
4 , 5-RING ANNULATED INDOLE DERIVATIVES FOR TREATING
OR PREVENTING OF HCV AND RELATED VIRAL INFECTIONS
FIELD OF THE INVENTION The present invention relates
to 4,5-ring annulated indole derivatives, compositions
comprising at least one 4,5-ring annulated indole
derivatives, and methods of using the 4,5-ring
annulated indole derivatives for treating or
preventing a viral infection or a virus-related
disorder in a patient. BACKGROUND OF THE INVENTION HCV
is a (+)-sense single-stranded RNA virus that has been
implicated as the major causative agent in non-A,
non-B hepatitis (NANBH). NANBH is distinguished from
other types of viral-induced liver disease, such as
hepatitis A virus (HAV), hepatitis B virus (HBV),
hepatitis delta virus (HDV), as well as from other
forms of liver disease such as alcoholism and primary
biliary cirrhosis. Hepatitis C virus is a member of
the hepacivirus genus in the family Flaviviridae. It
is the major causative agent of non-A, non-B viral
hepatitis and is the major cause of
transfusionassociated hepatitis and accounts for a
significant proportion of hepatitis cases worldwide.
Although acute HCV infection is often asymptomatic,
nearly 80% of cases resolve to chronic hepatitis.
About 60% of patients develop liver disease with
various clinical outcomes ranging from an asymptomatic
carrier state to chronic active hepatitis and liver
cirrhosis (occurring in about 20% of patients), which
is strongly associated with the development of
hepatocellular carcinoma (occurring in about 1-5% of
patients). The World Health Organization estimates
that 170 million people are chronically infected with
HCV, with an estimated 4 million living in the United
States. HCV has been implicated in cirrhosis of the
liver and in induction of hepatocellular carcinoma.
The prognosis for patients suffering from HCV
infection remains poor as HCV infection is more
difficult to treat than other forms of hepatitis.
Current data indicates a fouryear survival rate of
below 50% for patients suffering from cirrhosis and a
five-year survival rate of below 30% for patients
diagnosed with localized resectable hepatocellular
carcinoma. Patients diagnosed with localized
unresectable hepatocellular carcinoma fare even worse,
having a five-year survival rate of less than 1%.HCV
is an enveloped RNA virus containing a single-stranded
positive-sense RNA genome approximately 9.5 kb in
length. The RNA genome contains a 5'-nontranslated
region (5' NTR) of 341 nucleotides, a large open
reading frame (ORF) encoding a single polypeptide of
3,010 to 3,040 amino acids, and a 3'-nontranslated
region (3'-NTR) of variable length of about 230
nucleotides. HCV is similar in amino acid sequence and
genome organization to flaviviruses and pestiviruses,
and therefore HCV has been classified as a third genus
of the family Flaviviridae. The 5' NTR, one of the
most conserved regions of the viral genome, contains
an internal ribosome entry site (IRES) which plays a
pivotal role in the initiation of translation of the
viral polyprotein. A single long open reading frame
encodes a polyprotein, which is co- or
post-translationally processed into structural (core,
El, E2 and p7) and nonstructural (NS2, NS3, NS4A,
NS4B, NS5A, and NS5B) viral proteins by either
cellular or viral proteinases. The 3' NTR consists of
three distinct regions: a variable region of about 38
nucleotides following the stop codon of the
polyprotein, a polyuridine tract of variable length
with 



interspersed substitutions of cytidines, and 98
nucleotides (nt) at the very 3' end which are highly
conserved among various HCV isolates. By analogy to
other plus-strand RNA viruses, the 3'-NTR is thought
to play an important role in viral RNA synthesis. The
order of the genes within the genome is:
NH2-C-El-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH.
Processing of the structural proteins core (C),
envelope protein 1 and (El, E2), and the p7 region is
mediated by host signal peptidases. In contrast,
maturation of the nonstructural (NS) region is
accomplished by two viral enzymes. The HCV polyprotein
is first cleaved by a host signal peptidase generating
the structural proteins C/El, E1/E2, E2/p7, and
p7/NS2. The NS2-3 proteinase, which is a
metalloprotease, then cleaves at the NS2/NS3 junction.
The NS3/4A proteinase complex (NS3 being a serine
protease and NS4A acting as a cofactor of the NS3
protease), is then responsible for processing all the
remaining cleavage junctions. RNA helicase and NTPase
activities have also been identified in the NS3
protein. One-third of the NS3 protein functions as a
protease, and the remaining two-thirds of the molecule
acts as the helicase/ATPase that is thought to be
involved in HCV replication. NS5A may be
phosphorylated and acts as a putative cofactor of
NS5B. The fourth viral enzyme, NS5B, is a
membrane-associated RNA-dependent RNA polymerase
(RdRp) and a key component responsible for replication
of the viral RNA genome. NS5B contains the "GDD"
sequence motif, which is highly conserved among all
RdRps characterized to date.Replication of HCV is
thought to occur in membrane-associated replication
complexes. Within these, the genomic plus-strand RNA
is transcribed into minus-strand RNA, which in turn
can be used as a template for synthesis of progeny
genomic plus-strands. At least two viral enzymes
appear to be involved in this reaction: the NS3
helicase/NTPase, and the NS5B RNA-dependent RNA
polymerase. While the role of NS3 in RNA replication
is less clear, NS5B is the key enzyme responsible for
synthesis of progeny RNA strands. Using recombinant
baculoviruses to express NS5B in insect cells and a
synthetic nonviral RNA as a substrate, two enzymatic
activities have been identified as being associated
with it: a primerdependent RdRp and a terminal
transferase (TNTase) activity. It was subsequently
confirmed and further characterized through the use of
the HCV RNA genome as a substrate. Other studies have
shown that NS5B with a C-terminal 2 1 amino-acid
truncation expressed in Escherichia coli is also
active for in vitro RNA synthesis. On certain RNA
templates, NS5B has been shown to catalyze RNA
synthesis via a de novo initiation mechanism, which
has been postulated to be the mode of viral
replication in vivo. Templates with single-stranded 3'
termini, especially those containing a 3'-terminal
cytidylate moiety, have been found to direct de novo
synthesis efficiently. There has also been evidence
for NS5B to utilize di- or tri nucleotides as short
primers to initiate replication. It is
well-established that persistent infection of HCV is
related to chronic hepatitis, and as such, inhibition
of HCV replication is a viable strategy for the
prevention of hepatocellular carcinoma. Present
treatment approaches for HCV infection suffer from
poor efficacy and unfavorable side-effects and there
is currently a strong effort directed to the discovery
of HCV replication inhibitors that are useful for the
treatment and prevention of HCV related disorders. New
approaches currently under investigation include the
development of prophylactic and therapeutic vaccines,
the identification of interferons with improved
pharmacokinetic characteristics, and the discovery of
agents designed to inhibit the function of three major
viral proteins: protease, helicase and polymerase. In
addition, the HCV RNA genome itself, 



particularly the IRES element, is being actively
exploited as an antiviral target using antisense
molecules and catalytic ribozymes. Particular
therapies for HCV infection include a-interferon
monotherapy and combination therapy comprising
a-interferon and ribavirin. These therapies have been
shown to be effective in some patients with chronic
HCV infection. The use of antisense oligonucleotides
for treatment of HCV infection has also been proposed
as has the use of freebile acids, such as
ursodeoxycholic acid and chenodeoxycholic acid, and
conjugated bile acids, such as tauroursodeoxycholic
acid. Phosphonoformic acid esters have also been
proposed as potentially for the treatment of various
viral infections including HCV. Vaccine development,
however, has been hampered by the high degree of viral
strain heterogeneity and immune evasion and the lack
of protection against reinfection, even with the same
inoculum. The development of small-molecule inhibitors
directed against specific viral targets has become a
major focus of anti-HCV research. The determination of
crystal structures for NS3 protease, NS3 RNA helicase,
and NS5B polymerase, with and without bound ligands,
has provided important structural insights useful for
the rational design of specific inhibitors. NS5B, the
RNA-dependent RNA polymerase, is an important and
attractive target for small-molecule inhibitors.
Studies with pestiviruses have shown that the small
molecule compound VP32947
(3-[((2-dipropylamino)ethyl)thio]-5H-l,2,4-triazino[5,
6-b]indole) is a potent inhibitor of pestivirus
replication and most likely inhibits the NS5B enzyme
since resistant strains are mutated in this gene.
Inhibition of RdRp activity by (-)b-L-2',3'-dideoxy-
3'-thiacytidine 5'-triphosphate (3TC; lamivudine
triphosphate) and phosphonoacetic acid also has been
observed. Despite the intensive effort directed at the
treatment and prevention of HCV and related viral
infections, there exists a need in the art for
non-peptide, small-molecule compounds having desirable
or improved physicochemical properties that are useful
for inhibiting viruses and treating viral infections
and virus-related disorders. SUMMARY OF THE INVENTION
In one aspect, the present invention provides 4,5-ring
annulated indole deriviatives (herein referred to as
the "Compounds of Formula (I)"): (D and
pharmaceutically acceptable salts, solvates, prodrugs
and esters thereof, whereinring Z of formula (I), is
cyclohexyl, cyclohexenyl, 6-membered heterocycloalkyl,
6- membered heterocycloalkenyl, 6-membered aryl or
6-membered heteroaryl, wherein ring Z may be: (i)
optionally substituted on one or more ring carbon
atoms with substituents, which are the same or
different, and which are selected from alkyl, alkenyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl, halo,
haloalkyl, hydroxyalkyl, hydroxy, -CN, -C(O)R8, -
C(O)OR9, -C(O)N(R9)2, -[C(R12)2]q-OR9,
-[C(R12)2]q-N(R9)2, -NHC(O)R8, -NHSO2R1 1 , - S(O)pRp
or -SO2N(R9)2; and/or (ii) optionally substituted on a
ring nitrogen atom with substituents, which are the
same or different, and which are selected from alkyl,
aryl, haloalkyl, heteroaryl, hydroxyalkyl, -C(O)R8,
-C(O)OR9, -C(O)N(R9)2, -[C(R12)2]r-OR9, -
[C(R12)2]r-N(R9)2, -NHC(O)R8, -NHSO2R1 1 , -S(O)pRn or
-SO2N(R9)2; R1 is a bond, -[C(R12)2]r , -[C(R
12)2]r-O-[C(R12)2]q-, -[C(R12)2]r-N(R9)-[C(R12)2]q-, -
[C(R12)2]q-CH=CH-[C(R 12)2]q-, -[C(R 12)2]q-CC-[C(R
12)2]q-, or -[C(R 12)2]q-SO2-[C(R12)2]q-; R2 is -C(O)R
9, -C(O)OR 9, -C(O)OCH2OR9, -C(O)N(R9)2, -[C(R
12)2]q-C(O)OR 9, - 



[C(R12)2]q-C(O)N(R 9)2, -[C(R12)2]q-C(O)N(R9)C=N(R9)2,
-[C(R12)2]q-aryl, -[C(R12)2]q- cycloalkyl, -[C(R
12)2]q-cycloalkenyl, -[C(R 12)2]q-heterocycloalkyl,
-[C(R 12)2]q-heteroaryl, -
[C(R12)2]q-heterocycloalkenyl, -[C(R
12)2]q-C(O)N(R9)SOR p , -[C(R12)2]q-C(O)N(R9)SO2Rn , -
[C(R12)2]q-C(O)N(R 9)SO2N(R9)2, alkyl, wherein an
aryl, cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl or heteroaryl, group can be
optionally substituted with up to 4 substituents,
which are each independently selected from alkyl,
alkenyl, alkynyl, aryl, -[C(R12)2]q-cycloalkyl, -[C(R
12)2]q-cycloalkenyl, - [C(R12)2]q-heterocycloalkyl,
-[C(R 12)2]q-heterocycloalkenyl, -[C(R
12)2]q-heteroaryl, -[C(R 12)2]q- haloalkyl, -[C(R
12)2]q-hydroxyalkyl, halo, hydroxy, -OR9, -CN, -[C(R
12)2]q-C(O)R8, - [C(R l2)2]q-C(O)OR 9, -[C(R
12)2]q-C(O)N(R 9)2, -[C(R 12)2]q-OR9, -[C(R
12)2]q-N(R9)2, -[C(R 12)2]q- NHC(O)R 8, -[C(R
12)2]q-NR8C(O)N(R 9)2, -[C(R 12)2]q-NHSO2R' ' , -[C(R
12 -S(O)PR1 1 , - [C(R 12)2]q-SO2N(R9)2 and
-SO2N(R9)C(O)N(R 9)2; R3 is -H, -[C(R 12)2]q-alkyl,
-[C(R 12)2]q-aryl, -[C(R 12)2]q-cycloalkyl, -[C(R
12)2]q-cycloalkenyl, -[C(R 12)2]q-heterocycloalkyl,
-[C(R 12)2]q-heteroaryl or -[C(R
12)2]q-heterocycloalkenyl,wherein an aryl,
cycloalkyl,cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl or heteroaryl group can be
optionally substituted with up to 3 substituents,
which are the same or different, and are selected from
alkyl, aryl, heteroaryl-, halo, haloalkyl,
hydroxyalkyl, hydroxy, -CN, - C(O)R8, -C(O)OR9,
-C(O)N(R9)2, -[C(R 12)2]q-OR9, -[C(R 12)2]q-N(R9)2,
-NHC(O)R8, - NHSO2R1 1 , -S(O) PR " or -SO2N(R9)2; R6
and R7 are each, independently, H, alkyl, alkenyl,
alkynyl, aryl, -[C(R12)2]q- cycloalkyl, -[C(R
12)2]q-cycloalkenyl, -[C(R 12)2]q-heterocycloalkyl,
-[C(R12)2]q- heterocycloalkenyl, -[C(R
12)2]q-heteroaryl, -[C(R 12)2]q-haloalkyl,
-[C(R12)2]q-hydroxyalkyl, halo, hydroxy, -OR9, -CN,
-[C(R 12 )2]q-C(O)R8, -[C(R 12)2]q-C(O)OR9, -[C(R
12)2]q-C(O)N(R9)2, -[C(R l2)2]q-OR9, -[C(R
12)2]q-N(R9)2, -[C(R 12)2]q-NHC(O)R 8,
-[C(R12)2]q-NR8C(O)N(R9)2, - [C(R12)2]q-NHSO2Rn ,
-[C(R 12)2]q-S(O)pR' \ -[C(R 12)2]q-SO2N(R9)2 or
-SO2N(R9)C(O)N(R9)2; each occurrence of R8 is
independently H, alkyl, alkenyl, alkynyl, -[C(R
12)2]q-aryl, - [C(R12)2]q-cycloalkyl, -[C(R
12)2]q-cycloalkenyl, -[C(R 12)2]q-heterocycloalkyl,
-[C(R 12)2]q- heterocycloalkenyl, -[C(R
12)2]q-heteroaryl, haloalkyl or hydroxyalkyl;each
occurrence of R9 is independently H, alkyl, alkenyl,
alkynyl, -[C(R12)2]q-aryl, - [C(R12)2]q-cycloalkyl,
-[C(R 12)2]q-cycloalkenyl,
-[C(R12)2]q-heterocycloalkyl, -[C(R12)2]q-
heterocycloalkenyl, -[C(R 12)2]q-heteroaryl, haloalkyl
or hydroxyalkyl; R10 is H, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, wherein a cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl or
heteroaryl group can be optionally and independently
substituted with up to 4 substituents, which are each
independently selected from H, alkyl, alkenyl,
alkynyl, aryl, -[C(R12)2]q- cycloalkyl, -[C(R
12)2]q-cycloalkenyl, -[C(R12)2]q-heterocycloalkyl,
-[C(R12)2]q- heterocycloalkenyl, -[C(R
12)2]q-heteroaryl, -[C(R12)2]q-haloalkyl,
-[C(R12)2]q-hydroxyalkyl, halo, hydroxy, -OR9, -CN,
-[C(R 12)2]q-C(O)R8, -[C(R12)2]q-C(O)OR9,
-[C(R12)2]q-C(O)N(R9)2, - [C(R12)2]q-OR9,
-[C(R12)2]q-N(R9)2,-[C(R 12)2]q-NHC(O)R8,
-[C(R12)2]q-NR8C(O)N(R9)2, - [C(R^) 2] C1 -NHSO2R1' ,
-[C(R 12 ] C1 -S(O)PR1\ -[C(R12)2]q-SO2N(R9)2 and
-SO2N(R9)C(O)N(R9)2, 



