.65 (d, J=8.82 flz, 2 H), 4 18 - 4 28  ffritharronart
-bipbeny1-4- (n, 1 11.), 3.5Z- 3.63 (in, 1 B), 3 29 -
3 40 (m, 114),  hypplle1202 y1)-octahydrn- 297 - 3 ICE
(rn, 111), 271 -282  (rn, 2 H), 236 - 2 69  nronisatid
pyrrolo[3,4- (m, 2 H), 2.39 (s, 314), 2 12 - 2 28 (in,
1 H), 1.91 -   



b]pyirole 2.05 (in, 1 H); MS (MI-H)'- 347 Examr21e37
Protal nc (3aR,6aR)-1- '11 ?TAR (CDC13.) 8 ppm 7 45
(d, J-8.[4 Hz, 2 H),  Exarnalc,7C (4'-fluorn-Y- 7.29 -
7 36 (m, 2 H), 6 99 - 7 08 (m, 1 H), 6.59 (d,  and 4-
methyl-1X- 1=8 82 Hz, 211), 4 32 - 4.61 On, 1 H),4.21
-1 36 (m,  flu9.r9-3- bip1ieny1-4-7E1)- 1 1I), 3 57 -
4.02 (n, 2 1-1), 3.55 - 3 64 (m, 211), 3 DO -
mcthy[.. 5- 3 51 (in, 1 II), 283 (s, 3 H), 26! -275
(rn, 1U)1 233  Oenytharoir methyloclahydr (s, 3 1-1):
2.18 - 2 29 (in, 1 H), 1.91 -2.02 (in.,! H); MS  ic
acid opyrrolo43,1- hjpyr role (m+H)C 311 Example38 



Product of (3aR,6IER)-5- 111 1.4M11. (CDC13) 5 porn
7.97 (d, 3=1 70 112, III),  Example 7C methyl-14442- 7
80 _ 7 89(m, 3 H), 7.72 (dd,1-8.48, 170 Hz, 1 H),  and
2- naplithyl)pheny 7.63 (d, T=8 82 Hz, 2 H), 7 39 - 7
51 (in, 29), 6.68 (d,  naphthalene linclaltydropYrr
.1=848 Hz, 2 H), 4 24 - 434 On, 1 H), 355 - 3.67 (in,
bnronic acid nlo[3,4- / II), 332 - 3.43 (m, 1 a). 3.04
-317  (nr, 1 H), 2.62 -13.1pyrrolc287 (n, 4 1-1), 243
(s, 3 F1),2.14 -230  (m, I FT), [ 93        - 2 07 (m,
1 H); MS (1)1./TH 329  Example 39
(1E)-144171(3aR,6aR)-5-methylhexahydropyrrolo13,4-blpy
rrol-1(2H)-01-1 5biphemt1-4-yPrethanone oxime  To a
solufion of the product compound of Example 10 (20.0
mg, 0.062 -86- 



WO 2007/100990PCT/US2007/062329 mmole) in 1 nil of
ethanol and pyridine (50 !Al, 0.62 mmole) was added
hydroxylamine hydrochloride (6.5 mg, 0.094 rnmole).
The mixture was stirred at 80C under Nzfor 6 hours and
the solvent removed under reduced pressure. The
residue was purified by chromatography (eluting with a
mixture of 0.25% 5 ammonium hydroxide and 2.5%
rnethanol in dichloronnethane) to provide the title
compound, 1H NMR (300 MHz, CDCI3) 6 ppm 7.44 - 7.67
(m, 6 H) 6,64 (d, J=8.82 Hz, 2 H) 414 4.26 (m, 1 H)
3.51 -3.60 (m, 1 H) 3.25 - 3.39 (in, 1 H) 2.89 -3.04
(m, 2 H) 2_67 -2.83 (m, 2 H) 2.55-2.61 (m, 2 H) 2.35
(s, 3 H) 2.30 (s, 3 H) 2.16 - 2.25 (m, 1 H) L89 -2.05
(m, 1 H); MS (M1-Hr= 336. to Example 40
1441-1(3aR,6aR)-5-methylhexahvdropyrrolof3,4-_,2]pwrol
-1(2H)-v11-1,1i-biphenv1-4- yllethanol        To a
solution of Example 10 (35,0 mg, 0.11 mmole) in 2 ml
of methanol was added sodium borohydride (16.8 mg,
0.44 mmole). The mixture was stirred at room
temperature for 24 hours, diluted with water and
extracted with dichloromethane (5x). The combined
organics were dried over sodium sulfate, filtered and
concentrated under reduced pressure and purified by
chromatography (eluting with a mixture of 0.25%
ammonium hydroxide and 2.5% methanol in 20
dichloromethane) to provide the title compound 1H NMR
(300 MHz, COC13) 6 ppm 7.36 - 7 63 (m, 6H) 6.63 (el,
J=7.46 Hz, 2 H) 4.93 (q, J=6,44 Hz, 1 H) 4,14 - 4 27
(m, 1 H) 3_49 - 3.67 (in, 1 H) 3.25 - 3 37 (m, 1 H)
2.93 - 310 (rn, 1 H) 2.54 - 2.81 (m, J=41.03 Hz, 4 H)
2.39 (s, 3 H) 2.12 - 2.24 (ni, 1 H) 1 97 (dd, J=12.38,
6.27 Hz, 1 H) 1.53 (d, J5.44 Hz, 3 H); MS (M+H)= 323.
25                  Example 41
-(Lli-1(3aR.6aR)-5-methylhexahydropyrrolo13,4-bilpyrro
l-1(21-1)-v11-1.1-biphenv1-4- Ylipyridazin-3(2H)-one
30 Exampie 41A  WO 2007/100990PCT/US2007/062329 (3aR,
6aR)-1-(41-Bromo-bipheny1-4-y1)-5-methyl-octah1vdro-py
rrolo13,4-blpyrrole       The title compound was
prepared according to the procedure described in
Example 7C, substituting 4,4'-dibromobiphenyi for
1,4-dibromobenzene_ 1H NMR (300 MHz, CDCI3) 8 ppm 7.39
- 7.53 (m,6 H) 6.60 - 5.66 (rn, 2 H) 4.17 - 4 23 (m,
5I H) 3.52 - 3 61 (m, 1 H) 3 26 - 3.35 (m, 1 H)2.95 -
3,05 (m, 1 H) 210 -2.80  (m, 2 H) 258-2.64 (rn, 2 H)
2.38 (s, 3 H) 2,15 - 2 25 (rn, 1 H) 1.97 (m, 1 H). MS.
(M+H)t= 357/359 Example 41B
to2-(4'4(3aR,6aR)-5-methylhexahydrooyrrolo[3
r4-bipyrrol-1(2H)-v11-1,11-bipheLiv1-4-
VI/Pyridazin-3(2H)-one       The product of Example
41A (4.54 g, 12.6 mmole), 3(2H)-pyridazinone (2.41g,
25,2 mmole), copper powder (1.60 g, 252 mmole) and
potassium 15carbonate (5.21 g,37.7 mmole) were
dissolved 1n63 ml of guinoline and heated at 150C
under N2 for 48 hours. The mixture was cooled to room
temperature, diluted with hexane (15 ml) and filtered
through CELITEO. The filtrate was concentrated under
reduced pressure and the residue was purified by
chromatography (eluting first with diethyl ether,
followed by dichloromethane, then 20elution with a
mixture of 5% methanol in clichloromethane) to provide
the title compound. IFI NMR (300 MHz, CDCla) 8 ppm T91
(dd, J=3.73, 1.70 Hz, 1 H) 7.61 - 7.65 (m, 4 H) 7.51
(d, J=8.48 Hz, 2 H) 7.25 (dd, dd, J=9.40, 4,07 Hz,1 H)
7,07 (dd"1=9.49, 1 /0 Hz, 1 H) 5.64 (d"1=8.81 Hz, 2 H)
4.19-4.27 (m, 1 H)&54 - 3.64 (m, 1 H) 3 28 - 3.38 (rn,
1 H) 3.00 - 3.11 (m, 1 H) 2.56 - 2,85 (m, 4 H) 2.40
(s, 253 H) 2.10 - 2.29 (m, 1 H) 1.89 - 2.05 (m,
.1=6.78 Hz, 1 H); MS (MtH)+= 373. The solid (3aR,
6aR)-2-K-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1-y1
)-bipheny1-4- y11-2H-pyridazin-3-one obtained showed a
melting range of 204-207 DC (dec..). To a solution of
(3aR,
6aRy214'-(5-methy1-hexahydro-pyrrolo[314-b]pyrrol-1-y1
)- bipheny1-4-y11-2H-pyridazin-3-one in methanol was
added D-(-)-tartaric acid; a 



30 solid formed which was collected by filtration and
dried to give a solid of rn.p. 21 8 221 C. In like
manner, a methanolic solution of (3aR,
6aR)-20'-(5-methylhexahydro-pyrrolo[3,4-b)pyrrol-1-y1)
-biphenyl-4-0]-2H-pyridazin-3-when treated  with
L-(+)-tartaric acid, followed by concentration of the
solution and addition of diethyl ether, gave a solid
of m.p. 205-209 C. A methandic solution of (3aR,
6aR)-244'-(5-methyl-hexahydro-pyrrolo[3,4-blpyrrol-1-y
1)-biphenyl-4-yi]-2Hpyridazin-3-when treated with
phosphoric acid, followed by concentration of the
6soiution r gave a solid of m.p. 224-229 'C. A
methanolic solution of (3aR, 6aR)-2-
[4'-(5-methyr-hexahydro-pyrrolo[3,4-b]
pyrrol-1-y1)-biphenyf-4-y1J-2H-pyridazin-3- when
treated with salicylic add, followed by concentration
of the solution and addition of diethyl ether and
hexane, gave a solid of m.p. 115-113 C. A methanolic
solution of (3aR,
6aR)-2-[4P-(5-methyl-hexahydro-pyrrolo[314-b]pyrrol-
101-y1)-biphenyl-4-y1]-2H-pyridazin-3-when treated
with ascorbic acid, followed by concentration of the
solution and addition of diethyf ether and hexane,
gave a solid of rn..p. 163-167T. A methanolic solution
of (3aR,
6aR)-214P-(5-methylhexahydro-pyrrolo[3,4-13]pyrrol-1-y
1)-hiphenyl-4-y11-2H-pyridazin-3-when treated with
sulfuric acid, followed by concentration of the
solution and addition of diethyl 15ether, gave a solid
of rn.p. 232-235 C.. Alternatively, (3aR,
6aR)-2-14'-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrnal-1-
70- bipheny1-4-y1]-2H-pyridazin-3-one, the product of
Example 41B, can be prepared according to the
following: 20 Example 41C Ethyl (3aR,6aR)-hexahyd ro
layrrololl3,4-bliivrrole-5 (1 H)-ca rb oxviate The
product of Example AS (205 g) and CH2C12 (1 L) were
cornbined and cooled to 0 C. 1.54 L of a 20% KOH
solution was cooled to 0C then slowly 25added to the
salt slurry and the biphasic reaction mixture was
stirred vigorously at 0 C. After 275 hours, the layers
were separated and the aqueous Layer was extracted
with CH2C12 (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 wrk
sofution of product (100%). 30 Example 41D Ethyl
(3aR,6aR)-1-(4'-bromo-1,1'-bipheny1-4-yl)hexahydropyrr
o rO[3,4-bjpyrrole- 5(1H)-carboxylate  -89-  WO
2007/100990PCT/US2007/062329 To a vessel containing
4,4'-dibromobiphenyl (12.48 g, 2_0 equiv.) and cesium
carbonate (13.04 g, 20 eq.) was added the product of
Example 41C (17.9 wt%, 20.6g, 1 0 eq.) after which the
vessel was evacuated and purged. A catalyst solution
was prepared in a separate vessel by mixing Xantphos
(0.77g, 0_067 eq.) 5and palladium (Ii) acetate (0.22g.
0.049 eq.) and degassed after which 17.39 of toluene
was added with stirring the cataiyst solution was
added to the vessel containing the 44r- 



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 20C and to80 g of
dichlorornethane was added. The resulting mixture was
stirred and then filtered to remove the catalyst. The
resulting solution was concentrated under reduced
pressure and the residue was purified by column
chromatography to yield 5.65g of the title compound I
5 Example 41E Ethyl
(3aR,6aR)-1-f4'-(6-oxopyridazin-1(6H)-yl)-111r-bipheny
l-4-
VIlhexahydropyrrolo[3,4-b]oy_rrole-5(1H)-carboxylate A
mixture of 1.98 g of copper (I) iodide (10.4 mmole,
0.10 eq.), 1.66 g of 8- 20hydroxyquinoline (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 41.69 of the product
of Example 41D (100.16 mmole, 1.00 eq.), 23.6 g of
potassium carbonate (170.75 mmole, 170 eq.), and 14.4
g of pyridazinone (149.86 mmole, 1.50 eq.).
25Additional DMF (226 g) was used to transfer the
catalyst slurry. The resulting mixture was
deoxygenated then heated to 140 aC for about 18 hours.
After cooling to ambient temperature the mixture was
diluted with 567 g of THF and 384 g of 10% sodium
chloride solution. The mixture was filtered to remove
excess salts and the aqueous phase was separated and
back extracted with an additional 30 177 g of THF. The
combined organic phases were then washed with 10%
sodium chloride solution (3x384 9). The organic phase
was concentrated under reduced pressure and methanol
(253 g) was added and the contents were concentrated
under reduced pressure. After adding additional
methanol (158 g) the contents -90-  were cooled to 0
C, filtered, and washed with cold methanol. The
resulting solids were transferred to a vacuum oven to
yield 35.31 g (81.9% yield). Mass Spectroscopy: 431 5
(m.w. 430.5)- TH NMR (400 MHz. DMSO-d6) ppm 1,15 (s, 3
H), 1.78 - 1.88 (m, 1 H), 2.10 (ddd, J=12.49, 6.17,
6.04 Hz, 1 H), 3.03(s, 1 H), 5 3.24- 3_35 (m, 5 H),
3.53 (ddcl, J=9,23, 6.86, 6.69 Hz, 2 H), 3.67 (s, 1
H), 4.00 (s, 2 H), 412 (s, 1 H), 6,63 (d, 1=8.51 Hz, 2
H), 7.07 (dd"/r9.47, 1.51 Hz, 1 H), 7.48 (dd, J=9 A7 ,
3,84 Hz, 1 H), 7.53 - 7.60 (m, 4 H), 7.68 (d. J=8.64
Hz, 2H), 8.06 (dd. J=3 84, 1.51 Hz, 1 H). 13C NMR (100
MHz, DMSO-d6) d ppm 14.79 (CH3), 28.89 (C1-12), 47,71
(OH2), 60.24 (CI-12), 112.34 (CH), 124,87 (CH), 125.27
(CH), 126,02 10(C), 126 89 (CH), 130.05 (CH), 131.69
(CH), 136.87 (CH), 138.78 (C), 139.31(0), 145,61(C),
153.53(C), 158.64 (C). Example 41F
2-{4'(3aR.6aR):Hexahyd ropy
rrolo[3.4-blpyrrol-1(2H)-v11-1,11-blohenv1-4-
15vlk-Wridazin-3(2H)-one        A mixture of the
product of Example 41E (7.50 g, 17.42 mrnol) in 33%
HBr in acetic acid (37 mL, 205.57 mmol, 11.8
equivalents) was heated to 65-70C 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 20methanol (111 mL) The
mixture was cooled to 20-25 C, the product is
collected by filtration and is washed with fresh
methanol (50 mL), The wet cake is dried in the vacuum
oven at not more than 55C to provide the title
compound (7.25g, 94.8%). 25Example 41G
24443aR,6aR)-(5-Methylhexahydropyrrolo{3,4-b]pyrrol-1(
2H)-y1)-11P-biphenyl-4- ikyridazin-3(21-i)-one
To a stirred solution of the product of Example 41F
(13.809, 31.41 maid) in dimethylacetamide (500 mL) was
added a solution of 37% aqueous formaldehyde (7.2 mL,
94.23 rnmol, 3,0 equivalents) followed by sodium
triacetoxyborohydride (20.0 g, 9413 mmol, 3M
equivalents). The mixture was stirred at 25 +1- 5C for
30 minutes during which the starting material was  



