
PYRAZINE COMPOUNDS AS PHOSPHODIESTERASE 10 INHIBITORS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application claims the benefit of U. S.
Provisional Application No. 61/1 14,567, filed 14 November, 2008, and U. S.
Provisional Application No. 61/166,212, filed 2 April 2009, each of which
is hereby incorporated by reference. FIELD OF THE INVENTION [0002] Provided
herein are certain pyrazine compounds that are PDE 10 inhibitors,
pharmaceutical compositions containing such compounds, and processes for
preparing such compounds. Provided herein also are methods of treating
disorders or diseases treatable by inhibition of PDElO, such as obesity,
non-insulin dependent diabetes, schizophrenia, bipolar disorder,
obsessive-compulsive disorder, and the like. BACKGROUND [0003]
Neurotransmitters and hormones, as well as other types of extracellular
signals such as light and odors, create intracellular signals by altering
the amounts of cyclic nucleotide monophosphates (cAMP and cGMP) within
cells. These intracellular messengers alter the functions of many
intracellular proteins. Cyclic AMP regulates the activity of cAMP-dependent
protein kinase (PKA). PKA phosphorylates and regulates the function of many
types of proteins, including ion channels, enzymes, and transcription
factors. Downstream mediators of cGMP signaling also include kinases and
ion channels. In addition to actions mediated by kinases, cAMP and cGMP
bind directly to some cell proteins and directly regulate their activities.
[0004] Cyclic nucleotides are produced from the actions of adenylyl cyclase
and guanylyl cyclase, which convert ATP to cAMP and GTP to cGMP.
Extracellular signals, often through the actions of G protein-coupled
receptors, regulate the activities of the cyclases. Alternatively, the
amount of cAMP and cGMP may be altered by regulating the activities of the
enzymes that degrade cyclic nucleotides. Cell homeostasis is maintained by
the rapid degradation of cyclic nucleotides after stimulus-induced
increases. The enzymes that degrade cyclic nucleotides are called 3',5
'-cyclic nucleotide-specific phosphodiesterases (PDEs). [0005] Eleven PDE
gene families (PDEl-PDEl 1) have been identified based on their distinct
amino acid sequences, catalytic and regulatory characteristics, and
sensitivity to small molecule inhibitors. These families are coded for by 2
1 genes; and further multiple splicevariants are transcribed from many of
these genes. Expression patterns of each of the gene families are distinct.
PDEs differ with respect to their affinity for cAMP and cGMP. Activities of
different PDEs are regulated by different signals. For example, PDEl is
stimulated by Ca2+/calmodulin. PDE2 activity is stimulated by cGMP. PDE3 is
inhibited by cGMP. PDE4 is cAMP specific and is specifically inhibited by
rolipram. PDE5 is cGMP-specif c. PDE6 is expressed in retina. [0006] PDE10
sequences were identified by using bioinformatics and sequence information
from other PDE gene families (Fujishige et al., J. Biol. Chem.
274:18438-18445, 1999; Loughney et al., Gene 234:109-1 17, 1999; Soderling
et al., Proc. Natl. Acad. ScL USA 96:7071-7076, 1999). The PDElO gene
family is distinguished based on its amino acid sequence, functional
properties and tissue distribution. The human PDE 10 gene is large, over
200 kb, with up to 24 exons coding for each of the splice variants. The
amino acid sequence is characterized by two GAF domains (which bind cGMP),
a catalytic region, and alternatively spliced N and C termini. Numerous
splice variants are possible because at least three alternative exons
encode N termini and two exons encode C-termini. PDElOAl is a 779 amino
acid protein that hydrolyzes both cAMP and cGMP. The Km values for cAMP and
cGMP are 0.05 and 3.0 micromolar, respectively. In addition to human
variants, several variants with high homology have been isolated from both
rat and mouse tissues and sequence banks. [0007] PDE10 RNA transcripts were
initially detected in human testis and brain. Subsequent
immunohistochemical analysis revealed that the highest levels of PDElO are
expressed in the basal ganglia. Specifically, striatal neurons in the
olfactory tubercle, caudate nucleus and nucleus accumbens are enriched in
PDElO. Western blots did not reveal the expression of PDElO in other brain
tissues, although immunoprecipitation of the PDElO complex was possible in
hippocampal and cortical tissues. This suggests that the expression level
of PDElO in these other tissues is 100-fold less than in striatal neurons.
Expression in hippocampus is limited to the cell bodies, whereas PDElO is
expressed in terminals, dendrites and axons of striatal neurons. [0008] The
tissue distribution of PDE10 indicates that PDE10 inhibitors can be used to
raise levels of cAMP and/or cGMP within cells that express the PDElO
enzyme, for example, in neurons that comprise the basal ganglia and
therefore would be useful in treating a variety of neuropsychiatric
conditions involving the basal ganglia such as obesity, non-insulin
dependent diabetes, schizophrenia, bipolar disorder, obsessive compulsive
disorder, and the like.SUMMARY OF THE INVENTION [0009] The present
invention comprises a new class of pyrazine compounds useful in the
treatment of diseases, such as PDE10-mediated diseases and other maladies,
such as schizophrenia, bipolar disorder, or obsessive-compulsive disorder.
Accordingly, the invention also comprises pharmaceutical compositions
comprising the compounds, methods for the 



treatment of PDE10-mediated diseases and other maladies, such as
schizophrenia, bipolar disorder, or obsessive-compulsive disorder, using
the compounds and compositions of the invention, and intermediates and
processes useful for the preparation of the compounds of the invention.
[0010] The compounds of the invention are represented by the following
general structure: or a pharmaceutically acceptable salt thereof, wherein
m, n, p, R1, R2, R3, R4, X1, X2, X3, X4, X5, X5, X7,X8, X9, X10 , X1 1,Y
and Z are defined below. [001 1] Other compounds of the invention are
represented by the following general structure: or a pharmaceutically
acceptable salt thereof, wherein m, n, p, y, R2, R3, R4, R9, X1, X5, and Z
are defined below. [0012] Other compounds of the invention are represented
by the following general structure:or a pharmaceutically acceptable salt
thereof, wherein m, n, p, y, R2, R3, R4, R9, X1, X5, and Z are defined
below. [0013] Other compounds of the invention are represented by the
following general structure: or a pharmaceutically acceptable salt thereof,
wherein m, n, R1, R2, R3, R4, X1, X2, X3, X4, Y and Z are defined below.
[0014] The foregoing merely summarizes certain aspects of the invention and
is not intended, nor should it be construed, as limiting the invention in
any way. All patents, patent applications and other publications recited
herein are hereby incorporated by reference in their entirety. DETAILED
DESCRIPTION OF THE INVENTION [0015] One aspect of the current invention
relates to compounds having the general structure of formula (I): or any
pharmaceutically-acceptable salt thereof, wherein: Each of X1, X2,X3, X4,
and X5 is independently N or C; wherein no more than two of X1, X2, X3 and
X4 are N;Each of X6, X7,X9, and X10 is independently N or C; each of X8 and
X1 1 is C; wherein no more than three of X6, X7, X9, and X10 are N; Y is
NH, NR5, CH(OH), C(=O), -CRaRb, or CF2; or alternatively Y and R3 form a 5-
to 6- membered ring fused to the ring containing both said Y and R ; Z is
NH, NR6, S, SO, SO2, O, or C; wherein Z is only C when Xs is N; m is O, 1,
2, 3 or 4; n is 0, 1 or 2; p is 0, 1 or 2; R1 is selected from the group
consisting of (a) H, F, Cl, Br, I , d _8alk, Ci_4haloalk, -ORa, -NRaRa,
-N(Ra)C(=0)R b, -C(=0)NR aRa, -C(=O)R d, -C(=O)-O-R a, -ORC, -NRaRc,
-N(Rc)C(=O)R b, -N(Ra)C(=0)R c, -C(=0)NR aRb, or -C(=0)NR aRc; (b) a
saturated, partially-saturated or unsaturated 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or a saturated, partially-saturated or unsaturated 8-, 9-,
10-, 11-, or 12-membered bicyclic ring, wherein each said ring contains 0,
1, 2, 3, or 4 N atoms and 0, 1, or 2 atoms selected from O and S, and
wherein each said ring is substituted by 0, 1, 2 or 3 groups selected from
F, Cl, Br, d _6alk, Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b,
-C(=O)OR a, -C(=O)NR aRa, -C(=NRa)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2
6alkNRaRa, -OC2_6alkORa, -SRa, -S(=O)R b, -S(=O)2Rb, -S(=O) 2NRaRa, -NRaRa,
-NRaRc, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR
a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa, -NRaC2
6alk0R a, -Ci_6alkNRaRa, -Ci_5alkORa, -Ci_6alkN(R a)C(=O)R b,
-Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a, R7, R8 and oxo;
(c) group -L-R 7, wherein L is CH2, NH, N(d_ 4alk), -C(=O)NR aRa(d_ 4alk),
O, S, S=O, or S(=O)2; or (d) Ci_6alk substituted by 0, 1, 2 or 3 groups
selected from F, Cl, Br, Ci_6alk, d _4haloalk, -ORa, -OCi_4haloalk, CN,
-C(=O)R b, -C(=O)OR b, -C(=O)NR aRa, -C(=NRa)NRaRa, -OC(=O)R b, -OC(=O)NR
aRa, -OC2 6alkNRaRa, -OC2_6alkORa, -SRa, -S(=O)Rb, -S(=O)2Rb, -S(=O)
2NRaRa, -NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa,
-N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O)2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa,
-NRaC2_6alk0R a, -Ci_6alkNRaRa, -Ci_6alkORa, R8 and oxo; R2 is,
independently in each instance, F, Cl, Br, CN, OH, OCi_4alk, Ci-4alk or
Ci_4haloalk; R3 is, independently in each instance, F, Cl, Br, CN, OH,
OCi_4alk, Ci-4alk, or -NRaCi_4alk; R4 is independently in each instance, F,
Cl, CH3, CN, CF3, CHF2, CH2F, ORa, or NRaRa; R5 is Ci_8alk, Ci_4haloalk,
-C(=O)R b, or Rc;R6 is Ci_8alk, Ci_4haloalk, -C(=O)R b, or Rc; R7 is a
saturated, partially-saturated or unsaturated 3-, A-, 5-, 6-, or 7-membered
monocyclic or 8-, 9-, 10-, 11-, or 12-membered bicyclic ring containing 0,
1, 2 or 3 N atoms and 



0 or 1 atoms selected from O and S, which is substituted by 0, 1, 2 or 3
groups selected from F, Cl, Br, Ci_6alk, Ci_4haloalk, -ORa, -OC^haloalk,
CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b,
-OC(=O)NR aRa, -OC2-6alkNR aRa, -OC2 6alkORa, -SRa, -S(=O)R b, -S(=O) 2Rb,
-S(=O) 2NRaRa, -NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa,
-N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa,
-NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkN(R a)C(=O)R b, -d_ 6alkOC(=O)R b,
-Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a, R8 and oxo; R8 is a Ci_6alk
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk,
Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa,
-C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNRaRa, -OC2_6alkOR a,
-SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(Ra)C(=O)R b,
-N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb,
-N(Ra)S(=O) 2NRaRa, -NRaC2 6alkNRaRa, -NRaC2_6alk0R a, -Ci_6alkNR aRa,
-C^alkOR a, -Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa,
-Ci_6alkC(=O)OR a and oxo; Ra is independently, at each instance, H or Rb;
Rb is independently, at each instance, phenyl, benzyl or Ci_6alk, the
phenyl, benzyl and Ci_6alk being substituted by 0, 1, 2 or 3 substituents
selected from halo, Ci_4alk, -OH, -OCi_4alk, -NH2, -NHCi_4alk,
-OC(=O)Ci_4alk, or -N(d_ 4alk)Ci_4alk; Rc is a Co-4alk-linked saturated,
partially-saturated or unsaturated 3-, 4-, 5-, 6-, or 7- membered
monocyclic or 8-, 9-, 10-, 11-, or 12-membered bicyclic ring containing 0,
1, 2 or 3 N atoms and 0 or 1 atom selected from O and S, which is
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, C1-6alk, CM
haloalk, R7, -ORa, -OC M haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa,
-C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNRaRa, -OC2_6alkOR a,
-SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(Ra)C(=O)R b,
-N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb,
-N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa, -NRaC2_6alk0R a, -Ci_6alkNRaRa,
-Ci_6alkORa, -Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR
aRa, -Ci_6alkC(=O)OR a and oxo; and Rd is a nitrogen-linked saturated,
partially-saturated, or unsaturated 5-, 6- or 7-membered ring heterocycle
containing the linking nitrogen and 0, 1 or 2 additional nitrogen atoms and
containing 0 or 1 sulfur or oxygen atom, the heterocycle being substituted
by 0, 1, 2 or 3 substituents selected from oxo, halo, Ci_4alk, Ci_3haloalk,
-OCi_4alk, -NH2, -NHCi_4alk, and[0016] In another embodiment, the group: is
selecte from the group consisting of ; [0017] In another embodiment, the
group [0018] In another embodiment, the group [0019] In another embodiment,
the group [0020] In another embodiment, the group[0021] In another
embodiment, the group [0022] In another embodiment, the group In another
embodiment, the group [0024] In another embodiment, the group [0025] In
another embodiment, the group [0026] In another embodiment, the group[0027]
In another embodiment, Y is NH, N-CH3, CF2, or -C(=O). [0028] In another
embodiment, Y is NH. [0029] In another embodiment, Y is -C(=O). [0030] In
another embodiment, Y is -N-CH 2-C6C5-F. [0031] In another embodiment, Y is
-CH2- . [0032] In another embodiment, Y and R3 form a 5- to 6- membered
ring fused to the ring containing both said Y and R3; wherein Y is NH, and
R3 is Ci-4alk or -NRaCi_4alk. [0033] In another embodiment, X1 is N or C,
and each of X2, X3, X4, and X5 is C. [0034] In another embodiment, X5 is N.
[0035] In another embodiment, X5 is C. [0036] In another embodiment, Z is
NH, N-C 1-4alk N-haloC 1-4alk S, or -C=. [0037] In another embodiment, Z is
N or -C=. [0038] In another embodiment, m is 0 or 1. [0039] In another
embodiment, n is 0 or 1. [0040] In another embodiment, p is 0 or 1. [0041]
In another embodiment, R1 is selected from the group consisting of H, F,
Cl, Br, I, -ORa, Ci_8alk, Ci_4haloalk, -C(=O)-O-R a, -C(=O)NR aRa, -ORC,
and -C(=O)NR aRc. [0042] In another embodiment, R1 is selected from the
group consisting of H, F, Cl, Br, -ORa, -C(=O)NR aRa, -ORC, and -C(=O)NR
aRc. [0043] In another embodiment, R1 is selected from the group consisting
of a saturated, partially-saturated or unsaturated 4-, 5-, 6-, or
7-membered monocyclic ring, wherein each said ring contains 0, 1, 2, or 3 N
atoms and 0, 1, or 2 O atoms, and wherein each said ring is substituted by
0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk, Ci_4haloalk, -ORa,
-OCi 4haloalk, CN, -C(=O)R b, -C(=O)OR a, -NRaRa, -NRaRc, R7, R8 and oxo.
[0044] In another embodiment, R1 is selected from the group consisting of a
saturated, 



partially-saturated or unsaturated 8-, 9-, 10-, 11-, or 12-membered
bicyclic ring, wherein each said ring contains 0, 1, 2, or 3 N atoms and 0,
1, or 2 O atoms, and wherein each said ring is substituted by 0, 1, 2 or 3
groups selected from F, Cl, Br, Ci_ alk, Ci_4haloalk, -ORa, -OCi_4haloalk,
CN, -C(=O)R b, -C(=O)OR a, -NRaRa, -NRaRc, R7, R8 and oxo.[0045] In another
embodiment, R1 is selected from the group consisting of cyclohexyl,
cyclopentyl, cyclopentenyl, cyclohexenyl, cycloheptyl, azetidinyl, phenyl,
2-pyridyl, 3-pyridyl, pyrazolyl, morpholinyl, pyrimidyl, piperazinyl,
piperidinyl, dihydropyranyl, tetrahydropyranyl, tetrahydrofuranyl,
tetrahydropyridinyl, tetrahydrothiopyranyl, oxaspiro[3.5]nonyl, azepanyl,
oxepanyl, quinolinyl, dihydrotriazolo[4,3-a]pyrazinyl,
pyrrolo[2,3-b]pyridinyl, all of which are substituted by 0, 1, 2 or 3
groups selected from all of which are substituted by 0, 1 or 2 groups
selected from F, Cl, Br, d _6alk, Ci_4haloalk, -ORa, CN, -C(=O)R b,
-C(=O)OR a, -SRa, R7, and oxo. [0046] In another embodiment, R1 is -L-R 7
wherein L is -CH - . [0047] In another embodiment, R1 is Ci_6alk
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk,
Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR b, -C(=O)NR aRa,
-C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNRaRa, -OC2 6alkOR a,
-SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(Ra)C(=O)R b,
-N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb,
-N(Ra)S(=O) 2NRaRa, -NRaC2-6alkNRaRa, -NRaC2-6alk0R a, -Ci_6alkNRaRa,
-Ci_6alkORa, R8 and oxo. [0048] In another embodiment, R1 is selected from
the group consisting of: Cl, Br, I, COOH,[0049] In another embodiment, R1
is selected from the group consisting of:[0050] In another embodiment, R2
is, independently in each instance, F, Cl, Br, CN, OH, OCi_4alk, Ci_4alk or
C1-4haloalk. [0051] In another embodiment, R3 is, independently in each
instance, F, Cl, Br, CN, OH, OCi_4alk, C1-4alk or Ci-4haloalk. [0052] In
another embodiment, R4 is F. [0053] In another embodiment, R5 is methyl.
[0054] In another embodiment, R6 is methyl. [0055] In another embodiment,
R7 is a saturated 3-, 4-, 5- or 6-membered monocyclic ring containing 0 or
1N atom and 0 or 1 O atom, which is substituted by 0, 1, 2 or 3 groups
selected from F, Cl, Br, d _6alk, Ci_4haloalk, -ORa, -OCi_4haloalk, CN,
-C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR
aRa, -OC2_6alkNRaRa, -OC2-6alkOR a, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O)
2NRaRa, -NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa,
-N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa,
-NRaC2 6alk0R a, -Ci_6alkNRaRa, -d 6alkORa, -d_ 6alkN(R a)C(=O)R b,
-Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a, R8 and oxo.
[0056] In another embodiment, R8 is Ci_6alk substituted by 0 or 1 -ORa.
[0057] In another embodiment, Ra is H or Ci_6alk substituted by 0 or 1 -OH,
-OCi_4alk, - OC(=O)Ci_4alk, or -N(Ci_4alk)Ci_4alk. [0058] In another
embodiment, Rc is a Co-4alk-linked saturated, partially-saturated or
unsaturated 3-, 5-, or 6-membered monocyclic ring containing 0 or 1N atom
and 0 or 1 atom selected from O and S, which is substituted by 0 or 1
groups selected from F, Ci_ alk, Ci_4haloalk, -ORa, R7, or R8. [0059] In
another embodiment, the group of formula: is selected from the group
consisting of[0060] In another embodiment, the group of formula: selected
from the group consisting of [0061] In another embodiment, the group of
formula: is selected from the group consisting of [0062] Another aspect of
the invention relates to a method of treating conditions that may be
treated with PDElO inhibitors comprising the step of administering a
compound of formula (I) of the present invention. [0063] Another aspect of
the invention relates to a method wherein said condition that may be
treated with PDElO inhibitors is selected from the group consisting of
psychoses, Parkinson's disease, dementias, obsessive compulsive disorder,
tardive dyskinesia, choreas,depression, mood disorders, impulsivity, drug
addiction, attention def cit/hyperactivity disorder (ADHD), depression with
parkinsonian states, personality changes with caudate or putamen disease,
dementia and mania with caudate and pallidal diseases, and compulsions with
pallidal disease. [0064] Another aspect of the invention relates to a
method wherein said condition that may be treated with PDElO inhibitors is
selected from the group consisting of schizophrenia, bipolar disorder, and
obsessive-compulsive disorder. [0065] Another aspect of the invention
relates to a pharmaceutical composition comprising a compound of formula
(I) and a pharmaceutically-acceptable diluent or carrier. [0066] Another
aspect of the current invention relates to compounds having the general
structure of formula (II): or any pharmaceutically-acceptable salt thereof,
wherein: Z is NH, NR6, S or O; m is 0, 1, 2, 3 or 4; 



n is 0, 1 or 2; p is 0, 1 or 2; y is O, 1, 2, 3 or 4; X1 is N or C; X5 is N
or C; Ring A is a carbon-linked-saturated,
carbon-lmked-partially-saturated, or carbon-lmkedunsaturated A-, 5-, 6-,
7-, 8-, 9-, 10-, 1X-, or 12-membered carbocycle ring containing 0, 1 or 2 N
atoms and containing 0 or 1 S or O atom; or a nitrogen-linked-saturated,
nitrogen-linkedpartially- saturated, or nitrogen-linked-unsaturated 4-, 5-,
6-, 7-, 8-, 9-, 10-, H-, or 12-membered ring heterocycle containing the
linking nitrogen and 0, 1 or 2 additional N atoms and containing 0 or 1 S
or O atom; R2 is, independently in each instance, F, Cl, Br, CN, OH, OCi
4alk, Ci 4alk or Ci 4haloalk; R3 is, independently in each instance, F, Cl,
Br, CN, OH, Ci-4alk or Ci_4haloalk;R4 is independently in each instance, F,
Cl, CH3, CN, CF3, CHF2, CH2F, ORa, or NRaRa; R5 is C1-8JiIk, Ci_4haloalk,
-C(=O)R b, or Rc; R6 is C1-8-Uk, Ci_4haloalk, -C(=O)R b, or Rc; R7 is a
saturated, partially-saturated or unsaturated 3-, 4-, 5-, 6-, or 7-membered
monocyclic or 8-, 9-, 10-, 11-, or 12-membered bicyclic ring containing 0,
1, 2, 3, or 4 N atoms and 0 or 1 atoms selected from O and S, which is
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk,
Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa,
-C(=NR a)NR aRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2-6alkNR aRa, -OC2_6alkOR a,
-SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(R a)C(=O)R b, -N(R
a)C(=O)OR b, -N(R a)C(=O)NR aRa, -N(R a)C(=NR a)NRaRa, -N(R a)S(=O) 2Rb,
-N(R a)S(=O) 2NRaRa, -NRaC2_6alkNR aRa, -NRaC2_6alk0R a, -Ci_6alkNR aRa,
-Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -d_
6alkC(=O)OR a, R8 and oxo; R8 is a Ci_6alk substituted by 0, 1, 2 or 3
groups selected from F, Cl, Br, Ci_6alk, Ci_4haloalk, -ORa, -OC 1-4haloalk,
CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NR aRa, -OC(=O)R b,
-OC(=O)NR aRa, -OC2-6alkNR aRa, -OC 2_6alkOR a, -SRa, -S(=O)R b, -S(=O)
2Rb, -S(=O) 2NRaRa, -NRaRa, -N(R a)C(=O)R b, -N(R a)C(=O)OR b, -N(R
a)C(=O)NR aRa, -N(R a)C(=NR a)NRaRa, -N(R a)S(=O) 2Rb, -N(R a)S(=O) 2NRaRa,
-NRaC2_6alkNR aRa, -NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkN(R a)C(=O)R b,
-Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a and oxo; R9 is
independently selected from the group consisting of H, F, Cl, Br, Ci- alk,
Ci_4haloalk, -ORa, -OC 1-4haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa,
-C(=NR a)NR aRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNR aRa, -OC 2_6alkOR
a, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -NRaRc, -N(R
a)C(=O)R b, -N(R a)C(=O)OR b, -N(R a)C(=O)NR aRa, -N(R a)C(=NR a)NRaRa,
-N(R a)S(=O) 2Rb, -N(R a)S(=O) 2NRaRa, -NRaC2 6alkNR aRa, -NRaC2_6alk0R a,
-Ci_6alkNR aRa, -C^aIkOR , -Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b,
-Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a, R7, R8 and oxo; Ra is
independently, at each instance, H or Rb; Rb is independently, at each
instance, phenyl, benzyl or Ci_6alk, the phenyl, benzyl and Ci_6alk being
substituted by 0, 1, 2 or 3 substituents selected from halo, Ci_4alk,
Ci_3haloalk, -OH, -OCi_4alk, -NH2, -NHCi_4alk, -OC(=O)Ci_ 4alk, or
-N(Ci_4alk)Ci_4alk; and Rc is a Co-4alk-linked saturated,
partially-saturated or unsaturated 3-, 4-, 5-, 6-, or 7- membered
monocyclic or 8-, 9-, 10-, 11-, or 12-membered bicyclic ring containing 0,
1, 2 or 3 N atoms and 0 or 1 atom selected from O and S, which is
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, C1-6alk,
Ci_4haloalk, R7, -OR a, -OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR
aRa, -C(=NR a)NR aRa, -OC(=O)R b, -OC(=O)NR aRa, -OC 2_6alkNR aRa,
-OC2_6alkOR a,-SR a, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NR aRa, -N(R
a)C(=O)R b, -N(R a)C(=O)OR b, -N(R a)C(=O)NR aRa, -N(R a)C(=NR a)NR aRa,
-N(R a)S(=O) 2Rb, -N(R a)S(=O) 2NRaRa, -NR aC2_6alkNR aRa, -NRaC2.6alk0R a,
-Ci_6alkNR aRa, -Ci_6alkOR a, -Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b,
-d_ 6alkC(=O)NR aRa, -Ci. 6alkC(=O)OR a and oxo. [0067] In another
embodiment, Zis NH, N-C1-4alk or S. [0068] Another aspect of the current
invention relates to compounds having the general structure of formula
(Ha): or a pharmaceutically acceptable salt thereof, wherein m, n, p, y,
R2, R3, R4, and R9 are as defined in compounds of formula (II), and any
other embodiments below. [0069] In one embodiment of compounds of formula
(Ha), ring A is bonded to the pyrazinyl ring via a carbon atom having an
sp3 hybridization. [0070] In one embodiment of compounds of formula (Ha),
ring A is bonded to the pyrazinyl ring via a carbon atom having an sp2
hybridization. [0071] In one embodiment of compounds of formula (Ha), ring
A is bonded to the pyrazinyl ring via a carbon atom having an sp
hybridization. [0072] In one embodiment of compounds of formula (Ha), ring
A is bonded to the pyrazinyl ring via a nitrogen atom having an sp3
hybridization. [0073] In one embodiment of compounds of formula (Ha), ring
A is bonded to the pyrazinyl ring via a nitrogen atom having an sp2
hybridization. 