such that when R1 is a bond, R10 is not H; each
occurrence of R1 1 is independently alkyl, aryl,
cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl, heteroaryl, haloalkyl, hydroxy or
hydroxyalkyl, wherein a cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl or
heteroaryl group can be optionally and independently
substituted with up to 4 substituents, which are each
independently selected from -H, alkyl, alkenyl,
alkynyl, aryl, -[C(R12)2]q-cycloalkyl, -
[C(R12)2]q-cycloalkenyl, -[C(R
12)2]q-heterocycloalkyl, -[C(R
12)2]q-heterocycloalkenyl, - [C(R12)2]q-heteroaryl,
-[C(R 12)2]q-haloalkyl, -[C(R12)2]q-hydroxyalkyl,
halo, hydroxy, -OR9, - CN, -[C(R 12)2]q-C(O)R 8, -[C(R
12)2]q-C(O)OR9, -[C(R12)2]q-C(O)N(R9)2,
.[C(R12)2]q-OR9, - [C(R12)2]q-N(R9)2, -[C(R
12)2]q-NHC(O)R 8, -[C(R12)2]q-NR8C(O)N(R9)2, -[C(R
12)2]q- NHSO2alkyl, -[C(R 12)2]q-NHSO 2cycloalkyl,
-[C(R12)2]q-NHS0 2aryl, -[C(R 12)2]q-SO2N(R9)2 and
-SO2N(R9)C(O)N(R 9)2; each occurrence of R12 is
independently H, halo, -N(R9)2, -OR9, alkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl or
heterocycloalkenyl, wherein a cycloalkyl,
cycloalkenyl, heterocycloalkyl or heterocycloalkenyl
group can be optionally and independently substituted
with up to 4 substituents, which are each
independently selected from alkyl, halo, haloalkyl,
hydroxyalkyl, hydroxy, -CN, -C(O)alkyl, -C(O)Oalkyl,
-C(O)NHalkyl, -C(O)N(alkyl) 2, -Oalkyl, -NH2,
-NH(alkyl), -N(alkyl) 2, -NHC(O)alkyl, -NHSO2alkyl,
-SO2alkyl or -SO2NHalkyl, or two R12 groups, together
with the carbon atoms to which they are attached, join
to form a cycloalkyl, heterocycloalkyl or C=O group;
each occurrence of R20 is independently alkyl, aryl,
cycloalkyl, heterocycloalkyl or heteroaryl, or both
R20 groups and the carbon atoms to which they are
attached, join to form a cycloalkyl, cycloheteroalkyl,
aryl or heteroaryl group wherein a cycloalkyl,
cycloheteroalkyl, aryl or heteroaryl group can be
substituted with up to 4 groups, which are each
independently selected from alkyl, alkenyl, alkynyl,
halo, hydroxy, -OR9, -CN, -[C(R12)2]q-cycloalkyl, -
[C(R12)2]q-cycloalkenyl, -[C(R12)2]q-heterocycloalkyl,
-[C(R12)2]q-heterocycloalkenyl, -
[C(R12)2]q-haloalkyl, -[C(R 12)2]q-hydroxyalkyl,
-[C(R12)2]q-C(O)R8, -[C(R12)2]q-C(O)OR9, -
[C(R12)2]q-C(O)N(R9)2, -[C(R12)2]q-OR9,
-[C(R12)2]q-N(R9)2, -[C(R12)2]q-NHC(O)R8, -
[C(R12)2]q-NR8C(O)N(R9)2, -[C(R12)2]q-NHSO2Ru ,
-[C(R12)2]q-S(O)pRn , -[C(R12)2]q- SO2N(R9)2 and
-SO2N(R9)C(O)N(R9)2; each occurrence of R30 is
independently H, alkyl, alkenyl, alkynyl, aryl,
-[C(R12)2]qcycloalkyl, -[C(R12)2]q-cycloalkenyl,
-[C(R12)2]q-heterocycloalkyl, -[C(R12)2]q-
heterocycloalkenyl, -[C(R 12)2]q-heteroaryl,
-[C(R12)2]q-haloalkyl, -[C(R12)2]q-hydroxyalkyl, halo,
hydroxy, -OR9, -CN, -[C(R12)2]q-C(O)R8, -[C(R
12)2]q-C(O)OR9, -[C(R12)2]q-C(O)N(R9)2, -[C(R
l2)2]q-OR9, -[C(R I2)2]q-N(R9)2, -[C(R12)2]q-NHC(O)R8,
-[C(R12)2]q-NR8C(O)N(R9)2, - [C(R12)2]q-NHSO2Ru ,
-[C(R 12)2]q-S(O)pRp , -[C(R 12)2]q-SO2N(R9)2 or
-SO2N(R9)C(O)N(R9)2, or two adjacent R30 groups,
together with the carbon atoms to which they are
attached, join to form a -3- to 7-membered ring
selected from aryl, cycloalkyl, heteroaryl and
heterocycloalkyl; each occurrence of p is
independently 0, 1 or 2; each occurrence of q is
independently an integer ranging from 0 to 4; and each
occurrence of r is independently an integer ranging
from 1 to 4. The Compounds of Formula (I) or
pharmaceutically acceptable salts, solvates, prodrugs
or esters thereof can be useful for treating or
preventing a viral infection in a patient. The
Compounds of Formula (I) or pharmaceutically
acceptable salts, solvates, prodrugs 



or esters thereof can be useful for treating or
preventing a virus-related disorder in a patient. Also
provided by the invention are methods for treating or
preventing a viral infection or a virus-related
disorder in a patient, comprising administering to the
patient an effective amount of at least one Compound
of Formula (I). The present invention further provides
pharmaceutical compositions comprising an effective
amount of at least one Compound of Formula (I) or a
pharmaceutically acceptablesalt, solvate thereof, and
a pharmaceutically acceptable carrier. The
compositions can be useful for treating or preventing
a viral infection or a virus-related disorder in a
patient. The details of the invention are set forth in
the accompanying detailed description below. Although
any methods and materials similar to those described
herein can be used in the practice or testing of the
present invention, illustrative methods and materials
are now described. Other features, objects, and
advantages of the invention will be apparent from the
description and the claims. All patents and
publications cited in this specification are
incorporated herein by reference. DETAILED DESCRIPTION
OF THE INVENTION The present invention provides
Compounds of Formula (I), pharmaceutical compositions
comprising at least one Compound of Formula (I), and
methods of using the Compounds of Formula (I) for
treating or preventing a viral infection or a
virus-related disorder in a patient. Definitions and
Abbreviations The terms used herein have their
ordinary meaning and the meaning of such terms is
independent at each occurrence thereof. That
notwithstanding and except where stated otherwise, the
following definitions apply throughout the
specification and claims. Chemical names, common
names, and chemical structures may be used
interchangeably to describe the same structure. If a
chemical compound is referred to using both a chemical
structure and a chemical name and an ambiguity exists
between the structure and the name, the structure
predominates. These definitions apply regardless of
whether a term is used by itself or in combination
with other terms, unless otherwise indicated. Hence,
the definition of "alkyl" applies to "alkyl" as well
as the "alkyl" portions of "hydroxyalkyl,"
"haloalkyl," "alkoxy," etc... As used herein, and
throughout this disclosure, the following terms,
unless otherwise indicated, shall be understood to
have the following meanings: A "patient" is a human or
non-human mammal. In one embodiment, a patient is a
human. In another embodiment, a patient is a non-human
mammal, including, but not limited to, a monkey, dog,
baboon, rhesus, mouse, rat, horse, cat or rabbit. In
another embodiment, apatient is a companion animal,
including but not limited to a dog, cat, rabbit, horse
or ferret. In one embodiment, a patient is a dog. In
another embodiment, a patient is a cat. The term
"alkyl" as used herein, refers to an aliphatic
hydrocarbon group, wherein one of the aliphatic
hydrocarbon group's hydrogen atoms is replaced with a
single bond. An alkyl group can be straight or
branched and can contain from about 1 to about 20
carbon atoms. In one embodiment, an alkyl group
contains from about 1 to about 12 carbon atoms. In
another embodiment, an alkyl group contains from about
1 to about 6 carbon atoms. Non-limiting examples of
alkyl groups include methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl,
n-pentyl, neopentyl, isopentyl, n-hexyl, isohexyl and
neohexyl. An alkyl group may be unsubstituted or
optionally substituted by one or more substituents
which may be 



the same or different, each substituent being
independently selected from the group consisting of
halo, alkenyl, alkynyl, -O-aryl, aryl, heteroaryl,
cycloalkyl, cycloalkenyl, cyano, hydroxy, - O-alkyl,
-O-haloalkyl, -alkylene-O-alkyl, alkylthio, -NH2,
-NH(alkyl), -N(alkyl) 2, -NH-aryl, - NH-heteroaryl,
-NHC(O)-alkyl, -NHC(O)NH-alkyl, -NHSO2-alkyl,
-NHSO2-aryl, -NHSO2- heteroaryl, -NH(cycloalkyl),
-OC(O)-alkyl, -OC(O)-aryl, -OC(O)-cycloalkyl,
-C(O)alkyl, - C(O)NH2, -C(O)NH-alkyl, -C(O)OH and
-C(O)O-alkyl. In one embodiment, an alkyl group is
unsubstituted. In another embodiment, an alkyl group
is a straight chain alkyl group. In another
embodiment, an alkyl group is a branched alkyl group.
The term "alkenyl" as used herein, refers to an
aliphatic hydrocarbon group having at least one
carbon-carbon double bond, wherein one of the
aliphatic hydrocarbon group's hydrogen atoms is
replaced with a single bond. An alkenyl group can be
straight or branched and can contain from about 2 to
about 15 carbon atoms. In one embodiment, an alkenyl
group contains from about 2 to about 10 carbon atoms.
In another embodiment, an alkenyl group contains from
about 2 to about 6 carbon atoms. Non-limiting examples
of illustrative alkenyl groups include ethenyl,
propenyl, n-butenyl, 3-methylbut-2-enyl, n-pentenyl,
octenyl and decenyl. An alkenyl group may be
unsubstituted or optionally substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, alkynyl, -O-aryl,
aryl, cycloalkyl, cycloalkenyl, cyano, hydroxy,
-O-alkyl, -O-haloalkyl, -alkylene-O-alkyl, alkylthio,
-NH2, -NH(alkyl), - N(alkyl) 2, -NH-aryl,
-NH-heteroaryl, -NHC(O)-alkyl, -NHC(O)NH-alkyl,
-NHSO2-alkyl, - NHSO2-aryl, -NHSO2-heteroaryl,
-NH(cycloalkyl), -OC(O)-alkyl, -OC(O)-aryl, -OC(O)-
cycloalkyl, -C(O)alkyl, -C(O)NH 2, -C(O)NH-alkyl,
-C(O)OH and -C(O)O-alkyl. In oneembodiment, an alkenyl
group is unsubstituted. In another embodiment, an
alkenyl group is a straight chain alkenyl group. In
another embodiment, an alkyl group is a branched
alkenyl group. The term "alkynyl" as used herein,
refers to an aliphatic hydrocarbon group having at
least one carbon-carbon triple bond, wherein one of
the aliphatic hydrocarbon group's hydrogen atoms is
replaced with a single bond. An alkynyl group can be
straight or branched and can contain from about 2 to
about 15 carbon atoms. In one embodiment, an alkynyl
group contains from about 2 to about 10 carbon atoms.
In another embodiment, an alkynyl group contains from
about 2 to about 6 carbon atoms. Non-limiting examples
of illustrative alkynyl groups include ethynyl,
propynyl, 2-butynyl and 3-methylbutynyl. An alkynyl
group may be unsubstituted or optionally substituted
by one or more substituents which may be the same or
different, each substituent being independently
selected from the group consisting of halo, alkyl,
alkenyl, -O-aryl, aryl, cycloalkyl, cycloalkenyl,
cyano, hydroxy, -O-alkyl, -alkylene-Oalkyl,
-O-haloalkyl, -alkylthio, -NH2, -NH(alkyl),
-N(alkyl)2, -NH-aryl, -NH-heteroaryl, - NHC(O)-alkyl,
-NHC(O)NH-alkyl, -NHSO2-alkyl, -NHSO2-aryl,
-NHSO2-heteroaryl, - NH(cycloalkyl), -OC(O)-alkyl,
-OC(O)-aryl, -OC(O)-cycloalkyl, -C(O)alkyl, -C(O)NH2,
- C(O)NH-alkyl, -C(O)OH and -C(O)O-alkyl. In one
embodiment, an alkynyl group is unsubstituted. In
another embodiment, an alkynyl group is a straight
chain alkynyl group. In another embodiment, an alkynyl
group is a branched alkynyl group. The term "alkylene"
as used herein, refers to an alkyl group, as defined
above, wherein one of the alkyl group's hydrogen atoms
is replaced with a bond. Illustrative examples of
alkylene include, but are not limited to, -CH2-,
-CH2CH2-, -CH2CH2CH2-, -CH2CH2CH2CH2-, - 



CH(CH3)CH2CH2-, -CH2CH(CH3)CH2- and -CH2CH2CH(CH3)-.
In one embodiment, an alkylene group is a straight
chain alkylene group. In another embodiment, an
alkylene group is a branched alkylene group. "Aryl"
means an aromatic monocyclic or multicyclic ring
system having from about 6 to about 14 ring carbon
atoms. In one embodiment, an aryl group has from about
6 to about 10 ring carbon atoms. An aryl group can be
optionally substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined herein below. Nonlimiting examples of
illustrative aryl groups include phenyl and naphthyl.
In one embodiment, an aryl group is unsubstituted. In
another embodiment, an aryl group is a phenyl
group.The term "cycloalkyl" as used herein, refers to
a non-aromatic mono- or multicyclic ring system having
from about 3 to about 10 ring carbon atoms. In one
embodiment, a cycloalkyl has from about 5 to about 10
ring carbon atoms. In another embodiment, a cycloalkyl
has from about 5 to about 7 ring carbon atoms.
Non-limiting examples of illustrative monocyclic
cycloalkyls include cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. Non-limiting
examples of illustrative multicyclic cycloalkyls
include 1-decalinyl, norbornyl, adamantyl and the
like. A cycloalkyl group can be optionally substituted
with one or more "ring system substituents" which may
be the same or different, and are as defined herein
below. In one embodiment, a cycloalkyl group is
unsubstituted. The term "cycloalkenyl" as used herein,
refers to a non-aromatic mono- or multicyclic ring
system comprising from about 3 to about 10 ring carbon
atoms and containing at least one endocyclic double
bond. In one embodiment, a cycloalkenyl contains from
about 5 to about 10 ring carbon atoms. In another
embodiment, a cycloalkenyl contains 5 or 6 ring carbon
atoms. Non-limiting examples of illustrative
monocyclic cycloalkenyls include cyclopentenyl,
cyclohexenyl, cyclohepta-l,3-dienyl, and the like. A
cycloalkenyl group can be optionally substituted with
one or more "ring system substituents" which may be
the same or different, and are as defined herein
below. In one embodiment, a cycloalkenyl group is
unsubstituted. The term "6-membered cycloalkenyl" as
used herein, refers to a cycloalkenyl group, as
defined above, which has 6 ring carbon atoms. The term
"halo" as used herein, means -F, -Cl, -Br or -I. In
one embodiment, halo refers to -Cl or -F. The term
"haloalkyl" as used herein, refers to an alkyl group
as defined above, wherein one or more of the alkyl
group's hydrogen atoms has been replaced with a
halogen. In one embodiment, a haloalkyl group has from
1 to 6 carbon atoms. In another embodiment, a
haloalkyl group is substituted with from 1 to 3 F
atoms. Non-limiting examples of illustrative haloalkyl
groups include -CH 2F, -CHF 2, -CF3, -CH2Cl and -CCl3.
The term "hydroxyalkyl" as used herein, refers to an
alkyl group as defined above, wherein one or more of
the alkyl group's hydrogen atoms has been replaced
with an -OH group. In one embodiment, a hydroxyalkyl
group has from 1 to 6 carbon atoms. Non-limiting
examples of illustrative hydroxyalkyl groups include
hydroxymethyl, 2-hydroxyethyl, 3- hydroxypropyl,
4-hydroxybutyl and -CH(OH)CH 2CH3.The term
"heteroaryl" as used herein, refers to an aromatic
monocyclic or multicyclic ring system comprising about
5 to about 14 ring atoms, wherein from 1 to 4 of the
ring atoms is independently O, N or S and the
remaining ring atoms are carbon atoms. In one
embodiment, a heteroaryl group has 5 to 10 ring atoms.
In another embodiment, a heteroaryl group is
monocyclic and has 5 or 6 ring atoms. In another
embodiment, a heteroaryl group is 