WO 2007/100990PCT/US2007/062329 consumed, giving a
clear solution. The mixture was diluted with 1N1 Ha
(94 mL, 94 mrnol, 3 equivalents) and stirred for one
hour. The mixture was adjusted to pH 9.0 +/- 0.5 with
IN Nei:7H (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 5about 50 C to provide the
title compound (10.40 g, 88.9%).
Example 41H
R.5aR)-(5-MethOexahydropyrrolo13,4-b1pyrrol-1(21-)4)-1
,11i-biphenvl-4- yllpyridazin-3(2H)-one L-tartrate 10
A solution of 3.46g of L- tartaric acid (1_07 eq.) in
56 g of water was added to a flask containing a slurry
of 8.00 g of the product of Example 41G in anhydrous
ethanol (44 g). The mixture was heated under reflux
and after 30 minutes most solids had dissolved. The
mixture was cooled at 5 C per hour to 60C, and then
15allowed to cool to ambient temperature overnight.
After cooling the mixture to -15 C the product slurry
was filtered and dried at 45-50 C overnight to provide
the title compound (10.64 g, 945%). 20Example 42
(3aR,5aR)-5-methyl-1-(4'-pyrimidin-5-v1-1,11-biphenv1-
4-ypoctahvdropyrrolor3 4- tithfl       The title
compound was prepared according to the procedure
described in Example 7D, substituting the product of
Example 41A for the product of Example 25 7C and
substituting pyrirnidine-5-boronic acid for
4-cyanophenylboronic acid. 1H NMR (300 MHz, CDCI3) 8
ppm 9.19 (s, 1 H) 8.99 (s, 2 H) 7.62- 7.74 (m, 4 H)
T52 - 7.58 (m, 2 H) 6.63 - 6.70 (rn, 2 H) 4.20 -4.31
(m, 1 H) *55 - 3.67 (m, 1 H) 3.30 - *42 (m, 1 H) 2.99
- 3.14 (m, 1 H) 2.60 - 2.84 (m, 4 H) 2.42 (s, 3 H)
2.16 - 2.26 (m, 1 H) 1.95 - 2.05 (m, 1 H); MS (WHY=
357.       The following compounds and Examples were
made according to the procedures outlined in Example
42, with the exception that different reagents were
substituted to obtain the titled compounds.  WO
2007/100990PCT/US2007/062329 Table 3: Example 43-47.
Exarrt. Staitiou Resulting  soinpuund 4"-g3a1t,6aR)-
5- methyllinally dropynulo[3,4 -bipyrrol- NMR and MS
EII NMI{ (300 MI17., CDC13) IS ppm 782 - 7 91 (in, 2
H). 7 47 - 7 68 (rn, 8 II), 6 61 - 6 70 (m, 2 II),
4.20 -433  (n. 1 H) 3 53 - 3 66 (in ,1 I-1), 3.28 -
3.43 (m, 1 II), 3 00 - 3.19 (in, I II), 2 61 - 2.91
(m, 41-1). 244 (s, 3 II), 2.15 -2 28 (m, 1 E)203 (d.,
1 II); MS , 



Material   Example 43 Prodoef of ExaratIe. 41A nod
3- cyanophe    itylboremi I(2H)-yik terphcny1-3-
carbonitrile {M.1-14)-= 380.  c acid      



Example 44 Pioduct of: (JaR_,6aR)-1- 'H NMR (300
NIHz., C_Del:i) 8 ppm 843 (dd,  Rxanipl.L4 [4'46-
T=18.14, 2.54 1.1z, 1 II), 7 92 - 8 04 {in, 11-1), 7
33 -  414 and fluoiopyridin- 771 (m, (i 1-1), 6.97-
7.09 (m, 1 1-fl, 6 62 - 6.68 {m, 2  2- 3-Y1}-1,11- H),
4 18 - 4.31 (m, 1 E), 3 54 - 3 67 (no, 1 H), 3.26 -
fluoropyri bipltesty1-4-A- 341 (in, 1 11), 296 - 3.16
(m, 1 IT), 2.56 -2.89 (m,  dine-5- 5- 4E), 243 (s, 3
E), 2 12 - 2 27 (nn, 1 H), 1.95 -207   bo.ronle
methyloetanyd ropyrrolui34- b]pyrt ale (rn, 1 1-1); MS
(M1-11)'- 374  



acid       Exam)le 45 PF.Pill)ct cl.r. (3aR,6nR)-1-
'II NMR (300 MHz, CDC13) 8 ppto 7 28- 7.85 On,
E.2:.4.mpl 0 [4'42,6- 7 ID, 7.02 - 707 (rn, 1 II), 6
59 - 6 68 (m,2 H), 4.15  43A and dimethylpyridE -4.28
(m, 1 H), 3 54 - 3 65 (m, 1 II), 3.30-3.36 {rn, 1  2
6- n-3-y0-1,11- H).2.95 -3.09 (m, III), 2 51 - 2.59
(4,3 H), 2 57(6,  dinictlivlp bipheny14-A- 3 11), ) 48
(s, 3 1-1), 2.13 -223  (m. I t), 1 94 - 2 08
Eric41-0-5- 1)mpnic :Fill col 



agfer 5- niethyloctallyd ropyixolo[3,4- b]pyitole (rn,
1 H); MS (M-F11)'- 384. Exam* 40. product of
(3aR,6fiR)-1- III NNIR (300 MHz, CDC11) 6 ppm 8 68(s.
111).  DI:ample [4'-(6- 8.52(d, 1=4.75 11z, 111), 7 33
- 7 72 (m, 611), 6 61 -  4I.A and ehloropyridin- 6.69
On, 3 E), 4]? -434  (m, III), 3 54 - 3 68 Om 1  2-
3-y1)-1,11- H), 3 28 - 3.41 {nr, 1 14), 2.95 - 3 17
(m, 1 IT), 2.54 -  ci-doropyri biphenyl-1,A- 2.82{m. 4
II), 2 41 (s, 3 11), 2 16 - 2.27 (m, 1 n),  dine-5-
buronie twid 5- methyl ctabyd 



i oprinio[3,4- 1.90 - 2 05 (Fri, 1 II); MS (M4I-DI=
390.   Nimarde  Ex.ampic 47 Product of 411-[(3aR,6aR)-
1H NMI( (300 MHz, CDC13) 6 ppm 7.72 (s, 411),  Example
5- 7 5- 7 69 (m, 4 1-1), 7.54 (6, 4=8 81 az, 211). 6
66  4IA aild modiylltexahy (6, 1=8 81 Ex., 2 II), 4.20
- 4 30(m, 1 II), 3 52 - 3.66  Lk dropyrrolu[3,4 (in,
III), 329 - 3 43 (m, 1 E), 2 97 - 3 14 (m, I H),
cvanoPlie -b]pyrrul- 2.50- 2.84 (m, 4 1-1), 2.42 N. 3
1-0, 212 - 2.27 {m, 1  nylboroni    1(21-1)-Y11-
terpheny1-4- n), 1 03 - 2 06 (m, 1 H); MS (M+1-0+= 380
c acid 



1carbnnitrile                         Example 48
4-{4-1(3aliteaR)-5-methylhexahydropyrrolor3,4-b1PVrrol
-1 (2 FI)- VilPhenvIlpiperazh-1-yl)nicotinonitrile
-93-  Example 48A  6-Riperazin-1-yl-nicotinonitrile
5-Chloronicotinonitrile (500 mg, 3.61 mmole) and
piperazine (930 mg, 10.8 5 mmole) were dissoived in 20
ml of acetonitrile and heated at 60 C under N2 for 5
hours. The mixture was cooled to room temperature,
diluted with water and extracted with dichloromethane
(5x). The combined organics were dried over sodium
sulfate, filtered, and concentrated to provide the
title compound. 'H NMR (300 MHz, COCI3) 6 8.40 (d,
J=1.70 Hz, 1 H) 7.60 (rid, J=8.81, 2.37 Hz, 1 H) 6.59
to(d, J=8.48 Hz, 1 H) 3.57 - 3 75 (m, 4 H) 2.91 -3.05
(rn, 4 H); MS (M+H)t= 189 Example 48B (3aR,
6aR)-644-14-(5-Methyl-hexahydro-pyrroloJ3,4-blpyrrol-1
-y1)-phenvli- piperazin-1-v11--nicotinonitrile 15The
product of Example 7C (281.2 mg, 1.0 mmole), the
product of Example 48A (226 mg, 1.2 mmole),
tris(dibenzylideneacetone)dipalladium (18.3 mg, 002
mmoie), racernic-2,2'-bis(dipheny1phosphino)-1,1T
binaphthyl (25.0 mg, 0.04 mmole) and sodium
tert-butoxide (145 mg, 1.5 mmole) were dissolved in 5
ml of toluene and heated at 70 C under N2 for 24
hours. The mixture was cooled to 20 room temperature,
diluted with water and extracted with dichloromethane
(5x). The combined organics were dried over sodium
sulfate, filtered, and concentrated under reduced
pressure and purified by chromatography (eluting with
a mixture of 5% methanol in dichloromethane) to
provide the title compound. 1H NMR (300 MHz, CDC13) 8
ppm 8.43 (d, J=1 70 Hz, 1 H) 7.52 (rid, J=8.98, 2.20
Hz, 1 H) 6.92 25(d, J=8.81 Hz, 2 H) 6.64 (d, J9.15 Hz,
1 H) 6.56 (d, J=9.15 Hz, 2 VI) 4.01 -4.15 (in, 1 H)
3.79 - 3.88 (m, 4 H) 3.45 - 3.55 (m, 1 H) 3.14 -3.23
(m, 1 H) 3.08 3 14 (m, 4 H) 2.97 - 3.04 (m, 1 H) 2.55
- 2 75 (m, 4 H) 2.36 (s, 3 H) 2 09 2 22 (m, 1 H) 1.92
(m, 1 H); MS (M+H)= 389. 30Example 49
f3aVaR)-144-1446-chloropyridazin-3-vi)piperazin-1-yllp
henv1)-5- methyloctahydropyrrolo13,4-bjpyrrole  WO
2007/100990PCT/US2007/062329
Example 49A
6aR):14444-(5-Methyl-hexahydro-pyrrolo[3,4-b1pyrrol-1-
y1)-phena 5piperazin-1-v1}-ethanone       The product
of Example 7C (500 mg, 1.78 mmole), 1-acetyipipera7ine
(274 mg, 2.13 mmole),
tris(diberizylicteneacetone)dipalladium (32.6 mg,
0.036 mmole),
(r)-()-2,2t-bis(diphenylphosphino)-1,1-binaphthylwere
(44.3 rig, 0.071 mmole), sodium tertbutoxide (256 mg,
2.67 mmole) and 5m1 of toluene were mixed under 