[0074] In another embodiment of compounds of formula (Ha), ring A is a
5-membered ring saturated heterocycle, which is optionally substituted with
-C(=O)Rb, -C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo. [0075] In
another embodiment of compounds of formula (Ha), ring A is a 6-membered
ring saturated heterocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb,-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -d_ 6alkC(=O)ORa, or oxo. [0076] In
another embodiment of compounds of formula (Ha), ring A is a 4-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb,
-Ci_5alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo. [0077] In
another embodiment of compounds of formula (Ha), ring A is a 5-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -d_ 6alkC(=O)ORa, or oxo. [0078] In
another embodiment of compounds of formula (Ha), ring A is a 6-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -d_ 6alkN(Ra)C(=O)Rb, -d_
6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo. [0079] In
another embodiment of compounds of formula (Ha), ring A is a 7-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -d_ 5alkN(Ra)C(=O)Rb,
-Ci_5alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -d_ 6alkC(=O)ORa, or oxo. [0080]
Another aspect of the current invention relates to compounds having the
general structure of formula (lib): or a pharmaceutically acceptable salt
thereof, wherein m, n, p, y, R2, rR>3, rR, 4,a" nd R9 are as defined in
compounds of formula (II), and any other embodiments below.[0081] In one
embodiment of compounds of formula (lib), ring A is bonded to the pyrazinyl
ring via a carbon atom having an sp3 hybridization. [0082] In one
embodiment of compounds of formula (lib), ring A is bonded to the pyrazinyl
ring via a carbon atom having an sp2 hybridization. [0083] In one
embodiment of compounds of formula (lib), ring A is bonded to the pyrazinyl
ring via a carbon atom having an sp hybridization. [0084] In one embodiment
of compounds of formula (lib), ring A is bonded to the pyrazinyl ring via a
nitrogen atom having an sp3 hybridization. [0085] In one embodiment of
compounds of formula (lib), ring A is bonded to the pyrazinyl ring via a
nitrogen atom having an sp2 hybridization. [0086] In another embodiment of
compounds of formula (lib), ring A is a 5-membered ring saturated
heterocycle, which is optionally substituted with -C(=O)Rb, -C(=O)ORa,
-C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb, -Ci_6alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo. [0087] In another embodiment
of compounds of formula (lib), ring A is a 6-membered ring saturated
heterocycle, which is optionally substituted with -C(=O)Rb, -C(=O)ORa,
-C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb, -Ci_5alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo. [0088] In another embodiment
of compounds of formula (lib), ring A is a 4-membered ring saturated
carbocycle, which is optionally substituted with -C(=O)Rb, -C(=O)ORa,
-C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb, -Ci_6alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -d_ 6alkC(=O)ORa, or oxo. [0089] In another embodiment
of compounds of formula (lib), ring A is a 5-membered ring saturated
carbocycle, which is optionally substituted with -C(=O)Rb, -C(=O)ORa,
-C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -d_ 6alkN(Ra)C(=O)Rb, -d_ 6alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo. [0090] In another embodiment
of compounds of formula (lib), ring A is a 6-embered ring saturated
carbocycle, which is optionally substituted with -C(=O)Rb, -C(=O)ORa,
-C(=O)NRaRa, 



-C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb,
-N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb, -Ci_6alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, or oxo.[0091] In another embodiment
of compounds of formula (lib), ring A is a 7-membered ring saturated
carbocycle, which is optionally substituted with -C(=O)R , -C(=O)ORa,
-C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -d_ 6alkN(Ra)C(=O)Rb, -d_ 6alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -d_ 6alkC(=O)ORa, or oxo. [0092] In another embodiment,
the group of formula: [0093] In another embodiment, ring A is a
carbon-linked-saturated, partially-saturated, or unsaturated A-, 5-, 6-,
7-, 8-, 9-, 10-, 11-, or 12-membered carbocycle ring containing 0, 1 or 2 N
atoms and containing 0 or 1 S or O atom. [0094] In another embodiment, ring
A is a carbon-linked-saturated A-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, or
12-membered carbocycle ring containing 0, 1 or 2 N atoms and containing 0
or 1 S or O atom. [0095] In another embodiment, ring A is a
nitrogen-linked-saturated A-, 5-, 6-, 7- membered carbocycle ring
containing 0, 1 or 2 N atoms and containing 0 or 1 S or O atom. [0096] In
another embodiment, ring A is a nitrogen-linked-partially-saturated 4-, 5-,
6-, 7- , 8-, 9-, 10-membered carbocycle ring containing 0, 1 or 2 N atoms
and containing 0 or 1 S or O atom. [0097] In another embodiment, ring A is
a nitrogen-linked-unsaturated 4-, 5-, 6-, 8-, 10-, or 12-membered
carbocycle ring containing 0, 1 or 2 N atoms and containing 0 or 1 S or O
atom. [0098] In another embodiment, ring A is selected from the group
consisting of cyclohexyl, cyclopentyl, cyclopentenyl, cyclohexenyl, and
cycloheptyl.[0099] In another embodiment, ring A is selected from the group
consisting of azetidinyl, phenyl, 2-pyridyl, 3-pyridyl, pyrazolyl,
morpholinyl, pyrimidyl, piperazinyl, piperidinyl, dihydropyranyl,
tetrahydropyranyl, tetrahydrofuranyl, tetrahydropyridinyl, and
tetrahydrothiopyranyl. [00100] In another embodiment, ring A is selected
from the group consisting of oxaspiro[3.5]nonyl, azepanyl, oxepanyl, and
quinolinyl. [00101] In another embodiment, ring A is selected from the
group consisting of cyclohexyl, cyclopentyl, cyclopentenyl, cyclohexenyl,
cycloheptyl, azetidinyl, phenyl, 2-pyridyl, 3-pyridyl, pyrazolyl,
morpholinyl, pyrimidyl, piperazinyl, piperidinyl, dihydropyranyl,
tetrahydropyranyl, tetrahydrofuranyl, tetrahydropyridinyl,
tetrahydrothiopyranyl, oxaspiro[3.5]nonyl, azepanyl, oxepanyl, quinolinyl,
dihydrotriazolo[4,3-a]pyrazinyl, pyrrolo[2,3-b]pyridinyl, all of which are
substituted by 0, 1, 2 or 3 groups selected from all of which are
substituted by 0, 1 or 2 groups selected from F, Cl, Br, Ci_6alk,
Ci_4haloalk, -ORa, CN, -C(=O)R b, -C(=O)OR a, -SRa, R7, and oxo. [00102] In
another embodiment, ring A is selected from the group consisting of [00103]
In another embodiment, ring A is selected from the group consisting
of:[00104] In another embodiment, m is 0 or 1. [00105] In another
embodiment, n is 0 or 1. [00106] In another embodiment, p is 0 or 1.
[00107] In another embodiment, y is 0, 1, 2, or 3. [00108] In another
embodiment, R9 is selected from the group consisting of H, F, Cl, Br,
Ci-6JiIk, Ci_4haloalk, -OR a, -OC haloalk, CN, -C(=O)R b, -C(=O)OR a, -NR
aRa, -NR aRc, R7, R8 and oxo. [00109] In another embodiment, R2 is,
independently in each instance, F, Cl, Br, CN, OH, OCi_4alk, Ci_4alk or
Ci_4haloalk. [001 10] In another embodiment, R3 is, independently in each
instance, F, Cl, Br, CN, OH, OCi_4alk, C1-4alk or Ci-4haloalk. In another
embodiment, R4 is F. [001 1 1] In another embodiment, R6 is methyl. [001
12] In another embodiment, R7 is a saturated 5- or 6-membered monocyclic
ring containing 0 or 1 N atom and 0 or 1 O atom, which is substituted by 0,
1, 2 or 3 groups selected from F, Cl, Br, Ci-6SiIk, C haloalk, -OR a,
-OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NR aRa,
-OC(=O)R b, -OC(=O)NR aRa, -OC 2_6alkNR aRa, -OC 2-6alkOR a, -SR a, -S(=O)R
b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NR aRa, -N(R a)C(=O)R b, -N(R a)C(=O)OR b,
-N(R a)C(=O)NR aRa, -N(R a)C(=NR a)NR aRa, -N(R a)S(=O) 2Rb, -N(R a)S(=O)
2NRaRa, -NR aC2_6alkNR aRa, -NR aC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkOR a,
-Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -d_
6alkC(=O)OR a, R8 and oxo. [001 13] In another embodiment, R8 is Ci_6alk
substituted by 0 or 1 -OR a. [001 14] In another embodiment, Ra is H or d
_6alk substituted by 0 or 1 -OH, -OCi_4alk, -OC(=O)Ci_ 4alk, or
-N(Ci_4alk)Ci_4alk.[001 15] In another embodiment, Rc is a Co-4alk-linked
saturated, partially-saturated or unsaturated 3-, 5-, or 6-membered
monocyclic ring containing 0 or 1N atom and 0 or 1 atom selected from O and
S, which is substituted by 0 or 1 groups selected from Ci_6alk, R7, or
-ORa. [001 16] Another aspect of the invention relates to a method of
treating conditions that may be treated with PDElO inhibitors comprising
the step of administering a compound of formula (II). 



[001 17] Another aspect of the invention relates to a method of treating
conditions that may be treated with PDE 10 inhibitors comprising the step
of administering a compound of formula (II); wherein said condition is
selected from the group consisting of psychoses, Parkinson's disease,
dementias, obsessive compulsive disorder, tardive dyskinesia, choreas,
depression, mood disorders, impulsivity, drug addiction, attention
deficit/hyperactivity disorder (ADHD), depression with parkinsonian states,
personality changes with caudate or putamen disease, dementia and mania
with caudate and pallidal diseases, and compulsions with pallidal disease.
[001 18] Another aspect of the invention relates to a method of treating
conditions that may be treated with PDE 10 inhibitors comprising the step
of administering a compound of formula (II); wherein said condition is
selected from the group consisting of schizophrenia, bipolar disorder, and
obsessive-compulsive disorder. [001 19] Another aspect of the invention
relates to a pharmaceutical composition comprising a compound of formula
(II) and a pharmaceutically-acceptable diluent or carrier. [00120] Another
aspect of the current invention relates to compounds having the general
structure of formula (III): or any pharmaceutically-acceptable salt
thereof, wherein: Z is NH, NR6, S or O; m is O, 1, 2, 3 or 4; n is 0, 1 or
2; p is 0, 1 or 2; y is O, 1, 2, 3 or 4; X1 is N or C;X5 is N or C; Ring A
is a carbon-linked-saturated, carbon-linked-partially-saturated, or
carbon-linkedunsaturated 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, or 12-membered
carbocycle ring containing 0, 1 or 2 N atoms and containing 0 or 1 S or O
atom; or a m'trogen-linked-saturated, nitrogen-linkedpartially- saturated,
or nitrogen- linked-unsaturated 4-, 5-, 6-, 7-, 8-, 9-, 10-, H-, or
12-membered ring heterocycle containing the linking nitrogen and 0, 1 or 2
additional N atoms and containing 0 or 1 S or O atom; R2 is, independently
in each instance, F, Cl, Br, CN, OH, OCi_4alk, Ci_4alk or Ci_4haloalk; R3
is, independently in each instance, F, Cl, Br, CN, OH, OCi_4alk, Ci_4alk or
Ci_4haloalk; R4 is independently in each instance, F, Cl, CH3, CN, CF3,
CHF2, CH2F, ORa, or NRaRa; R5 is C1-8IiIk, Ci_4haloalk, -C(=O)R b, or Rc;
R6 is Ci_8alk, Ci_4haloalk, -C(=O)R b, or Rc; R7 is a saturated,
partially-saturated or unsaturated 3-, 4-, 5-, 6-, or 7-membered monocyclic
or 8-, 9-, 10-, 11-, or 12-membered bicyclic ring containing 0, 1, 2, 3, or
4 N atoms and 0 or 1 atoms selected from O and S, which is substituted by
0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk, d _4haloalk, -ORa,
-OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NRaRa,
-OC(=O)R b, -OC(=O)NR aRa, -OC2-6alkNR aRa, -OC2-6alkOR a, -SRa, -S(=O)R b,
-S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(R a)C(=O)R b, -N(R a)C(=O)OR b, -N(R
a)C(=O)NR aRa, -N(R a)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb, -N(R a)S(=O) 2NRaRa,
-NRaC2 6alkNR aRa, -NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkN(R a)C(=O)R b,
-Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a, R8 and oxo; R8
is a Ci_6alk substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br,
Ci_6alk, Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR a,
-C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNR aRa,
-OC2_6alkOR a, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(R
a)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(R a)C(=NR a)NRaRa,
-N(Ra)S(=O) 2Rb, -N(R a)S(=O) 2NRaRa, -NRaC2 6alkNR aRa, -NRaC2_6alk0R a,
-Ci_6alkNR aRa, -Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR
aRa, -Ci_6alkC(=O)OR a and oxo; R9 is independently selected from the group
consisting of H, F, Cl, Br, Ci_6alk, Ci_4haloalk, -ORa, -OCi_4haloalk, CN,
-C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR
aRa, -OC2 6alkNR aRa, -OC2_6alkOR a, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O)
2NRaRa, -NRaRa, -NRaRc, -N(R a)C(=O)R b, -N(Ra)C(=O)OR b, -N(R a)C(=O)NR
aRa, -N(R a)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb, -N(R a)S(=O) 2NRaRa, -NRaC2
6alkNR aRa, -NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkN(R a)C(=O)R b,
-Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a, R7, R8 and oxo;
Ra is independently, at each instance, H or Rb; Rb is independently, at
each instance, phenyl, benzyl or Ci_6alk, the phenyl, benzyl and Ci_6alk
being substituted by 0, 1, 2 or 3 substituents selected from halo, Ci_4alk,
Ci_3haloalk, -OH, -OCi_4alk, -NH2, -NHC alk, -OC(=O)d_ 4alk, or -N(C alk)C
alk; and Rc is a Co-4alk-linked saturated, partially-saturated or
unsaturated 3-, 4-, 5-, 6-, or 7- membered monocyclic or 8-, 9-, 10-, 11-,
or 12-membered bicyclic ring containing 0, 1, 2 or 3 N atoms and 0 or 1
atom selected from O and S, which is substituted by 0, 1, 2 or 3 groups
selected from F, Cl, Br, C1-6alk, C^haloalk, R7, -ORa, -OCM haloalk, CN,
-C(=O)Rb, -C(=O)OR a, -C(=O)NR aRa, -C(=NRa)NRaRa, -OC(=O)R b, -OC(=O)NR
aRa, -OC2-6alkNRaRa, -OC2-6alkORa, -SRa, -S(=O)R b, -S(=O)2Rb, -S(=O)
2NRaRa, -NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, 



-N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O)
2NRaRa, -NRaC2-6alkNRaRa, -NRaC2 6alk0R a, -Ci_6alkNRaRa, -Ci_6alkORa,
-Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR aRa,
-Ci_6alkC(=O)OR a and oxo. [00121] In another embodiment, Zis NH, N-C
1-4alk or S. [00122] Another aspect of the current invention relates to
compounds having the general structure of formula (Ilia): or a
pharmaceutically acceptable salt thereof, wherein m, n, p, y, R2, R3, R4,
and R9 are as defined in compounds of formula (III), and any other
embodiments below. [00123] In one embodiment of compounds of formula
(Ilia), ring Ais bonded to the pyrazinyl ring via a carbon atom having an
sp3 hybridization. [00124] In one embodiment of compounds of formula
(Ilia), ring A is bonded to the pyrazinyl ring via a carbon atom having an
sp2 hybridization. [00125] In one embodiment of compounds of formula
(Ilia), ring Ais bonded to the pyrazinyl ring via a carbon atom having an
sp hybridization. [00126] In one embodiment of compounds of formula (Ilia),
ring Ais bonded to the pyrazinyl ring via a nitrogen atom having an sp3
hybridization. [00127] In one embodiment of compounds of formula (Ilia),
ring A is bonded to the pyrazinyl ring via a nitrogen atom having an sp2
hybridization.[00128] In another embodiment of compounds of formula (Ilia),
ring A is a 5-membered ring saturated heterocycle, which is optionally
substituted with -C(=O)Rb, -C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa,
-OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa,
-d_ 6alkN(Ra)C(=O)Rb, -d_ 6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -d_
6alkC(=O)ORa, and oxo. [00129] In another embodiment of compounds of
formula (Ilia), ring A is a 6-membered ring saturated heterocycle, which is
optionally substituted with -C(=O)Rb, -C(=O)ORa, -C(=O)NRaRa,
-C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb,
-N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb, -Ci_5alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo. [00130] In another
embodiment of compounds of formula (Ilia), ring A is a 4-membered ring
saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo. [00131] In
another embodiment of compounds of formula (Ilia), ring A is a 5-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb,
-Ci_5alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo. [00132] In
another embodiment of compounds of formula (Ilia), ring A is a 6-embered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -d_ 6alkC(=O)ORa, and oxo. [00133] In
another embodiment of compounds of formula (Ilia), ring A is a 7-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -d_ 6alkN(Ra)C(=O)Rb, -d_
6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo. [00134]
Another aspect of the current invention relates to compounds having the
general structure of formula (HIb):or a pharmaceutically acceptable salt
thereof, wherein m, n, p, y, R2, R3, R4, and R9 are as defined in compounds
of formula (III), and any other embodiments below. [00135] In one
embodiment of compounds of formula (HIb), ring A is bonded to the pyrazinyl
ring via a carbon atom having an sp3 hybridization. [00136] In one
embodiment of compounds of formula (HIb), ring A is bonded to the pyrazinyl
ring via a carbon atom having an sp2 hybridization. [00137] In one
embodiment of compounds of formula (HIb), ring A is bonded to the pyrazinyl
ring via a carbon atom having an sp hybridization. [00138] In one
embodiment of compounds of formula (HIb), ring A is bonded to the pyrazinyl
ring via a nitrogen atom having an sp3 hybridization. [00139] In one
embodiment of compounds of formula (HIb), ring A is bonded to the pyrazinyl
ring via a nitrogen atom having an sp2 hybridization. [00140] In another
embodiment of compounds of formula (HIb), ring A is a 5-membered ring
saturated heterocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb,
-Ci_5alkOC(=O)Rb, -Ci 6alkC(=O)NRaRa, -Ci 6alkC(=O)ORa, and oxo. 



[00141] In another embodiment of compounds of formula (HIb), ring A is a
6-membered ring saturated heterocycle, which is optionally substituted with
-C(=O)Rb, -C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, oxo. [00142] In another embodiment of compounds of
formula (HIb), ring A is a 4-membered ring saturated carbocycle, which is
optionally substituted with -C(=O)Rb, -C(=O)ORa, -C(=O)NRaRa,
-C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb,
-N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb, -Ci_5alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo.[00143] In another embodiment
of compounds of formula (HIb), ring A is a 5-membered ring saturated
carbocycle, which is optionally substituted with -C(=O)Rb, -C(=O)ORa,
-C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -d_ 6alkN(Ra)C(=O)Rb, -d_ 6alkOC(=O)Rb,
-Ci_6alkC(=O)NRaRa, -C1_6alkC(=O)ORa, and oxo. [00144] In another
embodiment of compounds of formula (HIb), ring A is a 6-embered ring
saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_5alkN(Ra)C(=O)Rb,
-Ci_5alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo. [00145] In
another embodiment of compounds of formula (HIb), ring A is a 7-membered
ring saturated carbocycle, which is optionally substituted with -C(=O)Rb,
-C(=O)ORa, -C(=O)NRaRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NRaRa,
-N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb, -N(Ra)C(=O)NRaRa, -Ci_6alkN(Ra)C(=O)Rb,
-Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NRaRa, -Ci_6alkC(=O)ORa, and oxo. [00146] In
another embodiment, the group of formula: is selected from the group
consisting of [00147] In another embodiment, ring Ais a
carbon-linked-saturated, partially-saturated, or unsaturated A-, 5-, 6-,
7-, 8-, 9-, 10-, 1X-, or 12-membered carbocycle ring containing 0, 1 or 2N
atoms and containing 0 or 1 Sor Oatom. [00148] In another embodiment, ring
Ais a carbon-linked-saturated A-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, or
12-membered carbocycle ring containing 0, 1 or 2N atoms and containing 0 or
1 Sor Oatom.[00149] In another embodiment, ring A is a
nitrogen-linked-saturated 4-, 5-, 6-, 7- membered carbocycle ring
containing 0, 1 or 2 N atoms and containing 0 or 1 S or O atom. [00150] In
another embodiment, ring A is a nitrogen-linked-partially-saturated 4-, 5-,
6-, 7- , 8-, 9-, 10-membered carbocycle ring containing 0, 1 or 2 N atoms
and containing 0 or 1 S or O atom. [00151] In another embodiment, ring A is
a nitrogen-linked-unsaturated 4-, 5-, 6-, 8-, 10-, or 12-membered
carbocycle ring containing 0, 1 or 2 N atoms and containing 0 or 1 S or O
atom. [00152] In another embodiment, ring A is selected from the group
consisting of cyclohexyl, cyclopentyl, cyclopentenyl, cyclohexenyl, and
cycloheptyl. [00153] In another embodiment, ring A is selected from the
group consisting of azetidinyl, phenyl, 2-pyridyl, 3-pyridyl, pyrazolyl,
morpholinyl, pyrimidyl, piperazinyl, piperidinyl, dihydropyranyl,
tetrahydropyranyl, tetrahydrofuranyl, tetrahydropyridinyl, and
tetrahydrothiopyranyl. [00154] In another embodiment, ring A is selected
from the group consisting of oxaspiro[3.5]nonyl, azepanyl, oxepanyl, and
quinolinyl. [00155] In another embodiment, ring A is selected from the
group consisting of cyclohexyl, cyclopentyl, cyclopentenyl, cyclohexenyl,
cycloheptyl, azetidinyl, phenyl, 2-pyridyl, 3-pyridyl, pyrazolyl,
morpholinyl, pyrimidyl, piperazinyl, piperidinyl, dihydropyranyl,
tetrahydropyranyl, tetrahydrofuranyl, tetrahydropyridinyl,
tetrahydrothiopyranyl, oxaspiro[3.5]nonyl, azepanyl, oxepanyl, quinolinyl,
all of which are substituted by 0, 1, 2 or 3 groups selected from all of
which are substituted by 0, 1 or 2 groups selected from F, Cl, Br, Ci_6alk,
Ci_4haloalk, -ORa, CN, -C(=O)Rb, -C(=O)ORa, -SRa, R7, and oxo. [00156] In
another embodiment, ring A is selected from the group consisting of:[00157]
In another embodiment, m is 0 or 1. [00158] In another embodiment, n is 0
or 1. [00159] In another embodiment, p is 0 or 1. [00160] In another
embodiment, y is 0, 1, 2, or 3. [00161] In another embodiment, R9 is
selected from the group consisting of H, F, Cl, Br, Ci_6alk, Ci_4haloalk,
-ORa, -OCi_4haloalk, CN, -C(=O)Rb, -C(=O)OR a, -NRaRa, -NRaRc, R7, R8 and
oxo. [00162] In another embodiment, R2 is, independently in each instance,
F, Cl, Br, CN, OH, OCi_4alk, Ci_4alk or d _4haloalk. [00163] In another
embodiment, R3 is, independently in each instance, F, Cl, Br, CN, OH,
OCi_4alk, Ci_ alk or Ci_4haloalk. In another embodiment, R4 is F. [00164]
In another embodiment, R6 is methyl. 



[00165] In another embodiment, R7 is a saturated 5- or 6-membered
monocyclic ring containing 0 or 1N atom and 0 or 1 O atom, which is
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, d _6alk,
Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)Rb, -C(=O)OR a, -C(=O)NR aRa,
-C(=NRa)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2_6alkNRaRa, -OC2-6alkORa,
-SRa, -S(=O)Rb, -S(=O)2Rb, -S(=O)2NRaRa, -NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NRa)NRaRa, -N(Ra)S(=O)2Rb,
-N(Ra)S(=O)2NRaRa,-NRaC2-6alkNRaRa, -NRaC2 6alk0R a, -Ci_6alkNRaRa,
-Ci_6alkORa, -Ci_6alkN(Ra)C(=O)Rb, -Ci_6alkOC(=O)Rb, -Ci_6alkC(=O)NR aRa,
-Ci_6alkC(=O)ORa, R8 and oxo. [00166] In another embodiment, R8 is d _6alk
substituted by 0 or 1 -ORa. [00167] In another embodiment, Ra is H or
Ci_6alk substituted by 0 or 1 -OH, -OCi_4alk, - OC(=O)Ci_4alk, or -N(Ci
4alk)Ci 4alk. [00168] In another embodiment, Rc is a Co_4alk-linked
saturated, partially-saturated or unsaturated 3-, 5-, or 6-membered
monocyclic ring containing 0 or 1N atom and 0 or 1 atom selected from O and
S, which is substituted by 0 or 1 groups selected from Ci_6alk, R7, or
-ORa. [00169] Another aspect of the invention relates to a method of
treating conditions that may be treated with PDE 10 inhibitors comprising
the step of administering a compound of formula (III). [00170] Another
aspect of the invention relates to a method of treating conditions that may
be treated with PDE 10 inhibitors comprising the step of administering a
compound of formula (III); wherein said condition is selected from the
group consisting of psychoses, Parkinson's disease, dementias, obsessive
compulsive disorder, tardive dyskinesia, choreas, depression, mood
disorders, impulsivity, drug addiction, attention def cit/hyperactivity
disorder (ADHD), depression with parkinsonian states, personality changes
with caudate or putamen disease, dementia and mania with caudate and
pallidal diseases, and compulsions with pallidal disease. [00171] Another
aspect of the invention relates to a method of treating conditions that may
be treated with PDElO inhibitors comprising the step of administering a
compound of formula (III); wherein said condition is selected from the
group consisting of schizophrenia, bipolar disorder, and
obsessive-compulsive disorder. [00172] Another aspect of the invention
relates to a pharmaceutical composition comprising a compound of formula
(III) and a pharmaceutically-acceptable diluent or carrier. [00173] Another
aspect of the current invention relates to compounds having the general
structure of formula (IV): or any pharmaceutically-acceptable salt thereof,
wherein: X 1 is N or C; X2 is N or C; X3 is N or C;X4 is N or C; wherein no
more than two of X1, X2, X3 and X4 are N; Y is NH, NR5 or C(=O); Z is NH,
NR6, S or O; m is 0, 1 or 2; n is independently in each instance 0, 1 or 2;
R1 is selected from H, F, Cl, Br, Ci_8alk, d _4haloalk, -ORa, -NRaRa,
-N(Ra)C(=O)R b and -C(=O)NR aRa, -C(=O)R d, -ORC, -NRaRc, -N(Rc)C(=O)R b,
-N(Ra)C(=O)R c and -C(=O)NR aRc; or R1 is -L-R 7, wherein L is CH2, NH, N(C
1-4-Uk), O, S, S O or S(=O)2; and R7 is a saturated, partially-saturated or
unsaturated 3-, 4-, 5-, 6-, or 7-membered monocyclic or 8-, 9-, 10-, 11-,
or 12-membered bicyclic ring containing 0, 1, 2 or 3 N atoms and 0 or 1
atoms selected from O and S, which is substituted by 0, 1, 2 or 3 groups
selected from F, Cl, Br, Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b,
-C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa,
-OC2-6alkNRaRa, -OC2-6alkORa, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa,
-NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR
a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa,
-NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkORa, -d_ 6alkN(R a)C(=O)R b, -d_
6alkOC(=O)R b, -Ci 6alkC(=O)NR aRa, -Ci_6alkC(=O)OR a and oxo; R2 is,
independently in each instance, F, Cl, Br, CN, OH, OCi-4alk, Ci-4alk or
Ci_4haloalk; R3 is, independently in each instance, F, Cl, Br, CN, OH,
Ci-4alk or Ci_4haloalk; R4 is independently in each instance, F, Me or CN;
R5 is Ci_8alk, Ci_4haloalk, or -C(=O)R b; R6 is Ci_8alk, Ci_4haloalk, or
-C(=O)R b; Ra is independently, at each instance, H or Rb; Rb is
independently, at each instance, phenyl, benzyl or Ci_6alk, the phenyl,
benzyl and Ci_6alk being substituted by 0, 1, 2 or 3 substituents selected
from halo, Ci_4alk, Ci_3haloalk, -OCi_4alk, -NH2, -NHCi_4alk, and
-N(Ci_4alk)Ci_4alk; Rc is a Co-ialk-linked saturated, partially-saturated
or unsaturated 3-, 4-, 5-, 6-, or 7- membered monocyclic or 8-, 9-, 10-,
11-, or 12-membered bicyclic ring containing 0, 1, 2 or 3 N atoms and 0 or
1 atoms selected from O and S, which is substituted by 0, 1, 2 or 3 groups
selected from F, Cl, Br, Ci_6alk, Ci_4haloalk, -ORa, -OCi_4haloalk, CN,
-C(=O)R b, -C(=O)OR a, -C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR
aRa, -OC2_6alkNRaRa, -OC2_6alkOR a, 



-SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(Ra)C(=O)R b,
-N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb,
-N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa, -NRaC2_6alk0R a, -Ci_6alkNRaRa,
-Ci_6alkORa, -Ci_6alkN(R a)C(=O)R b, -Ci_6alkOC(=O)R b, -Ci_6alkC(=O)NR
aRa, -Ci_6alkC(=O)OR a and oxo; andRd is a nitrogen-linked saturated,
partially-saturated or unsaturated 5-, 6- or 7-membered ring heterocycle
containing the linking nitrogen and 0, 1 or 2 additional nitrogen atoms and
containing 0 or 1 sulfur or oxygen atoms, the heterocycle being substituted
by 0, 1, 2 or 3 substituents selected from oxo, halo, Ci_4alk, Ci_3haloalk,
-OCi_4alk, -NH2, -NHCi_4alk, and [00174] In another embodiment, Z is NH.
[00175] In another embodiment, Z is NR6. [00176] In another embodiment, Z
is S. [00177] In another embodiment, Z is O. [00178] In another embodiment,
Y is NH. [00179] In another embodiment, Y is NR5. [00180] In another
embodiment, Y is C(=O) . [00181] In another embodiment, X1 is N. [00182] In
another embodiment, X2 is N. [00183] In another embodiment, X is N. [00184]
In another embodiment, X4 is N. [00185] In another embodiment, X1, X2, X3
and X4 are all C. [00186] In another embodiment, R1 is C3-4alk substituted
by 0, 1, 2 or 3 groups selected from F, Cl, Br, d _6alk, Ci_4haloalk, -ORa,
-OCi_4haloalk, CN, -C(=O)Rb, -C(=O)ORb, -C(=O)NR aRa, -C(=NRa)NRaRa,
-OC(=O)Rb, -OC(=O)NR aRa, -OC2_6alkNRaRa, -OC2-6alkORa, -SRa, -S(=O)Rb,
-S(=O)2Rb, -S(=O)2NRaRa, -NRaRa, -N(Ra)C(=O)Rb, -N(Ra)C(=O)ORb,
-N(Ra)C(=O)NR aRa, -N(Ra)C(=NRa)NRaRa, -N(Ra)S(=O)2Rb, -N(Ra)S(=O)2NRaRa,
-NRaC2-6alkNRaRa, -NRaC2-6alk0R a, -Ci_6alkNRaRa, -Ci_6alkORa and oxo.
[00187] In another embodiment, R1 is selected from piperidine, piperazine,
pyrrolidine, morpholine, pyridine and pyrimidine, all of which are
substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk,
Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)Rb, -C(=O)ORb, -C(=O)NR aRa,
-C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NR aRa, -OC2 6alkNRaRa, -OC2-6alkORa,
-SRa, -S(=O)Rb, -S(=O)2Rb, -S(=O)2NRaRa, -NRaRa, -N(Ra)C(=O)Rb,
-N(Ra)C(=O)ORb, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NRa)NRaRa, -N(Ra)S(=O)2Rb,
-N(Ra)S(=O)2NRaRa, -NRaC2_6alkNRaRa, -NRaC2-6alk0R a, -Ci_6alkNRaRa,
-Ci_6alkORa and oxo. [00188] In another embodiment, R1 is phenyl, all of
which are substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br,
C1-6alk, Ci_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)Rb, -C(=O)ORb,
-C(=O)NR aRa, -C(=NRa)NRaRa, -OC(=O)Rb, -OC(=O)NR aRa, -OC2 6alkNRaRa,
-OC2-6alkORa, -SRa, -S(=O)Rb, -S(=O)2Rb, -S(=O)2NRaRa, -NRaRa,
-N(Ra)C(=O)Rb,-N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa,
-N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2-6alkNRaRa, -NRaC2-6alk0R a,
-Ci_6alkNRaRa, -Ci_6alkORa and oxo. [00189] In another embodiment, R1 is
selected from piperidine, piperazine, pyrrolidine and morpholine, all of
which are substituted by 0, 1, 2 or 3 groups selected from F, Cl, Br,
Ci_6alk, C1_4haloalk, -ORa, -OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR b,
-C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNRaRa,
-OC2-6alkOR a, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa,
-N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa,
-N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa, -NRaC2_6alk0R a,
-Ci_6alkNR aRa, and oxo. [00190] In another embodiment, R1 is selected from
pyridine and pyrimidine, each of which are substituted by 0, 1, 2 or 3
groups selected from F, Cl, Br, Ci- alk, -ORa, -OCi_4haloalk, CN, -C(=O)R
b, -C(=O)OR b, -C(=O)NR aRa, -C(=NR a)NRaRa, -OC(=O)R b, -OC(=O)NR aRa,
-OC2 6alkNRaRa, -OC2-6alkORa, -SRa, -S(=O)R b, -S(=O) 2Rb, -S(=O) 2NRaRa,
-NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b, -N(Ra)C(=O)NR aRa, -N(Ra)C(=NR
a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O) 2NRaRa, -NRaC2_6alkNRaRa,
-NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkORa and oxo. [00191] In another
embodiment, R1 is a saturated 5- or 6-membered carbocyclic ring substituted
by 0, 1, 2 or 3 groups selected from F, Cl, Br, Ci_6alk, Ci_4haloalk, -ORa,
-OCi_4haloalk, CN, -C(=O)R b, -C(=O)OR b, -C(=O)NR aRa, -C(=NR a)NRaRa,
-OC(=O)R b, -OC(=O)NR aRa, -OC2 6alkNRaRa, -OC2_6alkORa, -SRa, -S(=O)R b,
-S(=O) 2Rb, -S(=O) 2NRaRa, -NRaRa, -N(Ra)C(=O)R b, -N(Ra)C(=O)OR b,
-N(Ra)C(=O)NR aRa, -N(Ra)C(=NR a)NRaRa, -N(Ra)S(=O) 2Rb, -N(Ra)S(=O)
2NRaRa, -NRaC2_6alkNRaRa, -NRaC2_6alk0R a, -Ci_6alkNR aRa, -Ci_6alkORa and
oxo. [00192] In another embodiment, R1 is selected from[00193] In another
embodiment, m is 0 . [00194] In another embodiment, m is 1, and R4 is F.
[00195] In another embodiment, m is 2; and R4 is F. [00196] In another
embodiment, n is 0. [00197] Another aspect of the invention relates to a
method of treating schizophrenia, bipolar disorder, or obsessive-compulsive
disorder using an effective amount of a compound of formula (IV). 



[00198] Another aspect of the invention relates to a method of treating a
disorder treatable by inhibition of PDElO in a patient which method
comprises administering to the patient a pharmaceutical composition
comprising an effective amount of a compound of formula (IV). [00199]
Another aspect of the invention relates to a pharmaceutical composition
comprising a compound of fomula (IV) and a pharmaceutically-acceptable
diluent or carrier. [00200] Another aspect of the invention relates to the
use of a compound according to any of the above embodiments as a
medicament. [00201] Another aspect of the invention relates to the use of a
compound according to any of the above embodiments in the manufacture of a
medicament for the treatment of schizophrenia, bipolar disorder, or
obsessive-compulsive disorder. [00202] Another aspect of the invention
relates to compounds of selected from the group consisting of:
(lH-Benzo[d]imidazol-2-yl)(4-(3-morpholinopyrazin-2-yloxy)phenyl)methanone;
(S)-(lH-benzo[d]imidazol-2-yl)(4-(3-(4-(l,l,l-trifluoro-2-hydroxypropan-2-y
l)piperidinl- yl)pyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-chloropyrazin-2-yloxy)phenyl)methanone;
[4-(3-Chloro-pyrazin-2-yloxy)-phenyl] -(6-fluoro-
1H-benzoimidazol-2-yl)-methanone;
(l-Methyl-lH-benzo[d]imidazol-2-yl)(4-(3-morpholinopyrazin-2-yloxy)phenyl)-
methanone;
(l-Isopropyl-lH-benzo[d]imidazol-2-yl)(4-(3-morpholinopyrazin-2-yloxy)pheny
l)- methanone;
4-(3-(4-((lH-benzo[d]imidazol-2-yl)difluoromethyl)phenoxy)pyrazin-2-yl)morp
holine (1H-benzo[d]imidazol-2-yl)(4-(3 -(4-(2-hydroxypropan-2-yl)piperidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(4-hydroxypiperidin- 1-yl)pyrazin-2- yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3 -(3 -hydroxypiperidin- 1-yl)pyrazin-2-
yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3-(4-methoxypiperidin- 1-yl)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(pyrrolidin-l-yl)pyrazm-2-yloxy)phenyl)meth
anone; (1H-benzo[d]imidazol-2-yl)(4-(3 -(piperidin-
1-yl)pyrazin-2-yloxy)phenyl)methanone;
(R)-(1H-benzo[d]imidazol-2-yl)(4-(3-(2-(methoxymethyl)pyrrolidin-
1-yl)pyrazin-2- yloxy) phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2,6-dimethylmorpholino)pyrazin-2-
yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3-(4-methylpiperazin-
1-yl)pyrazin-2- yloxy)phenyl)methanone; 1-(4-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperazin- 1-
yl)ethanone;
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-4-
carbonitrile;
(lH-benzo[d]imidazol-2-yl)(4-(3-(tetrahydro-2H-pyran-4-ylamino)pyrazin-2-
yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3-(tetrahydro-2H-pyran-3-ylamino)pyrazin-2-
yloxy)phenyl)methanone;
(4-(3-(l,4-oxazepan-4-yl)pyrazin-2-yloxy)phenyl)(lH-benzo[d]imidazol-2-yl)m
ethanone; (1H-benzo[d]imidazol-2-yl)(4-(3-(4-(methoxymethyl)piperidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone;
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-4-o
ne;(1H-benzo[d]imidazol-2-yl)(4-(3 -(4-(trifluoromethyl)piperidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(4-(2-hydroxyethyl)piperazin- 1-yl)pyrazin-2- yloxy)phenyl)methanone ;
ethyl
2-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperazin-
lyl) acetate;
(lH-benzo[d]imidazol-2-yl)(4-(3-(6,7-dihydro-lH-imidazo[4,5-c]pyridin-5(4H)
- yl)pyrazin-2-yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3-(4-methoxypiperidin- 1-yl)pyrazin-2-
yloxy)phenyl)methanone;
8-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-2-methyl-2,8
- diazaspiro[4.5]decan-l-one; (1H-benzo[d]imidazol-2-yl)(4-(3
-(4-morpholinopiperidin- 1-yl)pyrazin-2- yloxy)phenyl)methanone;
()-(lH-benzo[d]imidazol-2-yl)(4-(3-(3-hydroxypyrrolidin-l-yl)pyrazin-2-
yloxy)phenyl)methanone;
4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-l-methylpipe
razin-2- 



one; (S)-( 1H-benzo[d]imidazol-2-yl)(4-(3 -(2-(hydroxymethyl)pyrrolidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone;
(S)-(lH-benzo[d]imidazol-2-yl)(4-(3-(3-(hydroxymethyl)pyrrolidin-l-yl)pyraz
in-2- yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(3-methyl-5,6-dihydro-[l,2,4]triazolo[4,3-a
]pyrazin- 7(8H)-yl)pyrazin-2-yloxy)phenyl)methanone;
(R)-(1H-benzo[d]imidazol-2-yl)(4-(3-(3 -(hydroxymethyl)pyrrolidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone; (S)-(
1H-benzo[d]imidazol-2-yl)(4-(3-(2-(methoxymethyl)pyrrolidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(4-(2-hydroxyethyl)piperidin- 1-yl)pyrazin-2- yloxy)phenyl)methanone; ()-
1-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-3 -
carbonitrile; ()- 1-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyrrolidine-3 -
carbonitrile;ethyl
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-4-
carboxylate; ()-methyl 1-(3
-(4-(1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyrrolidine-
3-carboxylate; ()-ethyl
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-3-
carboxylate;
()-(lH-benzo[d]imidazol-2-yl)(4-(3-(3-(3-methyl-l,2,4-oxadiazol-5-yl)pyrrol
idin-lyl) pyrazin-2-yloxy)phenyl)methanone; (S)-(
1H-benzo[d]imidazol-2-yl)(4-(3 -(3-hydroxypyrrolidin- 1-yl)pyrazin-2-
yloxy)phenyl)methanone; ()-( 1H-benzo[d]imidazol-2-yl)(4-(3
-(4-(1-hydroxyethyl)piperidin- 1-yl)pyrazin-2- yloxy)phenyl)methanone;
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-4-
carboxylic acid; ()-( 1H-benzo[d]imidazol-2-yl)(4-(3 -(3
-(2-hydroxyethyl)piperidin- 1-yl)pyrazin-2- yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3 -(4-(hydroxymethyl)piperidin-
1-yl)pyrazin-2- yloxy)phenyl)methanone; ()-( 1H-benzo[d]imidazol-2-yl)(4-(3
-(3 -(2-hydroxypropan-2-yl)piperidin- 1-yl)pyrazin-2-
yloxy)phenyl)methanone; ()-4-(3 -(4-(I
H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-6-
methylpiperazin-2-one;
(lH-imidazo[4,5-b]pyridm-2-yl)(4-(3-morpholinopyrazin-2-yloxy)phenyl)methan
one; (4-(3 -chloropyrazin-2-yloxy)phenyl)( 1H-imidazo[4,5
-b]pyridin-2-yl)methanone;
(4-(3-chloropyrazin-2-yloxy)phenyl)(7-fluoro-lH-benzo[d]imidazol-2-yl)metha
none; (4-(3 -chloropyrazin-2-yloxy)phenyl)(
1-methyl-1H-benzo[d]imidazol-2-yl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3 -(3 -hydroxyazetidin- 1-yl)pyrazin-2-
yloxy)phenyl)methanone;
(S)-N-(4-(3-(2-(Methoxymethyl)pyrrolidin-l-yl)pyrazm-2-yloxy)phenyl)benzo[d
]thiazol- 2-amine; N-(4-(3-(Tetrahydro-2H-pyran-3
-ylamino)pyrazin-2-yloxy)phenyl)benzo [d]thiazol-2- amine; (S)-2-( 1-(3
-(4-(benzo [d]thiazol-2-ylammo)phenoxy)pyrazin-2-yl)pyrrolidm-2-yl)propan-
2-ol;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)-4-methylpiperidin-
4-ol;Benzo[d]thiazol-2-yl(4-(3-morpholinopyrazin-2-yloxy)phenyl)methanone;
N-(4-(3-Chloropyrazin-2-yloxy)phenyl)-6-fluorobenzo[d]thiazol-2-amine;
N-(4-(3-morpholinopyrazin-2-yloxy)phenyl)- 1H-benzo[d]imidazol-2-amine;
5-fluoro-N-(4-(3-morpholinopyrazin-2-yloxy)phenyl)-lH-benzo[d]imidazol-2-am
me; N-(4-(3-morpholinopyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
2-(l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-4-yl)p
ropan-2-ol;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-4-ol;
N-(4-(3-(pyrrolidin- 1-yl)pyrazin-2-yloxy)phenyl)benzo [d]thiazol-2-amine;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-3-ol;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidme-4-carbomt
rile;
l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperazin-l-yl)e
thanone; N-(4-(3-(4-methylpiperazin- 1-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2-amine;
2-(l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidm-4-yl)-l
,1,1- trifluoropropan-2-ol;
N-(4-(3-(2,6-dimethylmorpholino)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-am
ine; 



N-(4-((3-(l,l-dioxido-4-thiomorpholinyl)-2-pyrazinyl)oxy)phenyl)-l,3-benzot
hiazol-2- amine; (S)-( 1-(3 -(4-(benzo
[d]thiazol-2-ylamino)phenoxy)pyrazm-2-yl)pyrrolidm-2-yl)methanol;
N-(4-(3-(azetidin-l-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)azetidine-3-carboxy
lic acid;
2-(4-(3-(4-(benzo[d]thiazol-2-ylammo)phenoxy)pyrazin-2-yl)piperazin-l-yl)et
hanol; N-(4-(3-(6,7-dihydro-lH-imidazo[4,5-c]pyridm-5(4H)-yl)pyrazin-2-
yloxy)phenyl)benzo[d]thiazol-2-amine;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidine-4-carbox
amide;
N-(4-(3-(2-methyl-6,7-dihydro-lH-imidazo[4,5-c]pyridin-5(4H)-yl)pyrazin-2-
yloxy)phenyl)benzo[d]thiazol-2-amine; methyl
l-(3-(4-(benzo[d]thiazol-2-ylammo)phenoxy)pyrazm-2-yl)azetidine-3-
carboxylate;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)pyrrolidine-3-carbo
nitrile;
(R)-(l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)pyrrolidin-3-y
l)methanol;
2-(l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-4-yl)e
thanol;
N-(4-(3-(4-(methoxymethyl)piperidin-l-yl)pyrazin-2-yloxy)phenyl)benzo[d]thi
azol-2- amine; N-(4-(3-(3-(methoxymethyl)pyrrolidin-
1-yl)pyrazin-2-yloxy)phenyl)benzo [d]thiazol-2- amine;(1-(3 -(4-(benzo
[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-4-yl)methanol;
4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperazin-2-one;
4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)-l-isopropylpiperaz
in-2-one; N-(4-(3-(4-methoxypiperidin- 1-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2-amine;
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)azetidme-3-carbonit
rile;
4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)-6-methylpiperazin-
2-one; 1-(1-(3 -(4-(benzo
[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidm-4-yl)ethanol; methyl
l-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazm-2-yl)pyrrolidine-3-
carboxylate; (1-(3 -(4-(benzo
[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-2-yl)methanol;
N-(4-(3-(3-(methoxymethyl)piperidin-l-yl)pyrazin-2-yloxy)phenyl)benzo[d]thi
azol-2- amine;
N-(4-(3-(l,4-dioxa-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yloxy)phenyl)benzo[d
]thiazol-2- amine;
N-(4-(3-chloropyrazin-2-yloxy)phenyl)-7-fluorobenzo[d]thiazol-2-amine;
N-(4-(3-chloropyrazin-2-yloxy)phenyl)-6-fluorobenzo[d]thiazol-2-amine;
N-(4-(3-chloropyrazin-2-yloxy)phenyl)-5 -fluorobenzo [d]thiazol-2-amine;
N-(4-(3-chloropyrazin-2-yloxy)-2-fluorophenyl)benzo[d]thiazol-2-amine;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2-(trifluoromethyl)pyridm-4-yl)pyrazin-2-
yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3-(2-(4-methoxybenzyloxy)pyridin-3
-yl)pyrazin-2- yloxy)phenyl)methanone;
3-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyridin-2(lH)
-one; (lH-benzo[d]imidazol-2-yl)(4-(3-(2-methylpyridm-4-yl)pyrazin-2-
yloxy)phenyl)methanone;
4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)benzonitrile;
(1H-benzo[d]imidazol-2-yl)(4-(3 -(2-methylpyridin-3-yl)pyrazin-2-
yloxy)phenyl)methanone; (1-methyl-1H-benzo [d]imidazol-2-yl)(4-(3
-(2-methylpyridin-3-yl)pyrazin-2- yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2,6-dimethoxypyridin-3-yl)pyrazin-2-
yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3-(4-methoxypyridin-3-yl)pyrazin-2-
yloxy)phenyl)methanone;(1H-benzo[d]imidazol-2-yl)(4-(3
-(3-methoxypyridin-4-yl)pyrazm-2- yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2-methoxyphenyl)pyrazin-2-yloxy)phenyl)met
hanone; (1H-benzo[d]imidazol-2-yl)(4-(3 -(2-methoxyquinolin-3
-yl)pyrazin-2- yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(5-fluoro-2-methoxypyridin-3 -yl)pyrazin-2- yloxy)phenyl)methanone;
(5-fluoro- 1H-benzo[d]imidazol-2-yl)(4-(3 -(2-methoxypyridin-3
-yl)pyrazin-2- yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(5-methoxypyridin-3 -yl)pyrazin-2- yloxy)phenyl)methanone; (4-(3
-(2-methoxypyridin-3 -yl)pyrazin-2-yloxy)phenyl)( 1-methyl-
1H-benzo[d]imidazol- 2-yl)methanone; 



(lH-benzo[d]imidazol-2-yl)(4-(3-(2-methoxypyridin-4-yl)pyrazm-2-
yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(6-methoxypyridin-3 -yl)pyrazin-2- yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3 -(2-methoxypyridin-3 -yl)pyrazin-2-
yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3
-(pyridin-3-yl)pyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(pyridin-4-yl)pyrazin-2-yloxy)phenyl)methan
one;
3-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)benzonitrile;
methyl
4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)benzoate;
4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)benzoic acid;
(lH-benzo[d]imidazol-2-yl)(4-(3-(3-methoxyphenyl)pyrazin-2-yloxy)phenyl)met
hanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(quinolin-4-yl)pyrazin-2-yloxy)phenyl)metha
none; (1H-benzo[d]imidazol-2-yl)(4-(3 -(quinolin-5
-yl)pyrazin-2-yloxy)phenyl)methanone;
(4-(3-(3,6-dihydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)(lH-imidazo[4,5-b]p
yridm-2- yl)methanone;
2-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-4,4-dimethyl
cyclohex- 2-enone;
l-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-5,6-dihyd
ropyridinl( 2H)-yl)ethanone; (1-(2-fluoroethyl)- 1H-benzo
[d]imidazol-2-yl)(4-(3 -(2-methoxypyridin-3 -yl)pyrazin-2-
yloxy)phenyl)methanone;
N-(4-(3-(2-methylpyridin-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amin
e;
3-(3-(4-(benzo[d]thiazol-2-ylamino)-3-fluorophenoxy)pyrazin-2-yl)cyclohex-2
-enone;
(rac)-3-(3-(4-(benzo[d]thiazol-2-ylamino)-3-fluorophenoxy)pyrazin-2-yl)cycl
ohex-2- enol;
N-(4-(3-(6-morpholinopyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-
amine;
N-(4-(3-(4-morpholinophenyl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
N-(4-(3-(6-methylpyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2-amine;
N-(4-(3-(lH-pyrrolo[2,3-b]pyridin-5-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiaz
ol-2- amine;
5-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)picolmonitrile
N-(4-(3-(pyrimidin-5-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
N-(4-(3-(2-methoxypyrimidm-5-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-am
ine;
N-(4-(3-(6-chloropyridm-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine
; (5-(3 -(4-(benzo
[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)pyridm-2-yl)methanol;
N-(4-(3-(quinolin-5-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
N-(4-(3-(pyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
N-(4-(3-(3-methoxypyridin-4-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2-amine; N-(4-(3-(3-methoxyphenyl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2-amine;
7-fluoro-N-(4-(3-(2-methoxypyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2- amine;
N-(4-(3-(2-methoxypyridin-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-ami
ne; 6-fluoro-N-(4-(3-(2-methoxypyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2- amine;
5-fluoro-N-(4-(3-(2-methoxypyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thia
zol-2- amine;
N-(4-(3-(2-methoxypyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-ami
ne;
N-(4-(3-(5-methoxypyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-ami
ne; N-(2-fluoro-4-(3 -(2-methoxypyridin-3-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2- amine;
N-(2-fluoro-4-(3-(2-fluoropyridin-4-yl)pyrazm-2-yloxy)phenyl)benzo[d]thiazo
l-2-amine; tert-butyl
4-(3-(4-(benzo[d]thiazol-2-ylamino)-3-fluorophenoxy)pyrazin-2-yl)-5,6-
dihydropyridine- 1(2H)-carboxylate;
(lH-benzo[d]imidazol-2-yl)(4-(3-methoxypyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-isopropoxypyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-isobutoxypyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(cyclopropylmethoxy)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2,2,2-trifluoroethoxy)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2-methoxyethoxy)pyrazin-2-yloxy)phenyl)met
hanone; (lH-benzo[d]imidazol-2-yl)(4-(3-(pyridin-2-ylmethoxy)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-phenoxypyrazin-2-yloxy)phenyl)methanone;
(1H-benzo [d]imidazol-2-yl)(4-(3
-(pyridin-3-yloxy)pyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(but-2-ynyloxy)pyrazin-2-yloxy)phenyl)metha
none; 