monocyclic and has 5 or 6 ring atoms and at least one
nitrogen ring atom. A heteroaryl group can be
optionally substituted by one or more "ring system
substituents" which may be the same or different, and
are as defined herein below. A heteroaryl group is
joined via a ring carbon atom and any nitrogen atom of
a heteroaryl can be optionally oxidized to the
corresponding Noxide. The term "heteroaryl" also
encompasses a heteroaryl group, as defined above,
which has been fused to a benzene ring. Non-limiting
examples of illustrative heteroaryls include pyridyl,
pyrazinyl, furanyl, thienyl, pyrimidinyl, isoxazolyl,
isothiazolyl, oxazolyl, thiazolyl, pyrazolyl,
furazanyl, pyrrolyl, pyrazolyl, triazolyl,
1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl,
quinoxalinyl, phthalazinyl, oxindolyl,
imidazo[l,2-a]pyridinyl, imidazo[2,l-b]thiazolyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl,
imidazopyridyl, isoquinolinyl, benzoazaindolyl,
1,2,4-triazinyl, benzothiazolyl and the like. The term
"heteroaryl" also refers to partially saturated
heteroaryl moieties such as, for example,
tetrahydroisoquinolyl, tetrahydroquinolyl and the
like. In one embodiment, a heteroaryl group is a
6-membered heteroaryl group. In another embodiment, a
heteroaryl group is a 5-membered heteroaryl group. The
term "6-membered heteroaryl" as used herein, refers to
a heteroaryl group, as defined above, which has 6 ring
atoms. The term "heterocycloalkyl" as used herein,
refers to a non-aromatic saturated monocyclic or
multicyclic ring system comprising 3 to about 10 ring
atoms, wherein from 1 to 4 of the ring atoms are
independently O, S or N and the remainder of the ring
atoms are carbon atoms. In one embodiment, a
heterocycloalkyl group has from about 5 to about 10
ring atoms. In another embodiment, a heterocycloalkyl
group has 5 or 6 ring atoms. There are no adjacent
oxygen and/or sulfur atoms present in the ring system.
Any -NH group in a heterocycloalkyl ring may exist
protected such as, for example, as an -N(Boc),
-N(CBz), -N(Tos) group and the like; such protected
heterocycloalkyl groups are considered part of this
invention. A heterocycloalkyl group can be optionally
substituted by one or more "ring system
substituents"which may be the same or different, and
are as defined herein below. The nitrogen or sulfur
atom of the heterocyclyl can be optionally oxidized to
the corresponding N-oxide, S-oxide or S,S-dioxide.
Non-limiting examples of illustrative monocyclic
heterocycloalkyl rings include piperidyl,
pyrrolidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, lactam,
lactone, and the like. A ring carbon atom of a
heterocycloalkyl group may be functionalized as a
carbonyl group. An illustrative example of such a
heterocycloalkyl group is is pyrrolidonyl: In one
embodiment, a heterocycloalkyl group is a 6-membered
heterocycloalkyl group. In another embodiment, a
heterocycloalkyl group is a 5-membered
heterocycloalkyl group. The term "6-membered
heterocycloalkyl" as used herein, refers to a
heterocycloalkyl group, as defined above, which has 6
ring atoms. The term "heterocycloalkenyl" as used
herein, refers to a heterocycloalkyl group, as defined
above, wherein the heterocycloalkyl group contains
from 3 to 10 ring atoms, and at least one endocyclic
carbon-carbon or carbon-nitrogen double bond. In one
embodiment, a heterocycloalkenyl group has from 5 to
10 ring atoms. In another embodiment, a
heterocycloalkenyl group is monocyclic and has 5 or 6
ring atoms. A heterocycloalkenyl group can optionally
substituted by one or more ring system substituents,
wherein "ring 



system substituent" is as defined above. The nitrogen
or sulfur atom of the heterocycloalkenyl can be
optionally oxidized to the corresponding N-oxide,
S-oxide or S,S-dioxide. Non-limiting examples of
illustrative heterocycloalkenyl groups include
1,2,3,4- tetrahydropyridinyl, 1,2- dihydropyridinyl,
1,4-dihydropyridinyl, 1,2,3,6-tetrahydropyridinyl,
1,4,5,6- tetrahydropyrimidinyl, 2-pyrrolinyl,
3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,
dihydroimidazolyl, dihydrooxazolyl,
dihydrooxadiazolyl, dihydrothiazolyl,
3,4-dihydro-2Hpyranyl, dihydrofuranyl,
fluorodihydrofuranyl, 7-oxabicyclo[2.2.1]heptenyl,
dihydrothiophenyl, dihydrothiopyranyl, and the like. A
ring carbon atom of a heterocyclenyl group may be
functionalized as a carbonyl group. An illustrative
example of such a heterocyclenyl group is:In one
embodiment, a heterocycloalkenyl group is a 6-membered
heterocycloalkenyl group. In another embodiment, a
heterocycloalkenyl group is a 5-membered
heterocycloalkenyl group. The term "6-membered
heterocycloalkenyl" as used herein, refers to a
heterocycloalkenyl group, as defined above, which has
6 ring atoms. The term "ring system substituent" as
used herein, refers to a substituent group attached to
an aromatic or non-aromatic ring system which, for
example, replaces an available hydrogen on the ring
system. Ring system substituents may be the same or
different, each being independently selected from the
group consisting of alkyl, alkenyl, alkynyl, aryl,
heteroaryl, aralkyl, alkylaryl, heteroaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryl,
hydroxy, hydroxyalkyl, -O-alkyl, -alkylene-O-alkyl,
-O-aryl, aralkoxy, acyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl,
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl,
-OC(O)-alkyl, -OC(O)-aryl, -OC(O)-cycloalkyl,
-C(=N-CN)-NH 2, -C(=NH)- NH2, -C(=NH)-NH(alkyl), YiY
2N-, Y,Y 2N-alkylene-, YiY2NC(O)-, Y1Y2NSO2- and -
SO2NY Y2, wherein Yi and Y2 can be the same or
different and are independently selected from the
group consisting of hydrogen, alkyl, aryl, cycloalkyl,
and aralkyl. "Ring system substituent" may also mean a
single moiety which simultaneously replaces two
available hydrogens on two adjacent carbon atoms (one
H on each carbon) on a ring system. Examples of such
moiety are methylene dioxy, ethylenedioxy, -C(CH3)2-
and the like which form moieties such as, for example:
The term "substituted," as used herein, means that one
or more hydrogens on the designated atom is replaced
with a selection from the indicated group, provided
that the designated atom's normal valency under the
existing circumstances is not exceeded, and that the
substitution results in a stable compound.
Combinations of substituents and/or variablesare
permissible only if such combinations result in stable
compounds. By "stable compound' or "stable structure"
is meant a compound that is sufficiently robust to
survive isolation to a useful degree of purity from a
reaction mixture, and formulation into an efficacious
therapeutic agent. The term "optionally substituted"
as used herein, means optional substitution with the
specified groups, radicals or moieties. The terms
"purified", "in purified form" or "in isolated and
purified form" as used herein, for a compound refers
to the physical state of said compound after being
isolated from a synthetic process (e.g. from a
reaction mixture), or natural source or combination
thereof. Thus, the term "purified", "in purified form"
or "in isolated and purified form" for a compound
refers to the physical state of said compound after
being obtained from a purification process 



or processes described herein or well known to the
skilled artisan (e.g., chromatography,
recrystallization and the like) , in sufficient purity
to be characterizable by standard analytical
techniques described herein or well known to the
skilled artisan. It should also be noted that any
carbon as well as heteroatom with unsatisfied valences
in the text, schemes, examples and Tables herein is
assumed to have the sufficient number of hydrogen
atom(s) to satisfy the valences. When a functional
group in a compound is termed "protected", this means
that the group is in modified form to preclude
undesired side reactions at the protected site when
the compound is subjected to a reaction. Suitable
protecting groups will be recognized by those with
ordinary skill in the art as well as by reference to
standard textbooks such as, for example, T.W. Greene
et al, Protective Groups in organic Synthesis (1991),
Wiley, New York. When any variable (e.g., aryl,
heterocycle, R , etc.) occurs more than one time in
any constituent or in Formula (I) or (II), its
definition on each occurrence is independent of its
definition at every other occurrence, unless otherwise
noted. Prodrugs and solvates of the compounds of the
invention are also contemplated herein. A discussion
of prodrugs is provided in T. Higuchi and V. Stella,
Pro-drugs as Novel Delivery Systems (1987) 4 of the
A.C.S. Symposium Series, and in Bioreversible Carriers
in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press. The
term "prodrug" as used herein, refers to a compound
(e.g, a drug precursor) that is transformed in vivo to
yield a Compound of Formula (I) or a pharmaceutically
acceptable salt, hydrate or solvate of the compound.
The transformation may occur by various
mechanisms(e.g., by metabolic or chemical processes),
such as, for example, through hydrolysis in blood. A
discussion of the use of prodrugs is provided by T.
Higuchi andW. Stella, "Pro-drugs as Novel Delivery
Systems," Vol. 14 of the A.C.S. Symposium Series, and
in Bioreversible Carriers in Drug Design, ed. Edward
B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987. For example, if a Compound of
Formula (I) or a pharmaceutically acceptable salt,
hydrate or solvate of the compound contains a
carboxylic acid functional group, a prodrug can
comprise an ester formed by the replacement of the
hydrogen atom of the acid group with a group such as,
for example, (Ci-C 8)alkyl, (C2-Ci2)alkanoyloxymethyl,
l-(alkanoyloxy)ethyl having from 4 to 9 carbon atoms,
1-methyl- l-(alkanoyloxy)-ethyl having from 5 to 10
carbon atoms, alkoxycarbonyloxymethyl having from 3 to
6 carbon atoms, 1- (alkoxycarbonyloxy)ethyl having
from 4 to 7 carbon atoms, 1-methyl-l-
(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon
atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to
9 carbon atoms, l-(N-(alkoxycarbonyl)amino)ethyl
having from 4 to 10 carbon atoms, 3-phthalidyl,
4-crotonolactonyl, gamma-butyrolacton-4-yl,
di-N,N-(Ci- C2)alkylamino(C 2-C3)alkyl (such as
b-dimethylaminoethyl), carbamoyHCrC^alkyl, N,N-di
(Ci-C2)alkylcarbamoyl-(Ci-C 2)alkyl and piperidino-,
pyrrolidino- or morpholino(C 2-C3)alkyl, and the like.
Similarly, if a Compound of Formula (I) contains an
alcohol functional group, a prodrug can be formed by
the replacement of the hydrogen atom of the alcohol
group with a group such as, for example, (Ci-C
6)alkanoyloxymethyl, l-((Ci-C 6)alkanoyloxy)ethyl, 1-
methyl- 1-((C i-C6)alkanoyloxy)ethyl,
(Ci-C6)alkoxycarbonyloxymethyl, N-(C i-
C6)alkoxycarbonylaminomethyl, succinoyl,
(Ci-C6)alkanoyl, a-amino(Ci-C 4)alkanyl, arylacyl 



and a-aminoacyl, or a-aminoacyl- a-aminoacyl, where
each a-aminoacyl group is independently selected from
the naturally occurring L-amino acids, P(O)(OH) 2,
-P(O)(O(Ci- C6)alkyl)2 or glycosyl (the radical
resulting from the removal of a hydroxyl group of the
hemiacetal form of a carbohydrate), and the like. If a
Compound of Formula (I) incorporates an amine
functional group, a prodrug can be formed by the
replacement of a hydrogen atom in the amine group with
a group such as, for example, R-carbonyl, RO-carbonyl,
NRR'-carbonyl where R and R' are each independently
(Ci-Cio)alkyl, (C3-C7) cycloalkyl, benzyl, or
R-carbonyl is a natural a-aminoacyl or natural a-
aminoacyl, -C(OH)C(O)OY 1 wherein Y1 is H,
(Ci-C6)alkyl or benzyl, -C(OY2)Y3 whereinY2 is (C1-C4)
alkyl and Y3 is (d-C 6)alkyl, carboxy (C,-C6)alkyl,
amino(Ci-C4)alkyl or mono- N-or di-N,N-(Ci-C
6)alkylaminoalkyl, -C(Y4)Y5 wherein Y4 is H or methyl
and Y5 is mono- N- or di-N,N-(Ci-C 6)alkylamino
morpholino, piperidin-1-yl or pyrrolidin-1-yl, and the
like. One or more compounds of the invention may exist
in unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water,
ethanol, and the like, and it is intended that the
invention embrace both solvated and unsolvated forms.
"Solvate" means a physical association of a compound
of this invention with one or more solvent molecules.
This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen
bonding. In certain instances the solvate will be
capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal
lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolatable
solvates. Non-limiting examples of illustrative
solvates include ethanolates, methanolates, and the
like. "Hydrate" is a solvate wherein the solvent
molecule is H2O. One or more compounds of the
invention may optionally be converted to a solvate.
Preparation of solvates is generally known. Thus, for
example, M. Caira et al, J. Pharmaceutical 5c/.,
93(3), 601-61 1 (2004) describe the preparation of the
solvates of the antifungal fluconazole in ethyl
acetate as well as from water. Similar preparations of
solvates, hemisolvate, hydrates and the like are
described by E. C. van Tonder et al, AAPS
PharmSciTech., 5(1), article 12 (2004); and A. L.
Bingham et al, Chem. Commun., 603-604 (2001). A
typical, non-limiting, process involves dissolving the
inventive compound in desired amounts of the desired
solvent (organic or water or mixtures thereof) at a
higher than ambient temperature, and cooling the
solution at a rate sufficient to form crystals which
are then isolated by standard methods. Analytical
techniques such as, for example I . R. spectroscopy,
show the presence of the solvent (or water) in the
crystals as a solvate (or hydrate). The term
"effective amount" or "therapeutically effective
amount" is meant to describe an amount of compound or
a composition of the present invention that is
effective to treat or prevent a viral infection or a
virus-related disorder. Metabolic conjugates, such as
glucuronides and sulfates which can undergo reversible
conversion to the Compounds of Formula (I) are
contemplated in the present invention. The Compounds
of Formula (I) may form salts, and all such salts are
contemplated within the scope of this invention.
Reference to a Compound of Formula (I) herein is
understood to include reference to salts thereof,
unless otherwise indicated. The term "salt(s)",as
employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts
formed with inorganic and/or organic bases. In
addition, when a Compound of Formula (I) contains both
a basic moiety, such as, but not limited to a pyridine
or imidazole, and an acidic moiety, such as, but not
limited to a carboxylic acid, zwitterions ("inner
salts") 



may be formed and are included within the term
"salt(s)" as used herein. Pharmaceutically acceptable
(i.e., non-toxic, physiologically acceptable) salts
are preferred, although other salts are also useful.
Salts of the compounds of the Formula I may be formed,
for example, by reacting a Compound of Formula (I)
with an amount of acid or base, such as an equivalent
amount, in a medium such as one in which the salt
precipitates or in an aqueous medium followed by
lyophilization. Exemplary acid addition salts include
acetates, ascorbates, benzoates, benzenesulfonates,
bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides,
hydrobromides, hydroiodides, lactates, maleates,
methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates,
succinates, sulfates, tartarates, thiocyanates,
toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally
considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by P. Stahl et al, Camille G. (eds.) H andbook of
Pharmaceutical Salts. Properties, Selection and Use.
(2002) Zurich: Wiley-VCH; S. Berge et al, Journal of
Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry
(1996), Academic Press, New York; and in The Orange
Book (Food & Drug Administration, Washington, D.C. on
their website). These disclosures are incorporated
herein by reference thereto. Exemplary basic salts
include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts
with organic bases (for example, organic amines) such
as dicyclohexylamines, t-butyl amines, and salts with
amino acids such as arginine, lysine and the like.
Basic nitrogencontaining groups may be quarternized
with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides),
dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl
sulfates), long chain halides (e.g. decyl, lauryl, and
stearyl chlorides, bromides and iodides), aralkyl
halides (e.g. benzyl and phenethyl bromides), and
others.All such acid salts and base salts are intended
to be pharmaceutically acceptable salts within the
scope of the invention and all acid and base salts are
considered equivalent to the free forms of the
corresponding compounds for purposes of the invention.
Pharmaceutically acceptable esters of the present
compounds include the following groups: (1) carboxylic
acid esters obtained by esterification of the hydroxy
groups, in which the non-carbonyl moiety of the
carboxylic acid portion of the ester grouping is
selected from straight or branched chain alkyl (for
example, acetyl, n-propyl, t-butyl, or n-butyl),
alkoxyalkyl (for example, methoxymethyl), aralkyl (for
example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally
substituted with, for example, halogen, C1-4alkyl, or
C1-4alkoxy or amino); (2) sulfonate esters, such as
alkyl- or aralkylsulfonyl (for example,
methanesulfonyl); (3) amino acid esters (for example,
L-valyl or L-isoleucyl); (4) phosphonate esters and
(5) mono-, di- or triphosphate esters. The phosphate
esters may be further esterified by, for example, a C1
20 alcohol or reactive derivative thereof, or by a
2,3-di (C6-24)acyl glycerol. The Compounds of Formula
(I) may contain asymmetric or chiral centers, and,
therefore, exist in different stereoisomeric forms. It
is intended that all stereoisomeric forms of the
Compounds of Formula (I) as well as mixtures thereof,
including racemic mixtures, form 



part of the present invention. In addition, the
present invention embraces all geometric and
positional isomers. For example, if a Compound of
Formula (I) incorporates a double bond or a fused
ring, both the cis- and trans-forms, as well as
mixtures, are embraced within the scope of the
invention. Diastereomeric mixtures can be separated
into their individual diastereomers on the basis of
their physical chemical differences by methods well
known to those skilled in the art, such as, for
example, by chromatography and/or fractional
crystallization. Enantiomers can be separated by
converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate
optically active compound (e.g., chiral auxiliary such
as a chiral alcohol or Mosher's acid chloride),
separating the diastereomers and converting (e.g.,
hydrolyzing) the individual diastereomers to the
corresponding pure enantiomers. Also, some of the
Compounds of Formula (I) may be atropisomers (e.g.,
substituted biaryls) and are considered as part of
this invention. Enantiomers can also be separated by
use of chiral HPLC column.The straight line as a bond
generally indicates a mixture of, or either of, the
possible isomers, non-limiting example(s) include,
containing (R)- and (S)- stereochemistry. For example,
mmeeaannss ccoonnttaaiinniinngg bbootthh I J and A
dashed line ( ) represents an optional bond. Lines
drawn into the ring systems, such as, for example:
indicate that the indicated line (bond) may be
attached to any of the substitutable ring atoms, non
limiting examples include carbon, nitrogen and sulfur
ring atoms. As well known in the art, a bond drawn
from a particular atom wherein no moiety is depicted
at the terminal end of the bond indicates a methyl
group bound through that bond to the atom, unless
stated otherwise. For example: represents All
stereoisomers (for example, geometric isomers, optical
isomers and the like) of the present compounds
(including those of the salts, solvates, hydrates,
esters and prodrugs of the compounds as well as the
salts, solvates and esters of the prodrugs), such as
those which may exist due to asymmetric carbons on
various substituents, including enantiomeric forms
(which may exist even in the absence of asymmetric
carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the
scope of this invention, as are positional isomers
(such as, for example, 4-pyridyl and 3-pyridyl). For
example, if a Compound of Formula (I) incorporates a
double bond or a fused ring, both the cis- and
trans-forms, as well as mixtures, are embraced within
the scope of the invention. Individual stereoisomers
of the compounds of the invention may, for example, be
substantially free of other isomers, or may be
admixed, for example, as racemates or with all other,
or other selected, stereoisomers. The chiral centers
of the present invention can have the S or R
configuration as defined by the IUPAC 1974
Recommendations. The use of the terms"salt",
"solvate", "ester", "prodrug" and the like, is
intended to equally apply to the salt, solvate, ester
and prodrug of enantiomers, stereoisomers, rotamers,
positional isomers, racemates or prodrugs of the
inventive compounds. The present invention also
embraces isotopically-labelled compounds of the
present invention which are identical to those recited
herein, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass
number different from the atomic mass or mass number
usually found in nature. Such compounds are useful as
therapeutic, diagnostic or 