10N2 in a Emrys process vial. The vial was sealed,
then heated in the microwave for 20 minutes at 150C,
using the Emrys Creator microwave reactor. The mixture
was diluted with water and extracted with
dichlorornethane (4x). The combined organic layers
were washed with brine, dried over sodium sulfate,
filtered, concentrated under reduced pressure and
purified by column chromatography 15 (eluting with a
mixture of 10% methanol and 1% ammonium hydroxide in
dichloromethane) to provide the title compound. 1H NMR
(300 MHz, CoCia) 6 ppm 6..87 - 6.91 (m, 2 H) 6 53 -
6.60 (m, 2 H) 4.05 -4.07 (in, 1 H) 3.73 -3.79 (m, 2 H)
3.57 3.63 (m, 2 H) 3.46 - 3.54 (m, 1 H) 3,12 - 3.20
(m, 1 H) 2.96 - 3.03 (m, 4 H) 2.56 - 2.71 (m, 5 H)
2.34 (s, 3 H) 2.14 - 2.18 (m, 1 H) 2.13 (s, 3 H) 1.87
- 1.97 20(11, 1 H). MS: (M+H)+= 329. Example 49B  (3 a
R, 6a R)-5-Met hyl-1-(4-pi pe razin-1-y 1-phe n yl
Loctahvd ro-p yrrolo [3pyrrol e       The product of
Example 49A (300 fig, 0.91 mmole) was dissolved in 6
ml of 2N hydrochloric acid and 3 ml of methanol and
stirred at 60 C for 3 hours. The mixture was
concentrated to dryness under reduced pressure,
diluted with water and extracted with dichloromethana
(4x). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated under
reduced pressure and purified by column chromatography
(eluting with a mixture of 10% methanol and 301%
ammonium hydroxide in dichloromethane) to provide the
title compound. 1H NIMR (300 MHz, CDCI3) 5 ppm 6.84 -
6.94 (m, 2 H) 6.53 - 6.60 (m, 2 H) 4.00 -  2.96 (m, 1
H) 2 68 (dd")=9_66, 2.54 Hz, 1 H) 2.48-2.59 (m, 2 H) 2
31 (s, 3 H) 2 09 - 2.19 (m, 1 H) 1 89 (m, 1 H). MS:
(M+Hrr 287 5Example 49C L3aR,
6aR)-144-14-(6-Chloro-pyridazin-3-v1)-oiperazin-1-yll-
pheny11-5-rnethvl- octahvdro-pyrrolo[3,4-b1pyrro1e
The product of Example 49B (30 mg, 0,105 mmole), 3,
6-dichloropyridazine (18.8 mg, 0_126 mmole), and
triethylamine (45 ml, 0.036 mmole) were dissolved 10in
1 ml of acetonitrile and heated at 60C under N2 for 24
hours. The mixture was cooled to room temperature,
quenched with water and extracted with dichloromethane
(5x). The combined organics were dried over sodium
sulfate, filtered and concentrated under reduced
pressure and purified by chromatography (eluting with
a mixture of 0.5% ammonium hydroxide and 5% methanol
in 15dichloromethane) to provide the title compound.
111 NMR (300 MHz, CDC13) 6 ppm 7.24 (s, 1 H) 721 (s, 1
H) 6.91 -6.95 (m, 2 H) 6.53- 6.58 (m, 2 H) 4.13-4.21
(m, 1 H) 3.72 -3.83 (m, 4 H) 3.50 - 3.51 (m, 1 H) 3.36
- 3.45 (m, 1 H) 3.11 -3.19 (rn, 4 H) 2.99 - 3.08 (m, 1
H) 2.50 - 2.80 (m, 4 H) 2.46 (s, 3 H) 2.13 - 2.23 (m,
1 H) 1.89 2.04 (m, 1 H); MS: (M+H)+-=399. 20 Example
50
13aR,6aR)-5-mellsi-1-(4-14-(1,3-thiazol-2-ypoiperazin-
1-  yllphenyl)octahydropyrrolo13,4-blpyrrole  The
product of Example 493 (50 mg, 0.175 mmoie),
2-bromothiazole (35 25mg, 0,21 mmole),
tris(dibenzylideneacetone)dipalladium (3.2 mg, 0.0035
mmore),
racernic-2,2'-bis(cliphenylphosphino)-1,1r-binaphthyl
(44 mg, 0.007 mrnole) and sodium tert-butoxide (25.2
mg, 1.5 mmole) were dissolved in 1 ml of toluene and
heated at 80C under W2for 24 hours The mixture was
cooled to room temperature, diluted with water and
extracted with dichloromethane (5x) The 30 combined
organics were dried over sodium sulfate, filtered,
concentrated under reduced pressure and was purified
by chromatography (eluting with a mixture of 5%
methanol in dichloromethane) to provide the title
compound, 1H NMR (300   



MHz, CDC13) 8 ppm 7.22 (d"1=3.73 Hz, 1 H) 6.88 - 6.96
(rn, 2 H) 6.59 (d, J=3.73 Hz, 1 H) 6 50 - 6.68 (m, 2
H) 4.06 - 4.22 (m, 1 H) 3 60 - 3 69 (m, 4 H) 3.48 -
3.58 (m, 1 H) 3.17 - 3 27 (m, 1 H) 3.11 - 3.17 (m, 4
H) 2.96 - 3 07 (m, 1 H) 2.61-2.71  (m, 4 H) 2.41 (s, 3
H) 2 10 - 2 22 (m, 1 H) 1.M-1.97 (m, 1 H);(WH)= 370.
5The following compounds and Examples were made
according to the procedures outlined above with the
exception that different reagents were substituted to
obtain the titled compounds. Table 4: Examples 51-66.
Exainple Sta[ting. Reaction maccdure    RosuErinz
_iitjrnpolarl NMR and MS  Material    EX2mpic 51
Product 0r ..8..xampk 7C. and 1(2- Example 



(3aR,6a14)-5- inethy1-144- (4-pyriclin-2- ylpiperaziu-
yl)phenyl]o[A ahydropyrrol NMR. (300 MHz, CD C.1;) 5
ppm 8 17 - 8 25 Om 1 II), 7 44 - 7 54 (in, 1 II),
6.87- 7.01 (in, 211), 6.60 - 6 73 (in. 2 II), 6.49 - 6
60 (in, 2 1-)), 3 48 4.10 (in, I H), 3.64 - 3 76 (m, 4
H), 3 44 - 3 56 (in, 1 H), 3 18 - 3 25 (m, 1 I-), 3 10
- 3.19 (m, 4 1-1), 2.97 - 3 04   4813         pYi
idinv1)     pitierazine       o1.3,4- (in, I H), 2.50
- 2 70 (to, 4 H), 2 32 (s,   



19]pyrrok 3 H), 2 09 - 2 20 fin, 1 H.) 1 84 - 1 96
(in, I H); MS (14-FH)1.= 364. Example 32 Product of
Exam 3/e (3aR,6a11.)-5- 'II NMR (300 MHz, CDC/3)8 PP1n
Exa:nple 4813 methyl-]- g 15 (d,49 Hz, 2 H), 719 -724
.1=9  7C: and  0-14- (in, 2 H), 6.85 (d, I=9 49 Hz, 2
H),  1(4-       



nitTophenYE) 6 56 (c1,1=8 48 Hz, 2 H), 4.124 31
nitrophen  piperazia-1- (m, I H), 3 53 _ 3 62 (rn, 4
H), 3.46 -  vlbteraz  )11PhEAY110C 3 54 (rn,I-8, 3.24
- 3 38(n-i 1 H),  inc       NI1YdrPrro 314 - 3 22 (m,
4 14), 2 95 - 3 09 ern,    [43,4- H), 2 58 _ 2 80 (m,
4 H), 2.49 (s, 3 H),    b]pyrinle 7_ 2 22 (m, I 1-1),
1 93 -206  (rn, 1 



I-1): MS (M-FH)I.= 407. Examule 53 hoduct of Exampic
24414- 1H NMR (300 MHz, CDCI3) 6 Pfml  Example 488
E(.3aR,6aR)... 746 - 7.6/ (n-i,1 H), 7 167 25 (m, 2
70 and   H), 6 99 - 7 08 (n-i, 1 H), 6.91 - 6 97  1(2-
meihylhexah (in, 1 H), 6.69 (t, I=7 29 Hz, 1 H), 6.58
Pflrl9PE_le. 



ydropyrioloi (d, 3=7 46 Hz, 2 H), 4 013 - 4 14 (in, I
3.4 -b]pyitol- H), 3 47 - 3 54 (m, 111), 3 34 - 3.42
zine  1(2H). (in, 4 II), 322 - 3.28 (in, 4 H), 313 -
321 (m, 1 H), 2 87.2 9 6 (in, 1 II),    per azin-1- 2
64 - 2.73 (in, 1 I-1), 2.47 - 2.61 (in, .3
yl)borizonitii H), 229 - 2.33 (m, 3 H), 2 09 - 2.21
1c 



(in,! H.), 1.86 - 1.98 (in,H); MS     (M H)= 388.
Example 54 Product of Exan7216 (3aR,6aR)-5- LH NMR
(300 MHz., CDC13) 3 ppm  Exanule      49C rnethy/-114-
5.28(d, 3=6.44 Hz, 2 10, 6 59 - 6.96  4913 and
(4-pyridin-4- ('ti, 21-1), 073 (d, 1=6.44 1.1z, 2 H),
4-     



ylpiperazin6.57 (d, J=S .82 Hz, 2 H), 4 03 - 4.19
c1ilo on yri  t -(in, I 1-1), 3.60 - 3.69 (in, 1 H),
3.47 -  dine  yl)phenyflact3.56 (rn, 4 H), 3 36 - 3.45
(in, 1 H),  liardrochio      ahydropyrrol3.11 - 3 21
(m, 4 H), 3.01 - 3.10 (m,  ride      c43,4-H), 2 56 -
2 77 (in, 4 H), 2 39 (s, 3 H),      



hdpyrroIc2.12 - 2.191512), 1.862.00 (rn, 1    FI): MS
(M+Hr- 364.  'H NTNIR pon MHz, CDC12.) 5 ppm 7.10 (d,
J=9,16 1Iz, 1 11), 6.94{d, 1=8 82 I-17, 2 If), 6 90
(d, 1=9 49 1-17, ! H), 6.57 (d,1-9 1611z, 2 11), 3 99
- 4 10 (m, 1 11), 312 - 380 (m, 4 H), 3 44 - 3 56 (rn,
1 II), 31! - 3 22 (m, 4 H), 3.01 3.09 (m., II), 2 85 -
2 97 (in, 1 1-1), 2.65 - 2 74 (m, 1 II), 2 5 (s, 3
1-), 2.51 2.62 On, 3 11), 2.33 (s, 3 H), 2 07 - 2 22
(a I ID, 1 82 - 2 00 frn, 1 H.); MS (M-1Hr= 379.  'H
NMR (300 Milz, CDC13) 5 ppm   19 (d, .1=1 36 Hz, 1
II). S OR (dd, I=2 71, 1 70 Hz, 1 I-1), 787 (d, 1=271
Hz, H), 695 (d, 1-=8.81 Hz, 2 H), 6 55 (4.1,1,-8 81
117, 2 I-1), 4.13 -429  (m, 1 1I), 3 70 - 3 81 (m, 4
H), 3.52- 3 58 (m, I II), 3 21 - 3 30 (m, 1 I-1), 3 11
- 3 20 (m, 4 H), 3.00 - 3 Il (m, H), 2.58- 2.83 (nn, 4
H), 2 54 (s, 311), 2 12 - 2 22 (rn, H), 192 - 2 04 On,
1 MS (M+1-1)1= 361  (3aR,6aR)-5- tnerhyl-I (4-
pyrimidM-2- ylpiper azin- yl)plienyl]ocr aliythopynol
6[3,4- b]pyrrole  11-1 MAR (300 MI-1z, CDC13) a ppm
8.33 (d, 1=4 75 Hz, 2 H6 9! -696  (m, 2 H), 6 53 - 6
58 (m, 2 II), 6 50 (i .1=4 75 Hz, 1.1), 406 -4 16 (m,
1 I-0, 3.93- 4.00 (m, 4 II), 3 47 - 3 57 (m, 1 T-1),
3.14 -3 27 (rn, 1 II), 3.06- 312 (in, 4 H), 2 95 - 3
05 (sn, 1 II), 256 - 2 78 (in, 4 H), 2 40 (s, 31-f)1 2
08 - 2 23 (in, 1 H), 1 88 - 2 00 (ra, 1 H); MS
(01-1-1-1)'= 365.   444-14- 



[.(3aR,6aR)- methylllexab ydropyno]o[ 3,4-1Apyirof-
Y11141m1Y]lPi perazin-l- ylThen.7.onitri ExamnJe 50
(3aR,6aR)-1- 04445- c My Epyt imid in-2- yl)pipmazin-
1- yIlphenyl      5- methyloctall yclropyrroloE s
3,4-b!pyrrolc  11-1NMR (300 MH7., (TDC.13) 8 ppm 752
(d. 1=8.82 Hz, 211), 694 (d, J=6.441-17,, 2 H), 69!
(d, J644 Hz, 2 II), 6 56 (d, 3=8.82 Hz, 1 H), 4.11 -
4.25 (in, 1 H), 3.52- 162 (m, 1 H), 3.43- 3.51 (m, 4
1-1), 3 21 - 3 30 (m, 1 1),3 13 - 3 21 (m, 4 1-).3
00-3 05 (in.  H), 2.56 - 2 77 On, 4 II), 2 43 - 2.49
(s, 3 H, 2 11 -222  (m, 1 1-1), 1 91 - 2 03 (m, 1
1-1); MS (M+1-1)4= 388. 'H MOB. (300 MHz, CDC.13) 6
ppni 8 20(s, 2 II), 6 91 - 6.97 (m, 2 H), 53 -659  (az
2 11), 4.02 - 4 17 (m, 1 H), 3 89 - 3 93 (in 4 1i), 3
50-3 55 (m, H), 3 15 - 3 24 {m, 1 H), 3 06  3 13 {rn,
4 II), 2.89 - 3 03 (m, I), 255  2.74 (rn, 4 A), 2.18
(q, .1,-7 57 Hz, 2 H), 2 34 - 2.40 (s, 3 II), 2.11-
2.21 {m, 1 H), 1.86 - 1.99 (rn, 1 H), 1 20 (t, 1=763
Hz,] 11); MS (.14iH).1= 393.  Example 50
(3aR,6aR)-5-1\1M1 (300 MHz, CDC13) ppm
n1011134-I-N-8.72 (s. 1 11), 8.42 (s, 2 H), 6 85
-7.110  WO 2007/100990PCT/US2007/062329  4913 and  



(4- pylimidin-5- ylpiperazin- 1- yl)phenylloct
ahydropyrrot of 3,4-  *mule  (3aB. 6aR)- (an, 7 14), 6
50 - 6.62 (in. 2 H), 4 03 - 412 (m, 1 H).3.47 -3.58
(m, 1 H), 3 37 - 3 45 (m, 411), 3 I5 - 3 26 (m, 4 H),
3 1.15 - 3.12 (m, 1 II), 2 90 - 3 02 (o), 1 H), 265
(nE, 4 1), 2 .36 (s, 3 11), 2.11 -2.21 (in, 1 II), 3
83 - 2 00 (rn, 1 II); MS (M+1-01- 363 III NMR (300
Mliz, CDC's) 3 ppm 8.36 (dd, 1=4.75, 2.03 11z, 1 HO 78
(dd, 1=7 80, 203 Hz, ill), 6.90- 6.96 (m, 2 H), 6.76
(dd, h./ 46, 4.75 Hz, 1 1-0, 6 53 - 6.59 (rn, 211), 4
09 - 4 20 On, 1 H), 3.85 - 3 92 (m, 41-1). 3 49- 3.53
(m, 11-1), 3.21 -325  (m, 1 H). 3.15 -3.23 (m, 4 H), 2
99-3 05 (m, 1 H), 2 55 - 2.80 (rn, 4 II), 2 40 - 2.4i
(s, 3 H), 2 09 - 2.23 (n), 1 1-1), 1 88 - 2 OI (rn, 1
H); MS (M.I.H)I = 389.  5. 13rornupini. midine
E-xam_We 61 Product of ExE.E.mpIc 50      2-{4-14-(5- 