(1H-benzo[d]imidazol-2-yl)(4-(3 -(2-(4-methylthiazol-5-yl)ethoxy)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-((tetrahydrofuran-3-yl)methoxy)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2-morpholinoethoxy)pyrazin-2-
yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3 -(2-(pyrrolidin-
1-yl)ethoxy)pyrazin-2- yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2-(dimethylamino)ethoxy)pyrazin-2-
yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3 -(2-(
1-methylpyrrolidin-2-yl)ethoxy)pyrazin-2- yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(pyridin-4-ylmethoxy)pyrazm-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(2-(pyridin-2-yl)ethoxy)pyrazin-2-
yloxy)phenyl)methanone; (1H-benzo[d]imidazol-2-yl)(4-(3 -(3
-(pyridin-3-yl)propoxy)pyrazin-2- yloxy)phenyl)methanone;
(1H-benzo[d]imidazol-2-yl)(4-(3 -(pyridin-3-ylmethoxy)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-propoxypyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-
yloxy)phenyl)methanone; (1H-imidazo[4,5
-b]pyridm-2-yl)(4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-
yloxy)phenyl)methanone;(6-fluoro- 1H-benzo[d]imidazol-2-yl)(4-(3
-(tetrahydro-2H-pyran-4-yl)pyrazin-2- yloxy)phenyl)methanone; (1-methyl-
1H-benzo [d]imidazol-2-yl)(4-(3 -(tetrahydro-2H-pyran-4-yl)pyrazin-2-
yloxy)phenyl)methanone; (6-fluoro- 1-methyl- 1H-benzo[d]imidazol-2-yl)(4-(3
-(tetany dro-2H-pyran-4-yl)pyrazin- 2-yloxy)phenyl)methanone; (5-fluoro-
1-methyl- 1H-benzo[d]imidazol-2-yl)(4-(3 -(tetany
dro-2H-pyran-4-yl)pyrazin- 2-yloxy)phenyl)methanone;
1H-benzimidazol-2-yl(4-((3 -(tetrahydro-2H-pyran-3 -yl)-2-pyrazinyl)oxy)-
phenyl)methanone;
lH-Benzimidazol-2-yl(4-((3-(4-methoxy-l-cyclohexen-l-yl)-2-pyrazinyl)
oxy)phenyl)methanone;
lH-benzimidazol-2-yl(4-((3-(cis-4-hydroxycyclohexyl)-2-
pyrazinyl)oxy)phenyl)methanone; and
lH-benzimidazol-2-yl(4-((3-(trans-4-hydroxycyclohexyl)-
2-pyrazinyl)oxy)phenyl)methanone; (rac)-c
-(lH-benzo[d]imidazol-2-yl)(4-(3-(3-hydroxycyclohexyl)pyrazin-2-
yloxy)phenyl)methanone;
(rac)-?ran5-(lH-benzo[d]imidazol-2-yl)(4-(3-(3-hydroxycyclohexyl)pyrazin-2-
yloxy)phenyl)methanone; (rac)-c
-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)cyclohexanol;
(rac)-?ran5-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazm-2-yl)cyclohex
anol;
N-(4-(3-(Tetrahydro-2H-pyran-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-
amine;
(rac)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)cyclohexanone
; 4-(2-(4-(l H-Benzo[i
]imidazole-2-carbonyl)phenoxy)pyridm-3-yl)cyclohexanone; (lH-Benzo[
?]imidazol-2-yl)(4-(3-((l^,4^)-4-hydroxy-4-methylcyclohexyl)pyridm-2-
yloxy)phenyl)methanone;
(lH-Benzo[d]imidazol-2-yl)(4-(3-((lr,4r)-4-hydroxy-4-methylcyclohexyl)pyrid
in-2- yloxy)phenyl)methanone; (lH-Benzo[
?]imidazol-2-yl)(4-(3-(oxepan-4-yl)pyrazin-2-yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(4,4-difluorocyclohex-l-enyl)pyrazin-2-
yloxy)phenyl)methanone;
4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)tetrahydro-2H-pyran
-4- carbonitrile;
N-methyl-N-(4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]t
hiazol-2- amine;
4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)tetrahydro-2H-pyran
-4-ol;
(lH-benzo[d]imidazol-2-yl)(4-(3-(4-fluorotetrahydro-2H-pyran-4-yl)pyrazin-2
- yloxy)phenyl)methanone;
N-(4-(3-(4-fluorotetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]th
iazol-2- amine; 1-tert-butyl 4-methyl 4-(3-(4-(benzo[d]thiazol-2-
ylamino)phenoxy)pyrazin-2- yl)piperidine- 1,4-dicarboxylate; 



tert-butyl 4-(3 -(4-(benzo[d]tmazol-2-ylamino)phenoxy)pyrazin-2-yl)-4-
(hydroxymethyl)piperidine- 1-carboxylate;
N-(4-(3-(Tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)- 1H-benzo
[d]imidazol-2- amine;
N-(4-(3-(Tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-
amine; 7-Methoxy-N-(4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)-
1Hbenzo[ d]imidazol-2-amine;
(rac)-3-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)cyclohe
xanone;
4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)tetrahydro-2H
-pyran- 4-carbonitrile; methyl
4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazm-2-yl)tetrahydro-2H-pyran-
4-carboxylate;
(lH-benzo[d]imidazol-2-yl)(4-(3-(4-hydroxytetrahydro-2H-pyran-4-yl)pyrazin-
2- yloxy)phenyl)methanone;
6-fluoro-N-(4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]t
hiazol-2- amine;
N-(2-fluoro-4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]t
hiazol-2- amine;
N-(2-fluoro-4-(pyrazm-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
7-fluoro-N-(4-(pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
5-fluoro-N-(4-(3-(tetrahydro-2H-pyran-4-yl)pyrazin-2-yloxy)phenyl)benzo[d]t
hiazol-2- amine;
5-fluoro-N-(4-(pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;
(lH-benzo[d]imidazol-2-yl)(4-(3-cyclopentylpyrazin-2-yloxy)phenyl)methanone
;
N-(4-(3-(tetrahydrofuran-3-yl)pyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amin
e; 1H-benzo[d]imidazole-2-yl(4-(3 -(tetrahydro-2H-thiopyran-4-yl)pyrazin-2-
yloxy)phenyl)methanone;
N-(4-(3-cyclopentylpyrazin-2-yloxy)phenyl)benzo[d]thiazol-2-amine;1-(4-(3
-(4-( 1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin- 1-
yl)ethanone;
l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-l-yl)e
thanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-(l-(2-fluoroethyl)piperidm-4-yl)pyrazin-2-
yloxy)phenyl)methanone; methyl
4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-lc
arboxylate; 1-(4-(3
-(4-((1H-benzo[d]imidazol-2-yl)(hydroxy)methyl)phenoxy)pyrazin-2-yl)piperid
inl- yl)ethanone;
(1H-benzo[d]imidazol-2-yl)(4-(3-(2-methoxypyridin-3-yl)pyrazin-2-
yloxy)phenyl)methanol;
(lH-benzo[d]imidazol-2-yl)(4-(3-(piperidin-4-yl)pyrazin-2-yloxy)phenyl)meth
anone; 1-(4-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin- 1-
yl)perdeuteroethanone;
l-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-
l-yl)-2- methoxyethanone ;
l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidm-l-yl)-2
- methoxyethanone ;
l-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-
l-yl)-2- fluoropropan- 1-one;
l-(4-(3-(4-(benzo[d]thiazol-2-ylammo)phenoxy)pyrazin-2-yl)piperidm-l-yl)-2-
fluoropropan- 1-one;
N-(4-(3-(1-(2-fluoroethyl)piperidin-4-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2- amine;
N-(4-(3-(1-methylpiperidin-4-yl)pyrazin-2-yloxy)phenyl)benzo
[d]thiazol-2-amine; 1-(4-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin- 1-yl)- 1-
oxopropan-2-yl acetate;
l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidm-l-yl)-2
- hydroxypropan- 1-one;
l-(3-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyrrolidin
-lyl) ethanone;
l-(3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)pyrrolidm-l-yl)e
thanone; 1-(4-(3 -(4-( 1-methyl-
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidinl-
yl)ethanone;2-methoxy- 1-(4-(3-(4-(I
-methyl-lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2- yl)piperidin-
1-yl)ethanone;
2-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-
l-yl)-2- oxoethyl acetate;
l-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-
l-yl)-2- (dimethylamino)ethanone; 



l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidm-l-yl)-2
- (dimethylamino)ethanone;
3-(4-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-
l-yl)-3- oxopropanenitrile;
l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)-2-fluorophenoxy)pyrazin-2-yl)piperid
in-lyl) ethanone; 1-(4-(3 -(6-(benzo
[d]thiazol-2-ylamino)pyridin-3-yloxy)pyrazin-2-yl)piperidin- 1-
yl)ethanone; 1-(3-(3-(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)azetidin- 1-
yl)ethanone;
l-(3-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-
lyl) ethanone;
4-(3-(4-(lH-Benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-l-methyl-5,6
- dihydropyridin-2(lH)-one;
4-(3-(4-(lH-Benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)-l-methylpipe
ridin-2- one; 3-(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)-N-phenethylpyrazine-2-carboxamide;
3-(4-(l H-benzo[d]imidazole-2-carbonyl)phenoxy)-N-(4-
(trifluoromethyl)phenethyl)pyrazine-2-carboxamide; (S)-3 -(4-(I
H-benzo[d]imidazole-2-carbonyl)phenoxy)-N-( 1-methoxypropan-2-
yl)pyrazine-2-carboxamide; 3-(4-(l
H-benzo[d]imidazole-2-carbonyl)phenoxy)-N-(2-(pyridin-2-yl)ethyl)pyrazine-2
- carboxamide; 3-(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)-N-(2-hydroxyethyl)pyrazine-2-
carboxamide;
(rac)-3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)-N-(l-(pyridin-2-yl)pro
pan-2- yl)pyrazine-2-carboxamide; 3-(4-(l
H-benzo[d]imidazole-2-carbonyl)phenoxy)-N-(l-benzylcyclopropyl)pyrazine-2-
carboxamide;(R)- 1-(3-(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyrrolidine-3 -
carbonitrile; (S)-I -(3 -(4-(I H-benzo
[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyrrolidine-3- carbonitrile;
(R)-ethyl 1-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidine-3 -
carboxylate; (S)-ethyl
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidme-3-
carboxylate; (S)-methyl
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)pyrrolidine-
3-carboxylate; (R)-methyl
l-(3-(4-(lH-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-
yl)pyrrolidine-3-carboxylate;
(R)-4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)-6-methylpipera
zin-2-one;
(S)-4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)-6-methylpipera
zm-2-one; (1H-benzo[d]imidazol-2-yl)(4-(3 -((
1R,3S)-3-hydroxycyclohexyl)pyrazin-2- yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-((lS,3R)-3-riydroxycyclohexyl)pyrazin-2-
yloxy)phenyl)methanone;
(lS,3R)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazm-2-yl)cyclohexanol
;
(lR,3S)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazm-2-yl)cyclohexanol
; (lH-benzo[d]imidazol-2-yl)(4-(3-((lS,3S)-3-hydroxycyclohexyl)pyrazin-2-
yloxy)phenyl)methanone;
(lH-benzo[d]imidazol-2-yl)(4-(3-((lR,3R)-3-hydroxycyclohexyl)pyrazin-2-
yloxy)phenyl)methanone;
(lS,3S)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)cyclohexano
l;
(lR,3R)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)cyclohexano
l; (R)- 1-(4-(3-(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin- 1-yl)-
2-fluoropropan- 1-one; (S)- 1-(4-(3 -(4-(
1H-benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin- 1-yl)-
2-fluoropropan- 1-one;
(R)-l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-l-
yl)-2- fluoropropan- 1-one;
(S)-l-(4-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)piperidin-l-
yl)-2- fluoropropan- 1-one;
(R)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)cyclohexanone;
(S)-3-(3-(4-(benzo[d]thiazol-2-ylamino)phenoxy)pyrazin-2-yl)cyclohexanone;
or any pharmaceutically-acceptable salt thereof. [00203] The compounds of
this invention may have in general several asymmetric centers 



and are typically depicted in the form of racemic mixtures. This invention
is intended to encompass racemic mixtures, partially racemic mixtures and
separate enantiomers and diasteromers. [00204] The present invention
includes all pharmaceutically acceptable isotopicallylabelled compounds of
the present invention wherein one or more atoms are replaced by atoms
having the same atomic number, but an atomic mass or mass number different
from the atomic mass or mass number which predominates in nature. [00205]
Examples of isotopes suitable for inclusion in the compounds of the
invention include, but are not limited to, isotopes of hydrogen, such as 2H
and 3H, carbon, such as 11C, 13C and 14C, chlorine, such as 38Cl, fluorine,
such as 18F, iodine, such as 123I and 125I, nitrogen, such as 13N and 15N,
oxygen, such as 15O, 17O and 18O, phosphorus, such as 32P, and sulphur,
such as 35S. [00206] Certain isotopically-labelled compounds of the present
invention, for example, those incorporating a radioactive isotope, are
useful in drug and/or substrate tissue distribution studies. The
radioactive isotopes tritium, i.e. 3H, and carbon-14, i.e. 14C, are
particularly useful for this purpose in view of their ease of incorporation
and ready means of detection. [00207] Substitution with heavier isotopes
such as deuterium, i.e. 2H, may afford certain therapeutic advantages
resulting from greater metabolic stability, for example, increased in vivo
half-life or reduced dosage requirements, and hence may be preferred in
some circumstances. [00208] Substitution with positron emitting isotopes,
such as 1 1C, 18F, 15O and 13N, can be useful in Positron Emission
Topography (PET) studies for examining substrate receptor occupancy.
[00209] Isotopically-labeled compounds of the present invention can
generally be prepared by conventional techniques known to those skilled in
the art or by processes analogous to those described in the accompanying
Examples and Preparations using an appropriate isotopicallylabeled reagent
in place of the non-labeled reagent previously employed. [00210]
Pharmaceutically acceptable solvates in accordance with the invention
include those wherein the solvent of crystallization may be isotopically
substituted, e.g. D O, d -acetone, d6-DMSO. [0021 1] Specific embodiments
of the present invention include the compounds exemplified in the Examples
below and their pharmaceutically acceptable salts, complexes, solvates,
polymorphs, stereoisomers, metabolites, prodrugs, and other derivatives
thereof, Unlessotherwise specified, the following definitions apply to
terms found in the specification and claims: [00212] "Ca_balk" means an
alkyl group comprising a minimum of a and a maximum of b carbon atoms in a
branched, cyclical or linear relationship or any combination of the three,
wherein a and b represent integers. The alkyl groups described in this
section may also contain one or two double or triple bonds. A designation
of Coalk indicates a direct bond. Examples of Ci_6alkyl include, but are
not limited to the following: [00213] "Benzo group", alone or in
combination, means the divalent radical one representation of which is
-CH=CH-CH=CH-, that when vicinally attached to another ring forms a
benzene-like ring-for example tetrahydronaphthylene, indole and the like.
[00214] The terms "oxo" and "thioxo" represent the groups =0 (as in
carbonyl) and =S (as in thiocarbonyl), respectively. [00215] "Halo" or
"halogen" means a halogen atoms selected from F, Cl, Br and I . [00216]
"Ca-bhaloalk" means an alk group, as described above, wherein any number~at
least one-of the hydrogen atoms attached to the alk chain are replaced by
F, Cl, Br or I . [00217] The group N(R a)Ra and the like include
substituents where the two Ra groups together form a ring, optionally
including a N, O or S atom, and include groups such as: [00218] The group
N(C a_ralk) Ca_palk, wherein a and b are as defined above, include
substituents where the two Ca _palk groups together form a ring, optionally
including a N, O or S atom, and include groups such as: [00219]
"Carbocycle" means a ring comprising by itself or in combination with other
terms, represents, unless otherwise stated, cyclic version of "Ca_palk".
Thus, the term "carbocycle" is meant to be included in the terms "Ca
_palk". Examples of carbocycle include cyclopentyl, cyclohexyl,
1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, cyclobutylene, cyclohexylene
and the like.[00220] "Heterocycle" means a ring comprising at least one
carbon atom and at least one other atom selected from N, O and S. Examples
of heterocycles that may be found in the claims include, but are not
limited to, the following: [00221] "Pharmaceutically-acceptable salt" means
a salt prepared by conventional means, and are well known by those skilled
in the art. The "pharmacologically acceptable salts" include basic salts of
inorganic and organic acids, including but not limited to hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric acid, methanesulfonic
acid, ethanesulfonic acid, malic acid, acetic acid, oxalic acid, tartaric
acid, citric acid, lactic acid, fumaric acid, succinic acid, maleic acid,
salicylic acid, benzoic acid, phenylacetic acid, mandelic acid and the
like.When compounds of the invention include an acidic function such as a
carboxy group, then suitable pharmaceutically acceptable cation pairs for
the carboxy group are well known to those 



skilled in the art and include alkaline, alkaline earth, ammonium,
quaternary ammonium cations and the like. For additional examples of
"pharmacologically acceptable salts," see infra and Berge et al, J . Pharm.
Sci. 66:1 (1977). [00222] "Saturated, partially-saturated or unsaturated"
includes substituents saturated with hydrogens, substituents completely
unsaturated with hydrogens and substituents partially saturated with
hydrogens. [00223] "Leaving group" generally refers to groups readily
displaceable by a nucleophile, such as an amine, a thiol or an alcohol
nucleophile. Such leaving groups are well known in the art. Examples of
such leaving groups include, but are not limited to, N-hydroxysuccinimide,
N-hydroxybenzotriazole, halides, triflates, tosylates and the like.
Preferred leaving groups are indicated herein where appropriate. [00224]
"Protecting group" generally refers to groups well known in the art which
are used to prevent selected reactive groups, such as carboxy, amino,
hydroxy, mercapto and the like, from undergoing undesired reactions, such
as nucleophilic, electrophilic, oxidation, reduction and the like.
Preferred protecting groups are indicated herein where appropriate.
Examples of amino protecting groups include, but are not limited to,
aralkyl, substituted aralkyl, cycloalkenylalkyl and substituted
cycloalkenyl alkyl, allyl, substituted allyl, acyl, alkoxycarbonyl,
aralkoxycarbonyl, silyl and the like. Examples of aralkyl include, but are
not limited to, benzyl, ortho-methylbenzyl, trityl and benzhydryl, which
can be optionally substituted with halogen, alkyl, alkoxy, hydroxy, nitro,
acylamino, acyl and the like, and salts, such as phosphonium and ammonium
salts. Examples of aryl groups include phenyl, naphthyl, indanyl,
anthracenyl, 9-(9- phenylfluorenyl), phenanthrenyl, durenyl and the like.
Examples of cycloalkenylalkyl or substituted cycloalkylenylalkyl radicals,
preferably have 6-10 carbon atoms, include, but are not limited to,
cyclohexenyl methyl and the like. Suitable acyl, alkoxycarbonyl and
aralkoxycarbonyl groups include benzyloxycarbonyl, t-butoxycarbonyl,
iso-butoxycarbonyl, benzoyl, substituted benzoyl, butyryl, acetyl,
trifluoroacetyl, trichloro acetyl, phthaloyl and the like. A mixture of
protecting groups can be used to protect the same amino group, such as a
primary amino group can be protected by both an aralkyl group and an
aralkoxycarbonyl group. Amino protecting groups can also form a
heterocyclic ring with the nitrogen to which they are attached, for
example, 1,2-bis(methylene)benzene, phthalimidyl, succinimidyl, maleimidyl
and the like and where these heterocyclic groups can further include
adjoining aryl and cycloalkyl rings. In addition, the heterocyclic groups
can be mono-, di- or tri-substituted, such as nitrophthalimidyl. Amino
groups may also be protected against undesired reactions, such asoxidation,
through the formation of an addition salt, such as hydrochloride,
toluenesulfonic acid, trifluoroacetic acid and the like. Many of the amino
protecting groups are also suitable for protecting carboxy, hydroxy and
mercapto groups. For example, aralkyl groups. Alkyl groups are also
suitable groups for protecting hydroxy and mercapto groups, such as
tert-butyl. [00225] Silyl protecting groups are silicon atoms optionally
substituted by one or more alkyl, aryl and aralkyl groups. Suitable silyl
protecting groups include, but are not limited to, trimethylsilyl,
triethylsilyl, triisopropylsilyl, tert-butyldimethylsilyl,
dimethylphenylsilyl, 1,2- bis(dimethylsilyl)benzene,
1,2-bis(dimethylsilyl)ethane and diphenylmethylsilyl. Silylation of an
amino groups provide mono- or di-silylamino groups. Silylation of
aminoalcohol compounds can lead to a N,N,O-trisilyl derivative. Removal of
the silyl function from a silyl ether function is readily accomplished by
treatment with, for example, a metal hydroxide or ammonium fluoride
reagent, either as a discrete reaction step or in situ during a reaction
with the alcohol group. Suitable silylating agents are, for example,
trimethylsilyl chloride, tert-butyl-dimethylsilyl chloride,
phenyldimethylsilyl chloride, diphenylmethyl silyl chloride or their
combination products with imidazole or DMF. Methods for silylation of
amines and removal of silyl protecting groups are well known to those
skilled in the art. Methods of preparation of these amine derivatives from
corresponding amino acids, amino acid amides or amino acid esters are also
well known to those skilled in the art of organic chemistry including amino
acid/amino acid ester or aminoalcohol chemistry. [00226] Protecting groups
are removed under conditions which will not affect the remaining portion of
the molecule. These methods are well known in the art and include acid
hydrolysis, hydrogenolysis and the like. A preferred method involves
removal of a protecting group, such as removal of a benzyloxycarbonyl group
by hydrogenolysis utilizing palladium on carbon in a suitable solvent
system such as an alcohol, acetic acid, and the like or mixtures thereof. A
t-butoxycarbonyl protecting group can be removed utilizing an inorganic or
organic acid, such as HCl or trifluoroacetic acid, in a suitable solvent
system, such as dioxane or methylene chloride. The resulting amino salt can
readily be neutralized to yield the free amine. Carboxy protecting group,
such as methyl, ethyl, benzyl, tert-butyl, 4-methoxyphenylmethyl and the
like, can be removed under hydrolysis and hydrogenolysis conditions well
known to those skilled in the art. [00227] It should be noted that
compounds of the invention may contain groups that may exist in tautomeric
forms, such as cyclic and acyclic amidine and guanidine groups, heteroatom
substituted heteroaryl groups (Y' = O, S, NR), and the like, which are
illustrated in the following 



examples:and though one form is named, described, displayed and/or claimed
herein, all the tautomeric forms are intended to be inherently included in
such name, description, display and/or claim. [00228] Prodrugs of the
compounds of this invention are also contemplated by this invention. A
prodrug is an active or inactive compound that is modified chemically
through in vivo physiological action, such as hydrolysis, metabolism and
the like, into a compound of this invention following administration of the
prodrug to a patient. The suitability and techniques involved in making and
using prodrugs are well known by those skilled in the art. For a general
discussion of prodrugs involving esters see Svensson and Tunek Drug
Metabolism Reviews 165 (1988) and Bundgaard Design of Prodrugs, Elsevier
(1985). Examples of a masked carboxylate anion include a variety of esters,
such as alkyl (for example, methyl, ethyl), cycloalkyl (for example,
cyclohexyl), aralkyl (for example, benzyl, p-methoxybenzyl), and
alkylcarbonyloxyalkyl (for example, pivaloyloxymethyl). Amines have been
masked as arylcarbonyloxymethyl substituted derivatives which are cleaved
by esterases in vivo releasing the free drug and formaldehyde (Bungaard J .
Med. Chem. 2503 (1989)). Also, drugs containing an acidic NH group, such as
imidazole, imide, indole and the like, have been masked with Nacyloxymethyl
groups (Bundgaard Design of Prodrugs, Elsevier (1985)). Hydroxy groups have
been masked as esters and ethers. EP 039,051 (Sloan and Little, 4/1 1/81)
discloses Mannichbase hydroxamic acid prodrugs, their preparation and use.
[00229] The specification and claims contain listing of species using the
language "selected from . . . and . . ." and "is . . . or . . ." (sometimes
referred to as Markush groups). When this language is used in this
application, unless otherwise stated it is meant to include the group as a
whole, or any single members thereof, or any subgroups thereof. The use of
this language is merely for shorthand purposes and is not meant in any way
to limit the removal of individual elements or subgroups as needed.UTILITY
AND METHODS OF USE [00230] Provided herein are methods for treating a
disorder or disease by inhibiting PDE10 enzyme. The methods, in general,
comprises the step of administering a therapeutically effective amount of a
compounds of the present invention, or an individual stereoisomer, a
mixture of stereoisomers, or a pharmaceutically acceptable salt or solvate
thereof, to a patient in need thereof to treat the disorder or disease.
[0023 1] In certain embodiments, this invention provides a use of a
compound as described herein in the manufacture of a medicament for
treating a disorder or disease treatable by inhibition of PDElO. [00232]
The compounds of the present invention inhibit PDElO enzyme activity, and
hence raise the levels of cAMP or cGMP within cells that express PDElO.
Accordingly, inhibition of PDElO enzyme activity would be useful in the
treatment of diseases caused by deficient amounts of cAMP or cGMP in cells.
PDElO inhibitors would also be of benefit in cases wherein raising the
amount of cAMP or cGMP above normal levels results in a therapeutic effect.
Inhibitors of PDElO may be used to treat disorders of the peripheral and
central nervous system, cardiovascular diseases, cancer,
gastro-enterological diseases, endocrinological diseases and urological
diseases. [00233] Indications that may be treated with PDE10 inhibitors,
either alone or in combination with other drugs, include, but are not
limited to, those diseases thought to be mediated in part by the basal
ganglia, prefrontal cortex, and hippocampus. These indications include
psychoses, Parkinson's disease, dementias, obsessive compulsive disorder,
tardive dyskinesia, choreas, depression, mood disorders, impulsivity, drug
addiction, attention def cit/hyperactivity disorder (ADHD), depression with
parkinsonian states, personality changes with caudate or putamen disease,
dementia and mania with caudate and pallidal diseases, and compulsions with
pallidal disease. [00234] Psychoses are disorders that affect an individual
's perception of reality. Psychoses are characterized by delusions and
hallucinations. The compounds of the present invention are suitable for use
in treating patients suffering from all forms of psychoses, including, but
not limited to, schizophrenia, late-onset schizophrenia, schizoaffective
disorders, prodromal schizophrenia, and bipolar disorders. Treatment can be
for the positive symptoms of schizophrenia as well as for the cognitive
deficits and negative symptoms. Other indications for PDElO inhibitors
include psychoses resulting from drug abuse (including amphetamines and
PCP), encephalitis, alcoholism, epilepsy, Lupus, sarcoidosis, brain tumors,
multiple sclerosis,dementia with Lewy bodies, or hypoglycemia. Other
psychiatric disorders, like posttraumatic stress disorder (PTSD), and
schizoid personality can also be treated with PDElO inhibitors. [00235]
Obsessive-compulsive disorder (OCD) has been linked to deficits in the
frontalstriatal neuronal pathways (Saxena et al., Br. J . Psychiatry Suppl,
35:26-37, 1998). Neurons in these pathways project to striatal neurons that
express PDElO. PDElO inhibitors cause cAMP to be elevated in these neurons;
elevations in cAMP result in an increase in CREB phosphorylation and
thereby improve the functional state of these neurons. The compounds of the
present invention are therefore suitable for use in the indication of OCD.
OCD may result, in some cases, from streptococcal infections that cause
autoimmune reactions in the basal ganglia (Giedd et al., Am J Psychiatry.
157:281-283, 2000). Because PDElO inhibitors may serve a 