research reagents. Examples of isotopes that can be
incorporated into compounds of the invention include
isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, fluorine and chlorine, such as 2H, 3U,
13C, 14C, 15N, 180 , 170 , 3 1P, 32P, 35S, 18F, and
36Cl, respectively. Certain isotopically-labelled
Compounds of Formula (I) (e.g., those labeled with H
and 14C) are useful in compound and/or substrate
tissue distribution assays. Tritiated (i.e., H) and
carbon-14 (i.e., 14C) isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution with heavier
isotopes such as deuterium (i.e., 2H) may afford
certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life
or reduced dosage requirements) and hence may be
preferred in some circumstances. Isotopically labelled
Compounds of Formula (I) can generally be prepared by
following procedures analogous to those disclosed in
the Schemes and/or in the Examples herein below, by
substituting an appropriate isotopically labelled
reagent for a non-isotopically labelled reagent.
Polymorphic forms of the Compounds of Formula (I), and
of the salts, solvates, hydrates, esters and prodrugs
of the Compounds of Formula (I), are intended to be
included in the present invention. The following
abbreviations are used below and have the following
meanings: BINAP is
racemic-2,2'-bis(diphenylphosphino)-l,l'-binaphthyl;
CSA is camphorsulfonic acid; DBPD is
2-(Di-t-butylphosphino)biphenyl, DBU is
l,8-diazabicyclo[5.4.0]undec-7-ene, DBN is
l,5-diazabicyclo[4.3.0]non-5-ene; DCC is
dicyclohexylcarbodiimide; DCM is dichloromethane;
Dibal-H is diisobutylaluminum hydride; DMF is
dimethylformamide; EDCI is
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide; HATU is
N-(diethylamino)-
lH-l,2,3-triazolo[4,5-b]pyridine-l-ylmethylene]-N-meth
ylmethanaminium Hexafluorophosphate N-oxide; HOBT is
1-hydroxybenzotriazole; LAH is lithium aluminum
hydride; LDA is lithium diisopropylamide; m-CPBA is
m-chloroperbenzoic acid;NaBH(OAc)3 is sodium
triacetoxyborohydride; NaBH4 is sodium borohydride;
NaBH3CN i s sodium cyanoborohydride; NaHMDS is sodium
hexamethyl disilylazide; p-TsOH is p-toluenesulfonic
acid; p-TsCl is p-toluenesulfonyl chloride; PPTS is
pyridinium p-toluenesulfonate; TMAD is
N,N,N',N'-tetramethylazodicarboxamide; HRMS is high
resolution mass spectrometry, HPLC is high performance
liquid chromatography; LRMS is low resolution mass
spectrometry; Tr is triphenylmethyl; Tris is tris
(hydroxymethyl)aminomethane; THF is tetrahydrofuran;
TFA is trifluoroacetic acid; Ci/mmol is Curie/mmol (a
measure of specific activity); and Ki represents the
dissociation constant for a substrate/receptor
complex. The Compounds of Formula (I) The present
invention provides Compounds of Formula (I): (I) and
pharmaceutically acceptable salts, solvates, prodrugs
and esters thereof, wherein R , R , R3, R6, R7, R10
and Z are defined above for the Compounds of Formula
(I). In one embodiment, R1 is a bond. In another
embodiment, R1 is -CH 2-. In another embodiment, R1 is
-[C(R 12)2]r- . In another embodiment, R1 is -[C(R
12)2]r-O-[C(R 12)2]q- . In still another embodiment,
R1 is -[C(R12)2]r-NR9-[C(R 12)2]q- . 



In yet another embodiment, R1 is -[C(R12)2]q-C=C-[C(R
12)2]q- . In a further embodiment, R1 is
-[C(R12)2]q-CC-[C(R 12)2]q- . In another embodiment,
R1 is -[C(R 12)2]q-SO2-[C(R l2)2]q- . In one
embodiment, R10 is -H. In another embodiment, R10 is
aryl. In still another embodiment, R10 is cycloalkyl.
In yet another embodiment, R10 is cycloalkenyl.In a
further embodiment, R10 is heterocycloalkyl. In
another embodiment, R10 is heterocycloalkenyl. In
another embodiment, R10 is heteroaryl. hi another
embodiment, R10 is bicyclic heteroaryl. hi one
embodiment, R10 is aryl or heteroaryl. hi another
embodiment, R10 is phenyl, pyridyl, benzimidazole,
benzimidazolone, quinoline, quinolinone, quinoxaline,
quinoxalinone, quinazoline, quinazolinone,
naphthyridine, naphthyridinone, pteridine,
pteridinone, each of which can be optionally
substituted with up to 3 substituents, which are the
same or different, and are selected from alkyl,
cycloalkyl, heterocycloalkyl, halo, haloalkyl,
-O-haloalkyl, -OH, -CN, -NH2, -NH-alkyl, -N(alkyl)2 or
- NHSO2-alkyl. hi another embodiment, R10 is
quinoline, quinolinone, pteridine or pteridinone each
of which can be optionally substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, cycloalkyl, heterocycloalkyl,
halo, haloalkyl, -O-haloalkyl, -OH, - CN, -NH2,
-NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl. hi still
another embodiment, R10 is pteridine or pteridinone,
either of which can be optionally substituted with up
to 3 substituents, which are the same or different,
and are selected from alkyl, cycloalkyl,
heterocycloalkyl, halo, haloalkyl, -O-haloalkyl, -OH,
-CN, - NH2, -NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl. hi
one embodiment, R10 is quinoline or quinolinone,
either of which can be optionally substituted with up
to 3 substituents, which are the same or different,
and are selected from alkyl, cycloalkyl,
heterocycloalkyl, halo, haloalkyl, -O-haloalkyl, -OH,
-CN, -NH2, -NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl. hi
another embodiment, R is phenyl, pyridyl or
pyrimidinyl, each of which can be optionally
substituted with up to 3 substituents, which are the
same or different, and are selected from alkyl,
cycloalkyl, heterocycloalkyl, halo, haloalkyl,
-O-haloalkyl, -OH, -CN, - NH2, -NH-alkyl, -N(alkyl)2
or -NHSO 2-alkyl. hi another embodiment, R1 is phenyl,
which can be optionally substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, cycloalkyl, heterocycloalkyl,
halo, haloalkyl, -O-haloalkyl, -OH, -CN, -NH2,
-NH-alkyl, -N(alkyl)2 or - NHSO2-alkyl. hi another
embodiment, R10 is pyridyl.In still another
embodiments, R. 10 is: In another embodiment, R10 is
:each of which can be optionally substituted with up
to 3 substituents, which are the same or different,
and are selected from alkyl, cycloalkyl,
heterocycloalkyl, halo, haloalkyl, -Ohaloalkyl, -OH,
-CN, -NH2, -NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl. In
another embodiment, R10 is:, each of which can be
optionally substituted with up to 3 substituents,
which are the same or different, and are 



selected from alkyl, cycloalkyl, heterocycloalkyl,
halo, haloalkyl, -O-haloalkyl, -OH, -CN, -NH2,
-NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl; wherein the
letter "N" inside a ring indicates that the ring has 1
or 2 ring nitrogen atoms. In one embodiment, R1 is
-[C(Rl2)2]r-, each occurrence of R12 is H, and R10 is
-H. In another embodiment, R1 is -[C(R12)2]r-, each
occurrence of R12 is H, and R10 is alkyl. In another
embodiment, R1 is -[C(R12)2]r-, each occurrence of R12
is H,and R10 is aryl. In still another embodiment, R1
is -[C(R12)2]r, each occurrence of R12 is H, and R10
is cycloalkyl. In yet another embodiment, R1 is
-[C(R12)2]r, each occurrence of R12 is H, and R1 is
cycloalkenyl. In a further embodiment, R1 is
-[C(R12)2]r, each occurrence of R12 is H, and R10 is
heterocycloalkyl. In another embodiment, R1 is -[C(R
12)2]r, each occurrence of R12 is H, and R10 is
heterocycloalkenyl. In another embodiment, R1 is -[C(R
12)2]r , each occurrence of R12 is H, and R10 is
heteroaryl. In another embodiment, -R'-R 10 is methyl.
In another embodiment, -R'-R 10 is benzyl. 10 In still
another embodiment, R1 is alkylene, having from 1 to 6
carbon atoms, and R is:other embodiment, R is -CH 2-
and R10 is:r embodiment, R1 is -CH 2- and R10 is:each
of which can be optionally substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, cycloalkyl, heterocycloalkyl,
halo, haloalkyl, -Ohaloalkyl, -OH, -CN, -NH2,
-NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl. In still
another embodiment, R is -CH 2- and Ri o is :, each of
which can be optionally substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, cycloalkyl, heterocycloalkyl,
halo, haloalkyl, -O-haloalkyl, -OH, -CN, - NH2,
-NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl; wherein the
letter "N" inside a ring indicates that the ring has 1
or 2 ring nitrogen atoms. In one embodiment, R2 is
-C(O)OR 9. In another embodiment, R2 is -C(O)N(R9)2.
In one embodiment, R2 is -C(O)NH2. In another
embodiment, R2 is -C(O)N(R9)SO2Rp . In still another
embodiment, R2 is -C(O)NHSO2R1 1 .In another
embodiment, R2 is -C(O)NHSO2R1 1 and R1 1 is alkyl or
cycloalkyl. In yet another embodiment, R2 is alkyl. In
a further embodiment, R2 is -[C(R12)2]q-aryl. In
another embodiment, R2 is -[C(R12)2]q-cycloalkyl. In
another embodiment, R2 is -[C(R12)2]q-cycloalkenyl. In
another embodiment, R2 is
-[C(R12)2]q-heterocycloalkyl. In still another
embodiment,-[C(R 12)2]q -heteroaryl-. In yet another
embodiment, R2 is -[C(R12)2]q-heterocycloalkenyl. In a
further embodiment, R2 is -arylthiazin-yl. In another
embodiment, R2 is arylthiadiazol-yl-. In one
embodiment, R2 is -C(O)OH. In another embodiment, R2
is -C(O)OCH 3 



In another embodiment, R2 is -C(O)OCH 2CH3 . In still
another embodiment, R2 is -C(O)NHSO 2CH3. In yet
another embodiment, R2 is -C(O)NHSO 2CH2CH3. In
another embodiment, R2 is -C(O)NHSO 2-isopropyl. In
another embodiment, R2 is -C(O)NHSO 2-(t-butyl). In
another embodiment, R2 is -C(O)NHSO 2-cyclopropyl. In
a further embodiment, R2 is: 5- C(O)NHSO2- ? \ In
another embodiment, R2 is: In another embodiment, R
is: In yet another embodiment, R2 is: In one
embodiment, R2 is:-C(O)NHSO2- ^-NHSO 2- /NHSO 2CH3 In
another embodiment, R2 is -C(O)OH, -CO2CH3, -C(O)NHSO
2CH3, C(O)NHSO2CH2CH3, -C(O)NHSO 2-(t-butyl), In one
embodiment, R2 i s : In another embodiment, R is: In
still another embodiment, R2 is -C(O)OH, -C(O)Oalkyl,
-C(O)NH2, -C(O)NH-alkyl, -C(O)NH-cycloalkyl, -C(O)NHSO
2R1 1 , heteroaryl , wherein a heteroaryl,
arylthiazin-yl- or arylthiadiazol-yl- group can be
optionally substituted with up to 3 substituents,
which are the same or different, and are selected from
alkyl, aryl, heteroaryl, halo, haloalkyl,
hydroxyalkyl, hydroxy, -CN, -C(O)R 8, -C(O)OR9,
-C(O)N(R9)2 - [C(R 12)2]q-OR9, -[C(R 12)2]q-N(R9)2,
-NHC(O)R 8, -NHSO2R1 1 , -S(O)pRn or -SO2N(R9)2.In one
embodiment, R2 is -C(O)OH, -C(O)NHSO2-alkyl,
-C(O)NHSO2-aryl, - C(O)NHSO2-cycloalkyl or
-C(O)NHSO2-alkylene-cycloalkyl. In another embodiment,
R2 is -C(O)OH, -C(O)NHSO2CH3 or -C(O)NHSO2-
cyclopropyl. In one embodiment, R3 is -H. In another
embodiment, R3 is -[C(RI2)2]q-alkyl. In another
embodiment, R3 is -[C(R12)2]q-aryl. In still another
embodiment, R3 is -[C(R12)2]q-cycloalkyl. In yet
another embodiment, R3 is -[C(R12)2]q-cycloalkenyl. In
a further embodiment, R3 is
-[C(R12)2]q-heterocycloalkyl. In another embodiment,
R3 is -[C(R12)2]q-heterocycloalkenyl. In another
embodiment, R3 is -[C(R12)2]q-heteroaryl. In one
embodiment, R3 is aryl, heteroaryl or
heterocycloalkenyl, each of which is unsubstituted or
optionally and independently substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, aryl, heteroaryl, halo,
haloalkyl, hydroxyalkyl, hydroxy, -CN, -C(O)alkyl,
-C(O)N(R9)2, -N(R9)2, -O-haloalkyl, -NHC(O)NH2,
-NHC(O)NH-alkyl, -NHSO2R1 1, -S(O)2R1 1 Or -SO2NHR 1 1
. In another embodiment, R3 is pyridyl or phenyl which
is unsubstituted or optionally and independently
substituted with lto 3 substituents, which are the
same or different, and are selected from alkyl, aryl,
heteroaryl-, halo, haloalkyl, hydroxyalkyl, hydroxy,
-CN, -C(O)R , - C(O)N(R9)2, -[C(R 12)2]q-OR9, -[C(R
12)2]q-N(R9)2, or -NHC(O)R 8. 



In another embodiment, R3 is:In another embodiment, R
is: In still another embodiment, R3 is: In one
embodiment, R is:wherein both R30 groups, together
with the carbon atoms to which they are attached, join
to form a -3- to 7-membered ring selected from aryl,
cycloalkyl, heteroaryl and heterocycloalkyl. In
another embodiment, R3 is aryl. In another embodiment,
R3 is phenyl. In still another embodiment, R is
benzyl. In yet another embodiment, R is: In another
embodiment, R3 is: In one embodiment, R is -H. In
another embodiment, R6 is alkyl. In another
embodiment, R6 is haloalkyl. In another embodiment, R6
is hydroxyalkyl. In still another embodiment, R6 is
aryl. In yet another embodiment, R6 is halo. In a
further embodiment, R6 is -OH. In another embodiment,
R6 is -O-haloalkyl. In one embodiment, R6 is -alkoxy.
In another embodiment, R6 is -CN. In another
embodiment, R6 is -[C(R 12)2]q-OR9. In another
embodiment, R6 is -[C(R 12)2]q-N(R9)2. In still
another embodiment, R6 is -C(O)R8. In another
embodiment, R6 is -C(O)OR9.In yet another embodiment,
R6 is -C(O)N(R9)2. In a further embodiment, R6 is
-NHC(O)R8. In another embodiment, R6 is -NHSO2R1 1 .
In another embodiment, R6 is -S(O) PR In another
embodiment, R6 is -SO2N(R9)2. In one embodiment, R7 is
-H. In another embodiment, R7 is alkyl. In another
embodiment, R7 is haloalkyl. In another embodiment,
R7is hydroxyalkyl. In still another embodiment, R7 is
aryl. In yet another embodiment, R7 is halo. In a
further embodiment, R7 is -OH. In another embodiment,
R7 is -O-haloalkyl. In one embodiment, R7 is -alkoxy.
In another embodiment, R7 is -CN. In another
embodiment, R7is -[C(R 12)2]q-OR9. In another
embodiment, R7 is -[C(R 12)2]q-N(R9)2. In still
another embodiment, R is -C(O)R . In another
embodiment, R7 is -C(O)OR9. In yet another embodiment,
R7 is -C(O)N(R9)2. 