Examole       Methyl-   4913 and       belicahydm-
o_ _ chfoionico       Irvu01913.4- 



hlowroi-1-   tinonittile       YO-Pliony_11.
Q!I1ernzin-1- Y!.1 Inc121R19-417.11 e-'           LEI
NMI?. (300 MHz, CDC13) 3 ppm 7 22 - 7 30 (m, 3 H),
7.12 - 7 20 (n, 2 II), 7 05 {d, 1=8 48 Hz, 2 H), 6 43
- 6 56 (m, 2 H), 4.17 -4.25 (in, I II), 3 89 (s, 2 H),
3 4& .3 57 (LH), 3 22 - 3.34 (m, 1 II), 3.01- 3.15 (m,
2 H), 2.89 - 3.00 (m, 14), 273 (in, 2 II), 2.50 {s, 3
10, 2.08 -2.24 On, 1l-I), i 89 - 1,99 (i, I H); MS
(M+11Ic, 293. Example 62 ProducE of Example 7c 



(3aR,6a1O-1- (4- benzylphenyl )-3- nieth)doctah
ydropyrrolo[ 3,4-51priole   Elffirtlaf 733 and 4-
bromodip heny1rneth     anc        '1-I N11E. IR (300
MHz, CD(13) 3 ppm 7 25 - 7 31 (in, 2 H), 6 87 -705
(rn, 5 H), 6.51 - 6.61 {m, 211), 4 03 - 4 14 (n, 1 H),
3.45- 3.56 (in, 1 1), 3 15 - 3 26 (m, 1 11), 2.90 -
3.00 (in, Iii), 2 69-2 76 (in, 1 II), 2.50 - 2.63 (in,
3 H), 2 34 (s, 3 H), 2 13 - 2.22 (in, 1 II), 1,85 - 2
GO (n, 1 H); MS (M+11)4- 295. Example..63 Product of 



Exampic 7C A (3aR,6aR)-5- methyl-144- Pbaux:ErPhen
yl)octahydro pyriolo[3,4- 13)PY/roie   Example     713
and 4-     bromobio     11cnylcther      Example
7C1-44- [(3aR.,6E1R)- 5- methythexall ydropyrIG14 



3,4-131,pyrro1- 1(2E)- yilphony1}- 5._ phenyle{hano
tie 111N7MR (CDCI3) 8 ppm 7 9.3 (d, 1-8 82 Hz, 2 H), 7
20 - 7 34 (En, 5 IT), 6.50 (d,J=9.16 Hz, 2 1i),4.31
-4.47 (in, 1 I-0,4.19 (s, 2 11), 3.55 - 3 67 On, 1 H),
3 39 - 3 32 (En, III). 3.09 - 3.28 On, 1 H), 2 44 -
2.89 (n. 4 H), 2 15 - 2.27 (nn, 1 11), 2.09 (a, 3 H),
1.94- 2.06 (n, 1 H); MS (tv14-1.-If--, 321 Examp1c 64
Product of    Eta mule    713 and    benzE/1-4-
bromoolle    nylke{one   



I 14MR (300 MHz, CDCI3) 8 pprn 7 32 - 7.39 On, 2 10, 6
39 - 6 98 (m, 2 H), 6.75 -6.84 (in. 211), 6.50- 6.58
(En, 2 H), 4.14-4.20(tn, 1I-I). 3 48 - 3 61 (in, 1
11), 3 24-3 30(m, 1 II), 2 94 -3 14 (ni, 1 11), 2.62 -
2 86 (n, 49), 2.45 (s, 3 H), 2 13 - 2 23 (m, 1 H),
1.91 -2.02 (rn, 1F!); MS (MI-11) = 373/375. Example 65
Product or Example(3aR,6aR)-1. 49C[4-(4- bromopheno
xy)Onnyll- 5- Enethyloctah ydropynokii 3,4-bTpri pie
Example    4913 and    4- hroinophe  



nviedler      5?!;arnple 66Product  of Examule 7D'1-
'H Ma (300 MHz, CDC13) 5 ppm       Example 63 and 4-
[(3211,6aR)- 5- metbyllinah P5] -770  (m, 2 H), 7.4
H), 7.33- 7.38 (m, 2 H) (in, 2 H), 6.77 - 6.82 (m
cvanophe     



nylboloni  ydropyripto1 6 57 (in, 2 1-1), 4.03 - 4.1
c acid  3.4-14pyrrol- 3 47- 3 55 (rn, 1 H), 3.1
1(2H)- H), 2.90 -3.0] (m, 1 1-1)    vlipbenoNy)- (m, 1
H), 2.50- 2.64 (m    1,11- 2.36 (rn, 3 H), 2.12 - 2 .:
biphenyl-4- 1 86 - 2 00 (in, 1 H)); N    



carbonitrilE 396.   Example 67
{44(3aReaR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(2H
)- Vilpheny11(phenyl)methanone        The product of
Example 7B (35 mg, 0.28 mmole), 4-fluorobenzophenone
(110 mg, 0.55 mmole) and triethylamine (200 ul, 1,43
mmole) were dissolved in 1 ml of acetonitrile and
heated at 80C under N2 far 3 days. The mixture was
cooled to room temperature, diluted with water and
extracted with 10dichloromethane (5x). The combined
organics were dried over sodium sulfate, filtered,
concentrated under reduced pressure arid purified by
chromatography (eluting with a mixture of 5% methanol
and 0.5% ammonium hydroxide in dichloromethane) to
provide the title compound 1H NMR (CDC13) 8 ppm 7.93
(d, J=8.82 Hz, 2 H) 7.20 - 7.34 (m, 5 H) 6 50 (d,
J=9.16 Hz, 2 H) 4.31 4.47 (m, 1 H) 154.19 (s, 2 H)
3,55 - 3.67 (m, 1 H) 3.39 3 52 (m, 1 H) 3.09 - 3.28
(m, 1 H) 2,44 - 2.89 (m, 4 H) 2 15 - 2.27 (m, 1 H)
2,09 (s, 31-1)1,94 - 2,06 (m, 1 H); MS (M-i-H)4-= 307.
Example 68
204-1(3aRT6aR):5-methvihexahydropyrrolo[3,4-blpyrrol-1
(2Hhyl1benzonitrile       The title compound was
prepared according to the procedure described in
Example 7C substituting 4-bromobenzonitrile for
1,4-dihromobenzene. 1H NMR (CDC13) S ppm 7.45 (d,
J=8..81 Hz, 2 H) 6.51 (d, i1=8 81 Hz, 2 H) 4.16 -4.28
(m, 1 H) 3 47 - 3 62 (rn, 1 H) 3.31 - 3 44 (m, 1 H)
2.95 - 3.13 (m, 1 H) 2 68 - 2 81 (m,2 25H) 2.55 -2.67
(m, 2 H) 2.36 (s, 3 H) 2 12 - 2,27 (m. 1 H) 1.93 -
2.09 (m, 1 H), MS (M-1-1-11'= 228  Example 69
1-14J(3aR,6aR)-5-methylhexahydrogyrrolo13,4-bipyrrol-l
k2H): yllphenylimethanamine The product of Example 68
(676 mg, 3.0 mmole) in 50 niL of 20% ammonia 5 in
methanol was stirred in the presence of 6.8 g
Raney-Nickel under an atmosphere of hydrogen at 60 psi
at room temperature for 4 hours. Catalyst was removed
by filtration through CELITE(r) and the filtrate
concentrated under reduced pressure. The resulting oil
was purified by flash chromatography (eluting with a
mixture of 5% basic methanol in dichloromethane) to
provide the titled 10compound. 1H NMR (C0CI3) 3 ppm
7.17 (d, 3=8.82 Hz, 2 H) 6.55 (d, .1=8.48 Hz, 2 H)
4.07 - 4.16 (m, 1 F-0 3.77 (s, 2 H) 3.45 - 3.59 (m, 1
H) 3..16 - 3.28 (m, 1 H)2.85 - 3.04 (m, I H) 2.63 -
2.74 (m, 2 H) 2.53 2.63 (m, 211) 2.34 (s, 3 H) 2.08 -
2.23 (m, 1 H) 1.86- 2_05 (m, 1 H); MS (M-1)+= 232. 15
Example 70
3-11-4-1(3aR,6aR)-5-methylhexahydropyrrolo1-3,4-b1pyrr
o1-1(2Hk- ylibenzyflamino)benzonitrile The product of
Example 69 (40 mg, 0.173 rnmole), 3-bromobenzonitrile
(47 20mg, 0.258 mmole),
tris(dibenzylideneacetone)dipalladium (16 mg, 0.017
mmole), 



racernic-22'-bis(diphenylphosphino)-1,11-binaphthyl
(21 mg, 0.034 mmole) and cesium carbonate (85 mg, 026
mmole) were dissolved in I ml of toluene and heated at
100 C under N2 for 48 hours. The mixture was cooled to
room temperature, diluted with water and extracted
with dichioromethane (3x). The 25combined organics
were dried over sodium sulfate T filtered,
concentrated under reduced pressure and purified by
chromatography (eiuting with a mixture of 2% basic
methanol in dichioromethane) to provide the title
compound. 1H NMR (CDCf3) 5 ppm 9.73 (s, 1 H) 7.72 (d,
J=-8.82 Hz, 2 H) 7.30- T54 (m, 2 H) 7.14 - 7 22 (in, 1
H) 617 - 6.88 (m, 1 H) 6.56 (I, .1=8.65 Hz, 2 H) 4.22
-433  (m, 1 H) 30 4.19 (s, 2 H) 3.36 - 3.64 (m, 2 H)
2.90 - 3,08 (m, 1 H) 2.66 - 2.79 (m, 2 H) 2..52 - 2.63
(rn, 2 hi) 2.32 (s, 3 H) 2.09 - 2.26 (m, 1 H)1.87 -
2..04 (m, I H); MS (M+1-1)11= 333.         The
following compounds and Examples were made according
to the procedures outlined above with the exception
that different reagents were substituted to obtain the
titled compounds. Table 5: Example 71
Example 72
Z-15-(4:{(3aR,6aM-5-MethvIhexahydropyrrolo113,4-blpyrm
l-1(2H)-yllphenylthddinin2-yl)pyridazin-3(2H)-one
Example 72A tert-Butyl
(3aR,6aRE1-(4-bromophenyl)hexahydropyrrolof3,4-blpyrro
le-5(1HL- carboxylate  15ted-Butyl
(3aR,6aR)-hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carboxy
late (1, 1 5 g, 7.0 mirnol), 1,4-dibromobenzene (2.8
g, 2(_4 mmol), Pd2(dba)3 (275 mg, 0.3 mmol), BINAP
(375 mg, 0.6 mmol) and sodium tert-butoxide (1.93g.
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 2015 minutes in a microwave reactor. The
mixture was then cooled to room temperature, was
filtered, and the crude mixture was purified via
chromatography (SO2, 0-25% ethyl acetate : hexanes) to
provide the title compound. 1H NMR (300 MHz, CDC6): a
7.30 ppm (m, 2H), 7.39 (m, 2H), 4 11 (m, 1H), 3.57 (m,
3H), 3.31 (m, 3H), 2.99 (m, 1I-1), 2.15 (m, 1H), 1.92
(m, 1H), 1.43 (s, 9H) MS 25(ES1, M +1): 310.9.
Example 7213
gaR,6aR)-1-(4-Bronnophepil)-5-methylocfahydropyrrolo[3
,4-blpyrrole       To a solution of (3a
R,6aR)-tert-butyl 1-(4-
bromophenyl)hexahydropyrrolo[3,4-b]pyrrole-5(1H)-carbo
xylate (1.869, 5,1 rnn-101) in CH20I2 (50 mt_.) at 23
C was added TEA (8 mL) and the mixture was allowed to
stir for 2 hrs. The solvents were removed under vacuum
and the residue was taken up in Me0H (50 mL) followed
by the addition of formaldehyde (37%, 3 mL, 40 mmol)
and NaBH3CN (950 mg, 15,1 mmol). The mixture was
stirred at 23 C 10 for 10 hours, concentrated under
reduced pressure and the residue was dissolved in
GI-12012 (100 mL), washed sequentially with water (2 X
50 mL), brine (1 X 30 mL), and dried over Na2SO4,
filtered and concentrated under reduced pressure The
crude product mixture was purified via chromatography
(SiO2, 0-10% Me0H 15 in CH2C12) to provide the title
compound. PPm (m, 2H), 6,44 (rn, 2H), 4.05 (m, 1H),
2.67 (m, 1H), 2,52 (m, 3H), 2.30 (s, 3H), +1): 280.8.
1H NMR (300 MHz, CDCI3): 6 -= 7.28 3.45(m, 1H),
3.19(m, 1H), 2.94 (nit 1H), 2 16 (m, 1H), 1.95(m,
1H)MS (ESI, M  Example 72C  