neuroprotective role, administration of PDElO inhibitors may prevent the
damage to the basal ganglia after repeated streptococcal infections and
thereby prevent the development of OCD. [00236] In the brain, the level of
cAMP or cGMP within neurons is believed to be related to the quality of
memory, especially long term memory. Without wishing to be bound to any
particular mechanism, it is proposed that, since PDElO degrades cAMP or
cGMP, the level of this enzyme affects memory in animals, for example, in
humans. A compound that inhibits cAMP phosphodiesterase (PDE) can thereby
increase intracellular levels of cAMP, which in turn activate a protein
kinase that phosphorylates a transcription factor (cAMP response binding
protein). The phosphorylated transcription factor then binds to a DNA
promoter sequence to activate genes that are important in long term memory.
The more active such genes are, the better is long-term memory. Thus, by
inhibiting a phosphodiesterase, long term memory can be enhanced. [00237]
Dementias are diseases that include memory loss and additional intellectual
impairment separate from memory. The compounds of the present invention are
suitable for use in treating patients suffering from memory impairment in
all forms of dementia. Dementias are classified according to their cause
and include: neurodegenerative dementias (e.g., Alzheimer's, Parkinson's
disease, Huntington's disease, Pick's disease), vascular (e.g., infarcts,
hemorrhage, cardiac disorders), mixed vascular and Alzheimer's, bacterial
meningitis, Creutzfeld-Jacob Disease, multiple sclerosis, traumatic (e.g.,
subdural hematoma or traumatic brain injury), infectious (e.g., HIV),
genetic (down syndrome), toxic (e.g., heavy metals, alcohol, some
medications), metabolic (e.g., vitamin B12 or folate deficiency), CNS
hypoxia, Cushing's disease, psychiatric (e.g., depression and
schizophrenia), and hydrocephalus. [00238] The condition of memory
impairment is manifested by impairment of the ability to learn new
information and/or the inability to recall previously learned information.
The present invention includes methods for dealing with memory loss
separate from dementia, including mildcognitive impairment (MCI) and
age-related cognitive decline. The present invention includes methods of
treatment for memory impairment as a result of disease. Memory impairment
is a primary symptom of dementia and can also be a symptom associated with
such diseases as Alzheimer's disease, schizophrenia, Parkinson's disease,
Huntington's disease, Pick's disease, Creutzfeld-Jakob disease, HIV,
cardiovascular disease, and head trauma as well as age-related cognitive
decline. The compounds of the present invention are suitable for use in the
treatment of memory impairment due to, for example, Alzheimer's disease,
multiple sclerosis, amylolaterosclerosis (ALS), multiple systems atrophy
(MSA), schizophrenia, Parkinson's disease, Huntington's disease, Pick's
disease, Creutzfeld-Jakob disease, depression, aging, head trauma, stroke,
spinal cord injury, CNS hypoxia, cerebral senility, diabetes associated
cognitive impairment, memory deficits from early exposure of anesthetic
agents, multiinfarct dementia and other neurological conditions including
acute neuronal diseases, as well as HIV and cardiovascular diseases.
[00239] The compounds of the present invention are also suitable for use in
the treatment of a class of disorders known as polyglutamine-repeat
diseases. These diseases share a common pathogenic mutation. The expansion
of a CAG repeat, which encodes the amino acid glutamine, within the genome
leads to production of a mutant protein having an expanded polyglutamine
region. For example, Huntington's disease has been linked to a mutation of
the protein huntingtin. In individuals who do not have Huntington's
disease, huntingtin has a polyglutamine region containing about 8 to 3 1
glutamine residues. For individuals who have Huntington's disease,
huntingtin has a polyglutamine region with over 37 glutamine residues.
Aside from Huntington's disease (HD), other known polyglutamine-repeat
diseases and the associated proteins include dentatorubral-pallidoluysian
atrophy, DRPLA (atrophin-1); spinocerebellar ataxia type-1 (ataxin-1);
spinocerebellar ataxia type-2 (ataxin-2); spinocerebellar ataxia type-3
(also called Machado-Joseph disease or MJD) (ataxin-3); spinocerebellar
ataxia type-6 (alpha lavoltage dependent calcium channel); spinocerebellar
ataxia type-7 (ataxin-7); and spinal and bulbar muscular atrophy (SBMA,
also know as Kennedy disease). [00240] The basal ganglia are important for
regulating the function of motor neurons; disorders of the basal ganglia
result in movement disorders. Most prominent among the movement disorders
related to basal ganglia function is Parkinson's disease (Obeso et al,
Neurology. 62(1 Suppl l):S17-30, 2004). Other movement disorders related to
dysfunction of the basal ganglia include tardive dyskinesia, progressive
supranuclear palsy and cerebral palsy, corticobasal degeneration, multiple
system atrophy, Wilson disease, dystonia, tics, and chorea. The compounds
of the invention are also suitable for use to treat movement disorders
related to dysfunction of basal ganglia neurons.[00241] PDE10 inhibitors
are useful in raising cAMP or cGMP levels and prevent neurons from
undergoing apoptosis. PDElO inhibitors may be anti-inflammatory by raising
cAMP in glial cells. The combination of anti-apoptotic and
anti-inflammatory properties, as well as positive effects on synaptic
plasticity and neurogenesis, make these compounds useful to treat
neurodegeneration resulting from any disease or injury, including stroke,
spinal cord injury, Alzheimer's disease, multiple sclerosis,
amylolaterosclerosis (ALS), and multiple systems atrophy (MSA). 



[00242] Autoimmune diseases or infectious diseases that affect the basal
ganglia may result in disorders of the basal ganglia including ADHD, OCD,
tics, Tourette's disease, Sydenham chorea. In addition, any insult to the
brain can potentially damage the basal ganglia including strokes, metabolic
abnormalities, liver disease, multiple sclerosis, infections, tumors, drug
overdoses or side effects, and head trauma. Accordingly, the compounds of
the invention can be used to stop disease progression or restore damaged
circuits in the brain by a combination of effects including increased
synaptic plasticity, neurogenesis, anti-inflammatory, nerve cell
regeneration and decreased apoptosis. [00243] The growth of some cancer
cells is inhibited by cAMP and cGMP. Upon transformation, cells may become
cancerous by expressing PDElO and reducing the amount of cAMP or cGMP
within cells. In these types of cancer cells, inhibition of PDElO activity
inhibits cell growth by raising cAMP. In some cases, PDElO may be expressed
in the transformed, cancerous cell but not in the parent cell line. In
transformed renal carcinoma cells, PDElO is expressed and PDElO inhibitors
reduce the growth rate of the cells in culture. Similarly, breast cancer
cells are inhibited by administration of PDElO inhibitors. Many other types
of cancer cells may also be sensitive to growth arrest by inhibition of
PDElO. Therefore, compounds disclosed in this invention can be used to stop
the growth of cancer cells that express PDElO. [00244] The compounds of the
invention are also suitable for use in the treatment of diabetes and
related disorders such as obesity, by focusing on regulation of the cAMP
signaling system. By inhibiting PDE-10, especially PDE-IOA, intracellular
levels of cAMP are increased, thereby increasing the release of
insulin-containing secretory granules and, therefore, increasing insulin
secretion. See, for example, WO 2005/012485, which is hereby incorporated
by reference in its entirety. The compounds of Formula (I) can also be used
to treat diseases disclosed in US Patent application publication No.
2006/019975, the disclosure of which is incorporated herein by reference in
its entirety.TESTING [00245] The PDE 10 inhibitory activities of the
compounds of the present invention can be tested, for example, using the in
vitro and in vivo assays described in the Biological Examples below.
ADMINISTRATION AND PHARMACEUTICAL COMPOSITIONS [00246] In general, the
compounds of this invention can be administered in a therapeutically
effective amount by any of the accepted modes of administration for agents
that serve similar utilities. The actual amount of a compound of this
invention, i.e., the active ingredient, depends upon numerous factors, such
as the severity of the disease to be treated, the age and relative health
of the subject, the potency of the compound used, the route and form of
administration, and other factors. [00247] Therapeutically effective
amounts of compounds of formula (I) may range from approximately 0.1-1000
mg per day; preferably 0.5 to 250 mg/day, more preferably 3.5 mg to 70 mg
per day. [00248] In general, compounds of this invention can be
administered as pharmaceutical compositions by any one of the following
routes: oral, systemic (e.g., transdermal, intranasal or by suppository),
or parenteral (e.g., intramuscular, intravenous or subcutaneous)
administration. The preferred manner of administration is oral using a
convenient daily dosage regimen, which can be adjusted according to the
degree of affliction. Compositions can take the form of tablets, pills,
capsules, semisolids, powders, sustained release formulations, solutions,
suspensions, elixirs, aerosols, or any other appropriate compositions.
[00249] The choice of formulation depends on various factors, such as the
mode of drug administration (e.g., for oral administration, formulations in
the form of tablets, pills or capsules are preferred) and the
bioavailability of the drug substance. Recently, pharmaceutical
formulations have been developed especially for drugs that show poor
bioavailability based upon the principle that bioavailability can be
increased by increasing the surface area, i.e., decreasing particle size.
For example, U.S. Pat. No. 4,107,288 describes a pharmaceutical formulation
having particles in the size range from 10 to 1,000 nm in which the active
material is supported on a crosslinked matrix of macromolecules. U.S. Pat.
No. 5,145,684 describes the production of a pharmaceutical formulation in
which the drug substance is pulverized to nanoparticles (average particle
size of 400 nm) in the presence of a surface modifier and then dispersed in
a liquid medium to give a pharmaceutical formulation that exhibits
remarkably high bioavailability.[00250] The compositions are comprised of,
in general, a compounds of the present invention in combination with at
least one pharmaceutically acceptable excipient. Acceptable excipients are
non-toxic, aid administration, and do not adversely affect the therapeutic
benefit of the compounds of the present invention. Such excipient may be
any solid, liquid, semi-solid or, in the case of an aerosol composition,
gaseous excipient that is generally available to one of skill in the art.
[00251] Solid pharmaceutical excipients include starch, cellulose, talc,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
magnesium stearate, sodium stearate, glycerol monostearate, sodium
chloride, dried skim milk and the like. Liquid and semisolid excipients may
be selected from glycerol, propylene glycol, water, ethanol and various
oils, including those 



of petroleum, animal, vegetable or synthetic origin, e.g., peanut oil,
soybean oil, mineral oil, sesame oil, etc. Preferred liquid carriers,
particularly for injectable solutions, include water, saline, aqueous
dextrose, and glycols. [00252] Compressed gases may be used to disperse a
compound of this invention in aerosol form. Inert gases suitable for this
purpose are nitrogen, carbon dioxide, etc. [00253] Other suitable
pharmaceutical excipients and their formulations are described in
Remington's Pharmaceutical Sciences, Gennaro, A. R. (Mack Publishing
Company, 18th ed., 1995). [00254] The level of the compound in a
formulation can vary within the full range employed by those skilled in the
art. Typically, the formulation contains, on a weight percent (wt %) basis,
from about 0.01-99.99 wt % of a compounds of the present invention based on
the total formulation, with the balance being one or more suitable
pharmaceutical excipients. Preferably, the compound is present at a level
of about 1-80 wt %. [00255] The compounds can be administered as the sole
active agent or in combination with other pharmaceutical agents such as
other agents used in the treatment of psychoses, especially schizophrenia
and bipolar disorder, obsessive-compulsive disorder, Parkinson's disease,
Alzheimer's disease, cognitive impairment and/or memory loss, e.g.,
nicotinic a-7 agonists, PDE4 inhibitors, other PDElO inhibitors, calcium
channel blockers, muscarinic ml and m2 modulators, adenosine receptor
modulators, ampakines, NMDA-R modulators, mGluR modulators, dopamine
modulators, serotonin modulators, canabinoid modulators, and cholinesterase
inhibitors (e.g., donepezil, rivastigimine, and galanthanamine). In such
combinations, each active ingredient can be administered either in
accordance with their usual dosage range or a dose below their usual dosage
range, and can be administered either simultaneously or
sequentially.[00256] Drugs suitable in combination with the compounds of
the present invention include, but are not limited to, other suitable
schizophrenia drugs such as Clozaril, Zyprexa, Risperidone, and Seroquel;
bipolar disorder drugs, including, but not limited to, Lithium, Zyprexa,
and Depakote; Parkinson's disease drugs, including, but not limited to,
Levodopa, Parlodel, Permax, Mirapex, Tasmar, Contan, Kemadin, Artane, and
Cogentin; agents used in the treatment of Alzheimer's disease, including,
but not limited to, Reminyl, Cognex, Aricept, Exelon, Akatinol, Neotropin,
Eldepryl, Estrogen and Cliquinol; agents used in the treatment of dementia,
including, but not limited to, Thioridazine, Haloperidol, Risperidone,
Cognex, Aricept, and Exelon; agents used in the treatment of epilepsy,
including, but not limited to, Dilantin, Luminol, Tegretol, Depakote,
Depakene, Zarontin, Neurontin, Barbita, Solfeton, and Felbatol; agents used
in the treatment of multiple sclerosis, including, but not limited to,
Detrol, Ditropan XL, OxyContin, Betaseron, Avonex, Azothioprine,
Methotrexate, and Copaxone; agents used in the treatment of Huntington's
disease, including, but not limited to, Amitriptyline, Imipramine,
Despiramine, Nortriptyline, Paroxetine, Fluoxetine, Setraline,
Terabenazine, Haloperidol, Chloropromazine, Thioridazine, Sulpride,
Quetiapine, Clozapine, and Risperidone; agents useful in the treatment of
diabetes, including, but not limited to, PPAR ligands (e.g. agonists,
antagonists, such as Rosiglitazone, Troglitazone and Pioglitazone), insulin
secretagogues (e.g., sulfonylurea drugs, such as Glyburide, Glimepiride,
Chlorpropamide, Tolbutamide, and Glipizide, and non-sulfonyl
secretagogues), a-glucosidase inhibitors (such as Acarbose, Miglitol, and
Voglibose), insulin sensitizers (such as the PPAR-g agonists, e.g., the
glitazones; biguanides, PTP-IB inhibitors, DPP-IV inhibitors, and
1lbeta-HSD inhibitors), hepatic glucose output lowering compounds (such as
glucagon antagonists and metaformin, e.g., Glucophage and Glucophage XR),
insulin and insulin derivatives (both long and short acting forms and
formulations of insulin); and anti-obesity drugs, including, but not
limited to, b-3 agonists, CB-I agonists, neuropeptide Y5 inhibitors,
Ciliary Neurotrophic Factor and derivatives (e.g., Axokine), appetite
suppressants (e.g., Sibutramine), and lipase inhibitors (e.g., Orlistat).
EXPERIMENTAL [00257] In the following schemes, the compounds of the
invention, along with their definitions, such as m, n, p, R1, R2, R3,
R4,X1, X2, X3, X4, X5, X6, X7,X8,X9, X10 , Xp ,Y and Z, are as described
above. [00258] Unless otherwise noted, all materials were obtained from
commercial suppliers and used without further purification. All parts are
by weight and temperatures are in degrees centigrade unless otherwise
indicated. All microwave assisted reactions were conducted with a Smith
Synthesizer from Biotage . All compounds showed NMR spectra consistent with
theirassigned structures. Melting points were determined on a Buchi
apparatus and are uncorrected. Mass spectral data was determined by
electrospray ionization technique. All examples were purified to >90%
purity as determined by high-performance liquid chromatography. Unless
otherwise stated, reactions were run at room temperature. [00259] The
following abbreviations are used: DCM- dichloromethane DMSO - dimethyl
sulfoxide DMF - ,N-dimethylformamide THF - tetrahydrofuran 



Et2O - diethyl ether EtOAc - ethyl acetate MeOH - methyl alcohol EtOH -
ethyl alcohol IPA- isopropyl alcohol Me- methyl MeCN - acetonitrile MeI -
iodomethane NMP - l-methyl-2-pyrrolidinone DCM - dichloromethane TFA -
trifuoroacetic acid MTBE- methyl tert-butyl ether DIPEA- diisopropylethyl
amine HBTU- 2-(lH-Benzotriazole- 1-yl)-l ,1,3,3-tetramethylaminium
hexafluorophosphate HATU- O-(7-Azobenzotriazol- 1-yl)- 1,1,3
,3-tetramethyluronium hexafluorophosphate Sat. - saturated h - hour min -
minutes mL - milliliters g - grams mg - milligrams [00260] All compounds
were divided in five classes based on their IC50 values against PDElO. The
range of the IC50 in each class is as follows: "+" designates an IC50 value
in the range beginning from 1.0 uM and ending at 5.0 uM; "++" designates an
IC50 value in the range beginning from 250 nM and ending at 1.0 uM; "+++"
designates an IC50 value in the range beginning from 100 nM and ending at
250 nM;designates an IC50 value in the range beginning from 25 nM and
ending at 100 nM; and +" designates an IC50 value of less than 25 nM.
SCHEME 1 EXAMPLE 1: (1H-BENZO[D]IMID
AZOL-2-YL)(4-(3-MORPHOLINOPYRAZIN-2-YLOXY)- PHENYL)METHANONE STEP 1. ETHYL
4-(3-CHLOROPYRAZIN-2-YLOXY)BENZOATE [00261] To a solution of
4-hydroxybenzoic acid ethyl ester (55.21 g, 332.3 mmol) and 2,3-
dichloropyrazine (49.50 g, 332.3 mmol) in DMSO (300 mL) was added cesium
carbonate (129.9 g, 398.7 mmol). The mixture was heated to 70 0C until the
starting material was consumed. The mixture was cooled to RT, diluted with
water and DCM, the layers were separated and the aqueous layer was
extracted with DCM (2 x). The combined organics were washed with
brine,dried over Na2SC>4, filtered and concentrated. The crude material was
washed with copious amounts of methanol and dried to give ethyl
4-(3-chloropyrazin-2-yloxy)benzoate. STEP 2 .
(1H-BENZO[D]IMIDAZOL-2-YL)(4-(3-CHLOROPYRAZIN-2-YLOXY)PHENYL> METHANONE
[00262] A solution of benzene- 1,2-diamine (1.5 g, 14 mmol), triethyl
orthoformate (5.7 mL, 37 mmol), and benzenesulfonic acid (0.075 g, 0.47
mmol) in toluene (15 mL) was heated to reflux for 4 h and then slowly
distilled to remove half of the solvent. The mixture was then cooled to RT
and neutralized with diisopropyl amine, followed by addition of a solution
of ethyl 4-(3-chloropyrazin-2-yloxy)benzoate (4.3 g, 15 mmol) in THF (15
mL). The mixture was cooled to -78 0C and 1.2 equiv of LDA (9.2 mL, 17
mmol) was added. After aging at -78 0C for 1.5 h, the mixture was warmed to
RT after 1.5 h and then 2N HCl was added and the mixture was agitated for
30 min. Following that, the mixture was adjusted to pH 9 with IN NaOH.
Ethyl acetate was added and the layers were separated, the aqueous was
extracted with ethyl acetate (3 x), and the combined organics were washed
with brine, dried over Na2SOzI, filtered and concentrated. Upon treatment
with MeOH, a yellow solid crashed out which was filtered and collected to
give
(lH-benzo[d]imidazol-2-yl)(4-(3-chloropyrazin-2-yloxy)phenyl)methanone.
STEP 3 . (1H-BENZO[D]IMIDAZOL-2-YL)(4-(3-MORPHOLINOPYRAZIN-2-YLOXY)-
PHENYL)METHANONE [00263] A solution of
(lH-benzo[d]imidazol-2-yl)(4-(3-chloropyrazin-2-yloxy)phenyl)- methanone
(23.00 g, 65.6 mmol) and morpholine (17.2 mL, 197 mmol) was heated to 90 0C
in DMSO (165 mL). After complete consumption of the starting material, the
hot solution was dripped into ice water which caused a yellow solid to
precipitate. The solid was slurried in boiling EtOH (600 mL) and enough
tetrahydrofuran was added to completely dissolve the solids. The solution
was transferred to the freezer for crystallization. The solid was collected
byfiltration and air-dried to give
(lH-benzo[d]imidazol-2-yl)(4-(3-morpholinopyrazin-2-
yloxy)phenyl)methanone. MS (ESI, pos. ion) m/z: 402.1 (M+ 1). IC50 (uM)
++++. EXAMPLE 2 : (S)-(1H-BENZO[D]IMID AZOL-2-YL)(4-(3-(4-(l, 1,1
-TRIFLUORO-2- HYDROXYPROPAN-2-YL)PIPERIDIN- 1-YL)PYRAZIN-2-
YLOXY)PHENYL)METHANONE STEP 1. N-METHOXY-N-METHYLPIPERIDINE^-CARBOXAMIDE
[00265] To a mixture of piperidine-4-carboxylic acid (10Og, 775 mmol) in
1,4-dioxane 



(400 mL) and water (100 mL), triethylamine (135 mL, 969 mmol) was added at
25-30 0C and stirred for 15 min. Then H Og of boc anhydride was added. It
was stirred for overnight at the same temperature. After completion of the
reaction, the solvent was removed under vacuum. The residue was purified by
dilution with EtOAc and washing with H2O (1000 mL). The organic layer was
dried over anhydrous sodium sulfate and concentrated under vacuum to afford
1-(tertbutoxycarbonyl) piperidine-4-carboxylic acid product. [00266] To a
solution of l-(tert-butoxycarbonyl)piperidine-4-carboxylic acid (50 g, 218
mmol) in DCM (500 mL), 1,1-carbonyldiimidazole (46 g, 284 mmol) was added
and the reaction mixture was stirred for 1 h at 25-30 0C. N,O-Dimethylamine
hydrochloride (30 g, 306 mmol) was then added and the resulting mixture was
stirred for 15 h at 25-30 0C. After completion of the reaction, the
reaction mixture was diluted with DCM and washed with water, saturated
NaHCq 3 solution, and 10% NaOH solution. The organic layer was dried over
anhydrous sodium sulfate and concentrated under vacuum to afford pure
tert-butyl 4-(methoxy(methyl)carbamoyl)- piperidine- 1-carboxylate
product.[00267] To a solution of tert-butyl
4-(methoxy(methyl)carbamoyl)piperidine- 1-carboxylate (50 g, 182 mmol) in
DCM (400 mL) was added trifluoroacetic acid (150 mL) and the resulting
mixture was stirred for 6 h at 25-30 0C. After completion of the reaction,
the solvent was removed under reduced pressure to afford 40 g of
N-methoxy-N-methylpiperidine-4- carboxamide product. [M+l] = 173.04 STEP 2
. l-BENZYL-N-METHOXY-N-METHYLPIPERIDINE^-CARBOXAMIDE [00268] To the
solution of N-methoxy-N-methylpiperidine-4-carboxamide (40 g, 232 mmol) in
acetone (400 mL) was added benzyl bromide (42 mL, 349 mmol) and K2CO3 (64
g, 465 mmol) and the reaction mixture was stirred at 80 0C under reflux for
16 h. After completion of the reaction, the reaction mixture was filtered
and acetone was removed under reduced pressure. The residue was purified by
silica gel column chromatography (eluting with 50% ethyl acetate in hexane)
to afford l-benzyl-N-methoxy-N-methylpiperidine-4-carboxamide product.
[M+l] = 263.15 STEP 3 . l-(l-BENZYLPIPERIDIN-4-YL)ETHANONE [00269] To a
stirred solution of 1-benzyl-N-methoxy-N-methylpiperidine-4-carboxamide (
11.5 g, 44 mmol) in diethyl ether (150 mL) at 0 0C was added methyl
magnesium bromide (15.7 g, 132 mmol), drop-wise over 10 min. The resulting
mixture was stirred at 25-30 0C for 2 h. After completion of the reaction,
the mixture was treated with EtOAc and saturated NH4Cl solution. The
separated organic layer was washed with brine and dried over anhydrous
sodium sulfate and concentrated under vacuum to afford
l-(l-benzylpiperidin-4-yl)ethanone product. [M+l] = 218.1STEP 4 . 2-(l
-BENZYLPIPERIDIN^-YL)- 1,1,1-TRIFLUOROPROPAN-2-OL [00270] To a stirred
solution of potassium acetate (0. 19 g, 1 mmol) in dimethylformamide (2 mL)
was added a solution of l-(l-benzylpiperidin-4-yl)ethanone (0.5 g, 2.3
mmol) in dimethylformamide (2 mL) and CF3SiMe3 (0.67 mL, 4.6 mmol). The
reaction mixture was stirred for 1 h at RT. After completion of the
reaction, the reaction mixture was quenched with saturated aqueous NH Cl
solution. The mixture was extracted with ethyl acetate and dried over
anhydrous sodium sulfate and concentrated under vacuum. The residue was
purified by silica gel column chromatography to afford l-benzyl-4-( 1,1,1
-trifluoro-2-(trimethylsilyloxy)propan-2- yl)piperidine product. [00271] To
a stirred solution of 1-benzyl-4-( 1,1,1
-trifluoro-2-(trimethylsilyloxy)propan-2- yl)piperidine (3g, 8.3 mmol) in
THF (30 mL), tetrabutylammonium fluoride (3.2g, 12.4 mmol) was added slowly
at RT. The reaction mixture was stirred for 3 h. After completion of the
reaction, the mixture was quenched with saturated ammonium chloride
solution, extracted with ethyl acetate. The organic layer was washed with
brine solution and dried over anhydrous sodium sulfate and concentrated
under vacuum to afford 2-(l-benzylpiperidin-4-yl)- 1,1,1 -
trifluoropropan-2-ol product. [M+1] = 288.15 STEP 5 .
l,l,l-TRIFLUORO-2-(PIPERIDIN-4-YL)PROPAN-2-OL [00272] To a stirred solution
of 2-( 1-benzylpiperidin-4-yl)- 1,1,1 -trifluoropropan-2-ol in methanol (25
mL), palladium on carbon (150 mg, 3.26 mmol) was added under hydrogen
atmosphere. The resulting mixture was stirred under reflux for 6 h at 65 C.
After completion of the reaction, the mixture was filtered and concentrated
under vacuum to afford l,l,l-trifluoro-2- (piperidin-4-yl)propan-2-ol.
[M+H] = 198.06STEP 6.
(S)-(lH-BENZO[D]IMIDAZOL-2-YL)(4-(3-(4-(l,l,l-TRIFLUORO-2-
HYDROXYPROPAN-2-YL)PIPERIDIN- 1-YL)PYRAZIN-2- YLOXY)PHENYL)METHANONE
[00273] Same as step 3 of example 1 to provide product. MS (ESI, pos. ion)
m/z: 512 (M+l). IC50 (uM) +^ SCHEME 2EXAMPLE 3 :
(lH-BENZO[D]IMIDAZOL-2-YL)(4-(3-CHLOROPYRAZIN-2- YLOXY)PHENYL)METHANONE
STEP 1: ETHYL 4-(4-METHOXYBENZYLOXY)BENZOATE [00274] To a stirred solution
of ethyl 4-hydroxybenzoate (530 g, 3.19 mol) in DMF (6 L) were added K2CO3
powder ( 1102 g, 7.97 mol, 2.5 eq.), NaI ( 1195g, 7.97 mol, 2.5 eq.) and
PMBCl (599.4 g, 3.83 mol, 1.2 eq.) at ambient temperature. The reaction
mixture was heated at 50 0C 