In a further embodiment, R7 is -NHC(O)R8. In another
embodiment, R7 is -NHSO2R1 1 . In another embodiment,
R7 is -S(O) pRn In another embodiment, R7 is
-SO2N(R9)2. In one embodiment, R6 and R7 are each -H.
In another embodiment, one, but not both, of R and R
is -H. In another embodiment, each of R6 and R7 are
other than -H. In a further embodiment, R6 and R7 are
each independently selected from H, alkyl, F, Cl,
-CF3, -OH, -O-alkyl, -OCF3, -NH2 or -NHSO2-alkyl. In
one embodiment, ring Z is cyclohexyl. In another
embodiment, ring Z is 6-membered heterocycloalkyl,
6-membered heteroaryl, 6-membered heteroaryl or
cyclohexyl.In another embodiment, ring Z is a
6-membered heterocycloalkyl. In still another
embodiment, ring Z is a 6-membered heterocycloalkenyl.
In yet another embodiment, ring Z is a 6-membered
heteroaryl. In still another embodiment, ring Z is a
cyclopentyl. In one embodiment, ring Z is:wherein the
Z groups depicted above can be unsubstituted or
optionally substituted with up to 3 groups, which are
the same or different, and are defined as set forth
above for the Compounds of Formula (I). In another
embodiment, ring Z is: wherein the Z groups depicted
above can be unsubstituted or optionally substituted
with up to 3 groups, which are the same or different,
and are defined as set forth above for the Compounds
of Formula (I). In one embodiment, R1 is a single bond
or an alkylene group having from 1 to 6 carbon atoms,
and R10 is phenyl or 6-membered heteroaryl, each of
which is unsubstituted or optionally and independently
substituted with up to 3 substituents, which are the
same or different, and are selected from -CN, alkyl,
aryl, halo, haloalkyl, hydroxyalkyl, -C(O)alkyl, -
C(O)Oalkyl, -C(O)N(alkyl) 2, -OH, -O-benzyl,
-alkylene-OR9, -OR9, -N(R9)2, -NHC(O)R8, - NHSO2R",
-S(O)pR' ' or -SO2N(R9)2. In another embodiment, R1 is
-CH 2-, and R10 is phenyl or 6-membered heteroaryl,
each of which is unsubstituted or optionally and
independently substituted with up to 3 substituents,
which are the same or different, and are selected from
-CN, alkyl, aryl, halo, haloalkyl, hydroxyalkyl,
-C(O)alkyl, -C(O)Oalkyl, -C(O)N(alkyl) 2, -OH,
-O-benzyl, -alkylene-OR9, - OR9, -N(R9)2, -NHC(O)R 8,
-NHSO2R1 1 , -S(O)pRp or -SO2N(R9)2. In one
embodiment, R1 is -CH 2-, R10 isC(O)OH or -C(O)NHSO2R1
1. In another embodiment, R1 is -CH 2-, R10 iseach of
which can be optionally substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, cycloalkyl, heterocycloalkyl,
halo, haloalkyl, -O-haloalkyl, -OH, -CN, - NH2,
-NH-alkyl, -N(alkyl)2 or -NHSO 2-alkyl; and R2 is
-C(O)OH or -C(O)NHSO2R1 1 - In another embodiment, R1
is -CH 2-, R10 is, each of which can be optionally
substituted with up to 3 substituents, which are the
same or different, and areselected from alkyl,
cycloalkyl, heterocycloalkyl, halo, haloalkyl,
-O-haloalkyl, -OH, -CN, - NH2, -NH-alkyl, -N(alkyl)2
or -NHSO 2-alkyl ; and R2 is -C(O)OH or -C(O)NHSO2R1'
. In yet another embodiment, R1 is a single bond or an
alkylene group having from 1 to 6 carbon atoms; R10 is
phenyl or 6-membered heteroaryl, each of which is
unsubstituted or 



optionally and independently substituted with up to 3
substituents, which are the same or different, and are
selected from -CN, alkyl, aryl, halo, haloalkyl,
hydroxyalkyl, -C(O)alkyl, - C(O)Oalkyl, -C(O)N(alkyl)
2, -OH, -O-benzyl, -alkylene-OR9, -OR9, -N(R9)2,
-NHC(O)R8, - NHSO2R1 1 , -S(O)pRu or -SO2N(R9)2; and
R3 is aryl or heterocycloalkenyl, each of which is
unsubstituted or optionally and independently
substituted with up to 3 substituents, which are the
same or different, and are selected from alkyl, CN,
halo, haloalkyl, hydroxyalkyl, - C(O)alkyl, -C(O)NH2,
-OH, -NH2, -C(O)NHalkyl, -O-haloalkyl, -NHalkyl,
-NHC(O)NH2, - NHC(O)NH-alkyl, -NHSO2alkyl, -S(O)2alkyl
or -SO2NHalkyl. In a further embodiment, R1 is -CH 2-,
and R10 is phenyl or 6-membered heteroaryl, each of
which is unsubstituted or optionally and independently
substituted with up to 3 substituents, which are the
same or different, and are selected from -CN, alkyl,
aryl, halo, haloalkyl, hydroxyalkyl, -C(O)alkyl,
-C(O)Oalkyl, -C(O)N(alkyl) 2, -OH, -O-benzyl,
-alkylene- OR9, -OR9, -N(R9)2, -NHC(O)R 8, -NHSO2R1 1,
-S(O)pRn or -SO2N(R9)2; and R3 is aryl or
heterocycloalkenyl, each of which is unsubstituted or
optionally and independently substituted with up to 3
substituents, which are the same or different, and are
selected from alkyl, CN, halo, haloalkyl,
hydroxyalkyl, -C(O)alkyl, -C(O)NH2, -OH, -NH2,
-C(O)NHalkyl, -Ohaloalkyl, -NHalkyl, -NHC(O)NH 2,
-NHC(O)NH-alkyl, -NHSO2alkyl, -S(O)2alkyl or -
SO2NHalkyl. In one embodiment, R is -CH 2-, and Rio
isand R3 is aryl or heterocycloalkenyl, each of which
is unsubstituted or optionally and independently
substituted with up to 3 substituents, which are the
same or different, and are selected from alkyl, CN,
halo, haloalkyl, hydroxyalkyl, -C(O)alkyl, -C(O)NH2,
-OH, -NH2, C(O)NHalkyl, -O-haloalkyl, -NHalkyl,
-NHC(O)NH2, -NHC(O)NH-alkyl, -NHSO2alkyl, - S(O)2alkyl
or -SO2NHalkyl. In another embodiment, R1 is a single
bond or an alkylene group having from 1 to 6 carbon
atoms; R10 is phenyl or 6-membered heteroaryl, each of
which is unsubstituted or optionally and independently
substituted with up to 3 substituents, which are the
same or different, and are selected from -CN, alkyl,
aryl, halo, haloalkyl, hydroxyalkyl, -C(O)alkyl,
C(O)Oalkyl, -C(O)N(alkyl)2, -OH, -O-benzyl,
-alkylene-OR 9, -OR9, -N(R9)2, -NHC(O)R8, - NHSO2R",
-S(O)pR" or -SO2N(R9)2; and R3 is: In another
embodiment, R1 is -CH 2-, and R10 is phenyl or
6-membered heteroaryl, each of which is unsubstituted
or optionally and independently substituted with up to
3 substituents, which are the same or different, and
are selected from -CN, alkyl, aryl, halo,
haloalkyl,hydroxyalkyl, -C(O)alkyl, -C(O)Oalkyl,
-C(O)N(alkyl)2, -OH, -O-benzyl, -alkylene-OR9, - OR9,
-N(R9)2, -NHC(O)R8, -NHSO2R1 1 , -S(O)pRp or
-SO2N(R9)2; and R3 is: In still another embodiment, R1
is -CH 2-, R is and R is:l another embodiment, R1 is
-CH 2-, R10 iseach of which can be optionally
substituted with up to 3 substituents, which are the
same or different, and are selected from alkyl,
cycloalkyl, heterocycloalkyl, halo, haloalkyl,
-O-haloalkyl, -OH, -CN, - NH2, -NH-alkyl, -N(alkyl) 2
or -NHSO 2-alkyl; and R3 is: In still another
embodiment, R1 is -CH 2-, R10 is, each of which can be
optionally substituted with up to 3 substituents,
which are the same or different, and are selected from
alkyl, cycloalkyl, heterocycloalkyl, halo, haloalkyl,
-O-haloalkyl, -OH, -CN, - NH2, -NH-alkyl, -N(alkyl)2
or -NHSO 2-alkyl; and R3 is: In yet another
embodiment, R1 is a single bond or an alkylene group
having from 1to 6 



carbon atoms, R10 is phenyl or 6-membered heteroaryl,
each of which is unsubstituted or optionally and
independently substituted with up to 3 substituents,
which are the same or different, and are selected from
-CN, alkyl, aryl, halo, haloalkyl, hydroxyalkyl,
-C(O)alkyl, - C(O)Oalkyl, -C(O)N(alkyl) 2, -OH,
-O-benzyl, -alkylene-OR9, -OR9, -N(R9)2, -NHC(O)R8, -
NHSO2R1' , -S(O) PR ' ' or -SO2N(R9)2; and ring Z
is:In another embodiment, R1 is -CH 2-, and R10 is
phenyl or 6-membered heteroaryl, each of which is
unsubstituted or optionally and independently
substituted with up to 3 substituents, which are the
same or different, and are selected from -CN, alkyl,
aryl, halo, haloalkyl, hydroxyalkyl, -C(O)alkyl,
-C(O)Oalkyl, -C(O)N(alkyl)2, -OH, -O-benzyl,
-alkylene-OR9, - OR9, -N(R9)2, -NHC(O)R8, -NHSO 2R1 1
, -S(O)pRp or -SO2N(R9)2; and ring Z is:PROCESS FOR
THE PREPARATION OF 6.6-DIMETHYL-3-AZABICYCLO- .i.Ol-
HEXANE COMPOUNDS UTILIZING BISULFITE INTERMEDIATE
Field of the Invention The present invention relates
to a process for preparing racemic methyl 6,6-
dimethyl-3-azabicyclo[3.1 .0]hexane-2-carboxylate
(free base) from caronic acid. The invention relates
also to the bisulfite adduct intermediate
6,6-dimethyl-3- azabicyclo[3.1 .0]hexane-2-sodium
sulfonate useful in preparing methyl 6,6-dimethyl-3-
azabicyclo[3.1 .0]hexane-2-carboxylate free base and
the process for preparing the bisulfite adduct
intermediate. The compounds obtained by these
processes are useful as intermediates in the synthesis
of compounds that have, for example, medicinal value.
Background of the Invention Identification of any
publication in this section or any section of this
application is not an admission that such publication
is prior art to the present invention. Esters of
6,6-dimethyl-3-azabicyclo[3.1 .0]hexane-2-carboxylic
acid are useful as intermediates in the synthesis of
compounds that have utility, for example, as
pharmaceuticals. For example, ( 1R, 2S,
5S)-6,6-dimethyl-3-azabicyclo [3.1 .0]-hexane-
2-carboxylic acid, methyl ester hydrochloride is
disclosed in US Publication No. 2003- 0216325 A 1
which is incorporated herein by reference. This
compound is a key intermediate used in preparation of
the hepatitis C virus ("HCV") protease inhibitor
having the following structure of formula Z:The
compound of formula Z is useful for treating hepatitis
C and related disorders. Specifically, the compound of
formula Z is an inhibitor of the HCV NS3/NS4a serine
protease. Various methods are known in the art to make
esters of 6,6-dimethyl-3- azabicyclo[3.1
.0]hexane-2-carboxylic acid, which have the formula:
where R is, for example, alkyl, aryl, aralkyl,
cycloalkyl and cycloalkylalkyl. For example, US
Publication No. 2003-0216325 A 1 discloses preparation
of the compound of Formula 1: H, HCl Formula 1 from
the corresponding alcohol of Formula 2 :Formula 2 by
performing a Jones oxidation and then cleaving the
nitrogen protecting group with methanolic HCI. This
procedure modifies the one disclosed by R. Zhang and J
.S. Madalengoitia in J. Org. Chem., 64, pp 330-31
(1999). US Publication No. US 2005/0020689 A 1, herein
incorporated by reference, discloses a process for
making 3-(amino)-3-cyclobutyl
methyl-2-hydroxy-propionamide 



or a salt thereof, which is an intermediate in the
synthesis of compound Z. This publication also claims
some intermediates prepared in the synthesis. US
Publication No. US 2005/0059800, herein incorporated
by reference, claims an alternative process for
preparing the compound of formula Z, which involves
using methyl 6,6-dimethyl-3-azabicyclo[3.1
.0]hexane-2-carboxylic acid as a starting material. US
Publication No. US 2005/0059684 A 1, herein
incorporated by reference, prepares esters of
6,6-dimethyl-3-azabicyclo[3.1 .0]hexane-2-carboxylic
acid in a process summarized by Scheme 1Scheme 1
Allematne Step 8 J EP O0 10 799 (the 799 publication)
discloses a process for preparing acid compounds of
the formula where R1 is hydrogen or alkyl and R2 to R7
are, for example, alkyl, from the corresponding imine
through a nitrile intermediate. Accordingly, the imine
is reacted with a cyanating reagent to form the
corresponding nitrile, which is subsequently
hydrolyzed to form the acid derivative. The imine
derivative is prepared by direct oxidation of a
bicyclo-pyrrolidine compound of the formulaor by
dehydrohalogenation of the corresponding
halo-pyrrolidine derivative of the
bicyclo-pyrrolidine. The document indicates that the
cyanation step forming the nitrile generally leads
exclusively to the formation of the trans geometric
isomer and this stereochemistry is retained in the
hydrolysis step. US Patent 4,691 ,022 discloses a
process for preparing an acid or ester derivatives of
the formula where R is hydrogen or alkyl and R4 and
R5, for example, may form a bicyclic ring system, from
the corresponding nitrile. The process comprises
converting, with an oxidizing agent in the presence of
a silver salt, a pyrrolidine derivative into the
corresponding D1-pyrrolidine derivative and
subsequently reacting the pyrrolidine derivative with
HCN preferably generated by adding a metal cyanide in
the presence of mineral acid to the reaction mixture,
to form the nitrile. The product is prepared by
subjecting the resulting nitrile to solvolysis. The
patent does not disclose a process for making a
particular isomer of these compounds in a high
enantiomeric excess. Objectives In view of the
foregoing, what is needed is a process for the
provision, in high yield and high enantiomeric purity,
of one particular enantiomer of the
bicyclo-pyrrolidine compound used as an intermediate
to HCV protease inhibitors compounds of Formula Z
without the need for expensive, time consuming
resolving methods, for example, chiralcolumn
chromatography. Moreover, what is needed is a process
for the provision of intermediate compounds useful in
the preparation of compounds of Formula Z which are
amenable to commercial scale preparation of the
intermediates in high enantiomeric purity.
Accordingly, there remains a need for methods of
providing intermediates useful in commercial scale
synthesis of compounds useful in the treatment or
prevention or amelioration of one or more symptoms of
hepatitis C. These and other objectives and/or
advantages are provided by the present invention.
Summary of the Invention In one aspect the present
invention provides a process for making a racemic
mixture of 6,6-dimethyl-3-azabicyclo[3.1
.0]hexane-2-sodiumsulfonate adduct 



compounds of Formulae Va-S and Vb-S in predominantly
trans-configuration. Compounds Va-S and Vb-S are
useful intermediates in the preparation of the
compound of Formula Z , Racemic Mixture the process
comprising reacting an imine mixture of compounds
Formulae Va and VbRacemic Mixture with sodium
bisulfite under conditions promoting addition of the
bisulfite moiety to the C- 2 carbon in a
trans-relationship to the C-6 carbon of the mixture of
imipe compounds of Formulae Va and Vb. In some
embodiments it is preferred to react the imine mixture
of compounds of Formulae Va and Vb as an organic
solution admixed with an aqueous bisulfite solution.
In some embodiments it is preferred to provide the
imine (6,6-Dimethyl-3-azabicyclo[ 3.1 .0]hex-2-ene)
from which the sulfonate adduct is prepared by
oxidizing the corresponding pyrrolidine
(6,6-Dimethyl-3-aza-bicyclo[3.1 .0]hexane) compound.
In some embodiments it is preferred to carry out
oxidation of the pyrrolidine compound mixture
utilizing a potassium persulfate and silver nitrate.
Another aspect of the invention is the provision of a
mixture of the compounds of Formulae Via, that is, (
1R, 2S, 5S)- 6,6-dimethyl-3-azabicyclo[3.1
.0]hexane-2-nitrile and VIb, that is ( 1S, 2R,
5R)-6,6-dimethyl-3-azabicyclo[3.1 .0]hexane-2-nitrile,
by the process comprising: (i) reacting caronic
anhydride with benzylamine under conditions favorable
to form the 2,4 dione of Formula Mb Formula HB (ii)
reducing the dione of Formula NB to the
3-aza-benzyl-bicyclohexane compound of Formula HC;
Formula HC (iii) reducing the compound of Formula HC
to 6,6-Dimethyl-3-azabicyclo[ 3.1 .0]hexane; (iv)
oxidizing the hexape product from reducing Step (iii)
to provide the mixture comprising the imines of
Formulae Va and Vb; (v) reacting the mixture of
compounds produced in oxidizing step (iv) with sodium
bisulfite under conditions to provide the
trans-bisulfite adduct compounds of Formula Va-S and
Vb-S; Va-S Vb-S(vi) reacting the mixture of bisulfite
adduct compounds produced in Step (v) with a cyanide
source to form the corresponding mixture of the
nitrile compounds of Formula Via and VIb; (vii)
optionally hydrolyzing the racemic mixture of nitrile
compounds formed in Step (vi) in the presence of an
alcohol of the Formula R-OH to provide the
corresponding mixture of alkyl ester compounds of
Formula I and Ia Formula (I) Formula (Ia) where R is
alkyl, substituted alkyl, aryl, substituted aryl,
aralkyl, substituted aralkyl, cycloalkyl or
substituted cycloalkyl; and (VIM) optionally treating
a solution of the mixture of ester compounds formed
Step (VII) with a chiral tartaric acid derivative to
precipitate the tartaric acid derivative salt, in high
enantiomeric excess, of either the compound of 