20(3aR,6aR)-5-Methy1-144-(4,4,5,5-tetramethyl-1,3-clio
xaboralan-2-vi)phenypocta- hydropyrrolo[3,4-tilovrofe
(3aR,6aR)-1-(4-Bromopheny1)-5-methyloctahydropyrrolo[3
,4-b]pyrrole (1.0 g, 3.6 mmol), bis(pinacolato)diboron
(414,41141,5,5,51,51-octamethyl-2,21-bi(1,3,2-
dioxaborolane, (1.0 g, 3.9 mmol), Pd(dppf)Ci2.CH2C12
(10() mg, 0.12 mmol) and 25KOAc (1150 rig, 11.7 mmof)
were placed in a seafed microwave reaction tube, and
purged three times with N2 gas. Dioxane (20 mL) was
added, and the mixture was heated at 150 bC for 15
minutes, After cooling down to 23 Cr the mixture was
filtered, and solvent was removed under reduced
pressure. The mixture was then purified via
chromatography (Si02, 10-60% ethyl acetate in hexanes)
to 30provide the title compound. 1H NMR (300 MHz,
CDCI3): N. = 7,67 pprn (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 (in, 1H), 1.95
(m, 1H), 1.32 (s, 12H) MS (ES!, M  41) 329 1
Example 72D
2-(5-Bromopyridin-2-v1)pyridazin-3(2H)-o11e and
2-D-brornouridin-3-v1)pyridazin53(2H)-one
3-Pyridazinone (300 mg, 3.1 mmol), 2,5-dibromopyridine
(1,0 g, 4.2 mmol), copper powder (200 mg, 3.1 mmol)
and K2CO3 (1.29 g, 9.3 mmoi) were placed in a sealed
microwave tube, and purged three times with N2 gas,
followed by the addition of pyridine (15 rnL). The
mixture was heated to 120 C in a microwave 10 reactor
for 40 minutes. The mixture was concentrated under
reduced pressure afterwhich the residue was taken up
in CH2C12/Me0H, filtered and concentrated under
reduced pressure. The crude mixture was purified via
chromatography (S102, 10-80% ethyl acetate in hexanes)
to provide the title compounds.
2-(5-Bromopyridin-2-yi)pyridazin-3(2H)-one. /1-1 NMR
(300 Mhz, CDC13): 6 = 8.72 15ppm (s(br), 1H), 7.99 (m,
2H), 7.68 (d(br), Jr8.4 Hz, 1H), 7.29 (dd (br), J =
8.4, 3.7 Hz, 1H), 7.07 (dd"/ = 9.5, 1.7 Hz, 1H). MS
(ES!, M +1):2538.
2-(6-Bromopyridin-3-yl)pyridazin-3(21-1)-one. 1H NMR
(300 MHz, CDC13): 6 = 8.76 ppm (d, J r 3.4 Hz, 1H),
7.98 (dd, J = 8.5, 27 Hz, 1H), 7.94 (dd, J = 2.7, 1.7
Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.29 (dd, if = 8.4,
3 4 Hz, 1H), 7.06 (dd, = 8..5, 1.7 20Hz, 1H). MS (ESL,
M +1): 253.8. Example 72E
2-(5-(4-((3aR,6aS)-5-MethvIhexahydropyrroloi3,4-blpyrr
ol-1(2H)-VDPherIVOPyri- din-2-v1)nyridazin-3(2H)-one
25(3aR,6aR)-5-Methy1-1-(4-(4,4,5,5-tetramethy1-1,34iox
aborolan-2- 



y1)phenyl)octa-hydro-pyrrolo[3,4-b]pyrrole (50 mg r 0
15 mmol), 2-(5-bromopyridin2-yOpyridazin-3(2H)-one (42
mg, 0 17 mmol), Pd(PP1-13)2C12 (11 mg, 0.01 mmol),
2-(dicyclohexylphosphino)biphenyl (5.6 mg, 0.016
rnmol) and Na2CO3 (1M, 225 4) were placed in a
microwave tube, purged with N2 and a mixture of
solvents 30 (Et0H:dioxane = 1:1, 1 mL) was added. The
mixture was heated to 140 O( a microwave reactor for
15 minutes, cooled to ambient temperature, was
filtered, and concentrated under reduced pressure. The
residue was purified via  WO
2007/100990PCT/US2007/062329 chromatography (5102,
0-10% MeCH in 0H2Cl2) to provide the title compound.
'H NMR (300 MHz, CDC13): 8= 8.82 ppm (cl, J = 2.8 Hz,
1H), 7.98 (m, 2H), 7.73 (d, J = 8.2 Hz, 1H), 7.52(m,
2H), 7.28 (dd, J= 10.1, 3.7 Hz, 1H),7.09 (dd, J r
10.1, 1,7 Hz, 1H), 6.67 (rn, 2H), 4.39 (m, 1H),
3.65(m, 1H), 3.30 (m, 3H), 2.87 (in, 2H), 52.59
(s(br), 3H), 2.23 (m, 2H), 2.05 (m, 1H). MS (ESI, M
+1): 374_2.
Example 73
2-(6-(4-[(3aR,6aR)-5-rnethylhexahydropyrrolo[3,4-1311p
yrrol-1(2H)Tyllphenyllpyridin103:yllpvridazin-3(2H)-on
e        The title compound was prepared according to
the procedure described in Example 72E, substituting
2-(5-bromopyridin-2-yl)pyridazin-3(2H)-one with 2-(6-
bromopyriclin-34)pyridazin-3(2H)-one 1H NMR (300 MHz,
CDCI3): 6 = 8,91 ppm (d, J 2 8 Hz, 1H), 8,02 (dd, J a
8 8, 2.7 Hz, 1H), 7.94(m, 3H), 7 73 (d, J = 8.8 isHz,
1H), 7.27 (dd, J a 9 5, 3.7 Hz, 1H), T08 (dd, J = 9 5,
1.7 Hz, 1H), 6.65 (rn, 2H), 433 (m, 1H), 3.62 (m, 1H),
343 (m, 111), 115 (m, 1H), 2.83 (m, 2H), 210 (in, 2H),
2 47 (s(br), 3H), 222 (in, 1H), 2 03 (m, 1H). MS (ES1,
M +1): 374.1. 20Example 74
2-(5-114-1(3aMaR)-5-methylhexahydroPVrrolo[3,4-b1pyrro
l-1(2H)-yl]phenv1)- ,3-
thiazol-2-yl)pyridazin-3(2H)-one Example 74A
252-(5-Brornothiazol-2-v1)pyridazin-3(2H)-one
The title compound was prepared according to the
procedure described in Example 72D, substituting
2,5-dibrornopyridine with 2,5-dibromothiazole. iHNMR
(300 MHz, CDCI3): 8 = 8 20 ppm (s, 1H), 7.98 (dd, J -=
3 7, 1.7 Hz, 1H), 7,30 (dcl, J 9.5, 3.7 Hz, 1H), 7.13
(dd, J a 9.5, 1.7 Hz, 1H) MS (ESI, M +1): 259.8 30
Example 74B
2-(5-(4-1(3aR,6aR)-5-Methylhexandropyrrolo[3,4-bipyrro
l-1(2H)-Dphenyllthia-  WO 2007/100990PCT/US2007/062329
zol-2-v1)pyridazin-3(2H)-one       The title compound
was prepared according to the procedure described in
Example 72E, substituting
2-(5-bmmopyridin-2-Apyridazin-3(2H)-one with 2-(5-
brornothiazol-2-yppyridazin-3(2H)-one.NMR (300 MHz,
CDCI3): = 8,43 ppm 5(5, 1H), 7.95 (dd, J = 4.0, 1 7
Hz, 1H), 784(m, 2H), 7.25 (dd, J = 9.5, 4.0 Hz, 1H),
7.10 (dd, J = 9,5, 1.7 Hz, 1H), 6,59 (rn, 2H), 4.26
(m, 111), 3,58 (m, 1H), 3..40 (m, 1H), 3.05 (m, 1H),
277 (in, 2H), 2.65 (m, 2H), 2.39 (s(br), 3H), 2.19 (m,
1H), 2.00 (in, 1H). MS (ESI, M +1): 38111. 10
Examgle 75
4-{4-1(32R,6aR)-5-methylhexahydropyrrolof3,4-b1oyrrol-
1(2H)- 01Thenvilpiperazin-14)pyridine-2-carbonitrile
15 Example 75A 



{3 aR, 6 a R1-5-M eth yl-1-(4-p iperazin-l-vi-o h en
vl )-octa h yd ro-oyrrolo13,4-blpyrrole The product of
Example 72E3 (200 mg, 0.71 mmole), piperazine (200 mg,
2.33 mmole), tris(dibenzylideneacetone)dipalladium (20
mg, 0,022 mmole), (R)-
20(t)-2,21-bis(diphenylphosphino)-1,1'-binaphthyl (28
mg, 0.045 mmole), sodium tert-butoxide (140 mg, 146
mrnole) and 7 ml of toluene were mixed under N2 in a
Emrys process vial. The vial was sealed heated in the
microwave for 15 minutes at 140C using the Emrys
Creator. The mixture was diluted with water and
extracted with dichioromethane (4x) The combined
organic layers were washed 25with brine, dried over
sodium sulfate, filtered, and concentrated under
reduced pressure to give the crude product which was
purified by column chromatography (10% methanol and 1%
ammonium hydroxide in dichloromethane) to provide the
title compound. 'H NMR (300 MHz, CDCI3) S ppm 6.84 -
6.94 (rn, 2 H) 6.53 -6.60  (m, 2 H) 4,00 - 4.07 (m, 1
H) 3,44 - 3.51 (m, 1 H) 3.11 - 3.20 (m, 1 H) 2.99 -
3.09 30(m, 911) 2.88 - 2.96 (m, 1 H) 2.68 (dd, Jr9.66,
2.54 Hz, 1 H) 2,48 - 2 59 (rn, 2H) 2.31 (s, 3 H) 2.09
- 2.19 (m, 1 H) 1.89 (m, 1 H) MS: (M+1-)+-7- 287
Example 753
5-(4-(4-((3aR,6aR)-5-rnethylhexahydropyrrolo[3.4-14vrr
ol-1(2H)-  VI)PhenvOpiperazin:1-yDpicolinonitrile
5The product of Example 75A (78.0 mg, 0.27 mrnole),
5-bromo-2- cyanopyridine (74,8 mg, 0.41 mmole),
palladium acetate (2.5 mg, 0.011 mmole),
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (19.0
mg, 0_037 mrnole), cesium carbonate (142.1 mg, 0,44
mrnole) and 3 ml of tetrahydrofuran were mixed under
1\12 in a Ernrys process vial. The vial was sealed and
heated in the 10 microwave for 2 hours at 120 DC using
the Emrys Creator. The mixture was diluted with water
and extracted with dichloromethane (4x) The combined
organic layers were washed with brine, dried over
sodium sulfate, filtered, and concentrated under
reduced pressure to give the crude product which was
purified by column chromatography (10% methanol and 1%
ammonium hydroxide in 15dichloromethane) to provide
the title compound. 11-1 MAR (300 MHz, CDC13) ppm 8.36
(d, J=2.71 Hz, 1 F1) 7.53 (dr .r8.82 Hz, 1 H) 7,13
(dd, J=8.82, 3.05 Hz, 1 H) 6.86 - 6.98 (m, 2 H) 6.50
6.66 (m, 2 H) 4,06 (t, 1=8.65 Hz, 1 H) 3.44 -3.59 (m,
6 H) 3 11 -3.24 (m, 5 H) 2.58-3.02 (in, 1 H) 2.56-2.72
(m, 4 H) 2.33 (s, 3 H) 2,06 - 2.24 (m, 1 H) 1 83 -
2.01 (m, 1 H). MS: (M+H)4= 389. 20 Example 76
(3aR,6aR)-14442-methoxvpyrimidin-5-y1)-1,11-biphenyl-4
-v11-5- methyloctahydropyrrololi3,4L-1Epyrroie  25The
title compound was prepared according to the procedure
described in Example 7D, substituting the product of
Example 41A for the product of Example 7C and
substituting 2-rnethoxy-pyrimidine-5-boronic acid for
4- cyanophanylboronic acid 1HNMR (600 MHz, CDC13) 6
ppm 8.76 (s, 2 H) 7.66 (d, J=8.54 Hz, 2H) 7.53 (dd,
J=11,75, 8.70 Hz, 4 H) 6.67 (d, Jr8.85 Hz, 2 H) 4.13 -
304.22 (m, 1 H) 4.07 (s, 3 H) 3.63 - 3,61 (m, 1 H)
3.26- 3.35 (m, 1 H) 2.91 - 3,03 (m, 1 H) 2.71 -2.77
(m,1 H) 2.48 - 2,67 (m, 3 HI) 2.33 (s, 3 H) 2.13 -
2,25 (m, 1 H) 1.90 - 2.01 (m, 1 H) MS: (ivl+H)+= 387
WO 2007/100990PCT/US2007/062329
Example 77
544.-[(3aR,6aR)-5-methylhexahydrgayrrolo13,4-b1pyrrol-
1(2H)-4-1,1'-bipheny1-4- 5pyridine-2-carbonitrile
The title compound was prepared according to the
procedure described in Example 70, substituting the
product of Example 41A for the product of Example 7C
and substituting
5-(4,4,5,5-tetramethy1-1,3,2-dicixab0rd81-2-Apic0lin0n
itrile for 4-cyanophenylboronic acid. 1H WAR (500 MHz,
CDCf3) 5 ppm 8.99 (d, J=2.14 lo Hz, 1 H)&03 (dd, J=8
09, 2.29 Hz, 1 H) 7.76 (d, J=7.93 Hz, 1 H) 7 68 - 713
(m, 2 H) 7.59 - 7.67 (m, 2 H) 7.52 - 7.58 (m, 2 H) 6
67 (d, J=8 85 Hz, 2 H) 4.12 - 4.23 