overnight under nitrogen atmosphere. The reaction mixture was cooled to
ambient temperature and ice-water (9 L) was added to the reaction mixture.
The resulting solid was filtered and washed with water (5 L), dried at 40
0C under vacuum to obtain product. STEP 2 :
(lH-BENZO[D]IMIDAZOL-2-YL)(4-(4- METHOXYBENZYLOXY)PHENYL)METHANONE [00275]
A solution of benzimidazole (450 g, 3.81 mol), triethyl orthoformate (
1129.3 g, 7.62 mol, 2.0 eq.) and benzenesulphonic acid (16 g) in toluene (4
L) was heated to reflux, and half of the solvent was removed by
distillation. Toluene (3 L) was added again and 2 L was removed by slow
distillation. The reaction mixture was cooled, was neutralized with
diisopropylamine (55 mL), and to it were added THF (4 L) and 2 (1200 g, 4.2
mol, 1.1 eq.). The mixture was cooled to -78 0C and to it was added LDA
(2.32 L, 2M in THF/hexane/ethylbenzene, 4.5 mol, 1.2 eq.) drop wise over 3
h. After the addition, the reaction mixture was stirred at -78 0C for 2 h.
It was then warmed to ambient temperature, 2N aqueous HCl (3.9 L) was added
and the mixture was stirred for 2 h. The layers were separated, organic
layer was washed with 10% aqueous NaHCO solution and brine, dried over Na
SO , filtered and concentrated to give 2177 g crude as an oil. To this
crude were added MTBE (3 L) and hexanes (250 ml) and left overnight in cold
room. The resulting solid was filtered and washed with MTBE, followed by
10% EtOAC/Hexanes to give product.STEP 3 : (1H-BENZO[D]IMID
AZOL-2-YL)(4-HYDROXYPHENYL)METHANONE [00276] To a slurry of compound
(lH-benzo[d]imidazol-2-yl)(4-(4- methoxybenzyloxy)phenyl)methanone (268 g,
0.75 mol) in dichloromethane (2.7 L) at ambient temperature was added TFA
(289 mL, 3.75 mol, 5.0 eq.) slowly using an addition funnel. The reaction
was stirred at ambient temp for 16 h. LCMS analysis of the reaction mixture
revealed that the reaction was complete. The reaction mixture was
neutralized with satd. aqueous NaHCq 3 to pH=7-8, and stirred for 20
minutes. The resulting solid was filtered and washed with water and dried
under vacuum oven at 45 0C to give product. STEP 4 :
(lH-BENZO[D]IMIDAZOL-2-YL)(4-(3-CHLOROPYRAZIN-2- YLOXY)PHENYL)METHANONE
[00277] To a solution of compound (lH-benzo[d]imidazol-2-yl)(4-
hydroxyphenyl)methanone (100 g, 0.42 mol) in anhydrous DMF (1.1 L) was
added K2CO3 (145 g, 1.05 mol, 2.5 eq.) and 2, 3-dichloropyrazine (75.08 g,
0.50 mol, 1.2 eq.). The reaction was stirred at 90 0C for 18 h. LCMS
analysis of the reaction mixture showed that the reaction was complete. The
reaction mixture was cooled to ambient temperature and ice-water (3 L) was
added, stirred for 30 minutes. The resulting solid was filtered and washed
with water (3 L) followed by MTBE (2 x 500 mL) and dried under vacuum. The
solid was treated with 50% MTBE/DCM at 50 0C for Ih and filtered hot,
washed with 50% MTBE/DCM and dried under vacuum overnight to obtain
product. Mother liquor was refluxed with 50% MTBE/DCM for 2h and filtered
hot and washed with 50% MTBE/DCM to get another batch of product. MS (ESI,
pos. ion) m/z: 351.0 (M+l). IC50 (uM) +.SCHEME 3 EXAMPLE 4 :
[4-(3-CHLORO-PYRAZIN^-YLOXY)-PHENYL]-(O-FLUORO- IHBENZOIMID
AZ0L-2-YL)-METHAN0NE STEP 1. 6-FLU0R0-1 H-BENZOIMID AZOLE [00278] To the
solution of 4-fluoro-benzene-l,2-diamine (10 g, 79.4 mmol) and
triethylorthoformate ( 117 mL, 793 mmol) was added few drop of ethanol and
the reaction mixture was refluxed at 1500C overnight. The reaction mixture
was concentrated and the residue was directly taken to the next step. [M+H]
= 137.STEP 2 . -FLUORO-BENZOIMIDAZOLE-l-CARBOXYLIC ACID TERT-BUTYL ESTER
[00279] To the solution of 6-fluoro- 1H-benzoimidazole (2 1.5 g, 159 mmmol)
and triethylamine (34.2 mL, 237 mmol) in DCM (200 mL) was added
di-tert-butyl dicarbonate (41.3 mL, 190 mmol) at 5C. The reaction mixture
was stirred at RT overnight. The reaction was then diluted with DCM (100
mL) and washed with water (3 x 50 ml). The organic layer was dried (Na
SOzI) and concentrated. The crude product was purified by silica gel
(100-200 mesh) column using 5-10% ethyl acetate-hexane as eluent to obtain
the title compound. [M+H] = 237. STEP 3 .
[4-(3-CHLORO-PYRAZIN-2-YLOXY)-PHENYL]-(6-FLUORO-lHBENZOIMIDAZOL-
2-YL)-METHANONE [00280] A solution of 4-(3-Chloro-pyrazin-2-yloxy)-benzoic
acid ethyl ester (20 g, 84.7 mmol) and 6-fluoro benzoimidazole-1-carboxylic
acid tert-butyl ester (21.2 g, 76.3 mmol) in freshly dried THF (150 mL) was
cooled to -780C . LiHMDS (106 mL, 106 mmol) was added slowly to it over 1.2
h. The reaction mixture was stirred at the same temperature for 3.5 h. The
reaction was brought to -20 0C and slowly quenched with addition of 2N HCl
until pH 3-4. The resulting mixture was stirred at RT for 1 h, extracted
with ethyl acetate (3 c 200 mL), and washed with water (2 x100 mL). The
organic layer was dried (Na2SO4) and concentrated. To the crude product was
added methanol (70 mL). After stirring for 1 h, the solid was collected by
filtration to give the title compound. MS (ESI, pos. ion) m/z: 369.2 (M+l).
IC50 (uM) +. SCHEME 4EXAMPLE 5 : (l-METHYL-lH-BENZO[D]IMIDAZOL-2-YL)(4-(3-
MORPHOLINOPYRAZIN-2-YLOXY)PHENYL)METHANONE [00281] To a suspension of
(lH-benzo[d]imidazol-2-yl)(4-(3-morpholinopyrazin-2-yloxy)- 



phenyl)methanone as prepared according to Scheme 3, (0.2 g, 0.5 mmol) in
DMF ( 1 mL) was added cesium carbonate (0.2 g, 0.7 mmol) and iodomethane
(0.04 mL, 0.6 mmol). The resulting mixture was stirred at RT overnight.
LC/MS showed complete conversion. Compound crashed out in MeOH. Filtered
the resulting orange solid and rinse with copious amounts of MeOH. Solids
were dried by vacuum pump overnight to afford ( 1-methyl- lH-benzo
[d]imidazol-2-yl)(4- (3-morpholinopyrazin-2-yloxy)phenyl)methanone. MS
(ESI, pos. ion) m/z: 416.1.(M+1). IC50 (uM) ++++. EXAMPLE 6 :
(1-ISOPROPYL-1H-BENZO[D]IMID AZOL-2-YL)(4-(3-
MORPHOLINOPYRAZIN-2-YLOXY)PHENYL)METHANONE [00282] A mixture of
(lH-benzo[d]imidazol-2-yl)(4-(3-morpholinopyrazin-2-yloxy)-
phenyl)methanone ( 115 mg, 286 mmol), potassium carbonate (79.2 mg, 573
mmol) and 2- iodopropane (97.4 mg, 573 mmol) in DMF (2 mL) was stirred
overnight. Additional isopropyl iodide was added until the starting
material was consumed. The mixture was diluted with water and ethyl
acetate. The layers were separated and the aqueous layer was extracted with
ethyl acetate and the combined organics were washed with brine, dried over
Na2SO4, filtered and concentrated. The residue was purified by Biotage(tm),
10-30% acetone/hexanes gradient, to give
(l-isopropyl-lH-benzo[d]imidazol-2-yl)
(4-(3-morpholinopyrazin-2-yloxy)phenyl)methanone. MS (ESI, pos. ion) m/z:
444.1 (M+l). IC50 (uM) ++++.EXAMPLE 7 : 4-(3-(4-((lH-BENZO[D]IMIDAZOL-2-
YL)DIFLUOROMETHYL)PHENOXY)PYRAZIN-2-YL)MORPHOLINE [00283] A solution of
(lH-benzo[d]imidazol-2-yl)(4-(3-(tetrahydro-2H-pyran-4-
yl)pyrazin-2-yloxy)phenyl)methanone (155 mg, 0.387 mmol) in Chloroform
(15.500 ml) was cooled to 0 0C and DAST ( 1.023 ml, 7.74 mmol) was added.
The ice bath was removed and the reaction was allowed to warm to room
temperature. The reaction was quenched with water and the mixture was
diluted with dichloromethane. After separation of the layers, the aqueous
layer was extracted with DCM. The combined organic layers were washed with
brine, dried over Na2SO4, filtered and concentrated. The residue was
purified by silica gel chromatography to give
4-(3-(4-((lH-benzo[d]imidazol-2-yl)difluoromethyl)phenoxy)pyrazm-2-yl)morph
olme. MS (ESI, pos. ion) m/z: 423.0 (M+l). IC50 (uM) +++. TABLE (IA):
EXAMPLES 8 TO 56 ARE TABULATED BELOW:REQUEST ROUTING AND UPDATING ROUTING
INFORMATION UTILIZING CLIENT LOCATION INFORMATION BACKGROUND [0001]
Generally described, computing devices and communication networks can be
utilized to exchange information. In a common application, a computing
device can request content from another computing device via the
communication network. For example, a user at a personal computing device
can utilize a software browser application to request a Web page from a
server computing device via the Internet. In such embodiments, the user
computing device can be referred to as a client computing device and the
server computing device can be referred to as a content provider. [0002]
Content providers are generally motivated to provide requested content to
client computing devices often with consideration of efficient transmission
of the requested content to the client computing device and/or
consideration of a cost associated with the transmission of the content.
For larger scale implementations, a content provider may receive content
requests from a high volume of client computing devices which can place a
strain on the content provider's computing resources. Additionally, the
content requested by the client computing devices may have a number of
components, which can further place additional strain on the content
provider's computing resources. [0003] With reference to an illustrative
example, a requested Web page, or original content, may be associated with
a number of additional resources, such as images or videos, which are to be
displayed with the Web page. In one specific embodiment, the additional
resources of the Web page are identified by a number of embedded resource
identifiers, such as uniform resource locators ("URLs"). In turn, software
on the client computing devices typically processes embedded resource
identifiers to generate requests for the content. Often, the resource
identifiers associated with the embedded resources reference a computing
device associated with the content provider such that the client computing
device would transmit the request for the additional resources to the
referenced content provider computing device. Accordingly, in order to
satisfy a content request, the content provider would provide client
computing devices data associated with the Web page as well as the data
associated with the embedded resources.[0004] Some content providers
attempt to facilitate the delivery of requested content, such as Web pages
and/or resources identified in Web pages, through the utilization of a
content delivery network ("CDN") service provider. A CDN server provider
typically maintains a number of computing devices in a communication
network that can maintain content from various content providers. In turn,
content providers can instruct, or otherwise suggest to, client computing
devices to request some, or all, of the content provider's content from the
CDN service provider's computing devices. [0005] As with content providers,
CDN service providers are also generally 



motivated to provide requested content to client computing devices often
with consideration of efficient transmission of the requested content to
the client computing device and/or consideration of a cost associated with
the transmission of the content. Accordingly, CDN service providers often
consider factors such as latency of delivery of requested content in order
to meet service level agreements or to generally improve the quality of
delivery service. DESCRIPTION OF THE DRAWINGS [0006] The foregoing aspects
and many of the attendant advantages of this invention will become more
readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the
accompanying drawings, wherein: [0007] Figure 1 is a block diagram
illustrative of content delivery environment including a number of client
computing devices, a content provider, and a content delivery network
service provider; [0008] Figure 2 is a block diagram of the content
delivery environment of Figure 1 illustrating the registration of a content
provider with a content delivery service provider; [0009] Figure 3 is a
block diagram of the content delivery environment of Figure 1 illustrating
the generation and processing of a content request from a client computing
device to a content provider; [0010] Figures 4A-4B are block diagrams of
the content delivery environment of Figure 1 illustrating one embodiment of
the generation and processing of a DNS querycorresponding to an embedded
resource from a client computing device to a content delivery network
service provider and the subsequent generation and processing of DNS
queries corresponding to a first alternative resource identifier from a
client computing device to a content delivery network; [0011] Figure 5 is a
block diagram of the content delivery environment of Figure 1 illustrating
another embodiment of the generation and processing of a DNS query
corresponding to an embedded resource from a client computing device to a
content delivery network service provider; [0012] Figure 6 is a block
diagram of the content delivery environment of Figure 1 illustrating the
generation and processing of embedded resource requests from a client
computing device to a content delivery network service provider; [0013]
Figure 7 is a flow diagram illustrative of a request routing routine
implemented by a content delivery network service provider utilizing query
IP address to location-based identifier mappings to process a resource
request; and [0014] Figure 8 is a flow diagram illustrative a request
routing subroutine implemented by a content delivery network service
provider in the illustrative flow diagram of Figure 7 for determining a
network point of presence for servicing a resource request based on an
obtained location-based identifier. DETAILED DESCRIPTION [0015] Generally
described, the present disclosure is directed to routing of a DNS query
from a client computing device corresponding to content requests by a
network resource, such as a content delivery network ("CDN") service
provider. The processing of a DNS query by a CDN service provider is
generally referred to as request routing. Specifically, aspects of the
disclosure will be described with regard to the routing of a client
computing device DNS query within a CDN service provider domain as a
function of client location information associated with the client
computing device. In one embodiment, a CDN service provider utilizes a
query IP address to location-based identifier mappings to select components
of a CDN network to provide the requested resource. The CDN network
component can be selected by identifying a client computing device's
location and attempting to improve performance associated with the
requestrouting by transmitting requested resources from a CDN network
component in a destination associated with the client's location. Other
aspects of the disclosure are directed to collecting performance data
associated with resolving the DNS query and updating routing information
associated with client location information based on the performance data.
Although various aspects of the disclosure will be described with regard to
illustrative examples and embodiments, one skilled in the art will
appreciate that the disclosed embodiments and examples should not be
construed as limiting. [0016] Figure 1 is a block diagram illustrative of
content delivery environment 100 for the management and processing of
content requests. As illustrated in Figure 1, the content delivery
environment 100 includes a number of client computing devices 102
(generally referred to as clients) for requesting content from a content
provider and/or a CDN service provider. In an illustrative embodiment, the
client computing devices 102 can correspond to a wide variety of computing
devices including personal computing devices, laptop computing devices,
hand-held computing devices, terminal computing devices, mobile devices,
wireless devices, various electronic devices and 



appliances and the like. In an illustrative embodiment, the client
computing devices 102 include necessary hardware and software components
for establishing communications over a communication network 108, such as a
wide area network or local area network. For example, the client computing
devices 102 may be equipped with networking equipment and browser software
applications that facilitate communications via the Internet or an
intranet. [0017] Although not illustrated in Figure 1, each client
computing device 102 utilizes some type of local DNS resolver component,
such as a DNS name server, that generates the DNS queries attributed to the
client computing device. In one embodiment, the local DNS resolver
component may be provided by an enterprise network to which the client
computing device 102 belongs hi another embodiment, the local DNS resolver
component may be provided by an Internet Service Provider (ISP) that
provides the communication network connection to the client computing
device 102. [0018] The content delivery environment 100 can also include a
content provider 104 in communication with the one or more client computing
devices 102 via thecommunication network 108. The content provider 104
illustrated in Figure 1 corresponds to a logical association of one or more
computing devices associated with a content provider. Specifically, the
content provider 104 can include a web server component 110 corresponding
to one or more server computing devices for obtaining and processing
requests for content (such as Web pages) from the client computing devices
102. The content provider 104 can further include an origin server
component 112 and associated storage component 114 corresponding to one or
more computing devices for obtaining and processing requests for network
resources from the CDN service provider. One skilled in the relevant art
will appreciate that the content provider 104 can be associated with
various additional computing resources, such additional computing devices
for administration of content and resources, DNS name servers, and the
like. For example, although not illustrated in Figure 1, the content
provider 104 can be associated with one or more DNS name server components
that are operative to receive DNS queries related to registered domain
names associated with the content provider. The one or more DNS name
servers can be authoritative to resolve client computing device DNS queries
corresponding to the registered domain names of the content provider 104. A
DNS name server component is considered to be authoritative to a DNS query
if the DNS name server can resolve the query by providing a responsive IP
address. [0019] With continued reference to Figure 1, the content delivery
environment 100 can further include a CDN service provider 106 in
communication with the one or more client computing devices 102 and the
content providers 104 via the communication network 108. The CDN service
provider 106 illustrated in Figure 1 corresponds to a logical association
of one or more computing devices associated with a CDN service provider.
Specifically, the CDN service provider 106 can include a number of Point of
Presence ("POP") locations 116, 122, 128 that correspond to nodes on the
communication network 108. Each POP 116, 122, 128 includes a DNS component
118, 124, 130 made up of a number of DNS server computing devices for
resolving DNS queries from the client computers 102. Each POP 116, 122, 128
also includes a resource cache component 120, 126, 132 made up of a number
of cache server computing devicesfor storing resources from content
providers and transmitting various requested resources to various client
computers. [0020] Still further, the CDN service provider 106 includes a
routing data store 134 for maintaining information regarding query IP
address to location-based identifier mappings, as well as confidence
factors associated with those mappings, such as disclosed in U.S.
Application Serial No. 11/771,679 filed on June 29, 2007, and entitled
"Mapping Attributes to Network Addresses," which is herein incorporated by
reference. In some embodiments, the location-based identifiers can
correspond to locations directly determined based on physical locations or
logical locations associated with the origin of the DNS query. In addition
or alternatively, the location-based identifier can be inferred based on
associating a relative location to known locations. For example, the
locationbased identifier can be attributed to known locations of POPs
(corresponding to the CDN service provider) based on measured latency
information associated with request routing between the client computing
device or its local DNS resolver and these POPs. The measured latency
information can be premeasured, such as through testing procedures or
previously observed request routing behavior. Alternatively, the measured
latency information can be dynamically measured in a real time basis or
semi-real time basis. [0021] The routing data store 134 can also maintain
additional location mapping information such as mappings of the
location-based identifiers to regional CDN destination identifiers. Even
further, the location mapping data store 134 can include information
identifying a set of POPs associated with each CDN destination identifier.
Yet further, the routing data store 134 can include user profile
information from which alternative user location information may be
obtained. Yet still further, the routing data 



store 134 can include content provider routing criteria associated with a
content provider identifier (or origin identifier), such as regional
service plan information or other routing criteria, utilized by the CDN
service provider 106 to route content requests. Yet even further, the
routing data store 134 can also maintain performance data associated with
processing requests. [0022] In an illustrative embodiment, the routing data
store 134 corresponds to a central data store accessible by the POPs 116,
122, 128, such as via a Web service. Inanother embodiment, each POP 116,
122, 128 can maintain a local version of a routing data store 134 for
utilization in request routing as will be explained in greater detail.
Additionally, although the routing data store 134 is illustrated as a
single data store, one skilled in the relevant art will appreciate that
routing data store 134 may correspond to one or more data stores and may be
implemented in a distributed manner. [0023] The DNS components 118, 124 and
130 and the resource cache components 120, 126 132 may further include
additional software and/or hardware components that facilitate
communications including, but not limited, load balancing or load sharing
software/hardware components. [0024] In an illustrative embodiment, the DNS
component 118, 124, 130 and resource cache component 120, 126, 132 are
considered to be logically grouped, regardless of whether the components,
or portions of the components, are physically separate. Additionally,
although the POPs 116, 122, 128 are illustrated in Figure 1 as logically
associated with the CDN service provider 106, the POPs will be
geographically distributed throughout the communication network 108 in a
manner to best serve various demographics of client computing devices 102.
Additionally, one skilled in the relevant art will appreciate that the CDN
service provider 106 can be associated with various additional computing
resources, such additional computing devices for administration of content
and resources, and the like. [0025] One skilled in the relevant art will
appreciate that the components and configurations provided in Figure 1 are
illustrative in nature. Accordingly, additional or alternative components
and/or configurations, especially regarding the additional components,
systems and subsystems for facilitating communications may be utilized.
[0Q26] With reference now to Figures 2-6, the interaction between various
components of the content delivery environment 100 of Figure 1 will be
illustrated. For purposes of the example, however, the illustration has
been simplified such that many of the components utilized to facilitate
communications are not shown. One skilled in the relevant art will
appreciate that such components can be utilized and that additional
interactions would accordingly occur without departing from the spirit and
scope of the present disclosure.[0027] With reference to Figure 2, an
illustrative interaction for registration of a content provider 104 with
the CDN service provider 106 will be described. As illustrated in Figure 2,
the CDN content registration process begins with registration of the
content provider 104 with the CDN service provider 106. In an illustrative
embodiment, the content provider 104 utilizes a registration application
program interface ("API") to register with the CDN service provider 106
such that the CDN service provider 106 can provide content on behalf of the
content provider 104. The registration API includes the identification of
the origin server 112 of the content provider 104 that will provide
requested resources to the CDN service provider 106. Additionally, as will
be explained in greater detail below, the content provider 104 can also
provide additional information, such as regional service plan information
or other routing criteria, utilized by the CDN service provider 106 to
route content requests. In one embodiment, the routing criteria can include
the specification of a particular regional service plan, which may limit
the regions from which content requests may be resolved by the CDN service
provider 106. In another embodiment, the routing criteria can include a
selection by the content provider 104 that the CDN service provider 106
should attempt to service specific resource requests from a particular
regional destination or POP or from a particular distribution of regional
destinations or POPs. [0028] One skilled in the relevant art will
appreciate that upon identification of appropriate origin servers 112, the
content provider 104 can begin to direct requests for content from client
computing devices 102 to the CDN service provider 106. Specifically, in
accordance with DNS routing principles, a client computing device request
corresponding to a resource identifier would eventually be directed toward
a POP 116, 122, 128 associated with the CDN service provider 106. In the
event that the resource cache component 120, 126, 132 of a selected POP
does not have a copy of a resource requested by a client computing device
102, the resource cache component will request the resource from the origin
server 112 previously registered by the content provider 104. [0029] With
continued reference to Figure 2, upon receiving the registration API, the
CDN service provider 106 obtains and processes the registration
information. In an illustrative embodiment, the CDN service provider 106
can then generate additionalinformation that will be used by the client
computing devices 102 as part of the content 



requests. The additional information can include, without limitation,
content provider identifiers, such as content provider identification codes
or origin server identifiers, executable code for processing resource
identifiers, such as script-based instructions, and the like. One skilled
in the relevant art will appreciate that various types of additional
information may be generated by the CDN service provider 106 and that the
additional information may be embodied in any one of a variety of formats.
[0030] The CDN service provider 106 returns an identification of applicable
domains for the CDN service provider (unless it has been previously
provided) and any additional information to the content provider 104. In
turn, the content provider 104 can then process the stored content with
content provider specific information. In one example, as illustrated in
Figure 2, the content provider 104 translates resource identifiers
originally directed toward a domain of the origin server 112 to a domain
corresponding to the CDN service provider. The translated URLs are embedded
into requested content in a manner such that DNS queries for the translated
URLs will resolve to a DNS server corresponding to the CDN service provider
106 and not a DNS server corresponding to the content provider 104.
Although the translation process is illustrated in Figure 2, in some
embodiments, the translation process may be omitted in a manner described
in greater detail below. [0031] Generally, the identification of the
resources originally directed to the content provider 104 will be in the
form of a resource identifier that can be processed by the client computing
device 102, such as through a browser software application. In an
illustrative embodiment, the resource identifiers can be in the form of a
uniform resource locator ("URL"). Because the resource identifiers are
included in the requested content directed to the content provider, the
resource identifiers can be referred to generally as the "content provider
URL." For purposes of an illustrative example, the content provider URL can
identify a domain of the content provider 104 (e.g., contentprovider.com),
a name of the resource to be requested (e.g., "resource.xxx") and a path
where the resource will be found (e.g., "path") hi this illustrative
example, the content provider URL has the form
of:http://www.contentprovider.com /path/resource.xxx [0032] During an
illustrative translation process, the content provider URL is modified such
that requests for the resources associated with the translated URLs resolve
to a POP associated with the CDN service provider 106. In one embodiment,
the translated URL identifies the domain of the CDN service provider 106
(e.g., "cdnprovider.com"), the same name of the resource to be requested
(e.g., "resource.xxx") and the same path where the resource will be found
(e.g., "path"). Additionally, the translated URL can include additional
processing information (e.g., "additional information"). Specifically, as
set forth above, in one illustrative embodiment, the additional information
can include a content provider identifier. Additionally, the translated URL
can include any additional information utilized by the CDN service provider
during the request routing information, including, but not limited to,
service plan information, file identifiers, and the like. Such information
may be included in the modified URL or may be omitted from the translated
URL and obtained by the CDN service provider 106 during the request routing
process, such as by a lookup according to a content provider identifier.
The translated URL would have the form of:
httpV/additionaMnformation.cdnprovider.com/path/resource.xxx [0033] In
another embodiment, the information associated with the CDN service
provider 106 is included in the modified URL, such as through prepending or
other techniques, such that the translated URL can maintain all of the
information associated with the original URL. In this embodiment, the
translated URL would have the form of:
http://additional_information.cdnprovider.com/www.contentprovider.com/path/
resource.xxx [0034] With reference now to Figure 3, after completion of the
registration and translation processes illustrated in Figure 2, a client
computing device 102 subsequently generates a content request that is
received and processed by the content provider 104, such as through the Web
server 110. hi accordance with an illustrative embodiment, therequest for
content can be in accordance with common network protocols, such as the
hypertext transfer protocol ("HTTP"). Upon receipt of the content request,
the content provider 104 identifies the appropriate responsive content. In
an illustrative embodiment, the requested content can correspond to a Web
page that is displayed on the client computing device 102 via the
processing of information, such as hypertext markup language ("HTML"),
extensible markup language ("XML"), and the like. The requested content can
also include a number of embedded resource identifiers, described above,
that corresponds to resource objects that should be obtained by the client
computing device 102 as part of the processing of the requested content.
The embedded resource identifiers can be generally referred to as original
resource identifiers or original URLs. [0035] Upon receipt of the requested
content, the client computing device 102, such as through a browser
software application, begins processing any of the markup code 