Formula I or the compound of Formula Ia from said
solution of the mixtureIn some embodiments it is
preferred to carry out Step (ii), the dione reducing
step, by treating the dione with a metal hydride,
preferably lithium aluminum hydride, Red-AI(r), and
borane, more preferably lithium aluminum hydride. In
some embodiments it is preferred to reduce the
compound of Formula UC in Step (iii) by hydrogenating
the compound in a metal-mediated hydrogenolysis,
preferably using Pd/carbon and hydrogen. In some
embodiments it is preferred in Step (iv) to oxidize
the reduced compound from Step (iii) to an imine by
reacting the pyrrolidine produced in Step (iii) with
an oxidizer comprising sodium persulfate and silver
nitrate. In some embodiments it is preferred to form
an imine by converting the pyrrolidine produced in
Step (iii) to a haloamine and subsequently
dehydrohalogenating the haloamine to an imine, for
example, by the sodium hypochlorite or N-chloro
succinamide processes described in a U.S. provisional
application filed under attorney's docket no.
CD06756L01 US on November 28, 2007. In some
embodiments, in Step (v), the bisulfite reacting step,
it is preferred to react the imine mixture of
compounds of Formulae Va and Vb as an organic solution
admixed with an aqueous bisulfite solution. In some
embodiments, is Step (vi), the cyano-adduct step, it
is preferred to use sodium cyanide as a source of
cyanide from which the cyano adduct is prepared. In
some embodiments utilizing optional hydrolysis step
(vii), it is preferred to carry out the hydrolysis
using HCI and methanol. In some embodiments utilizing
optional precipitation Step (viii) it is preferred to
precipitate the desired enantiomer of Formula I with a
chiral tartaric acid derivative selected from
di-p-toluoyl-D-tartaric acid ("D-DTTA") and
dibenzoyl-D-tartaric acid ("DDBTA") thus precipitating
a salt of the ( 1R, 2S, 5S)-methyl
6,6-dimethyl-3-azabicyclo- [3.1
.0]hexane-2-carboxylate enantiomer. In some
embodiments utilizing optional precipitation Step
(viii) it is preferred to precipitate the undesired
enantiomer of Formula Ia in a high enantiomeric excess
by treating the solution with a chiral tartaric acid
derivative selected from l-di-p-toluoyl-L-tartaric
acid ("L-DTTA") and l-dibenzoyl-Ltartaric acid salt
("L-DBTA"), thus precipitating a tartaric acid
derivative salt of ( 1S, 2R,5R)-methyl d
q-dimethyl-S-azabicyclo .i .Ojhexane^-carboxylate, and
isolate the desired salt from the supernatant solution
after filtering out the precipitate salt of the
undesired enantiomer. Another aspect of the present
invention the provision of the intermediate compounds
of Formula Va-S and Vb-S. Va-S Vb-SDescri p tion of
the Invention As used above, and throughout the
specification, the following terms, unless otherwise
indicated, shall be understood to have the following
meanings: "Alkyl" means an aliphatic hydrocarbon group
which may be straight or branched and comprising about
1 to about 20 carbon atoms in the chain. Preferred
alkyl groups contain about 1 to about 12 carbon atoms
in the chain. More preferred alkyl groups contain
about 1 to about 6 carbon atoms in the chain. Branched
means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear
alkyl chain. "Lower alkyl" means a group having about
1 to about 6 carbon atoms in the chain which may be
straight or branched. The term "substituted alkyl"
means that the alkyl group may be substituted by one
or more substituents which may be the same or 



different, each substituent being independently
selected from the group consisting of halo, alkyl,
aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio,
amino, -NH(alkyl), - NH(cycloalkyl), -N(alkyl) 2,
carboxy and -C(O)O-alkyl. Non-limiting examples of
suitable alkyl groups include methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl, n-pentyl, heptyl, nonyl,
decyl, fluoromethyl, trifluoromethyl and
cyclopropylmethyl . "Alkenyl" means an aliphatic
hydrocarbon group containing at least one carboncarbon
double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the
chain. Preferred alkenyl groups have about 2 to about
12 carbon atoms in the chain; and more preferably
about 2 to about 6 carbon atoms in the chain. Branched
means that one or more lower alkyl, groups such as
methyl, ethyl or propyl, are attached to a linear
alkenyl chain. "Lower alkenyl" means about 2 to about
6 carbon atoms in the chain which may be straight or
branched. The term "substituted alkenyl" means that
the alkenyl group may be substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, aryl, cycloalkyl,
cyano, and alkoxy. Non-limiting examples of suitable
alkenyl groups include ethenyl, prope pyl, n-butenyl,
3-methylbut-2- epyl, n-pentenyl, octenyl and
decenyl"Alkynyl" means an aliphatic hydrocarbon group
containing at least one carboncarbon triple bond and
which may be straight or branched and comprising about
2 to about 15 carbon atoms in the chain. Preferred
alkynyl groups have about 2 to about 12 carbon atoms
in the chain; and more preferably about 2 to about 4
carbon atoms in the chain. Branched means that one or
more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkynyl chain. "Lower
alkynyl" means about 2 to about 6 carbon atoms in the
chain which may be straight or branched. Non-limiting
examples of suitable alkynyl groups include ethynyl,
propynyl, 2-butynyl, 3-methylbutynyl, n-pentynyl, and
decynyl. The term "substituted alkynyl" means that the
alkynyl group may be substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of alkyl, aryl and cycloalkyl. "Aryl"
means an aromatic monocyclic or multicyclic ring
system comprising about 6 to about 14 carbon atoms,
preferably about 6 to about 10 carbon atoms. The aryl
group can be optionally substituted with one or more
"ring system substituents" which may be the same or
different, and are as defined herein. Non-limiting
examples of suitable aryl groups include phenyl and
naphthyl. "Heteroaryl" means an aromatic monocyclic or
multicyclic ring system comprising about 5 to about 14
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the ring atoms is an element
other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. Preferred heteroaryls
contain about 5 to about 6 ring atoms. The
"heteroaryl" can be optionally substituted by one or
more "ring system substituents" which may be the same
or different, and are as defined herein. The prefix
aza, oxa or thia before the heteroaryl root name means
that at least a nitrogen, oxygen or sulfur atom
respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl can be optionally oxidized to the
corresponding N-oxide. Non-limiting examples of
suitable heteroaryls include pyridyl, pyrazinyl,
furanyl, thienyl, pypmidinyl, isoxazolyl, 



isothiazolyl, oxazolyl, thiazolyl, pyrazolyl,
furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-
thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[1 ,2-a]pyrid inyl, imidazo[2,1
-b]th iazolyl, benzofurazanyl, indolyl, azamdolyl,
bepzimidazolyl,benzothienyl, quinolinyl, imidazolyl,
thienopyridyl, quipazolinyl, thienopyrimidyl,
pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and
the like. "Aralkyl" means an aryl-alkyl- group in
which the aryl and alkyl are as previously described.
Preferred aralkyls comprise a lower alkyl group.
Non-limiting examples of suitable aralkyl groups
include benzyl, 2-phenethyl and naphthalenylmethyl.
The bond to the parent moiety is through the alkyl.
"Alkylaryl" means an alkyl-aryl- group in which the
alkyl and aryl are as previously described. Preferred
alkylaryls comprise a lower alkyl group. Non-limiting
examples of suitable alkylaryl groups include o-tolyl,
p-tolyl and xylyl. The bond to the parent moiety is
through the aryl. "Cycloalkyl" means a non-aromatic
mono- or multicyclic ring system comprising about 3 to
about 10 carbon atoms, preferably about 5 to about 10
carbon atoms. Preferred cycloalkyl rings contain about
5 to about 7 ring atoms. The cycloalkyl can be
optionally substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Non-limiting examples of
suitable monocyclic cycloalkyls include cyclopropyl,
cyclopentyl, cyclohexyl, cycloheptyl and the like.
Non-limiting examples of suitable multicyclic
cycloalkyls include 1-decalin, porbornyl, adamantyl
and the like. "Halo" means fluoro, chloro, bromo, or
iodo groups. Preferred are fluoro, chloro or bromo,
and more preferred are fluoro and chloro. "Halogen"
means fluorine, chlorine, bromine, or iodine.
Preferred are fluorine, chlorine or bromine, and more
preferred are fluorine and chlorine. "Ring system
substituent" means a substituent attached to an
aromatic or nonaromatic ring system which, for
example, replaces an available hydrogen on the ring
system. Ring system substituents may be the same or
different, each being independently selected from the
group consisting of aryl, heteroaryl, aralkyl,
alkylaryl, aralkenyl, heteroaralkyl, alkylheteroaryl,
heteroaralkenyl, hydroxy, hydroxyalkyl, alkoxy,
aryloxy, aralkoxy, acyl, aroyl, halo, pitro, cyano,
carboxy, alkoxycarbonyl, aryloxycarbonyl,
aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl,alkylsulfinyl, arylsulfinyl,
heteroarylsulfinyl, alkylthio, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio,
cycloalkyl, cycloalkenyl, heterocyclyl,
heterocyclenyl, Y1Y2N-, Y1Y2Nalkyl-, YiY 2NC(O)- and
YiY 2NSO2- , wherein Y1 and Y2 may be the same or
different and are independently selected from the
group consisting of hydrogen, alkyl, aryl, and
aralkyl. "Cycloalkenyl" means a non-aromatic mono or
multicyclic ring system comprising about 3 to about 10
carbon atoms, preferably about 5 to about 10 carbon
atoms which contains at least one carbon-carbon double
bond. Preferred cycloalkenyl rings contain about 5 to
about 7 ring atoms. The cycloalkenyl can be optionally
substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Non-limiting examples of
suitable monocyclic cycloalkenyls include
cyclopentenyl, cyclohexenyl, cycloheptenyl, and the
like. Non-limiting example of a 



suitable multicyclic cycloalkenyl is norbomylenyl.
"Heterocycle pyl" means a non-aromatic monocyclic or
multicyclic ring system comprising about 3 to about 10
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the atoms in the ring system
is an element other than carbon, for example nitrogen,
oxygen or sulfur atom, alone or in combination, and
which contains at least one carbon-carbon double bond
or carbon-nitrogen double bond. There are no adjacent
oxygen and/or sulfur atoms present in the ring system.
Preferred heterocyclenyl rings contain about 5 to
about 6 ring atoms. The prefix aza, oxa or thia before
the heterocyclenyl root name means that at least a
nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. The heterocyclenyl can be
optionally substituted by one or more ring system
substituents, wherein "ring system substituent" is as
defined above. The nitrogen or sulfur atom of the
heterocyclenyl can be optionally oxidized to the
corresponding N-oxide, S-oxide or S,S-d ioxide
Non-limiting examples of suitable monocyclic
azaheterocyclenyl groups include 1,2,3,4- tetrahydropy
pdine, 1,2- dihydropy pdyl, 1,4-d ihydropyr idyl,
1,2,3,6-tetrahydropyr idine, 1,4,5,6- tetrahydropy
pmidine, 2-pyrrol inyl, 3-pyrrol inyl, 2-imidazolinyl,
2-pyrazolinyl, and the like Non-limiting examples of
suitable oxaheterocyclenyl groups include 3,4-d
ihydro-2Hpyran, dihydrofuranyl, fluorodihydrofuranyl,
and the like. Non-limiting example of asuitable
multicyclic oxaheterocyclenyl group is
7-oxabicyclo[2.2.1]heptenyl. Non-limiting examples of
suitable monocyclic thiaheterocyclenyl rings include
dihydrothiophenyl, dihydrothiopyranyl, and the like.
"Heterocyclyl" means a non-aromatic saturated
monocyclic or multicyclic ring system comprising about
3 to about 10 ring atoms, preferably about 5 to about
10 ring atoms, in which one or more of the atoms in
the ring system is an element other than carbon, for
example nitrogen, oxygen or sulfur, alone or in
combination. There are no adjacent oxygen and/or
sulfur atoms present in the ring system. Preferred
heterocyclyls contain about 5 to about 6 ring atoms.
The prefix aza, oxa or thia before the heterocyclyl
root name means that at least a nitrogen, oxygen or
sulfur atom respectively is present as a ring atom.
The heterocyclyl can be optionally substituted by one
or more "ring system substituents" which may be the
same or different, and are as defined herein. The
nitrogen or sulfur atom of the heterocyclyl can be
optionally oxidized to the corresponding N-oxide,
S-oxide or S,S-dioxide. Non-limiting examples of
suitable monocyclic heterocyclyl rings include
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl,
1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. "Aralkenyl" means
an aryl-alkenyl- group in which the aryl and alkenyl
are as previously described. Preferred aralkenyls
contain a lower alkenyl group. Non-limiting examples
of suitable aralkenyl groups include 2-phenethenyl and
2-naphthylethenyl. The bond to the parent moiety is
through the alkenyl. "Heteroaralkyl" means a
heteroaryl-alkyl- group in which the heteroaryl and
alkyl are as previously described. Preferred
heteroaralkyls contain a lower alkyl group.
Nonlimiting examples of suitable aralkyl groups
include pyridylmethyl, 2-(furan-3-yl)ethyl and
quinolin-3-ylmethyl. The bond to the parent moiety is
through the alkyl. "Heteroaralkenyl" means an
heteroaryl-alkenyl- group in which the heteroaryl and 



alkenyl are as previously described. Preferred
heteroaralkenyls contain a lower alkenyl group.
Non-limiting examples of suitable heteroaralkenyl
groups include 2-(pyrid-3- yl)ethenyl and
2-(quinolin-3-yl)ethenyl. The bond to the parent
moiety is through the alkenyl."Hydroxyalkyi" means a
HO-alkyl- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contajn lower alkyl.
Non-limiting examples of suitable hydroxyalkyl groups
include hydroxymethyl and 2-hydroxyethyl. "AcyT means
an organic acid group in which the -OH of the carboxyl
group is replaced by some other substituent, such as
those defined above. Suitable, non-limiting examples
include: H-C(O)-, alkyl-C(O)-, alkenyl-C(O)-,
Alkynyl-C(O)-, cycloalkyi-C(O)-, cycloalkenyl-C(O)-,
or cycloalkynyl-C(O)- group in which the various
groups are as previously described. The bond to the
parent moiety is through the carbonyl carbon atom.
Preferred acyl groups contain a lower alkyl.
Non-limiting examples of suitable acyl groups include
formyl, acetyl, propanoyl, 2-methylpropanoyl, butanoyl
and cyclohexanoyl. "Aroyl" means an aryl-C(O)- group
in which the aryl group is as previously described.
The bond to the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include
benzoyl and 1- and 2-naphthoyl. "Alkoxy" means an
alkyl-O- group in which the alkyl group is as
previously described. Non-limiting examples of
suitable alkoxy groups include methoxy, ethoxy,
npropoxy, isopropoxy, n-butoxy and heptoxy. The bond
to the parent moiety is through the ether oxygen.
"Aryloxy" means an aryl-O- group in which the aryl
group is as previously described. Non-limiting
examples of suitable aryloxy groups include phenoxy
and naphthoxy. The bond to the parent moiety is
through the ether oxygen. "Aralkyloxy" means an
aralkyl-O- group in which the aralkyl groups is as
previously described. Non-limiting examples of
suitable aralkyloxy groups include benzyloxy and 1- or
2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen. "Alkylamino" means an -NH2
or -NH3 + group in which one or more of the hydrogen
atoms on the nitrogen is replaced by an alkyl group as
defined above. "Arylamino" means an -NH 2 or -NH3 +
group in which one or more of the hydrogen atoms on
the nitrogen is replaced by an aryl group as defined
above."Alkylthio" means an alkyl-S- group in which the
alkyl group is as previously described. Non-limiting
examples of suitable alkylthio groups include
methylthio, ethylthio, i-propylthio and heptytthio.
The bond to the parent moiety is through the sulfur.
"Arylthio" means an aryl-S- group in which the aryl
group is as previously described. Non-limiting
examples of suitable arylthio groups include
phenytthio and naphthylthio. The bond to the parent
moiety is through the sulfur. "Aralkylthio" means an
aralkyl-S- group in which the aralkyl group is as
previously described. Non-limiting example of a
suitable aralkylthio group is benzylthio. The bond to
the parent moiety is through the sulfur.
"Alkoxycarbonyl" means an alkyl-O-CO- group.
Non-limiting examples of suitable 