(m, 105 Hz, 1 H) 3.53 - 3.62 (m, 1 H) 3 26 - 3.35 (m,
1 H) 2 92 - 3.03 (m, 1 H) 2.69 - 2 78 (m, 1 H) 2.48 -
2.67 (m, 3 H) 2.33 (s, 3 /-0 2 13 - 2.25 (m, 1 H) 1 91
2 03 (m, 1 H) 15 Example 78
6-methy1-244'-i[(3aR,6aR)-5-methylhexahydropyrrolor14-
b]flYrrol-1(2H)-y11-111-
biphenyl-4-ylipyridazin-3(2H)-one  20The title
compound was prepared according to the procedure
described in Example 41B, substituting
6-methyl-3(2H)-pyridazinone for 3(2H)-pyridazinone 1H
NMR (400 MHz, CDCI3) 8 ppm 7.61 (d, J=1.53 Hz, 4 H)
7A9 (d,1=8.59 Hz, 2 H) 7.14 (d, J=9.51 Hz, 1 H) 6.99
(d, J=9.51 Hz, 1 H) 6.65 (d, J=8 90 Hz, 2 H) 4.13
-4.21 (m, 1 H) 3.50 - 3.61 (m, 1 H) 3.25 - 3.35 (m, 1
H) 2.89 - 3.01 (m, 1 H) 2.69 - 25277(m, 1 H) 2.50 2.68
(m, 3 H) 2.40 (s, 3 H) 2.32 (s, 3 H) 2.11 - 2.26 (m, 1
H) 1.59 - 2.01 (m,1 H). IVISi (M+H)t= 357. Example 79
30L3aR,6aR)-5-methvI-14411-methyi-lH-pyrazol-4-y1)-1,1
'-biphenyl-4- vii octaba The title compound was
prepared according to the procedure described in
Example 7D, substituting the product of Example 41A
for the product of Example TC and substituting
1-methy1-4-(4,4,5,5-tetrarnethyl-1,3,2-dioxaborolan-2-
y1)-1Hpyrazole for 4-cyanophenylboronic acid. 1H NMR
(300 MHz, CDC13) 3 ppm 7.78 (s, 1 H) 7.62 (s, 1 H)
7.45 - 7.60 (m, 6 H) 6 65 (d, 1=8.82 Hzr 2 H) 4 11
-421 Om 1 H) 3.95 (s, 3 H) 3.50- 3.61 (m, 1 H) 3.23
-3.35 (m, 1 H) 2 90 - 3.05 (m, 1 H) 2.69 - 2.77 (m, 1
H) 2 50 - 2.69 (m, 3 H) 2.33 (s, 3 H) 2 11 - 2.26 (m,
1 H) 188 - 2.02 (m, 1 Hy MS: (M-i-H)t= 359. iiiExample
80
(3aR1eaR)-1-1443,5-dimethy1-1H-pyrazol-4-y1)-1,11-biph
enyl-4-Y11-5-  methyloctahydropyrolo[3,4-U]pyrrole
The title compound was prepared according to the
procedure described in Example 70, substituting the
product of Example 41A br the product of Example 157C
and substituting
3,5-dirriethy1-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborol
an-2-y1)- 1H-pyrazole for 4-cyanophenylboronic acid.
111 NMR (300 MHz, CDCI3) S ppm 7.59 (d, J=8.14 Hz, 2H)
7,52 (d, J=8.82 Hz, 2 H) 7.30 (d, J=8..14 Hz, 2 H)
6.66 (d, J=8.82 Hz, 2 H) 4.11 4.23 (m, 1 H) 3.51 -3.62
(in, 1 H) 3.24 - 3.36 (m, 1 H) 2.88 - 3.04 (m, 1 H)
2.70 - 2.79 (m, 1 H) 2.49 2..66 (m, 3 H) 2.33 (sr 9 H)
2.10 - 2.25 20(M, 1 H) 1,90 - 2.03 (m, 1 H). MS:
(M+H)t= 373.                                   Exampie
81
,(3aR,6aR)-1-(4'-(1H-pyrazol-4-ylThiphenyi-4-y1)-5-rne
thyloctahydropyrrolo13,4- 25blbyrrole
Example 81A
(3aR,6aR)-5-methy1-1-441-(1-trity1-1H-pyrazol-4-yl)bip
heny1-4- 30yOoctahydropyrrolof3,4-blowrole       The
title compound was prepared according to the procedure
described in Example 7D, substituting the product of
Example 41A for the product of Example  WO
2007/100990PCT/US2007/062329 7C and substituting
4-(414,5,5-tetramethy1-1,3,2-dioxaboroian-2-y1)-1-trit
y1-1Hpyrazole for 4-cyanophanyiboronic acid. 1H NMR
(300 MHz, CDCia) 8 ppm 7.96 (s, 1 H) 7_63 (s, 1 H)
7.42 - 7.54 (m, 6 H) 729 - 7.37 (m, 9 H) 7.17 - 7.24
(m, 6 H) 6.64 (d, J=8.82 Hz, 2 H) 4.11 - 423 (m, 1 H)
3.49 - 3_61 (rn, 1 H) 3.23 - 3.35 (m, 1 5H) 2.91 -
3.03 (in, 1 H) 2.66 -2.78 (m, 1 H) 2.51 - 2.66 (m, 3
H) 2.33 (s, 3 H) 2.12 - 224 (m, 1 H) 1.92 - 2.01 (m, 1
H). MS: (M+H)+= 586. 



Example 81B 10(3aRteaR)-1-(4'-(1H-pyrazol-4-
birrolor3.4- bi PV rrole         The product of
Example 81A (44mg, 0.075 mmole) was stirred with 3 ml
of formic add for 4 hours The mixture was concentrated
to dryness and the residue was dissolved in 10%
methanol in dichioromethane and stirred with saturated
15 sodium bicarbonate. Two layers were separated and
the aqueous layer was extracted with dichloromethane
(2X). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated under
reduced pressure The residue was purified by column
chromatography to provide the title compound. 1H NMR
(300 MHz, CDCia) 6 pprn 7.88 (s, 2 H) 7.47 - T64 (m, 6
H) 6.65 (d, J=8.81 Hz, 2 H) 4 11 - 4 25 (rn, 1 H) 3.50
- 3.66 (m, H) 3.25 - 3 37 (m r 1 H) 2 92 - 3 07 (m, 1
H) 2.71 - 2.82 (m, 1 H) 2.51 - 2.69 (m, 3 H) 2 34 (s,
3 H) 2 13 - 2.25 (m, 1 H) 1.90 - 2.05 (m, 1 H) MS.
(WH)= 345 25Example 82
3-rnethvI-1-(4'4(3aR,6aR)-5-methylhexahydropyrro1924-b
lovrrol-1(2H)-y11-1,1'-
bioheny1-4-Apyridin-2(11-1)-one  The title compound
was prepared according to the procedure described in
Example 41B, substituting 3-methyipyridin-2(1H)-one
for 3(2H)-pyridazinone. 1H 30 NMR (500 MHz, CDC11) 5
ppm 7.62 (d, Jr8.54 Hz, 2 H) 7.49 (d,1-7-8.85 Hz, 2 H)
7.39 (d, J=8.54 Hz, 2 H) 7 26 - 7.29 (m, 2 H) 6.65 (d,
J=8.85 Hz, 2 H) 6.14 - 6.20 (m, 1 H) 4.13-420 (m, 1 H)
3.53 - 3.60 (m, 1 H) 3.26 - 3.34 (m, 1 H) 2.90 - 31)3
(m, 1 H) 2 70 - 2.76 (m, 1 H) 2.50 - 2.66 (m, 3 H) 2
33 (s, 3 H) 2.20 (s, 3 H) 2 14 - 2.20 (m, 1 H) 1.91 -
2 01 (m, 1 H) MS: (Nl+H).= 386 5Example 83
5-methv1-1444(3aR,6aRJ:5-methvIhexahydropyrroloi3,4-bl
pyrrol-1 (2H)-yI]-1,  biphenyl-4-v1)pyridin-2(11-0-one
The title compound was prepared according to the
procedure described in Exampfe 41B, substituting
5-methylpyridin-2(1H)-one for 3(2H)-pyridazinone. 1H
10 NMR (500 MHz, CDCI3) 8 ppm 7.62 (d, J=8,59 Hz, 2 H)
7.48 (d, fr8.59 Hz, 2 H) 7.38 (d"Jr8.29 Hz, 2 H) 7.31
(dd"./-79.21, 2.45 Hz, 2 H) 715 (s, 1 H) 6.65 (d,
J=8.90 Hz, 2 H) 4.14 - 4 21 (m, 1 H) 3.51 - 3.60 (m, 1
H) 3.26 - 3.36 (m, 1 H) 2.92 -3.03 (m, 11-0 2.70 -
2.77(m, 1 H)2.51 - 2.69 (m, 3 H) 2.33 (s, 3 H) 2.15 -
2.26 (nn, 1 H) 2.11 (s, 3 H) L90 - 2.01 (rn, 1 H), MS:
(M+H)*= 386. 15 Example 84  6-m eth y1-1-{44(3a R,6a
R)-5-m eth vl h e xa h vd ropy rrolo13,4-bi py
rrol-1,(21:Drylj-1,1-  biphenvi-4-vlipyridin-2(1H)-one
20The title compound was prepared according to the
procedure described in Example 41B, substituting
6-methylpyridin-2(1H)-one for 3(2H)-pyridazinone. 1H
NMR (400 MHz, CDCf3) 8 pprn 7.67 (d, J=2.76 Hz, 2 H)
7.45- 7.57 (m, 4 H) 7.25 - 7.34 (m, 2 H) 7.20 (d, J=8
29 Hz, 1 H) 6.63 - 6 69 (m, 2 H) 13 - 4,22 (m, 1 H)
3.50 - 3.62 (m, 1 H) 3.26 - 3 36 (m, 1 H) 2.90 - 3 03
(m, 1 H) 2.70 - 278 (m, 1 H) 252.48 - 2.66 (m, 3
H)2.32 (s, 3 H) 2.12 - 2.25 (m, 1 H) 2 04 (s, 3 H)
1,89 - 2 00 (m, 1 H), MS: (M4H-1)+= 386
Example 85
2444(3aR,6aR)-5-ethylhexahydropyrrolo13,4-blpyrrol-1(2
a):_y11-11'-biphenvI-4- 3 DVITovridazin-3(2H)-one
Example 86A 



WO 2007/100990PCT/US2007/062329 (3aR,6aR)-ethyl
1-(41-(5-oxopyridazin-1(61-1)-v11bighenv1-4-
Dhexahydropyrrolo[3,4-bipyrrole-5(1 H)-carboxviate
2-(4'-Bromobipheny1-4-yOpyridazin-3(2H)-one (1.92 g,
5.86 mmol), palladium(11) acetate (0.158g, 0.234
mmol), 9,9-dimethy1-4,5- 5
bis(diphenylphosphino)xanthene (0.407 g, 0703 mmol)
and cesium carbonate (3.06 g, 9.38 mmol) were
suspended in 25 rnL of THE. A solution of (3aR,6aR)-
ethyl hexanydropyrrolo[3,4-b]pyrrole-5(1H)-carboxylate
in 10 mL of THE was added arid the mixture was heated
at 70 C under N2 for 20 hours. The mixture was allowed
to cool to ambient temperature, diluted with 70 mL of
Et0Ac, and 10 filtered through a 1/2" pad of Cate(r).
The Celite0 pad was washed with an additional 70 rril_
of Et0Ac and the filtrate was absorbed on silica gel
and chromatographed (eluting with 0-40% Et0Ac in DCM)
to provide the title compound 1H NIVIR (300 MHz, CMG)
pprn 7.91 (dd, J=3.7, 1.7 Hz, 1 H), 7.64 (s, 4 H),
7.53 (d, 1=8.8 Hz, 2 H), 725 (dd, J=9.8, 3.4 Hz, 1 H),
7.07 (dd. J=9.5, 1.7 15 Hz, 1 H), 6.64 (d, J=8.5 Hz, 2
H), 4.20- 4.32 (m, 1 H), 4.12 (q, J=7.5 Hz, 2 H),
3.70- 3.81 (m, 1 H), 3.59- 3.69 (m, 2 H), 3.48 -3,58
(m, 1 H), 3.36 3.48 (m, 2 H), 2.99 - 3.10 (m, 1 H),
2.20 (ddd, J=1$.0, 7.3 Hz, 1 H), 1.95 (ddd"fr-12.9,
6.4 Hz, 1 H), 1.24 (t, J=7.1 Hz, 3 H). MS (ESR-) m/z
431 (M-FH)+. 20Example 853 2-14'f3aR,6a R)-hexa hyd
ropy rro fo [3,4-bi pyrrol-1(2H)-yl)biphenyl-4-v1)Dv
rid azin- 3(2H)-one       The product from Example 85A
(0.110 g, 0.256 mmol) was dissolved in 3 ml_ of a 1:1
mixture of HOAG and 12 M aqueous HO!, and heated at
100 C for 16 25hours in a sealed vessel. The mixture
was cooled to 0 C, diluted with 15 mL of water, and
the pH was adjusted to -10 by the dropwise addition of
20% (w/v) aqueous KOH The rnixture was extracted three
times with 25 mL of 5% npropanol in 0HC13 and the
combined extracts were dried over Na2SO4, filtered,
and absorbed on silica gel. The crude material was
chromatographed, eluting 30 with 0-5% aqueous NH40H in
MeCN/Me0H (9:1), to provide the title compound. 1H NMR
(300 MHz, CDC13) 5 ppm 7.91 (dd"1=3.7, 1.7 Hz, 1 H),
7.64 (s, 4 H), 7.52 (d, J=8.8 Hz, 2 H), 7.21 -7.27 (m,
1 H), 7.07 (dd, Jr-9 5, 1.7 Hz, 1 H), 6.65 (d,  WO
2007/100990PCT/US2007/062329 J=8.8 Hz, 2 H), 4 10 - 4
19 (m, 1 H), 3,56 - 3.67 (m, 1 H), 3.23 - 3.35 (m, 1
H), 2.91 - 3 22 (m, 5 H), 2 15 - 2,32 (m, 12.12 (br 5,
1 H), 1.87 (ddd, J=12 9, 7_5 Hz, 1 H). MS (ESI-F) no/z
359 (M+H)11. 5 Example 85C
2-(414(3aR,6aR)-5-ettylhexahydropyrrolo13,4-blpyrrol-1
(2H)-Abiphenyl-4-  Opyridazin-3(2H)-one  The product
from Example 85B (0.050 g, 0,140 mmoi) and
acetaldehyde io (10.0 pl., 0.140 mmol) were combined
in 5 mL of dichlorcethane containing 3 drops of HOAc
and stirred at ambient temperature for 10 minutes.
Sodium triacetoxyborohydride (0,039 g, 0.182 mmel) was
added and the mixture was stirred for 3 hours. The
mixture was diluted with 20 mL of aqueous NaHCO3 and
extracted three times with 25 mL of 5% n-propanol in
CHCl2 and the combined 15extracts were dried over
Na2SO4, filtered, and absorbed on silica gel. The
crude material was chromalographed, eluting with 1%
aqueous NH40H in Et0Ac1Me0H 