included in the content and attempts to acquire the resources identified by
the embedded resource identifiers. Accordingly, the first step in acquiring
the content corresponds to the issuance, by the client computing device 102
(through its local DNS resolver), of a DNS query for the original URL
resource identifier that results in the identification of a DNS server
authoritative to the "." and the "com" portions of the translated URL.
After processing the "." and "com" portions of the embedded URL, the client
computing device 102 then issues a DNS query for the resource URL that
results in the identification of a DNS server authoritative to the
".cdnprovider" portion of the embedded URL. The issuance of DNS queries
corresponding to the "." and the "com" portions of a URL are well known and
have not been illustrated. [0036] With reference now to Figures 4A, in an
illustrative embodiment, the successful resolution of the "cdnprovider"
portion of the original URL identifies a network address, such as an IP
address, of a DNS server associated with the CDN service provider 106. In
one embodiment, the IP address can be a specific network address unique to
a DNS server component of a POP. In another embodiment, the IP address can
be shared by one or more POPs. In this embodiment, a further DNS query to
the shared IP address utilizes a one-to-many network routing schema, such
as anycast, such that a specific POP will receive the request as a function
of network topology. For example, inan anycast implementation, a DNS query
issued by a client computing device 102 to a shared IP address will arrive
at a DNS server component logically having the shortest network topology
distance, often referred to as network hops, from the client computing
device. The network topology distance does not necessarily correspond to
geographic distance. However, in some embodiments, the network topology
distance can be inferred to be the shortest network distance between a
client computing device 102 and a POP. [0037] With continued reference to
Figure 4A, in either of the above identified embodiments (or any other
embodiment), a specific DNS server in the DNS component 118 of a POP 116
receives the DNS query corresponding to the original URL from the client
computing device 102. Once one of the DNS servers in the DNS component 118
receives the request, the specific DNS server attempts to resolve the
request. In one illustrative embodiment, as shown in reference to Figure 5,
a specific DNS server resolves the DNS query by identifying an IP address
of a cache server component that will process the request for the requested
resource. As described above and as will be described further below in
reference to Figure 6, a selected resource cache component can process the
request by either providing the requested resource if it is available or
attempt to obtain the requested resource from another source, such as a
peer cache server computing device or the origin server 112 of the content
provider 104. [0038] Returning to Figure 4A, as an alternative to selecting
a resource cache component upon receipt of a DNS query as described in
reference to Figure 5, the CDN service provider 106 can maintain sets of
various alternative resource identifiers. The alternative resource
identifiers can be provided by the CDN service provider 106 to the client
computing device 102 such that a subsequent DNS query on the alternative
resource identifier will be processed by a different DNS server component
within the CDN service provider's network hi an illustrative embodiment,
the alternative resource identifiers are in the form of one or more
canonical name ("CNAME") records. In one embodiment, each CNAME record
identifies a domain of the CDN service provider 106 (e.g.,
"cdnprovider.com" or "cdnprovider-l.com"). As will be explained in greater
detail below, the domain in the CNAME does not need to be the same domain
found in original URL or in a previous CNAME record. Additionally, each
CNAME record includes additionalinformation, such as request routing
information, (e.g., "request routing information"). An illustrative CNAME
record can have the form of:
httpV/reques^routmg^nformation.cdnprovider.com/path/resource.xxx CNAME
request routing information.cdnprovider.com [0039] In an illustrative
embodiment, the CNAME records are generated and provided by the DNS servers
to identify a more appropriate DNS server of the CDN service provider 106.
As used in accordance with the present disclosure, appropriateness can be
defined in any manner by the CDN service provider 106 for a variety of
purposes. In an illustrative embodiment, as will be described in greater
detail below in reference to Figures 7 and 8, the CDN service provider 106
will utilize client location information associated with the client
computing device 102 or its local DNS resolver, at least in part, to
identify the more appropriate DNS server of the CDN service provider 106.
In particular, the CDN service provider 106 can utilize an IP address
associated with a client computing device DNS query to identify a
corresponding location-based identifier representing a possible location of
the client computing device. The CDN service provider 106 can then, in
turn, utilize the location-based identifier to identify a destination
identifier representing a geographic region associated with the CDN service
provider 106 from which the resource request should be resolved. Based on
the destination identifier, the CDN service provider 106 can then select a
POP 116, 122, 128 from a set of POPs that are 



capable of servicing resource requests for the destination corresponding to
the destination identifier. In one example, if more than one POP is
identified in the set, the CDN service provider 106 can utilize a
distribution allocation for selecting a specific POP associated with the
identified destination. In another example, once a POP is selected, the CDN
service provider 106 can further use health information to determine
whether the selected POP is available to service requests before providing
the client computing device with a CNAME corresponding to the selected POP.
One skilled in the art will appreciate that the above functionality is
illustrative in nature and accordingly should not be construed as
limiting.[0040] As described above, in addition to the consideration of
client location information (either of the end-client or its associated
local DNS resolver component), the CDN service provider 106 can utilize the
additional information (e.g., the "additional information") included in the
translated URL to select a more appropriate DNS server. In one aspect, the
CDN service provider 106 can utilize the additional information to select
from a set of DNS servers identified as satisfying criteria associated with
the client location information. In another aspect, the CDN service
provider 106 can utilize the additional information to validate the DNS
server selected in accordance with the client location information or to
select an alternative DNS server previously selected in accordance with the
client location information. In one example, the CDN service provider 106
can attempt to direct a DNS query to DNS servers according to additional
geographic criteria. The additional geographic criteria can correspond to
geographic-based regional service plans contracted between the CDN
service-provider 106 and the content provider 104 in which various CDN
service provider 106 POPs are grouped into geographic regions. Accordingly,
a client computing device 102 DNS query received in a region not
corresponding to the content provider's regional plan may be better
processed by a DNS server in region corresponding to the content provider's
regional plan. [0041] In another example, the CDN service provider 106 can
attempt to direct a DNS query to DNS servers according to service level
criteria. The service level criteria can correspond to service or
performance metrics contracted between the CDN service provider 106 and the
content provider 104. Examples of performance metrics can include latencies
of data transmission between the CDN service provider POPs and the client
computing devices 102, total data provided on behalf of the content
provider 104 by the CDN service provider POPs, error rates for data
transmissions, and the like. [0042] In still a further example, the CDN
service provider 106 can attempt to direct a DNS query to DNS servers
according to network performance criteria. The network performance criteria
can correspond to measurements of network performance for transmitting data
from the CDN service provider POPs to the client computing device 102.
Examples of network performance metrics can include network data transfer
latencies(measured by the client computing device or the CDN service
provider 106, network data error rates, and the like. [0043] In accordance
with an illustrative embodiment, the DNS server maintains a data store that
defines CNAME records for various original URLs. If a DNS query
corresponding to a particular original URL matches an entry in the data
store, the DNS server returns a CNAME record as defined in the data store.
In an illustrative embodiment, the data store can include multiple CNAME
records corresponding to a particular original URL. The multiple CNAME
records would define a set of potential candidates that can be returned to
the client computing device. In such an embodiment, the DNS server, either
directly or via a network-based service, can implement additional logic in
selecting an appropriate CNAME from a set of possible of CNAMEs. In an
illustrative embodiment, each DNS server component 118, 124, 130 maintains
the same data stores that define CNAME records, which can be managed
centrally by the CDN service provider 106. Alternatively, each DNS server
component 118, 124, 130 can have POP specific data stores that define CNAME
records, which can be managed centrally by the CDN service provider 106 or
locally at the POP 116, 122, 128. Still further, each DNS server computing
device within the DNS server components 118, 124, 130 can utilize shared
data stores managed by a respective POP or a local data store specific to
an individual DNS server computing device. [Q044] The returned CNAME can
also include request routing information that is different from or in
addition to the information provided in the URL/CNAME of the current DNS
query. For example, a specific regional plan can be identified in the
"request_routing_information" portion of the specific CNAME record. A
similar approach could be taken to identify service level plans and file
management by including a specific identifier in the
"request_routing_information" portion of the CNAME record. In another
embodiment, request routing information can be found in the identification
of a CDN service provider 106 domain different from the domain found in the
current URL/CNAME. For example, a specific regional plan domain (e.g.,
"cdnprovderregionl. com") could be used in the domain name portion of the
specific CNAME record. 



Any additional request routing information can be prepended to the existing
requestrouting information in the current URL/CNAME such that the previous
request routing information would not be lost (e.g.,
serviceplan.regionalplan.cdnprovider.com ). One skilled in the relevant art
will appreciate that additional or alternative techniques and/or
combination of techniques may be used to include the additional request
routing information in the CNAME record that is selected by the DNS server
component 118. [0045] With continued reference to Figure 4A, one skilled in
the relevant art will appreciate that the DNS server may select (or
otherwise obtain) a CNAME record that is intended to resolve to a more
appropriate DNS server of the CDN service provider 106. It may be possible,
however, that the same DNS server would also be authoritative for the
subsequent DNS query for the CNAME to be provided to the client computing
device. For example, a specific DNS server may be authoritative based on a
particular geographic location associated with the client computer device
and a specific regional plan identified by a content provider plan based on
the client location information. Thus, returning a CNAME would still result
in the DNS query arriving at the same DNS server (which may also be due in
part to the client computing device's geography). In such an embodiment,
the DNS server, such as DNS server component 118, may choose to resolve the
future DNS query in advance. [0046] With reference now to Figure 4B, upon
receipt of the CNAME from the DNS server component 118, the client
computing device 102 generates a subsequent DNS query corresponding to the
CNAME. As previously discussed with regard to Figure 4A, the DNS query
process could first start with DNS queries for the "." and "com" portions,
followed by a query for the "cdnprovider" portion of the CNAME. To the
extent, however, that the results of a previous DNS queries can be cached
(and remain valid), the client computing device 102 can utilize the cached
information and does not need to repeat the entire process. However, at
some point, depending on whether the CNAME provided by DNS server component
118 (Figure 4A) and the previous URL/CNAME share common CDN service
provider domains, the current CNAME DNS query will be processed by a
different POP provided by the CDN service provider 106. As illustrated in
Figure 4B, the DNS server component 124 of POP 122 receives the current
CNAME based on the different information in the current CNAME previously
provided by the DNS servercomponent 118. As previously described, the DNS
server component 124 can then determine whether to resolve the DNS query on
the CNAME with an IP address of a cache component that will process the
content request or whether to provide another alternative resource
identifier selected in the manners described above. [0047] For purposes of
illustration, assume that the DNS server component 124 processes the
content request by returning an IP address of a resource cache component.
In an illustrative embodiment, the DNS server component 124 can utilize a
variety of information in selecting a resource cache component. In one
example, the DNS server component 124 can default to a selection of a
resource cache component of the same POP. hi another example, the DNS
server components can select a resource cache component based on various
load balancing or load sharing algorithms. Still further, the DNS server
components can utilize network performance metrics or measurements to
assign specific resource cache components. The IP address selected by a DNS
server component may correspond to a specific caching server in the
resource cache. Alternatively, the IP address can correspond to a
hardware/software selection component (such as a load balancer). [0048]
With continued reference to Figure 4B, the CDN service provider 106
collects performance data associated with resolving the content request and
utilizes the performance data to determine whether any updates to the
routing information should be made. The CDN service provider 106 can
collect performance data at any time during the process or after resolution
of the content request. Such performance data can include measurements of
network performance for transmitting data from the CDN service provider
POPs to the client computing device 102. In one embodiment, network data
transfer latencies associated with the delivery of the requested resource
are measured by the client computing device 102. Alternatively, the CDN
service provider 106, such as through the resource cache component, can
measure the performance as part of providing content to a client computing
device. Such network performance data can be managed and maintained
globally by the CDN service provider and shared with the DNS servers of the
CDN or individually by the DNS servers of the CDN service provider.
Moreover, network performance criteria can be provided as a batch process
from POPs or sent in response to a request from one POP to another.[0049]
Additionally, while performance data can be collected relative to an
end-client's experience in one embodiment, this data collection can be
independent of how a client request is routed. For example, the routing
choice for a client request can be based on an IP address associated with
the client's DNS resolver, but the performance data associated with
resolving that request may be based on the experience of the end-client
device. [0050] Based on the collected performance data, the CDN service
provider can 



then determine whether an update to routing information associated with
client location information is needed. Updates to routing information can
be implemented in a number of ways, such as by modifying and/or deleting
existing routing information, adding new routing information, and the like.
In one embodiment, the update determination can be made by the CDN service
provider globally or by the individual DNS service components or DNS
servers, hi an illustrative embodiment where individual DNS servers
determine whether to update routing information, each DNS server can manage
and maintain routing information unique to the particular DNS server. In
this illustrative embodiment, the performance data can be maintained
globally by the CDN service provider and shared with the DNS components
and/or DNS servers, with each DNS component and/or DNS server managing how
the performance data is used. Accordingly, routing information may vary
from one DNS component/server to another. [0051] With reference now to
Figure 6, in an illustrative example, assume that the DNS server component
124 has selected the resource cache component 126 of POP 122. Upon receipt
of the IP address for the resource cache component 126, the client
computing device 102 transmits a request for the requested content to the
resource cache component 126. The resource cache component 126 processes
the request in a manner described above and the requested content is
transmitted to the client computing device 102. [0052] With reference now
to Figure 7, one embodiment of a request routine 700 implemented by the CDN
service provider 106 for processing a resource request, as well as
performance data associated with resolving the resource request, will be
described. One skilled in the relevant art will appreciate that
actions/steps outlined for routine 700may be implemented by one or many
computing devices/components that are associated with the CDN service
provider 106. Accordingly, routine 700 has been logically associated as
being generally performed by the CDN service provider 106, and thus the
following illustrative embodiments should not be construed as limiting.
[0053] At block 702, one of the DNS server components 118, 124, 130
receives a DNS query corresponding to a resource identifier. As previously
discussed, the resource identifier can be a URL that has been embedded in
content requested by the client computing device 102 and previously
provided by the content provider 104. Alternatively, the resource
identifier can also correspond to a CNAME provided by a content provider
DNS server in response to a DNS query previously received from the client
computing device 102. The receiving DNS server also obtains an IP address
associated with the DNS query from the requesting client computing device
102 ("query IP address") at block 702. The query IP address can correspond
to an IP address of the client computing device or any local DNS resolver
component associated with the client computing device. [0054] Next, at
block 704, the receiving DNS server obtains a location-based identifier
associated with the query IP address. Each DNS server maintains (or
otherwise has access to) a data store 134 mapping a set of location-based
identifiers with at least portions of known IP addresses (e.g., mapping a
specific location-based identifier with a specific IP address or specific
partial IP address). Utilizing the data store 134, the receiving DNS server
attempts to match the IP address associated with the client computing
device 102 DNS query (as transmitted via the local DNS resolver component)
with the IP addresses in the data store 134. If the query IP address can be
partially matched to an IP address in the data store 134, the DNS server
identifies a corresponding location-based identifier. In this way, query IP
addresses that the receiving DNS server has not previously evaluated can be
routed based on existing data, and as will be described further below,
updates can subsequently be made to the routing information based on
performance data related to the query. For example, the receiving DNS
server can determine that a query IP address (e.g., 128.1.3.12) that falls
in a particular group of IP addresses (e.g., 128.1.x.x) will be treated the
same until the CDN service provider 106 determines that the query IP
address should be treated differently.[0055] As similarly set forth above,
the location-based identifiers can correspond to locations directly
determined based on physical locations or logical locations associated with
the origin of the DNS query. Additionally, the location-based identifier
can be inferred based on associating a relative location to known
locations. For example, the location-based identifier can be attributed to
known locations of POPs (corresponding to the CDN service provider) based
on measured latency information associated with request routing between the
client computing device or its local DNS resolver and these POPs. The
measured latency information can be premeasured, such as through testing
procedures or previously observed request routing behavior. Alternatively,
the measured latency information can be dynamically measured in a real time
basis or semi-real time basis. [0056] hi an illustrative embodiment, the
DNS server also optionally obtains a confidence factor associated with the
location-based identifier from the data store 134 at block 704. The
confidence factor corresponds to a degree of confidence in the accuracy of 



the associated location-based identifier to the query IP address. The
optional confidence factor will be further discussed in reference to Figure
8. [0057] Next, at a block 706, the receiving DNS server determines a POP
from a set of one or more POPs associated with the obtained location-based
identifier for resolving the resource request. Generally, the set of one or
more POPs are capable of servicing resource requests from a region
associated with the identified location of the requesting client computing
device 102. As will be described further below, Figure 8 illustrates one
embodiment of a request routing subroutine for performing the functionality
associated with block 706. [0058] At decision block 708, a test is
conducted to determine whether the current DNS server is authoritative to
resolve the DNS query hi one illustrative embodiment, the DNS server can
determine whether it is authoritative to resolve the DNS query if the
determined POP for resolving the resource request corresponds to the same
POP associated with the receiving DNS server. If the determined POP indeed
corresponds to the same POP associated with the receiving DNS server, then
the receiving DNS server is considered to be authoritative, and the
receiving DNS server identifies a cache serverassociated with the resource
cache component from the same POP to process a subsequent client resource
request (e.g., a request for the embedded resource) at block 710. The
receiving DNS server resolves the DNS query by returning the IP address of,
for example, a default or specific cache server or a load balancing
component (as appropriate) associated with the resource cache component
from the same POP. A number of methodologies for selecting an appropriate
resource cache component at the POP may be implemented. [0059]
Alternatively, if at decision block 708 the determined POP corresponds to
another POP of the CDN service provider 106, and hence the receiving DNS
server is not authoritative, the receiving DNS server selects and transmits
an alternative resource identifier at block 712. Specifically, in one
embodiment, the receiving DNS server identifies an appropriate CNAME
corresponding to the selected POP and transmits the CNAME to the client
computing device 102. At block 714, different DNS server components 118,
124, 130 then receive a DNS query from the client computing device 102
corresponding to the CNAME. The routine 700 then returns to decision block
708 and continues to repeat as appropriate. [0060] Alternative or
additional methodologies may also be practiced to determine whether the DNS
server is authoritative. In one embodiment, the receiving DNS server may
maintain one or more CNAMEs that define various alternatives for request
routing processing based on geographic regions of the CDN service provider
106. In this embodiment, instead of determining a POP associated with the
obtained locationbased identifier at block 706, the receiving DNS server
can determine a destination identifier associated with the obtained
location of the client computing device, as will be similarly discussed
below in reference to Figure 8 at block 806. The DNS server in this
alternative embodiment can then select an appropriate CNAME of an
alternative POP based on the determined destination identifier alone or in
combination with other request routing criteria. [0061] Next, at a block
716, the CDN service provider 106 collects performance data associated with
resolving the content request and utilizes the performance data to
determine whether any updates to routing information associated withclient
location information should be made. As mentioned above, the CDN service
provider 106 can collect performance data at any time during the above
process or after resolution of the content request. The CDN service
provider 106 can then process the collected performance data at block 716
to determine whether any updates to the routing data store 134 should be
made. As will be further described below, routing updates associated with
client location information include, for example, updates to query IP
address to location-based identifier mappings, location-based identifier to
destination identifier mappings, POP distribution allocations, failover
list entries and distribution allocations, and the like. [0062] In one
illustrative embodiment, the CDN service provider 106 can collect
performance data to determine whether any modifications should be made to
the query IP address to location-based identifier mappings hi the routing
data store 134. For example, if a first resource request associated with a
particular location-based identifier results in poor routing performance,
yet other resource requests from the same location result in good routing
performance, the CDN service provider may determine that the location-based
identifier associated with the first resource request is inaccurate. In
this example, the CDN service provider 106 may utilize client profile data
associated with the requesting client computing device to determine an
alternative location to map to the query IP address. For example, the CDN
service provider 106 may refer to a client's user profile data in the
routing data store 134 to determine an alternate billing address or a
shipping address for the client. The CDN service provider 106 can use this
newly identified 



location to designate a new location-based identifier associated with the
query IP address. Specifically, in one embodiment, the CDN service provider
106 can add a new entry to the routing data store 134 mapping the query IP
address to the new location-based identifier. Alternatively, in another
embodiment, the CDN service provider 106 can modify the existing
location-based identifier to at least partial IP address mapping entry,
which is associated with the query IP address, by replacing the existing
location-based identifier with the new location-based identifier. In a
specific illustrative embodiment, the CDN service provider 106 can use the
performance data to determine to collapse two or more location-based
identifier to at least partial IP address mapping entries into a new
singlemapping entry. In addition or alternatively, the CDN service provider
106 can use the performance data to separate a current mapping entry into
two or more mapping entries. [0063] In another embodiment, if all resource
requests associated with a particular location-based identifier result in
poor routing performance, the CDN service provider 106 may determine that
the query IP address to location-based identifier mappings are accurate,
but the associated destination identifiers (as will be further described in
reference to Figure 8 at block 806) or the associated POPs (or
corresponding CNAMEs) need modification. In this example, the CDN service
provider may modify the location-based identifier to destination identifier
mappings or the available POP selections associated with the location
and/or destination identifiers. [0064] In yet another illustrative
embodiment, a probability of selecting each POP (or corresponding CNAME) in
a set (such as at block 706 or, as further described below, at block 808)
can be initially defined in a number of ways, and the receiving DNS server
selects a POP/CNAME based on the defined probabilities. For example, a set
of POPs may be identified as corresponding to a particular destination
identifier as will be further described below in reference to Figure 8. The
selection of a particular POP from the set can be based on a distribution
allocation. For example, the CDN service provider 106 may provide three
POPs, such as Seattle, San Francisco, and Los Angeles POPs, in a West Coast
Region of the United States. In this example, a distribution allocation may
provide that the Seattle POP be used 60% of the time, while the San
Francisco and Los Angeles POPs are each used 20% of the time. Accordingly,
in this illustrative embodiment, a DNS server will most frequently select
the POP/CNAME with the highest probability of selection, but can also, at
times based on the corresponding probabilities, select a CNAME with a lower
probability of selection. In this case, the probabilities correspond to
anticipated performance of the corresponding computing device. The CDN
service provider 106 can monitor performance of delivering requested
resources to these POPs and thereafter update the probabilities hi further
embodiments, the probabilities can correspond to load shedding or other
network traffic mitigation. Moreover, in other embodiments, some of the
POPs located in a particular region may be omitted from the initial
distribution allocation, and instead may be identified in a failover list
and used ifone of the originally selected POPs is unavailable. The failover
list may also have a distribution allocation assigned to a set of POPs in
the list, which can also be updated based on performance data. [0065] With
reference now to Figure 8, one embodiment of a request routing subroutine
800 for selecting a POP associated with the location of the requesting
client computing device will be described. One skilled in the relevant art
will appreciate that actions/steps outlined for routine 800 may be
implemented by one or many computing devices/components that are associated
with the CDN service provider 106. Accordingly, routine 800 has been
logically associated as being performed by the CDN service provider 106.
[0066] At decision block 802, where the receiving DNS server of the CDN
service provider 106 has obtained a confidence factor associated with the
location-based identifier (from block 704 of Figure 7), a test is performed
to determine whether the confidence factor exceeds a minimum threshold
value. If the confidence factor does not exceed a minimum threshold, the
DNS server assigns a default location-based identifier at block 804. hi one
embodiment, the default location-based identifier may correspond to the
location of the receiving DNS server. If the confidence factor associated
with the obtained location-based identifier exceeds the minimum threshold
at block 802 or after a default location-based identifier is assigned at
block 804, the receiving DNS server determines a destination identifier for
the DNS query at block 806. [0067] However, in an alternative embodiment,
the foregoing functionality associated with obtaining and analyzing the
confidence factor may be eliminated. In one embodiment, this functionality
may instead be implemented as a preprocessing step such that the query IP
address to location-based identifier mappings provided in the data store
134 already take a confidence assessment into consideration. For example,
prior to generating the query IP address to location-based identifier
mappings, any data mapping entry having a low confidence factor may be
filtered out of the data mappings. The filtered query IP address to
location-based identifier mappings may then be used by the 