alkoxycarbonyl groups include methoxycarbonyl and
ethoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Aryloxycarbonyl" means an
aryl-O-C(O)- group. Non-limiting examples of suitable
aryloxycarbonyl groups include phenoxycarbonyl and
paphthoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Aralkoxycarbonyl" means an
aralkyl-O-C(O)- group. Non-limiting example of a
suitable aralkoxycarbonyl group is benzyloxycarbonyl.
The bond to the parent moiety is through the carbonyl.
"Alkylsulfonyl" means an alkyl-S(O 2)- group.
Preferred groups are those in which the alkyl group is
lower alkyl. The bond to the parent moiety is through
the sulfonyl. "Alkylsulfinyl" means an alkyl-S(O)-
group. Preferred groups are those in which the alkyl
group is lower alkyl. The bond to the parent moiety is
through the sulfinyl. "Arylsulfonyl" means an aryl-S(O
2)- group. The bond to the parent moiety is through
the sulfonyl. "Arylsulfinyl" means an aryl-S(O)-
group. The bond to the parent moiety is through the
sulfinyl. The term "optionally substituted" means
optional substitution with the specified groups,
radicals or moieties. Enantiomeric excess ("e.e.") is
a percentage expressing the extent to which one
enantiomer (e.g., R-epantiomer) is produced over the
other (e.g. S-enantiomer),calculated by subtracting
the difference in the amount of each enantiomer
produced divided by the sum of the amount of each
enantiomer produced. In one embodiment, the present
invention provides a sulfonate adduct of an
intermediate compound in accordance with Scheme 2,
which is useful in the process for preparing compounds
of Formula Z. Preparation of a corresponding sulfonate
adduct from 6,6-dimethyl-3-azabicyclo[3.1 .0]-hexane
is presented schematically in Steps 1 and 2 of Scheme
2. Scheme 2 Sulfonate intermediates prepared in
accordance with Scheme 2 , Step 2, are useful in the
preparation of the nitrile intermediates, the use of
which in the preparation of compounds of Formula Z has
been described in earlier applications and in
copending application filed under attorney docket
number CD06583L01 US, which is incorporated by
reference herein. In some embodiments the nitrile
intermediates will be converted to an ester in
accordance with Steps 4 and 5 of Scheme 3 . In some
embodiments the desired enantiomer, ( 1R 2S 5S)
6,6-dimethyl-3-azabicyclo[3.1
.0]-hexane-2-alkylester,the compound of Formula Sl,
will be isolated as the salt of that ester in
accordance with Step 5 of Scheme 3 . Scheme 3 Via VIb
Vila VIIb Step 5 Mixture of Cmpds Vila and VIIIb
Formula SI Formula SIa wherein R is an alkyl,
substituted alkyl, aryl, substituted aryl, aralkyl
substituted aralkyl, 



cycloalkyl, or substituted cycloalkyl group, D-acid is
selected from di-p-toluoyl-D-tartaric acid (D-DTTA)
and dibenzoyl-D-tartaric acid (D-DBTA); D-salt is the
anion corresponding to the D-acid selected, that is,
either di-p-toluoyl-D-tartarate or dibenzoyl-
D-tartarate; L-acid is selected from
di-p-toluoyl-L-tartaric acid (L-DTTA) and dibenzoyl-
L-tarta pc acid (L-DBTA); and L-salt is the anion
corresponding to the L-acid selected, that is, either
di-p-toluoyl-L-tartarate or dibenzoyl-L-tartarate. In
some embodiments the desired ester will be
precipitated and isolated by filtration. In some
embodiments theundesirable ester will be precipitate
using an L-acid, and the desired ester will be
isolated from the supernatant after tittering out the
unwanted ester precipitate. Processes for making the
starting pyrrolidine, 6,6-dimethyl-3-azabicyclo[3.1
.0]- hexane (the compound of Formula IV) from caronic
anhydride are known, and described in the
above-mentioned patents and patent applications, all
of which are incorporated herein by reference. Some of
these processes are summarized schematically in Scheme
4. Scheme 4 Methods to prepare caronic anhydride (the
compound of Formula II) are known in the art. The
compound of Formula Il may be prepared, for example,
from the synthesis disclosed in US Publication No.
2005/0059648 AI which in Example 1 therein details a
method for preparing the anhydride from ethyl
chrysanthemumate in accordance with published
procedures. SCHEME 5 HaFor example, as shown in Scheme
5 , racemic 3,3 dimethyl-cyclopropane-1 ,2-
dicarboxylic acid (Ha) is dissolved/suspended in a
reaction solvent and treated with acetic anhydride in
the presence of sulfuric acid forms racemic caronic
anhydride (Formula II). The caronic anhydride prepared
in this reaction may be isolated for use in any of the
processes shown in Scheme 4 . Procedure A : Caronic
anhydride (Formula II) can be catalytically converted
to the compound of Formula III in a suitable solvent
to yield the imide of Formula III. In a subsequent
step the imide is reduced to the pyrrolidine compound
of Formula IV for use as described herein. In some
embodiments of the invention it is preferred to employ
solvents selected from water, tetrahydrofuran,
methanol, isopropanol, methyl isobutyl ketone,
xylenes, and formamide. Suitable catalysts for
carrying out this conversion include, for example,
4-N,N-dimethylaminopyridine (DMAP) and lutidine. The
catalyst is employed in the presence of a nitrogen
source. Suitable nitrogen source reagents include, but
are not limited to, NH3, NH4OH, H2NC(O)NH 2, H2NC(O)H,
NH4O2CH, and NH4O2CCH3. In some embodiments it is
preferred to carry out the reaction at a temperature
of from about 10 0C to about 200 0C. Procedure B
(Two-Steps), A second method for the provision of the
compound of Formula IV from caronic anhydride (Formula
II) is a three-step sequence to yield the imide of
Formula HC which is reduced to the compound of Formula
IV. Step Bi: An intermediate dione of Formula HB is
prepared from caronic anhydride by 



reaction with a reagent selected from an aralkyl,
substituted aralkyl or alkenyl amine in the presence
of a solvent. In some embodiments of the invention it
is preferred to employ amines selected from ArylCH
2NH2 and AIIyINH2. In some embodiments of the
invention it is preferred to use a solvent selected
from t-butyl methylether (TBME),tetrahydrofuran,
methanol, toluene, xylene and mixtures of two or more
thereof. In some embodiments of the invention it is
preferred to carry out the reaction at a temperature
of from about 0 0C to about 200 0C. Step Bii : The
intermediate dione of formula MB can be converted to
the pyrrolidine compound HC by reduction of the
carbonyl groups in a suitable solvent with a metal
hydride, for example, sodium borohydride and lithium
aluminum hydride. In some embodiments it is preferred
to carry out this reduction using a reagent selected
from lithium aluminum hydride ("LiAIH4"), sodium
bis(2-methoxyethoxy)aluminum dihydride ("Red-AI(r)"),
and borane. In some embodiments of the invention it is
preferred to carry out the reduction reaction in a
solvent selected from tetrahydrofuran, 2-methyl
tetrahydrofuran, tert-butyl methyl ether,
1,2-dimethoxyethane, toluene and mixtures of two or
more thereof. In some embodiments it is preferred to
isolate the product by distilling off the solvent. In
some embodiments of the invention it is preferred to
carry out the reduction reaction at a temperatures of
from about -20 0C to about 80 r . Step Bii : The
intermediate compound of Formula HC can be reduced to
the compound of Formula IV using metal-mediated
hydrogenolysis reaction conditions. In some
embodiments it is preferred to use a catalyst
comprising palladium on carbon (Pd/C) in the presence
of hydrogen gas. One example of suitable reaction
conditions can be found in the following reference: R.
C. Berpotas and R. V. Cube, Synthetic Communication,
1990, 20, 1209. Optionally, the compound of Formula IV
may be converted to the corresponding salt by treating
it with an acid to aid in isolation of the compound.
Suitable acids include, but are not limited to,
mineral acids, for example, HCI, HBr, HI, HNO3 or
H2SO4. In some embodiments it is preferred to use a
suitable organic solvent to provide amineral acid
solution for this treatment, for example, alcohol
solvents, for example methanol and isopropanol. Each
of the steps presented in Scheme 2 are discussed next
in detail. Step 1 - oxidation to form the imine
compounds of Formula Va and Vb: The pyrrolidine ring
in the bicyclo-compound compound of Formula IV is
oxidized to yield the corresponding imine. Since the
multiple bond introduced into the pyrrolidine ring can
be introduced in either of two locations on the ring,
this step yields a mixture of isomer compounds of
Formulae Va and Vb. In some embodiments it is
preferred to carry out the oxidation by treating the
compound of Formula IV with sodium or potassium
peroxodisulfate and a catalytic amount of silver
nitrate as a catalyst, preferably from about 0.01 to
about 0.1 0 molar equivalents of silver nitrate. In
these embodiments it preferred to use a solvent
comprising water or a water/solvent mixture, for
example water mixed with a solvent selected from
acetonitrile and mixtures thereof. 



In some embodiments it is preferred to employ
potassium peroxodisulfate with silver nitrate in the
presence of an alkali-metal cyanide, preferably
potassium cyanide. In some embodiments utilizing this
oxidiation method it is preferred to employ water as
the reaction medium and suspend the pyrrolidine
substrate undergoing oxidation therein. Moreover, it
is preferred to provide a reaction mixture containing
water, potassium persulfate and silver nitrate, and to
add the compound of Formula IV to the reaction
mixture. In some embodiments using potassium
peroxodisulfate/silver nitrate oxidation in Step 1, it
is preferred to employ a catalytic amount of silver
nitrate, for example from about 2 mole% to about 10
mole %, more preferably from about 5 to about 7.5 mole
% compared to the amount of substrate present. In some
embodiments it is preferred to employ at least about
1. 1 equivalent of potassium peroxodisulfate based on
the amountof pyrrolidine substrate to be oxidized
along with from about 2.3 equivalents to about 3.0
equivalents of sodium hydroxide dissolved in about 10
volumes to about 15 volumes water. In some embodiments
employing the peroxodisulfate/silver nitrate oxidation
procedure, it is preferred to use at least 2
equivalents of an alkali metal cyanide, preferably
potassium cyanide, in the reaction mixture. In some
embodiments employing peroxodisulfate oxidation in
Step 1, it is preferred to carry out the reaction at a
temperature of from about -5 C to about +5 C, more
preferably from about -5 C to about 0 C. In some
embodiments using potassium peroxodisulfate oxidation
in Step 3, it is preferred to work up the reaction by
quenching with sodium thiosulfate aqueous solution and
extract the product into methyl tertiary butyl ether
(MTBE), concentrate the extract and replace the MTBE
with methanol by adding methanol to the solution and
distilling off the MTBE. In some embodiments utilizing
this work up it is preferred to employ the methanolic
solution of the product imine provided by the work up
directly in subsequent steps of the inventive process.
In some embodiments it is preferred to form an imine
by converting a pyrrolidine, for example, the compound
of Formula IV or of Formula HC (described herein) to a
haloamine and subsequently dehydrohalogenating the
haloamine to an imine. Examples of processes utilizing
this process, for example, preparing a chloramine by
halogenating a pyrrolidine uing sodium hypochlorite or
N-chloro succinamide are described in a U.S.
provisional application filed under attorney's docket
no. CD06756L01 US on November 28, 2007, which is
incorporated by reference herein in its entirety. Step
2- conversion of imine to sulfonate adduct The mixture
of imipes of Formula Va and Vb are converted to the
corresponding sulfonate adduct compounds of Formulae
Va1 and Vb2 by treating the mixture of compounds with
a source of sodium bisulfite. It is preferred to
prepare the source of sodium bisulfite by dissolving
in sodium metabisulfite in water. In some embodiments
itis preferred to use a weight of sodium metabisulfite
which provides a solution that is from about 1
equivalent to about 1.5 equivalents of sodium
metabisulfite. In some embodiments it is preferred to
employ a solution that is about 10 wt.% sodium
metabisulfite. It is preferred to perform the reaction
by contacting the aqueous sodium bisulfite source with
an organic solution of the mixture of compounds of
Formulae Va and Vb, preferably a solution comprising
from about 8 wt.% of the mixture of compounds to about
32 wt.% of the mixture of compounds in
methyl-tertiarybutyl ether 



(MTBE), more preferably about 16 wt% of the mixture of
compounds of Formulae Va and Vb in MTBE. The reaction
can be carried across the phases by agitating the
immiscible organic and aqueous solutions while
preferably maintaining the temperature from about 20 C
to about 35 C, more preferably from about 20 C to
about 25 C. It is preferred to utilize the
6,6-dimethyl-3-azabicyclo[3.1 .0]-hexane-2-sulfonate
sodium formed in the aqueous portion of the reaction
mixture in situ without isolation after separating the
organic and aqueous layers of the reaction mixture.
Surprisingly, this adduct is formed under mild
conditions with predominantly trans-addition of the
sulfonate adduct to the C-2 position of the
azacyclohexene compounds of Formula Va and Vb Step 3 -
cvano-aroup functionalization of 2-sulfonate adducts
of Formula Va1 and Va2 and Step 4 - hydrolysis of
resulting 2-cyano-qroup: In Step 3 of Scheme 2, the
mixture of sulfonate adduct compounds of Formulae Va1
and Vb2 are converted to the corresponding nitrile
compounds of Formulae Via and VIb by treatment with a
cyanide source. The addition of the cyano group occurs
at carbon 2 , with preferential attack on the opposite
face of the imipe ring from which the methylene group
forming the cyclopropyl ring of the bicyclo compound
projects. Accordingly, the addition of cyano-group
preferentially forms one of the two enantiomers, with
reference to Scheme 2 , shown in brackets as compounds
Via and VIb. Preferably this reaction is carried out
by treating the aqueous solution of bisulfite adduct
prepared in Step 2 with solid sodium cyanide.
Preferably the reactiontemperature is maintained at a
temperature of less than about 25 C more preferably in
a range of from about 20 C to about 25 C. In some
embodiments it is preferred to extract the nitrile
compounds from the aqueous medium in which they were
prepared into an organic solvent, preferably MTBE, by
stirring the aqueous reaction mixture with a similar
volume of MTBE. In some embodiments it is preferred to
convert the nitrile compounds extracted into the MTBE
solution in this step in accordance with process steps
4 and 5 presented above in Scheme 3, without isolation
of the compounds provided therefrom from the MTBE
solution. Accordingly, in some embodiments, with
reference to Step 4 of Scheme 3, following extraction
of the nitrile compounds, a solvolysis is performed in
situ on the MTBE solution of compounds of Formulae Via
and VIb to the corresponding ester compounds Vila and
VIIb. Preferably the solvolysis is carried out by
adding an alcohol, ROH, wherein R is defined above, in
the presence of a molar excess of a mineral acid, for
example, HCI, followed by treatment with a molar
excess of base, for example, sodium bicarbonate or
ammonia, to neutralize the excess acid. Preferably R
in R-OH is selected from methyl and t-butyl.
Preferably, the mineral acid is HCI and is provided by
passing HCI gas into the alcohol reaction solvent,
followed by treatment with a molar excess of base, for
example, sodium bicarbonate or ammonia, to neutralize
the excess acid. In some embodiments it is preferred
to carry out the solvolysis reaction at a temperature
of from about -30 0C to about 25 0C, more preferably
the solvolysis is carried out at a temperature of
about -1O0C or less. In some embodiments using
methanol, after the desired amount of HCI has been
bubbled into the reaction mixture, the reaction
mixture is warmed to room temperature 



to complete the methanolysis reaction, thus providing
the compounds of Formulae Vila and VIIb as the methyl
ester. In some embodiments using this workup it is
preferred to carry out the completion of the
methanolysis at an elevated temperature, for example,
from about 50 C to about 60 C. In some embodiments
using this work up , after the methanolysis reaction
is complete, it is preferred to concentrate the
reaction mixture toa slurty , dilute the slurry with
from about 4 volumes to about 8 volumes of MTBE and
about 4 volumes of water, cool the mixture to a
temperature of from about -5 C to about + 5 C, and add
to the cold mixture about 0.2 equivalents of potassium
phosphate tribasic dissolved in two additional volumes
of water. In some embodiments using this work up
procedure it is preferred to adjust the pH with
aqueous base to a pH of from about pH 9 to about pH
9.5 while maintaining the temperature of the mixture
at from about OC to about + 5 C. In some embodiments
using this work up, it is preferred to separate out
the MTBE layer, wash it, and concentrate it to a
volume of from about V2 to about 1/3 the volume, and
replace the MTBE in the concentrate with methanol by
distilling off the MTBE after the addition of
methanol. In some embodiments using this work up, the
resulting methanol solution containing the Formula VII
racemate is utilized in Step 6 . Step 5 - Enantiomeric
Salt formation : With reference to Step 5 of Scheme 3,
the formation of a selected enantiomer salt is
accomplished by adding to the mixture of compounds of
Formulae Vila and VIIb either: (a) D-DTTA
(di-p-toluoyl-D-tartaric acid) or D-DBTA
(dibenzoyl-D-tartaric acid) to precipitate the ( 1R,
2S, 5S) enantiomer; or (b) L-DTTA
(di-p-toluoyl-L-tartahc acid) or LDBTA
(dibenzoyl-L-tartaric acid) to precipitate the ( 1S,
2R, 5R) enantiomer shown. Each of these chiral acids
are commercially available reagents. As mentioned
above, D-DTTA reacts with the ( 1R, 2S, 5S) enantiomer
present in the mixture of compounds of Formulae Vila
and VIIb and L-DTTA with the ( 1S, 2R, 5R) enantiomer
present in the mixture of compounds of Formulae Vila
and VIIb, precipitating the corresponding di-ptoluoyl-
tartaric acid salt in at least about 90% enantiomeric
excess. Similarly, D-DBTA reacts with the ( 1R, 2S,
5S) enantiomer present in the mixture of compounds of
Formulae Vila and VIIb and L-DTTA with the ( 1S, 2R,
5R) enantiomer present in the mixture of compounds of
Formulae Vila and VIIb, precipitating the
corresponding dibenzoyl-tartaric acid salt in at least
about 85% enantiomeric excess. In some embodiments it
is preferred to employ solvents in this step selected
from methanol,TBME and mixtures thereof. When mixed
solvents are used it is preferred to use a ratio of
TBME:MeOH of from about 2:1 to about 4:1 . In some
embodiments of the invention it is preferred to carry
out the precipitation reaction at a temperatures of
from about 15 0C and about 50 0C. In some embodiments
of the present invention process, the enantiomer salt
precipitated in Step 5, for example, the salt of
Formulae SI and SIa, for example, a DTTA salt of
formula Sl is converted to an HCI salt in accordance
with the following process, for subsequent use in the
synthesis of HCV protease inhibitor compounds. In some
embodiments the isolated enantiomeric salt is
suspended in a mixture of isopropyl alcohol and MTBE,
preferably in a volumetric ratio of i-propanol:MTBE of
from about 1:7 to about 1:8. This suspension is
treated with from about 1. 18 to about 1.20
equivalents of hydrochloric acid in an isopropanol
solution (based on the amount of salt used), 