(9:1), to provide the title compound. 1H NMR (300 MHz,
CDC13) 8 ppm 7.91 (d, J=2,0 Hz, 1 H), 7.63 (s, 4 H),
7.50 (d, J=8.5 Hz, 2 H), 7.23 (d, J=3.7 Hz, 1 H), 7.07
(d, J=9.2 Hz, 1 H), 6.65 (d, J=8,8 Hz, 2 H), 4.11
-4.25 (m, 1 H), 3.47 -3.60 (m, 1 20 H), 3 24 - 3.39
(m, 1 H), 2.88 - 3.05 (m, 1 H), 2.78 (dd, J=9.5, 6.4
Hz, 1 H), 2.56 - 2.70 (m, 2 H), 2.35 - 2.56 (m, 3 H),
2.10 - 2.25 (m, 1 H), 1.85 - 2.02 (m, 1 H), 1.26 (5, 1
H), 1,09 (t, J=7.1 Hz, 2 H). MS (ESI+) m/z 387 (mi-Ht.
Example 86
252-{41-1(3aR,6aR)-5-cyclobutylhexahydropyrroloi3,4-bl
pyrrol-1(2H)-y11-1.11-biphenyl-
4-v1}pyridazin-3(2H)-one       The product from
Example 858 (0.033 g, 0.092 mmol), cyclabutanone (8.00
pL, 0.101 mmol), and sodium triacetoxyborohyd ride (0
025 g, 0.0.120 mmol) were processed as described in
Example 85C to provide the title compound. TH 30NMR
(300 MHz, CIDC13) S ppm 7,91 (d, J=1.7 Hz, 1 H), 7.63
(s, 4 H), 7.50 (d, J8.5 Hz, 2 H), 7,23 (d, J=3.7 Hz, 1
H), 7,07 (d, J=8,8 Hz, 1 H), 6.65 (d, J=8.5 Hz, 7 H),
4,13 - 4.24 (m, 1 H), 3.52(q, 1 H), 3.32 (q, 17.3 Hz,
1 H), 2,74 - 3.04 (m,3  H), 2.63 (t, 1 1-1), 2.46 (dd,
J=9.3, 2.2 HZ T 1 H), 2.35 (dd, J=8 81 4.4 Hz, 1 H),
2.06 - 2,23 (m, 1 H), 1.82 - 2.05 (m, 4 H), 1.60- 1.80
(rn, 3 H). MS (ESL+) m/z 413 5Example 87
2-141-f(3aR,6aR1-5-Methylhexahydropyrrolo13,4-b)ovrrol
-1(2H)-ylibipheny1-4-ylh 4
5-dihydropyridazin-3(2H)-one  Flash chromatographic
purification of a 7 38 g sample of 2-(4.-
10bromoblpheny1-4-yOpyridazin-3(2H)-one (silica gel,
gradient from 1 to 3% methanol in dichlorornethane)
yielded 100 mg of 2-(4'-bromobipheny1-4-yI)-4,5-
dihydropyridazin-3(2H)-one       A small pressure tube
equipped with a magnetic stir bar was charged with 100
mg of
2-(41-bromobipheny1-4-y1)-4,5-dihydropyridazin-3(2H)-o
ne, 58 mg of
16(3aR,6aR)-5-methylhexahydropyrrolot3,4-b]pyrrole
dihydrochloride, 350 mg of cesium carbonate, 15 mg of
silver triflate, 4.2 mg of
tris(dibenzylideneacetone)dipalladium, and 7.2 mg of
2-dicyclohexylphosphino-2' (N,N dimethylamino)biphenyi
and 2 ml of toluene. After sealing and purging with
argon the tube was heated at 100 C for 20 hours. Crude
product was purified by 20 flash chromatography
(silica gel, gradient 2 to 10% methanol in
dichloromethane), which yielded 17 mg of the title
compound as a dark yellow oil. Mass spectroscopy gave
(M+H)+ rn/z 375.2, consistent with assigned structure.
Determination of Biological Activity  25To determine
the effectiveness of representative compounds of this
invention as histamine-3 receptor ligands (H3 receptor
ligands), the following tests were conducted according
to previously described methods (see European Journal
of Pharmacology, 188:219-227 (1990), Journal of
Pharmacology and Experimental Therapeutics,
275:598-604 (1995); Journal of Pharmacology and
3Experimental Therapeutics, 276:1009-1015 (1996); and
Biochemical Pharmacology, 22:3099-3108 (1973)) The rat
H3 receptor was cloned and expressed in cells, and
competition binding assays carried out, according to
methods previously described (see -114- WO
2007/100990PCT/US2007/062329 Esbenshade, et al Journal
of Pharmacology and Experimental Therapeutics, vol. 



313:165-175, 2005; Esbenshade et al_ Biochemical
Pharmacology 68 (2004) 933-945; Krueger, et al Journal
of Pharmacology and Experimental Therapeutics, vol.
314.271-281, 2005. Membranes were prepared from CO or
5HEK293 cells, expressing the rat histamine H3
receptor, by homogenization on ice in YE buffer (50
mivl Tris-HCI buffer T pH 7.4, containing 5 mM EDTA),
1 mM benzarnidine, 2 ughl apratinin, 1 'bt girni
leupeptin, and 1 u glml pepstatin. The homogenate was
centrifuged at 40,000g for 20 minutes at 4 C. This
step was repeated, and the resulting peliet was
resuspended in TE buffer. Aliquots were let frozen at
-70C until needed. On the day of assay, membranes were
thawed and diluted with TE buffer        Membrane
preparations were incubated with
[3H1-N-r.(-methylhistamine (0 5-1 0 nM) in the
presence or absence of increasing concentrations of
ligands for H3 receptor competition binding. The
binding incubations were conducted in a 15 final
volume of 0 5 ml TE buffer at 25 C and were terminated
after 30 minutes. Thioperamide (30 JIM) was used to
define non-specific binding All binding reactions were
terminated by filtration under vacuum onto
polyethylenimine (0 3%) presoaked Unifilters (Perkin
Eimer Life Sciences) or VVhatman GF/B filters followed
by three brief washes with 2 ml of ice-cold TE buffer.
Bound radiolabel 20was determined by liquid
scintillation counting For all of the radioligand
competition binding assays. 1050 values and Hill
slopes were determined by Hill transformation of the
data and plic values were determined by the
Cheng-Prusoff equation Generally, representative
compounds of the invention demonstrated 25 binding
affinities in the above assay from about 115 nM to
about 500 nM. Preferred compounds of the invention
bound to histamine-3 receptors with binding affinities
from about 0.5 nM to about 100 nfv1. More preferred
compounds of the invention bound to histamine-3
receptors with binding affinities from about 0.5 riM
to about 20 nM. 30in addition to the utility of in
vitro methods for characterizing the Fl;, binding
affinity of compounds, there are animal modeis of
human disease available which demonstrate the utility
of compounds of the invention for treating human
disease.  WO 2007/100990PCT/US2007/062329       One
animal model of the human disease ADHD (attention
deficit hyperactivity disorder) and related human
disorders of attention is an inhibitory avoidance test
in SHR rat pups (a Spontaneously Hypertensive strain
of rat pups). This model has also been alternatively
termed a PAR (passive avoidance 5response) model, The
methodology and utility of this test has been
described in the literature, for example in Komater,
V. A., et al. Psychopharmacology (Berlin, Germany)
(2003), 167(4), 363-372; in "Two novel and selective
nonimidazole H3 receptor antagonists A-304121 and
A-317920: II. In vivo behavioral and
neurophysiological characterization." Fox, G. B.., et
al. Journal of pharmacology 10and experimental
therapeutics (2003), 305(3), 897-908; in Cowart, et
al. J. Med Chem. 2005, 48, 38-55: in Fox, G B., et al.
"Pharmacological Properties of ABT- 239: II.
Neurophysiological Characterization and Broad
Prechnical Efficacy in Cognition and Schizophrenia of
a Potent and Selective Histamine Ha Receptor
Antagonist", Journal of Pharmacology and Experimental
Therapeutics (2005) 313, 15176-190; in "Effects of
histamine H3 receptor ligands GT-2331 and ciproxifan
in a repeated acquisition avoidance response in the
spontaneously hypertensive rat pup.." Fox, G. S., et
al. Behavioural Brain Research (2002), 131(1,2),
151-161. Representative compounds are active in this
model, with preferred compounds of the invention
active in the model at doses of ranging about
0.001-0.1 mg/kg of 20body weight.       Compounds of
the invention are histamine-3 receptor ligands that
modulate function of the histamine-3 receptor by
altering the activity of the receptor. These compounds
may be inverse agonists that inhibit the basal
activity of the receptor or they may be antagonists
that block the action of receptor-activating agonists.
25 Preparation of Salts and Polyrnorphs Example A 



2-{4'4(3aR,6aR)-5-methylhexa hyd
roPyrrolo13,4-blpyrrol-1(2H)-y11-1,1'-biohenv1-4-
30yavyridazin-3(2H)-one Hel salt hydrate.
2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrml-
1(21-Thylj-1,11- bipheny1-4-yl}pyridazin-3(2H)-one
(745 mg) was suspended in dichloromethane  (2.4 mt.)
The suspension was heated to about 35 C A solution of
HCI in methanol/water mixture was prepared by mixing
2.2 ml of 1 M HCI (in Me0H) with 0.6 ml water. The
FICI solution was added to the suspension in
dichloromethane dropwise Throughout the process the
suspension is stirred using a magnetic 5stirrer. The
solid completely dissolved when about half of the FICI
solution was added, yielded a clear solution The
solution was let cool to ambient temperatures
naturally. Crystallization was observed during the
cooling process. The resulting suspension was agitated
at ambient temperatures overnight before the crystals
were harvested. 10 Example B
2-(144(3aR,6aR)-5-Methylhexahvdropwrolo113,4-bloyrrol-
1(2H)-y11-1,1-biphenv1-4- AdVridazin-3(2H)-one NCI
anhvdrate
152-{414(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-b]pyrro
l-1(2H)-y1]-1,1'- bipheny1-4-yl}pyridazin-3(2H)-one
(226 mg) was suspended in methanol (4.0 mL). A
solution of 1 M HCI in methanol (0.66 mL) was added to
the suspension dropwise. Throughout the process the
suspension is stirred using a magnetic stirrer. Most
of the solid dissolved leaving a right suspension.
Upon sonication, 20crystallization was observed The
resulting suspension was agitated at ambient
temperatures overnight before the crystals were
harvested,                                    Example
C
2J4L-1(3aR,6aR)-5-MethylhexahydropyrroloT3,4-b]pyrroi-
1(2H)-V11-1,11-biphenyl-4-
25yllpyridazin-3f2H)-oneanhvdrate
244'4(3aR,6aR)-5-Methylhexahyd
ropyrrolo[3,4-b]pyrrol-1 (2 H)-y1]-1,1'-
biphenyl-4-yl)pyridazin-3(2H)-one (372 mg) was
suspended in dichloromethane (1 .5 mL). The suspension
was heated to about 50 C Al M HC1(1.1 mL) solution 30
was added to the suspension in dichloromethane
dropwise. Throughout the process the suspension is
stirred using a magnetic stirrer and temperature
maintained at about 50 C. Most of the solid dissolved
leaving a light suspension when about one third of the
HCI solution was added. Upon further addttion of the
-117-  FICI solution, crystallization was observed.
The resulting suspension was agitated at ambient
temperatures overnight before the crystals were
harvested. Example D Single crystal of
2441-1-(3aRt5aRI-5-Methylhexahydropyrrolo[3,4-blovrrol
-1(2H)-1/11- 1,1'-biphenyl-4-yllpyridazin-3(211)-one
L-tartrate salt monohydrate (Form A):
2-(4'-1(3aR,6aR)-5-Methylhexa hyd ropyrrolo[3
4-b]pyrrol-1(2F1)-y1]-1,1'-
biphenyl-4-yllpyridazin-3(2H)-one tartrate (Form A)
was suspended in 1 mL of tosolution mixture, which was
prepared by mixing 10 mL of dichloromethane with 1.5
mL of 20% water (in methanol) The suspension was
vortexed and heated in a shaking water bath to about
40 C and maintained for 1.5 hrs. It was further heated
to about 70 C. The suspension was then filtered. The
water bath was turned off, and the supernatant cooled
to ambient temperatures naturally in the 15water bath.
Single crystals were offered. 



Example E Single crystal of
2-{414(3aR1eaR)-5-Methylhexahydropyrrolo1-3,4-151pyrro
l-1(2H)-ylk 1,1'-bipheny1-4-vlipyridazin-3(21i)-one
L-tartrate salt monohydrate (Form 20
244'-[(3aR6aR)-5-Methylhexahydropyrrolo[3,4
-b]pyn-o1-1(2F1)-y11-1,1,-
biphenyl-4-yllpyridazin-3(2F1)-one tartrate (Form A)
was suspended in I mL of solution mixture, which was
prepared by mixing 5.0 mL of dichloromethane with 5.0
mL of 20% water (in methanol) The suspension was
vortexed and heated to 25 about 48 C yielding a clear
solution. The solution was then filtered and the
supernatant cooled to ambient temperatures naturally
overnight The solids precipitated over the night were
dissolved again the next day by heating the suspension
to about 90 C The solution was cooled slowly by
progressively lowering the temperature of the water
bath to ambient temperatures. Single 30crystals were
offered_ Example F  Crystallization of Form B of
L-tartrate salt of 2-{4l-[(3aR,6aR)-5- -118-
Methylhexahydropyrrolo13,4-bipyrrol-1(2H)-v1}-1,1'-bip
henyl-4-ylipyridazin-3(2H1- one
2-{4'-[(3aR,6aR)-5-Meth ylhe xa h ydropy rro lop
,4-b]pyrrol-1 (2 H )-y1]-111'-
5biphenyl-4-yljpyridazin-3(2H)-one (free base, 1.74 g)
was dissolved in 25 mLs of dimethyl acetamide by
heating to 75 C in a 50 mL jacketed reactor equipped
with overhead stirring motor_ A solution of L-tartaric
acid in water was prepared by dissolving 850 mg of
L-tartaric acid in 15 mL of de-ionized water by mixing
at 25 +/- 5 % C. The L-tartaric acid solution was
slowly added to the hot free base 10solution, while
maintaining the temperature of the free base solution
at 7500. Once all the L-tartaric acid solution had
been, the reactor was cooled to 20 C at 12 C/hour.
Once the reactor reached 20 C, a sample was collected
from the reactor for PXRD. The reactor was stirred for
another 72 hours. The slurry was discharged onto a
medium frit sintered glass filtration funnel. The
reactor was 15rinsed with 20 mt. of de-ionized water
and the rinse was used to wash the cake. Solids were
air-dried on the filter for 3 hours. PXRD analysis on
the solids was collected after at 20 C before and
after the 72-hour hold and indicated that the solids
were of crystalline Form B of the L-tartrate salt of
2.(4r_R3aR,6aR)5
methylhexahydropyrrolor3,4-b]pyrrol-1(2H)-y11-1,11-bip
henyl-4-yl}pyridazin-3(2H)- 20one. Example G
Crystallization of Form B of L.-tartrate salt of
2-444(3aR,6aR)-5-        Meth ylhexa hydro
pyrroloi3,4-blp yrrol-1(2H)-y1]-1,1'-b iphen
yl-4-yllpyridazin-3 (2H  h 25one
2-{4'(3aR,6aR)-5-Methylhexa hydro p
yrrolo[3,4-b]pyrrol-1(2H
-y1]-1,1Pbiphenyl-4-yllpyriciazin-3(2H)-one (free
base, 3,12 grams), 1.5 grams of L-tartaric acid and 15
mL each of absolute ethanol and water were added to a
50 mL 30jacketed reactor and heated to 76 C while
stirring at 250 rpm to affect a clear solution. Once
all the solids had dissolved, the reactor was cooled
to 60 C at 5 C/hour and then held at 60 C for 3 hours
After the 3 hour hold, the reactor was cooled to 20 C
at 10 C/hour. The reactor was stirred continuously at
20 C for 24  



hours The slurry was discharged onto a medium frit
sintered glass filtration funnel Solids were washed
with 15 mLs of de-ionized water and then air-dried 30
minutes. PXRD analysis of the solids indicated that
the solids were of the crystalline Form B of the
L-tartrate salt of 2-{41-[(3aR,8aR)-5-
5methylhexahydropyrrolo[314-b)pyrrol-1(2H)-y1]-1,1'-bi
pheny1-4-yl)pyndazin-3(2H)- one Example H
Crystallization of Form A of L-tartrate salt of
2-14T-1(3aR1OaR)-5-
ioMethylhexahydropyrrololi3,4-bjp-rol-1(2H)-y11-11-bip
henvl-4-yl)pyridazin-3(2H)- one
2-{4'-[(3aR,6aR)-5-Methyl he xa h yd ropyrrolor3,4-b]p
y rrol-1(21-1)-yl]-1,l'-
biphenyl-4-yl}pyriciazin-3(2H)-one (free base, 1_74 g)
was dissolved in 25 mLs of 15dirnethyl acetamide by
heating to 75 00 in a 50 rriL jacketed reactor
equipped with overhead stirring motor. A solution of
L-tartaric acid in water was prepared by dissolving
549 mg of L-tartaric acid in 15 mL of de-ionized water
by mixing at 25 4- 5 Yr C. The L-tartaric acid
solution was slowly added to the hot free base
solution, while maintaining the temperature of the
free base solution at 75 C. 20 The temperature of the
solution was held at 75 C for 20 minutes. The reactor
was cooled to 47 C. The reactor was held at 47 C for
30 minutes and then continued cool to 20 C. Once the
reactor reached 20 C, a sample was collected from the
reactor for PXRD. The reactor was stirred for another
24 hours. The slurry was discharged onto a medium frit
sintered glass filtration funnel. The cake was 25
washed with 18 rnL of a 50/50 v/v mixture of
de-ionized water and methanol. Solids were air-dried
on the filter for 3 hours, PXRD analysis on the solids
collected after at 20 C before and after the 72-hour
hold and indicated that the solids were of crystalline
Form A of the L-tartrate salt of 2-{4i-R3aR,6aR)-5-
methylhexahydropyrrolo[314-bipyrrol-1(2H)-y1]-1,1T-bip
heny1-4-yl)pyriclazin-3(2H)- 30one. Example  1
244'-4(3aR.6aR)-5-Methylhexahydropyrrolo[3.4-b1pyrrol-
1(2H)-y1]-1,11-biphenyl-4: VI}pyrislazin-3(2H)-one
L-tartrate anhydrate  -120-
2-{4'-[(3aR,6aR)-5-Methylhexahydropyrrolo[3,4-1D]pyrro
l-1(2F1)-y1]-1,11- biphenyl-4-yl)pyridazin-3(2H)-one
(free base, 37.4 mg) was dissolved in 300 micro liters
of dichloromethane by stirring at 25 C with a magnetic
bead in a 4 mL vial. 5 A solution of L-tartaric acid
in methanol was prepared by dissolving 18.2 mg of
L-tartaric acid in 200 micro liters of methanol by
mixing at 25 +1- 5 % C. The L-tartaric acid solution
was slowly added to the free base solution, while
stirring. The reactor was stirred for 3 hours. The
slurry was discharged onto a medium frit sintered
glass filtration funnel. Solids were air-dried on the
filter for 30 minutes. 10PXRD analysis on the solids
indicated that the solids were of crystalline
anhydrous form of the L-tartrate salt of
2-{4'-[(3aR,6aR)-5-
methylhexahydropyrrolo[3,4-b]pyrrol-1(211-y1]-1,11-bip
henyl-4-yllpyridazin-3(2H)- one.  WHAT IS CLAIMED IS:
1.A compound of the formula: R3c redti-cy1-L2-cy2    



(I) or a pharmaceutically acceptable salt, ester,
amide, or radiolabelled form thereof, wherein: R1 is
alkyl, C3-05 cycloalkyl, or (C3-05 cycloalkyl)methyl;
R28, R2b, R2c, R2d, R2e, and R2f each are
independently hydrogen, methyl, or fluoromethyl;
R3a, R31, R3c, and R3d are each independently
hydrogen, alkyl, fluoroalkyl, fluoroalkoxy, alkoxy,
thioalkoxy, halogen, or nitrile, with the proviso that
when one or more of R3a, R3b, R3c, and R3d are alkyl,
then at least one of R3a, R3b, R3c, and R3d is
fluoroalkyl, fluoroalkog, alkoxy, thioalkoxy, halogen,
or nitrile;       L1 is a bond, oxygen, sulfur,
carbonyl, alkylene, alkylcarbonyl, alkylarnino,
-C(=NOalkyl)-, or NR4,       L2 is a bond, oxygen,
sulfur, carbonyl, alkylene, alkylcarbonyl, alkylamino,
-C(=NOalkyl)-, NR5, -C(=0) NR5-, or -NR5C(=0)-, Cyl is
aryl, cycloalkyl, cycloalkenylheteroaryl, or
heterocycle;       Cy2 is aryl, cycloalkyl,
cycloalkenyl, heteroaryl or heterocycle, wherein the
heteroaryl or heterocycle moiety has 1, 2, or 3
heteroatoms selected from nitrogen, oxygen, and
sulfur, provided that at least one heteroatom is
nitrogen; and R4 and R5 at each occurrence is hydrogen
or alkyl; provided that Cy2 is not  R2d N- R2cR2e R2b
R R282'        2. The compound of claim 1, wherein L1
is a bond. 3. The compound of claim 1, wherein L2 is a
bond. 4. The compound of claim 1, wherein L1 and L2
each are a bond.        5. The compound of claim 1,
wherein R2a, R2b, R2c, R2d, rtn2e, and R2f all are
hydrogen.        6. The compound of claim 1, wherein
at least two of R3a, R3b, R3e, or R3d are a
substituent other than hydrogen.        7. The
compound of claim 1, wherein R3a, R3b, R3c, and R3d
are all hydrogen.        8. The compound of claim 1,
wherein L1 is a bond; L2 is a bond; R3a,R3b, Rae, and
R3d are all hydrogen; Cyl is phenyl, and Cy 2 is aryl,
cycloalkyl, cycloalkenyl, heteroaryl or heterocycle,
wherein the heteroaryl or heterocycle moiety has 1, 2,
or 3 heteroatoms selected from nitrogen, oxygen, and
sulfur, provided that at least one heteroatom is
nitrogen.        9. The compound of claim 8, wherein
Cy2 is pyridazinone.        10. The compound of claim
1, wherein R1 is alkyl; L1 is a bond; L2 is a bond;
R2a, R2b, R2c, R2d, tc -2e,                      and
R2f each is hydrogen; R3a, R3b, R3e, and R3d are all
hydrogen; Cyl is phenyl, and Cy2 pyridazinone.
11. The compound of claim 10, wherein R1 is methyl. 



12. The compound of claim 1, wherein L1 is a bond; L2
is a bond; R3a, R34, R3c, and R3d are all hydrogen;
Cyl is piperazine, and Cy2 is aryl, cycloalkyl,
cycloalkenyl, heteroaryl or heterocycle, wherein the
heteroaryl or heterocycle moiety has 1, 2, or 3
heteroatoms selected from nitrogen, oxygen, and
sulfur, provided that at least one heteroatom is
nitrogen.         13. The compound of claim 12,
wherein Cy2 is pyridine optionally substituted with
cyano.         14. The compound of claim 1, selected
from the group consisting of:
2-{4'-[(3aR,6aR)-5-rnethylhexahydropyrrolo[3,4-b]pyrro
l-1(2H)-y1]-1,1'-biphenyl-4- yl)pyridazin-3(2H)-one;
(3aR,6aR)-5-methyl-1-(4'-pyrimidin-5-y1-1,1'-biphenyl-
4-y0octahydropyrrolo[3,4- b]pyrrole;
4"-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(
2H)-y1]-1,1':4',1"- terpheny1-3-carbonitrile;
(3aR,6aR)-144'46-fluoropyridin-3-y1)-1,11-bipheny1-4-y
1]-5- nnethyloctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-114'-(2,6-dimethylpyridin-3-y1)-1,11-bipheny
1-4-y1]-5- methyloctahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-114'-(6-chloropyridin-3-y1)-1,1'-bipheny1-4-
y1]-5- methyloctahydropyrrolo[3,4-b]pyrrole;
4"-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-1(
2H)-y1]-1,1%4',1"- terphenyl-4-carbonitrile;
6-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrr
ol-1(2H)- yl]phenyllpiperazin-1-yOnicotinonitrile;
(3aR,6aR)-1-{414-(6-chloropyridazin-3-yl)piperazin-1-y
lipheny1}-5- nnethyloctahydropyrrolo[3,4-13]pyrrole;
(3aR,6aR)-5-methyl-1-{444-(1,3-thiazol-2-yOpiperazin-1
-  yl]phenygoctahydropyrrolo[3,4-1Apyrrole;
(3aR,6aR)-5-methyl-114-(4-pyridin-2-ylpiperazin-1-
yOphenyl]octahydropyrrolop,4-Npyrrole;
(3aR,6aR)-5-methyl-1-1444-(4-nitrophenyl)piperazin-1-
yl]phenyl}octahydropyrrolo[3,4-b]pyrrole;
2-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrr
ol-1(2H)- Aphenyl}piperazin-1-Abenzonitrile;
(3aR,6aR)-5-methyl-1-[4-(4-pyridin-4-ylpiperazin-1-
yOphenyl]octahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-1-{414-(6-methylpyridazin-3-yOpiper
azin-1- yllphenyl}octahydropyrrolo[3,4-13]pyrrole;
(3aR,6aR)-5-methyl-144-(4-pyrazin-2-ylpiperazin-1-
yl)phenyl]octahydropyrrolo[3,4-b]pyrrole;
(3aR,6aR)-5-methyl-114-(4-pyrimidin-2-ylpiperazin-1-
yOphenyl]octahydropyrroloP,4-blpyrrole;
4-(4-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrr
ol-1(2H)- yllphenyl}piperazin-1-yObenzonitrile;
(3aR,6aR)-1-{4-[4-(5-ethylpyrimidin-2-yl)piperazin-1-y
l]pheny1}-5- methyloctahydropyrrolo[3,4-b]pyrrole;
(3a R,6aR)-5-methy1-144-(4-pyrimidin-5-ylpiperazin-1-
yl)phenylioctahydropyrrolo[3,4-13]pyrrole;       (3aR,
6aR)-2-{414-(5-methyl-hexahydro-pyrrolo[3,4-b]pyrrol-1
-y1)-pheny1]- piperazin-1-yll-nicotinonitrile;
4'-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol
-1(2H)-yl]phenoxy}-1,11- biphenyl-4-carbonitrile;
2-(5-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-13]pyr
rol-1(2H)- yllphenyl}pyridin-2-yl)pyridazin-3(2H)-one;
2-(6-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-1Apyrr
ol-1(2H)- yl]phenyl}pyridin-3-yOpyridazin-3(2H)-one;
2-(5-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-1Apyrr
ol-1(2H)-yl]pheny1}-1,3-
thiazol-2-y1)pyridazin-3(2H)-one; 



5-(4-{4-[(3a R,6aR)-5-methyl hexahyd ropyrrolo[3
,4-b]pyrrol-1(2H)- yflphenyl}p iperazin-1
-yl)pyridine-2-carbonitrile;
(3aR,6aR)-114'-(2-methoxypyri nn id
in-5-y1)-1,11-bipheny1-4-y1]-5- methyloctahyd
ropyrrolo[3,4-b]pyrrole;
5-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol
-1(2H)-y1]-1,1'-biphenyl-4-
yllpyridine-2-carbonitrile;
6-methyl-2-{4'(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b
]pyrrol-1(2H)-y1]-1,1'-
bipheny1-4-yl}pyridazin-3(2H)-one;       (3a
R,6aR)-5-methy1-1-[4'-(1 -methyl-I
H-pyrazol-4-y1)-1,1'-bipheny1-4- &eta hyd
ropyrrolo[3,4-b]pyrrole;       (3a R,6aR)-I
44'-(3,5-dinnethy1-1H-pyrazol-4-y1)-1,11-biphenyl-4-y1
]-5- methyloctahydropyrrolo[3,4-b]pyrrole;       (3a
R,6aR)-5-methyl-1-[4'-(1
H-pyrazol-4-y1)-1,11-bipheny1-4-
yl]octahydropyrrolo[3,4-13]pyrrole;
3-methyl-1-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4
-b]pyrrol-1(2H)-y1]-1,1'-
bipheny1-4-yl}pyridin-2(1H)-one; 5-methyl-I
-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol-
1(2H)-y1]-1,11- biphenyl-4-yl}pyridin-2(1 H)-one;
6-methyl-1-14'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4
-b]pyrrol-1(2H)-y1]-1,1'-
bipheny1-4-yl}pyridin-2(1H)-one;
2-{4'(3aR,6aR)-5-ethylhexahydropyrrolo[3,4-1Apyrrol-1(
2H)-y1]-1,11-bipheny1-4- yl}pyridazin-3(2H)-one;
2-{4'-[(3aR,6aR)-5-cyclobutylhexahydropyrrolo[3,4-b]py
rrol-1(2H)-y1]-1,1'-
bipheny1-4-yl}pyridazin-3(2H)-one; and
2-{4'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-b]pyrrol
-1(2H)-yl]bipheny1-4-y1}- 4,5-d ihyd
ropyridazin-3(2H)-one.       15. A pharmaceutical
composition comprising a compound of claim 1 and a
pharmaceutically acceptable carrier.         16. A
compound that is
2+1'-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-y1]-1,1'-biphenyl-4-yllpyridazin-3(2H)-
one or a pharmaceutically acceptable salt thereof.
17. A compound that is
2-(5-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-yl]phenyl}pyridin-2-yl)pyridazin-3(2H)-
one or a pharmaceutically acceptable salt thereof.
18. A compound that is
2-(6-{4-[(3aR,6aR)-5-methylhexahydropyrrolo[3,4-
b]pyrrol-1(2H)-yl]phenyl}pyridin-3-yOpyridazin-3(2H)-o
ne or a pharmaceutically acceptable salt thereof. 