preferably having a concentration of 5M or less. In
some embodiments using the optional HCI salt
conversion step, when the conversion has proceeded to
completion the reaction mixture is cooled to insure
that the hydrochloride salt has precipitated. When
precipation has completed, the precipitate is isolated
by filtration and vacuum dried. The following
non-limiting EXAMPLES are provided to illustrate
further the present invention. It will be apparent to
those skilled in the art that many modifications,
variations and alterations to the present disclosure,
both to materials, methods and reaction conditions,
may be practiced. All such modifications, variations,
and alterations are intended to be within the spirit
and scope of the present invention. EXAMPLES Unless
otherwise stated, all solvents and reagents are
articles of commerce, and used as received. Unless
otherwise stated, the following abbreviations have the
stated meanings in the Examples below: mL=
millilitersg = grams eq= equivalents THF=
tetrahydrofuran MeOH= methanol Me= methyl TBME =
methyl tert-butyl ether ACN = acetonitrile Ph = phenyl
Example 1 - Preparation of
B.e-Dimethyl-S-N-benzyl-aza-bicyclorS.1 .01hexane-2,4-
dione (NB) \ / V V PhCH2NH2 Li/ H4 Ph Ph- H HB lie
Step 1: NB from I To a flask were charged 5 1.32 g of
compound Il (0.37 mol, 1 eq.) and 50 mL TBME. While
stirring, the mixture was cooled to between 0 and 10
0C. 40.0 mL of bepzylamine (39.24 g , 0.37 mol, 1 eq)
was added dropwise over approximately 30 minutes.
After the addition was complete, the TBME was removed
by distillation at between 60 and 70 0C and the
mixture was gradually heated to an internal
temperature between 170 and 180 0C. The solution was
maintained between 170 and 180 0C for approximately 3
to 5 hours to complete the cyclization. The resulting
solution was cooled to between 60 and 70 0C, and 100
mL of a solution of 5% water in isopropanol was added
and the mixture was cooled to room temperature. After
cooling further tobetween 0 and 10 0C the product was
isolated by filtration, rinsed with clean, cold
isopropanol, and dried in a vacuum oven to afford
70.99 g of the benzyl imide, UB, (85%). 1H NMR (CDCI3)
57.39 (m, 2H); 7.28 (m, 3H); 4.53 (s, 2H); 2.31 (s,
2H); 1.20 (s, 3H); 1.01 (s, 3H). Step 2 - HC from IIS
In Step 2, the benzyl imide (lib) is reduced using
LiAIH to provide the 



corresponding pyrrolidine in accordance with the
following procedure. LiAIH (2.4 M in THF, 1.3 mol) was
placed in a round bottom flask equipped with a
temperature probe, condenser and mechanical stirrer.
The mixture was warmed and held at 50 0C. To another
round bottom flask equipped with a mechanical stirrer
was added imide (compound HB, 229 g, 1.0 mol) and THF
(750 ml_). The resulting mixture was agitated 5 min.
and added to LiAIH solution via addition funnel at a
rate that allowed a gentle reflux of THF. The addition
funnel was rinsed with THF (50 mL) and added to the
mixture. The resultant suspension was held at reflux 2
h. The mixture was allowed to cool to room
temperature. To an additional large round bottom flask
equipped with a mechanical stirrer was added Potassium
Sodium tartrate tetrahydrate (734 g , 2.6 mol), water
( 1 .4 L) and NaOH (208 g , 5.2 mol). The solution was
stirred at 20 0C 15 min. To the aqueous solution was
charged the imide suspension slowly over 1h 30 min.
The resulting biphasic mixture was heated to 40-45 0C
and agitated 15 min. The mixture was allowed to settle
for 15 min. at 40-45 0C. The organic was separated
from the aqueous layer. The aqueous was extracted with
MTBE (460 mL). The combined organic phase was
concentrated in vacuo to give the benzylated amine
(HC, 191 g 95%) as an orange oil. Step 3 - III from HC
To a round bottom flask was charged benzylated amine (
179.5 g , 0.89 mol), MeOH (360 mL) and charcoal (5 g).
The suspension was filtered and the cake washedwith
additional MeOH (50 ml_). To the fiftrate was added
acetic acid (90 mL) and the solution charged to a
Buchi hydrogenator. To an additional flask was added
5% Pd/C (17.9 g, 10% w/w) and MeOH (30 mL). The
mixture was added to the hydrogenator. The
hydrogenator was charged with H (3 x 3 bar) and the
resultant suspension agitated at 20-25 0C for 6 h .
The catalyst was filtered and the hydrogenator washed
with MeOH (2 x 100 mL). The combined solvents were
concentrated in vacuo at 40 0C until the solution
became viscous. To the solution was added water ( 120
mL) and the resultant mixture cooled to 20 0C. To this
mixture was added 10 N NaOH ( 180 mL) and MTBE (450
mL). The biphasic mixture was agitated 10 min. and
allowed to settle an additional 10 min. The organic
phase was heated to 90 0C and concentrated at
atmosphere. The resultant crude residue was distilled
at 130 mm Hg to give the compound of Formula III (72.8
g, 97.8%) as a colorless liquid. Example 2 -
Preparation of 6,6-dimethyl-3-aza-bicvclof3
1.OIhex-2-ene (V L K2S2O8 p IV V To a flask were
charged 4 1.4 g of NaOH ( 1 .04 mol, 2.3 eq.) and 134g
of K S2O8, 750 mL of water and 100 mL of acetonitrile
at -5 0C. 50 g of compound IV (0.45 mol, 1.0 eq) were
added and the reaction mixture was again cooled to -5
0C. Over 1-2 hours while maintaining the reaction
temperature between -5 and 0 0C 20 mL of aqueous AgNO3
(3.9 g , 0.0225 mol, 0.05 eq) were added to the
reaction mixture. The reaction mixture was warmed to 0
to 2 0C and the reaction was allowed to proceed to
completion. Upon completion, the mixture was warmed to
room temperature and diluted with 360 mL TBME. The
layers were separated, and the aqueous layer was
extracted 



with TBME. The combined organic layers were dried over
anhydrous Na2SO4 and filtered. The solution was
purified by fractional distillation to yield V as a
colorless oilwhich solidified upon standing to form a
white crystalline solid compound V, (65-75% yield). 1H
NMR (CDCI3) d 7.30 (t, J = 2.2 Hz, 1H) 3.80 (ddd, J=
6.8, 1.4, 0.6 Hz, 1H), 3.49 (dd, J = 4.7, 2.8 Hz, 1H)
2.06 (dd, J = 6.0, 1.7 Hz, 1H), 1.61 (dd, J = 6.6, 1.8
Hz, 1H), 1.03 (s, 3H), 0.68 (s, 3H). Example 3 - Step
2, Scheme 2 - Preparation of sulfonate adduct
compounds of Formulae Va1 and Va2. Into a 1 L round
bottom flask was placed 300 mL of water at ambient
temperature and 34.2 g of sodium metabisulfite
(article of commerce, used as received). The reaction
mixture was stirred for 10 minutes at ambient to
insure a homogeneous solution. To the bisulfite
solution was added, over 1 hours, 208 g of the imine
compound of Formula V in the form of the MTBE solution
prepared in accordance with Example 2, Procedure B
while maintaining the reaction mixture temperature at
less than 35 C. The addition funnel was rinsed with an
additional 10 mL of MTBE which was added to the
reaction mixture and the combined reaction mixture was
stirred for one hour while maintaining the reaction
mixture at ambient temperature. After 1 hour the
organic and aqueous phases of the reaction mixture
were separated. The aqueous phase was washed with 50
mL of MTBE., Example 4 - Step 3 , Scheme 2 -
Preparation of nitrile compounds of Formulae Via and
VIb. The entire amount of the aqueous phase prepared
in Example 3 was placed in a 1 L round bottom flask.
To the flask was added, over a 10 minute period, 17.6
g of sodium cyanide (article of commerce, used as
received) at a rate that maintained the temperature of
the reaction mixture at less than 25 aC. The reaction
mixture was stirred for 1 hour while maintaining the
temperature of the mixture between 20 C and 25 C.At
the end of 1 hour, 130 mL of MTBE was added all at
once to the reaction mixture and stirred for 5 minutes
while maintaining ambient temperature. The organic and
aqueous layers were separated. The organic layer was
washed with two 33 mL aliquots of 20 wt/% aqueous NaCI
solution and used in Example 5. Example 5 - Step 4 ,
Scheme 3 - Preparation of ester compounds of Formulae
Vila and VIIb. Into a 1L round bottom flask was placed
168 g of HCI as a 28 wt.% methanol solution. The
entire amount of MTBE solution containing the nitrile
prepared in Example 4 was added to the methanolic HCI
over a 45 minute period while maintaining the reaction
mixture at a temperature of 30 C or less. After the
addition, the reaction mixture was heated to reflux
(approximately 50 C) and refluxed for 5 hours. After 5
hours a partial vacuum was applied to the reaction
flask and MTBE/Methanol/HCI mixture was distilled off
without exceeding 50 C in the reaction mixture until a
paste was obtained. To the warm paste was added all at
once 130 mL of MTBE, thereby providing a suspension.
The suspension was cooled to a temperature of between
0 C and 5 C. To the suspension was added 130 mL of
water with stirring until a clear biphasic mixture was
obtained. Over a 10 minute period the entire amount of
a solution made from 13.8 g tripotassium phosphate
monohydrate in 66 mL of water was added to the
reaction mixture while maintaining the temperature at
less than 5 C. The pH of the 



reaction mixture was adjusted to a pH of 9.3 by adding
36 mL of 1ON NaOH aqueous solution. The reaction
mixture was agitated for an additional 15 minutes
while maintaining the temperature between 0C and 5C.
Agitation was discontinued and the layers separated.
The aqueous layer was extracted with 66 mL of MTBE
which was added to the organic layer. The combined
organic phases containing the ester compounds of
Formula Vila and VIIb were washed with a 66 mL aliquot
of 20% brine solution and retained. HPLC yield
calculated 75% based on amount of starting
nitrile.Example 6 - Step 5 , Scheme 3 - Precipitation
of D-salt ester compound of Formula Sl. Into a 1L
round bottom flask was charged 175 ml. of methanol and
69.5 g of DDTTA, with heating to 50 C to obtain a
solution. Over a one hour period, into the flask was
added the entire amount of MTBE solution prepared in
Example 5 containing 175.Og of the mixture of
compounds of Formulae Vila and VIIb. The addition
funnel used to add the solution was rinsed with 10 ml_
MTBE which was added to the reaction mixture. The
reaction mixture was agitated for 3 hours while being
heated to reflux (approximately 50 C to 55 C). The
reaction mixture was cooled to 40C and the precipitate
was isolated by filtration. The solids were washed
with three 60 mL aliquots of methanol at 4 O C, and
dried at 40C under atmosphere to obtain 58.6 g of the
DTTA salt. Calculated yield was 50% based on the
amount of methyl ester used. Enantiomeric excess of (
1R, 2S, 5S) enantiomer was 97.5%. While the present
invention has been described with and in conjunction
with the specific embodiments set forth above, these
examples are meant to be illustrative and not
limiting. Many alternatives, modifications and other
variations thereof will be apparent to those of
ordinary skill in the art. All such alternatives,
modifications and variations are intended to fall
within the spirit and scope of the present
invention.What is claimed is: 1. A process for
preparing a mixture of 6,6-dimethyl-3-azabicyclo[3.1
.0]hexane-2- sulfonatesodium adduct compounds of
Formulae Va-S and Vb-S, the process comprising
reacting an organic solution of a imine mixture of
compounds Formulae Va and Vb with a source of sodium
bisulfite. 2 . The process of Claim 1 wherein said
sodium bisulfite source reacted with the organic
solution of imine is an aqueous solution of the source
of sodium bisulfite admixed with said organic imine
solution. 3 . The process of any of Claims 1 and 2
wherein the organic solution of imine comprises methyl
tertiary butyl ether. 4 . The process of any of Claims
1 to 3 wherein the sodium bisulfite source is an
aqueous solution comprising water and sodium
metabisulfite.5 . The process of any of claims 1 to 4
further comprising providing an imine for the reaction
by a process comprising oxidizing the pyrrolide
compound of Formula IVa: Formula IVa wherein "R" is
selected from H, alkyl and alkyl-aryl. 6 . The process
of Claim 5 wherein "R" is H and said pyrrolidine
compound is oxidized utilizing a reagent comprising
potassium persulfonate and silver nitrate. 7 . The
process of Claim 5 wherein the oxidation is carried
out by adding the pyrrolidine compound into a
MTBE/water solution containing at least one equivalent
of potassium persulfate and from about 0.01 to about
0.1 0 equivalents 



of silver nitrate. 8 . A process for the provision of
a mixture of nitrile compounds of Formulae Via and
VIb, Via VIb the process comprising: (i) reacting
caronic anhydride with benzylamine to form the 2,4
dione of formula libFormula HB (ii) reducing the dione
of Formula HB to the 3-aza-benzyl-bicyclohexane
compound of Formula HC; Formula HC (iii) reducing the
compound of Formula HC to 6,6-Dimethyl-3-azabicyclo[
3.1 .0]hexane; (iv) oxidizing the hexane product from
reducing Step (iii) to provide a mixture comprising
the imines of Formulae Va and Vb;(v) reacting the
mixture of compounds produced in oxidizing step (iv)
with sodium bisulfite to provide the trans-bisulfite
adduct compounds of Formula Va-S and Vb-S; (vi)
reacting the mixture of bisulfite adduct compounds
produced in Step (v) with a source of cyano adduct to
form the corresponding mixture of the nitrile
compounds of Formula Via and VIb; 9 . The process of
Claim 8 wherein said dione reducing Step (ii) is
carried out by reacting the dione with LiAIH4. 10 .
The process of any of Claims 8 and 9 wherein said
compound of Formula HC reducing Step (iii) is carried
out by hydrogenation mediated with a Pd/C catalyst.
11. The process of any of Claims 8 to 10 wherein said
oxidizing Step (iv) is carried out by a process
comprising treating the 6,6-Dimethyl-3-aza-bicyclo[3.1
.0]hexane formed in Step (iii) with an oxidizing
reagent comprising postassium persulfate and a silver
nitrate catalyst. 12 . The process of any of Claims 8
to 11, further including the step of hydrolyzing the
mixture of nitrile compounds of Formula Via and VIb
formed in Step (vi) by treatment with a mineral acid
in the presence of an alcohol of the Formula R-OH to
provide the corresponding mixture of alkyl ester
compounds of Formula I and Ia(I) (Ia) where R is
alkyl, substituted alkyl, aryl, substituted aryl,
aralkyl, substituted aralkyl, cycloalkyl or
substituted cycloalkyl. 13 . The process of Claim 12,
further including the step of treating a solution of
the mixture of ester compounds of Formula I and Ia
with a chiral tartaric acid derivative to precipitate,
in high enantiomeric excess, the tartaric acid
derivative salt of either the compound of Formula I or
the compound of Formula Ia from said solution of the
mixture. 14. The process of Claim 13 wherein the
tartaric acid derivative is selected from di-ptoluoyl-
D-tartaric acid ("D-DTTA") and dibenzoyl-D-tartaric
acid ("D-DBTA") thereby precipitating a salt of the (
1R, 2S, 5S)-methyl 6,6-dimethyl-3-azabicyclo- [3.1
.0]hexane-2-carboxylate enantiomer. 15 . The process
of Claim 13 wherein the tartaric acid derivative is
selected from l-di-ptoluoyl- 



L-tartaric acid ("L-DTTA") and l-dibenzoyl-L-tartaric
acid salt ("L-DBTA"), thereby precipitating a salt of
the ( 1S, 2R, 5R)-methyl 6,6-dimethyl-3-
azabicyclo[3.1 0]hexane-2-carboxylate enantiomer.16.
The compound of Formula Va-S Va-S 17. The Compound of
Formula Vb-S Vb-S 