CDN service provider 106 to determine a destination identifier at block
806.[0068] Returning to block 806 of Figure 8, in one embodiment, the
receiving DNS server determines the destination identifier according to a
manually generated table from the data store 134 in which the destination
identifier is determined as a function of the location-based identifier.
However, the receiving DNS server can also provide an alternative
destination identifier in accordance with a manually initiated
administrative process. One embodiment of the selection of the initial
destination identifier and the manually initiated administrative process
follows. [0069] hi an illustrative embodiment, the receiving DNS server
utilizes the manually generated table mapping location-based identifiers to
destination identifiers based on vector mapping and additional CDN
administrator manipulation. The destination identifier corresponds to a
definition of a geographic region encompassing one or more locations (e.g.,
a West Coast destination encompassing the states of Washington, Oregon and
California). However, the DNS server may be configured to override the
default destination identifier in accordance with a manually configured
exception process determined as a function of the identity of the content
provider (as obtained through the content provider identifier included in
the DNS query). [0070] In one embodiment, a CDN administrator can override
the allocation of a destination identifier for specific content provider
identifiers. For example, the DNS server can utilize the content provider
identifier to ensure that the content provider's subscription with CDN
service provider 106 allows content to be served from the destination
identified in the mapping table. As another example, the content provider
identifier can be manually designated to be associated with an alternative
destination identifier to redistribute at least a portion of incoming
resource requests for a particular content provider among several POPs
(e.g., to avoid servicing content requests for a single web page via a
single destination by offloading to a different destination). [0071] Next,
at block 808, based on the selected destination identifier, the receiving
DNS server selects a POP from a list of one or more POPs that have been
manually determined by the CDN administrator to be capable of servicing
resource requests for the identified destination. If more than one POP is
identified in the list of POPS, the receiving DNS server can select a
specific POP according a specifieddistribution allocation for the
corresponding destination (e.g., POP A (75%); POP B (25%)). The defined
distribution allocation can be defined specifically based on a particular
location-based identifier or destination identifier. Such distribution
allocations can be modified based on processed performance data as
discussed above. [0072] The receiving DNS server then determines whether
the selected POP is available at decision block 810. In one embodiment, the
DNS server evaluates the availability of the selected POP using POP health
information indicative of the availability of the selected POP to process
incoming resource requests. If the selected POP is available (as indicated
via the POP health information), the receiving DNS server maintains the POP
selection from block 808. Accordingly, the process will return to decision
block 708 of Figure 7, where if the receiving DNS server is not
authoritative, the receiving DNS server returns a CNAME that will result in
the receipt of the DNS query by the selected POP (or one of a set of
identified POPs). If, however, the selected POP corresponds to the current
POP of the receiving DNS server (i.e., the receiving DNS server is
authoritative), the receiving DNS server resolves the DNS query by
returning the IP address of the default resource cache component at the POP
as the CNAME does not necessarily need to be provided (unless additional
request routing processing will be implemented). [0073] If the selected POP
is not available (as indicated via the POP health information), the
receiving DNS server can select an alternative POP at block 814 to process
the DNS query. In one embodiment, the alternative POP can be selected via a
failover list of alternative POPs that is manually set by a CDN
administrator. Specifically, the receiving DNS server can select a specific
alternative POP from the failover list according to a specified
distribution. As similarly described above, processing will then return to
decision block 708 of Figure 7, where if the receiving DNS server is not
authoritative for the alternative POP, the receiving DNS server returns a
CNAME that will result in the receipt of the DNS query by the selected
alternative POP (or one of a set of POPs). If, however, the selected
alternative POP corresponds to the current POP of the receiving DNS server
(i.e., the receiving DNS server is authoritative), the receiving DNS server
resolves the DNS query by returning the IP address of the default resource
cachecomponent at the alternative POP as the CNAME does not necessarily
need to be provided (unless additional request routing processing will be
implemented). [0074] It will be appreciated by those skilled in the art and
others that all of the functions described in this disclosure may be
embodied in software executed by one or more processors of the disclosed
components and mobile communication devices. The software may be
persistently stored in any type of non-volatile storage. [0075] Conditional
language, such as, among others, "can," "could," "might," 



or "may," unless specifically stated otherwise, or otherwise understood
within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain
features, elements and/or steps. Thus, such conditional language is not
generally intended to imply that features, elements and/or steps are in any
way required for one or more embodiments or that one or more embodiments
necessarily include logic for deciding, with or without user input or
prompting, whether these features, elements and/or steps are included or
are to be performed in any particular embodiment. [0076] Any process
descriptions, elements, or blocks in the flow diagrams described herein
and/or depicted in the attached figures should be understood as potentially
representing modules, segments, or portions of code which include one or
more executable instructions for implementing specific logical functions or
steps in the process. Alternate implementations are included within the
scope of the embodiments described herein in which elements or functions
may be deleted, executed out of order from that shown or discussed,
including substantially concurrently or in reverse order, depending on the
functionality involved, as would be understood by those skilled in the art.
It will further be appreciated that the data and/or components described
above may be stored on a computer-readable medium and loaded into memory of
the computing device using a drive mechanism associated with a computer
readable storing the computer executable components such as a CD-ROM,
DVD-ROM, or network interface further, the component and/or data can be
included in a single device or distributed in any manner. Accordingly,
general purpose computing devices may be configured to implement the
processes,algorithms and methodology of the present disclosure with the
processing and/or execution of the various data and/or components described
above. [0077] Clause 1. A method comprising: obtaining a DNS query from a
client computing device at a first DNS server, wherein the DNS query
corresponds to a requested resource associated with an original resource
identifier provided by a content provider and wherein the first DNS server
corresponds to a content delivery network service; obtaining a query IP
address associated with the DNS query at the first DNS server; obtaining a
location-based identifier associated with the query IP address and a
confidence factor, the confidence factor corresponding to a degree of
confidence associated with the accuracy of the location-based identifier to
query IP address association; determining whether the confidence factor
exceeds a threshold value; if the confidence factor exceeds the threshold
value: determining a destination identifier associated with the DNS query,
wherein the destination identifier is determined based on the
location-based identifier; selecting a network point of presence associated
with the content delivery network service provider based on the destination
identifier; determining whether the first DNS server is authoritative to
the DNS query based on the selected network point of presence; and if the
first DNS server is not authoritative: obtaining an alternative resource
identifier based on the selected network point of presence, wherein the
alternative resource identifier includes information for causing a DNS
query to resolve to a domain corresponding to the selected network point of
presence; transmitting the alternative resource identifier to the client
computing device; obtaining a subsequent DNS query from the client
computing device at a second DNS server, wherein the subsequent DNS query
corresponds to the alternative resource identifier provided by the content
delivery network service provider;determining whether the second DNS server
is authoritative to the subsequent DNS query; selecting a cache component
for providing content associated with the original resource request if the
second DNS server is authoritative to the second DNS query; and
transmitting information identifying the selected cache component if the
second DNS server is determined to be authoritative. [0078] Clause 2. The
method as recited in Clause 1 further comprising assigning a location-based
identifier associated with the first DNS server if the confidence factor
does not exceed the threshold value. [0079] Clause 3. The method as recited
in Clause 1, wherein the destination identifier corresponds to a geographic
region encompassing a location associated with the location-based
identifier. [0080] Clause 4. The method as recited in Clause 1 further
comprising overriding the determined destination identifier based on the
original resource identifier, wherein the original resource identifier
provides information associated with an alternative destination identifier.
[0081] Clause 5. The method as recited in Clause 1, wherein selecting 



a network point of presence comprises selecting a network point of presence
from a set of network points of presence capable of servicing resource
requests associated with the determined destination identifier. [0082]
Clause 6. The method as recited in Clause 5, wherein the network point of
presence is selected from the set of network points of presence based on a
distribution allocation. [0083] Clause 7. The method as recited in Clause 1
further comprising: determining whether the selected network point of
presence is available prior to determining whether the first DNS server is
authoritative to the DNS query based on the selected network point of
presence; if the selected network point of presence is available,
maintaining the selected network point of presence; andif the selected
network point of presence is not available, selecting an alternative
network point of presence. [0084] Clause 8. The method as recited in Clause
7, wherein the availability of the selected network point of presence is
based on health information indicative of the availability of the selected
network point of presence to process incoming resource requests. [0085]
Clause 9. The method as recited in Clause 7, wherein selecting an
alternative network point of presence comprises selecting an alternative
network point of presence from a failover list of alternative network
points of presence. [0086] Clause 10. The method as recited in Clause 9,
wherein the alternative network point of presence is selected from the
failover list based on a distribution allocation. [0087] Clause 11. The
method as recited in Clause 1 further comprising: if the first DNS server
is determined to be authoritative: selecting a cache component for
providing content associated with the original resource request; and
transmitting information identifying the selected cache component. [0088]
Clause 12. The method as recited in Clause 1 further comprising overriding
the determined destination identifier based on an identity of the content
provider. [0089] Clause 13. The method as recited in Clause 12, wherein the
determined destination identifier is overridden if the content provider's
subscription with the content delivery network service provider does not
provide for content to be provided from a destination corresponding to the
destination identifier. [0090] Clause 14. The method as recited in Clause
12, wherein the determined destination identifier is overridden if the
content provider's subscription with the content delivery network service
provider provides for use of an alternative destination identifier.[0091]
Clause 15. The method as recited in Clause 1, wherein the query IP address
is associated with the client computing device. [0092] Clause 16. The
method as recited in Clause 15, wherein the query IP address is associated
with a DNS resolver component associated with the client computing device.
[0093] Clause 17. The method as recited in Clause 1, wherein the
location-based identifier corresponds to a physical location associated
with the client computing device. [0094] Clause 18. The method as recited
in Clause 1, wherein the location-based identifier corresponds to a logical
location associated with the client computing device. [0095] Clause 19. The
method as recited in Clause 1, wherein the location-based identifier
corresponds to a relative location. [0096] Clause 20. The method as recited
in Clause 19, wherein the relative location is inferred based on an
association of the relative location to a known location. [0097] Clause 21.
The method as recited in Clause 20, wherein the relative location is
inferred based on latency information [0098] Clause 22. A method
comprising: obtaining a DNS query from a client computing device at a first
DNS server, wherein the DNS query corresponds to a requested resource
associated with an original resource identifier provided by a content
provider and wherein the first DNS server corresponds to a content delivery
network service; obtaining a query IP address associated with the DNS query
at the first DNS server; obtaining a location-based identifier associated
with the query IP address; 



selecting a network point of presence associated with the content delivery
network service provider based on the location-based identifier;
determining whether the first DNS server is authoritative to the DNS query
based on the selected network point of presence; and if the first DNS
server is not authoritative:obtaining an alternative resource identifier
based on the selected network point of presence, wherein the alternative
resource identifier includes information for causing a DNS query to resolve
to a domain corresponding to the selected network point of presence; and
transmitting the alternative resource identifier to the client computing
device. [0099] Clause 23. The method as recited in Clause 22 further
comprising determining a destination identifier associated with the DNS
query, wherein selecting a network point of presence is further based on
the destination identifier. [0100] Clause 24. The method as recited in
Clause 23, wherein the destination identifier is determined as a function
of the location-based identifier. [0101] Clause 25. The method as recited
in Clause 24, wherein the destination identifier corresponds to a
geographic region encompassing a location associated with the
location-based identifier. [0102] Clause 26. The method as recited in
Clause 23 further comprising overriding the determined destination
identifier based on an identity of the content provider. [0103] Clause 27.
The method as recited in Clause 26, wherein the identity of the content
provider is obtained based on the original resource identifier. [0104]
Clause 28. The method as recited in Clause 26, wherein the determined
destination identifier is overridden if the content provider's subscription
with the content delivery network service provider does not provide for
content to be provided from a destination corresponding to the destination
identifier. [Q105] Clause 29. The method as recited in Clause 26, wherein
the determined destination identifier is overridden if the content
provider's subscription with the content delivery network service provider
provides for use of an alternative destination identifier. [01Q6] Clause
30. The method as recited in Clause 23 further comprising overriding the
determined destination identifier based on the original resource
identifier, wherein the original resource identifier provides information
associated with an alternative destination identifier.[0107] Clause 31. The
method as recited in Clause 23, wherein the destination identifier is
determined based on an identity of the content provider. [0108] Clause 32.
The method as recited in Clause 31, wherein the destination identifier is
further determined based on the obtained location-based identifier. [0109]
Clause 33. The method as recited in Clause 23, wherein selecting a network
point of presence comprises selecting a network point of presence from a
set of network points of presence capable of servicing resource requests
associated with the determined destination identifier. [011Q] Clause 34.
The method as recited in Clause 33, wherein the network point of presence
is selected from the set of network points of presence based on a
distribution allocation. [0111] Clause 35. The method as recited in Clause
22 further comprising: determining whether the selected network point of
presence is available prior to determining whether the first DNS server is
authoritative to the DNS query based on the selected network point of
presence; if the selected network point of presence is available,
maintaining the selected network point of presence; and if the selected
network point of presence is not available, selecting an alternative
network point of presence. [0112] Clause 36. The method as recited in
Clause 35, wherein the availability of the selected network point of
presence is based on health information indicative of the availability of
the selected network point of presence to process incoming resource
requests. [0113] Clause 37. The method as recited in Clause 35, wherein
selecting an alternative network point of presence comprises selecting an
alternative network point of presence from a failover list of alternative
network points of presence. [0114] Clause 38. The method as recited in
Clause 37, wherein the alternative network point of presence is selected
from the failover list based on a distribution allocation.[0115] Clause 39.
The method as recited in Clause 22 further comprising: if the first DNS
server is determined to be authoritative: selecting a cache component for
providing content associated with the original 



resource request; and transmitting information identifying the selected
cache component. [0116] Clause 40. The method as recited in Clause 22
further comprising obtaining a confidence factor corresponding to a degree
of confidence associated with the accuracy of the location-based identifier
to query IP address association. [0117] Clause 41. The method as recited in
Clause 40, wherein a network point of presence is selected based on the
location-based identifier if the confidence factor exceeds a threshold
value. [0118] Clause 42. The method as recited in Clause 22, wherein the
location-based identifier is obtained from a data store containing query IP
address to location-based identifier mapping entries. [0119] Clause 43. The
method as recited in Clause 42, wherein the data store contains query IP
address to location-based identifier mappings only for entries exceeding a
minimum threshold confidence factor, the confidence factor corresponding to
a degree of confidence associated with the accuracy of the location-based
identifier to query IP address association. [0120] Clause 44. The method as
recited in Clause 22, wherein the query IP address is associated with the
client computing device. [0121] Clause 45. The method as recited in Clause
44, wherein the query IP address is associated with a DNS resolver
component associated with the client computing device. [0122] Clause 46.
The method as recited in Clause 22, wherein the location-based identifier
corresponds to a physical location associated with the client computing
device.[0123] Clause 47. The method as recited in Clause 22, wherein the
location-based identifier corresponds to a logical location associated with
the client computing device. [0124] Clause 48. The method as recited in
Claim 22, wherein the location-based identifier corresponds to a relative
location. [0125] Clause 49. The method as recited in Clause 48, wherein the
relative location is inferred based on an association of the relative
location to a known location. [0126] Clause 50. The method as recited in
Claim 49, wherein the relative location is inferred based on latency
information [0127] Clause 51. A system for request routing comprising: a
first network point of presence associated with a content delivery network
service provider, wherein the first network point of presence includes a
DNS server component that receives a DNS query from a client computing
device, wherein the DNS query corresponds to a requested resource
associated with a first resource identifier, and wherein the DNS server in
the first network point of presence is operable to: obtain a query IP
address associated with the DNS query at the first DNS server; obtain a
location-based identifier associated with the query IP address; select a
network point of presence associated with the content delivery network
service provider based on the location-based identifier; determine whether
the first DNS server is authoritative to the DNS query based on the
selected network point of presence; and if the first DNS server is not
authoritative: obtain an alternative resource identifier based on the
selected network point of presence, wherein the alternative resource
identifier includes information for causing a DNS query to resolve to a
domain corresponding to the selected network point of presence; and
transmit the alternative resource identifier to the client computing
device. [0128] Clause 52. The system as recited in Clause 51, wherein the
DNS server in the first network point of presence is further operable to
determine adestination identifier associated with the DNS query, wherein
selecting a network point of presence is further based on the destination
identifier. [0129] Clause 53. The system as recited in Clause 52, wherein
the destination identifier is determined as a function of the
location-based identifier. [0130] Clause 54. The system as recited in
Clause 52, wherein the DNS server in the first network point of presence is
further operable to override the determined destination identifier based on
an identity of the content provider. [0131] Clause 55. The system as
recited in Clause 54, wherein the identity of the content provider is
obtained based on the original resource identifier. [0132] Clause 56. The
system as recited in Clause 51, wherein selecting a network point of
presence comprises selecting a network point of presence from a set of
network points of presence capable of servicing resource requests
associated with the 



determined destination identifier. [0133] Clause 57. The system as recited
in Clause 56, wherein the network point of presence is selected from the
set of network points of presence based on a distribution allocation.
[0134] Clause 58. The system as recited in Clause 51, wherein the DNS
server in the first network point of presence is further operable to:
determine whether the selected network point of presence is available prior
to determining whether the first DNS server is authoritative to the DNS
query based on the selected network point of presence; maintain the
selected network point of presence if the selected network point of
presence is available; and select an alternative network point of presence
if the selected network point of presence is not available. [0135] Clause
59. The system as recited in Clause 58, wherein the availability of the
selected network point of presence is based on health information
indicative of the availability of the selected network point of presence to
process incoming resource requests.[0136] Clause 60. The system as recited
in Clause 58, wherein selecting an alternative network point of presence
comprises selecting an alternative network point of presence from a
failover list of alternative network points of presence. [0137] Clause 61.
The system as recited in Clause 60, wherein the alternative network point
of presence is selected from the failover list based on a distribution
allocation. [0138] Clause 62. The system as recited in Clause 5 1 further
comprising: a second network point of presence associated with a content
delivery network service provider, wherein the second network point of
presence includes a DNS server component that receives a subsequent DNS
query from a client computing device, wherein the subsequent DNS query
corresponds to a requested resource associated with the alternative
resource identifier, and wherein the DNS server in the second network point
of presence is operable to: resolve the subsequent DNS query to identify a
cache component for providing content associated with the original resource
request; and transmit information identifying the identified cache
component to the client computing device. [0139] Clause 63. A method
comprising: obtaining a DNS query from a client computing device at a first
DNS server, wherein the DNS query corresponds to a requested resource
associated with an original resource identifier provided by a content
provider and wherein the first DNS server corresponds to a content delivery
network service; obtaining a query IP address associated with the DNS query
at the first DNS server; obtaining a location-based identifier associated
with the query IP address; obtaining a destination identifier based on the
obtained location-based identifier; determining whether the first DNS
server is authoritative to the DNS query based on the destination
identifier; and if the first DNS server is not authoritative:obtaining an
alternative resource identifier based on the selected network point of
presence, wherein the alternative resource identifier includes information
for causing a DNS query to resolve to a domain corresponding to the
selected network point of presence; and transmitting the alternative
resource identifier to the client computing device. [0140] Clause 64. A
method for request routing comprising: obtaining a DNS query from a client
computing device at a first DNS server, wherein the DNS query corresponds
to a requested resource associated with a resource identifier and wherein
the first DNS server corresponds to a content delivery network service
provider; determining that the first resource identifier is associated with
an alternative resource identifier based on location information associated
with the client computing device, wherein the location information is
obtained from information corresponding to a mapping of at least partial IP
addresses to known locations; transmitting the alternative resource
identifier to the client computing device, wherein the alternative resource
identifier includes information for causing a DNS query to resolve to a
domain corresponding to the content delivery service provider and
supplemental request routing information not included in the first resource
identifier; obtaining a subsequent DNS query from the client computing
device at a second DNS server, wherein the subsequent DNS query corresponds
to the alternative resource identifier provided by the content delivery
network service provider and wherein the 



second DNS server corresponds to the content delivery network service
provider; resolving the subsequent DNS query, at the second DNS server, to
identify a cache component for providing content associated with the
original resource request; and transmitting information identifying the
identified cache component to the client computing device. [0141] Clause
65. A computer-implemented method comprising: obtaining a first DNS query
from a client computing device at a first DNS server, wherein the first DNS
query corresponds to a first requested resource and wherein the first DNS
server corresponds to a content delivery network service;obtaining a query
IP address associated with the first DNS query at the first DNS server;
obtaining a location-based identifier associated with at least a partial IP
address corresponding to the query IP address from a routing data store,
wherein the routing data store includes at least partial IP address to
location-based identifier mappings; resolving the first DNS query based on
the location-based identifier; collecting performance data associated with
transmission of the first requested resource; modifying the routing data
store based on the performance data with an updated location-based
identifier associated with the query IP address; obtaining a second DNS
query from the client computing device at a second DNS server, wherein the
second DNS query corresponds to a second requested resource; resolving the
second DNS query based on the updated location-based identifier associated
with the query IP address of the client computing device. [0142] Clause 66.
The method as recited in Clause 65, wherein the updated location-based
identifier is determined based on user profile information associated with
the client computing device. [0143] Clause 67. The method as recited in
Clause 66, wherein the updated location-based identifier corresponds to an
alternative billing address associated with the client computing device.
[0144] Clause 68. The method as recited in Clause 66, wherein the updated
location-based identifier corresponds to a shipping address associated with
the client computing device. [0145] Clause 69. The method as recited in
Clause 65, wherein modifying the routing data store comprises adding a new
entry to the routing data store mapping the query IP address to the updated
location-based identifier. [0146] Clause 70. The method as recited in
Clause 65, wherein modifying the routing data store comprises modifying an
existing location-based identifier to at least partial IP address mapping
entry with the updated location-based identifier. [0147] Clause 71. The
method as recited in Clause 65, wherein the query IP address is associated
with the client computing device.[0148] Clause 72. The method as recited in
Clause 71, wherein the query IP address is associated with a DNS resolver
component associated with the client computing device. [0149] Clause 73.
The method as recited in Clause 65, wherein the location-based identifier
corresponds to a physical location associated with the client computing
device. [0150] Clause 74. The method as recited in Clause 65, wherein the
location-based identifier corresponds to a logical location associated with
the client computing device. [0151] Clause 75. The method as recited in
Clause 65, wherein the location-based identifier corresponds to a relative
location. [0152] Clause 76. The method as recited in Clause 75, wherein the
relative location is inferred based on an association of the relative
location to a known location. [0153] Clause 77. The method as recited in
Clause 76, wherein the relative location is inferred based on latency
information [0154] Clause 78. A computer-implemented method comprising:
obtaining a first DNS query from a client computing device at a first DNS
server, wherein the first DNS query corresponds to a first requested
resource and wherein the first DNS server corresponds to a content delivery
network service; obtaining a query IP address associated with the first DNS
query at the first DNS server; obtaining a location-based identifier
associated with at least a partial IP address corresponding to the query IP
address from a routing data store; resolving the first DNS query based on
the location-based identifier; collecting performance data associated with
transmission of the first requested resource; updating routing information
in the routing data store associated with the query IP 



address of the client computing device based on the performance data;
obtaining a second DNS query from the client computing device at a second
DNS server, wherein the second DNS query corresponds to a second requested
resource; resolving the second DNS query based on the updated routing
information associated with the query IP address of the client computing
device. [0155] Clause 79. The method as recited in Clause 78, wherein the
routing data store includes at least partial IP address to location-based
identifier mappings. [0156] Clause 80. The method as recited in Clause 79,
wherein updating the routing information comprises modifying the routing
data store based on the performance data with an updated location-based
identifier associated with the query IP address. [0157] Clause 81. The
method as recited in Clause 80, wherein modifying the routing data store
comprises adding a new entry to the routing data store mapping the query IP
address to the updated location-based identifier. [0158] Clause 82. The
method as recited in Clause 80, wherein modifying the routing data store
comprises modifying an existing location-based identifier to at least
partial IP address mapping entry with the updated location-based
identifier. [0159] Clause 83. The method as recited in Clause 78, wherein
updating the routing information comprises collapsing two or more
location-based identifier to at least partial IP address mapping entries
into a single location-based identifier to at least partial IP address data
entry based on the performance data. [016Q] Clause 84. The method as
recited in Clause 79, wherein the at least partial IP address to
location-based identifier mappings each have a corresponding confidence
factor. [0161] Clause 85. The method as recited in Clause 84, wherein
updating the routing information comprises modifying the routing data store
based on the performance data by updating the confidence factor
corresponding to the at least partial IP address to location-based
identifier mapping associated with the query IP address of the client
computing device.[0162] Clause 86. The method as recited in Clause 79,
wherein the routing data store further includes location-based identifier
to destination identifier mappings. [0163] Clause 87. The method as recited
in Clause 86, wherein modifying the routing information comprises modifying
the routing data store based on the performance data with an updated
destination identifier corresponding to the locationbased identifier
associated with the query IP address. [0164] Clause 88. The method as
recited in Clause 86, wherein the routing data store further includes
network points of presence mappings to at least one of the location-based
identifiers and the destination identifiers. [0165] Clause 89. The method
as recited in Clause 88, wherein modifying the routing information
comprises modifying the routing data store based on the performance data
with an updated network point of presence mapping. [0166] Clause 90. The
method as recited in Clause 88, wherein the network points of presence
mappings include distribution allocations. [0167] Clause 91. The method as
recited in Clause 90, wherein modifying the routing information comprises
modifying the routing data store based on the performance data with an
updated distribution allocation. [0168] Clause 92. The method as recited in
Clause 88, wherein the routing data store further includes a failover list
for each network point of presence mapping, wherein the failover list
identifies one or more alternative network points of presence for resolving
a DNS query associated with the query P address should the network points
of presence identified in the network points of presence mappings be
unavailable. [0169] Clause 93. The method as recited in Clause 92, wherein
modifying the routing information comprises modifying the routing data
store based on the performance data with an updated failover list. [0170]
Clause 94. The method as recited in Clause 78, wherein the query IP address
is associated with the client computing device.[0171] Clause 95. The method
as recited in Clause 94, wherein the query IP address is associated with a
DNS resolver component associated with the client computing device. [0172]
Clause 96. The method as recited in Clause 78, wherein the location-based
identifier corresponds to a physical location associated with the client
computing device. [0173] Clause 97. The method as recited in Clause 78,
wherein the location-based identifier corresponds to a logical location
associated with the client computing device. [0174] Clause 98. The method
as recited in Clause 78, wherein the 



location-based identifier corresponds to a relative location. [0175] Clause
99. The method as recited in Clause 98, wherein the relative location is
inferred based on an association of the relative location to a known
location. [0176] Clause 100. The method as recited in Clause 99, wherein
the relative location is inferred based on latency information [0177]
Clause 101. A computer system comprising: a routing data store including at
least partial query IP address to location-based identifier mappings; and a
first network point of presence associated with a content delivery network
service provider, wherein the first network point of presence is operable
to: obtain a first DNS query from a client computing device at a first DNS
server, wherein the first DNS query corresponds to a first requested
resource and wherein the first DNS server corresponds to a content delivery
network service; obtain a query IP address associated with the first DNS
query at the first DNS server; obtain a location-based identifier
associated with at least a partial IP address corresponding to the query IP
address from the routing data store; resolve the first DNS query based on
the location-based identifier;collect performance data associated with
transmission of the first requested resource; update routing information in
the routing data store associated with the query IP address of the client
computing device based on the performance data; obtain a second DNS query
from the client computing device at a second DNS server, wherein the second
DNS query corresponds to a second requested resource; and resolve the
second DNS query based on the updated routing information associated with
the query IP address of the client computing device. [0178] Clause 102. The
system as recited in Clause 101, wherein updating the routing information
comprises modifying the routing data store based on the performance data
with an updated location-based identifier associated with the query IP
address. [0179] Clause 103. The system as recited in Clause 102, wherein
modifying the routing data store comprises adding a new entry to the
routing data store mapping the query IP address to the updated
location-based identifier. [0180] Clause 104. The system as recited in
Clause 102, wherein modifying the routing data store comprises modifying an
existing location-based identifier to at least partial IP address mapping
entry with the updated location-based identifier. [0181] Clause 105. The
system as recited in Clause 101, wherein updating the routing information
comprises collapsing two or more location-based identifier to at least
partial IP address mapping entries into a single location-based identifier
to at least partial IP address data entry based on the performance data.
[0182] Clause 106. The system as recited in Clause 102, wherein the at
least partial IP address to location-based identifier mappings in the
routing data store each have a corresponding confidence factor. [0183]
Clause 107. The system as recited in Clause 106, wherein updating the
routing information comprises modifying the routing data store based on the
performance data by updating the confidence factor corresponding to the at
least partial IP address to location-based identifier mapping associated
with the query IP address of the client computing device.[0184] Clause 108.
The system as recited in Clause 102, wherein the routing data store further
includes location-based identifier to destination identifier mappings.
[0185] Clause 109. The system as recited in Clause 108, wherein modifying
the routing information comprises modifying the routing data store based on
the performance data with an updated destination identifier corresponding
to the locationbased identifier associated with the query IP address.
[0186] Clause 110. The system as recited in Clause 108, wherein the routing
data store further includes network points of presence mappings to at least
one of the location-based identifiers and the destination identifiers.
[0187] Clause 111. The system as recited in Clause 110, wherein modifying
the routing information comprises modifying the routing data store based on
the performance data with an updated network point of presence mapping.
[Q188] Clause 112. The system as recited in Clause 110, wherein the network
points of presence mappings include distribution allocations. [0189] Clause
113. The system as recited in Clause 112, wherein modifying the routing
information comprises modifying the routing data store based on the
performance data with an updated distribution allocation. 



[0190] Clause 114. The system as recited in Clause 110, wherein the routing
data store further includes a failover list for each network point of
presence mapping, wherein the failover list identifies one or more
alternative network points of presence for resolving a DNS query associated
with the query IP address should the network points of presence identified
in the network points of presence mappings be unavailable. [0191] Clause
115. The system as recited in Clause 114, wherein modifying the routing
information comprises modifying the routing data store based on the
performance data with an updated failover list. [0192] Clause 116. The
system as recited in Clause 101, wherein the query IP address is associated
with the client computing device.[0193] Clause 117. The system as recited
in Clause 116, wherein the query IP address is associated with a DNS
resolver component associated with the client computing device. [0194]
Clause 118. The system as recited in Clause 101, wherein the location-based
identifier corresponds to a physical location associated with the client
computing device. [0195] Clause 119. The system as recited in Clause 101,
wherein the location-based identifier corresponds to a logical location
associated with the client computing device. [0196] Clause 120. The system
as recited in Clause 101, wherein the location-based identifier corresponds
to a relative location. [0197] Clause 121. The system as recited in Clause
120, wherein the relative location is inferred based on an association of
the relative location to a known location. [0198] Clause 122. The system as
recited in Clause 121, wherein the relative location is inferred based on
latency information [0199] It should be emphasized that many variations and
modifications may be made to the above-described embodiments, the elements
of which are to be understood as being among other acceptable examples. AU
such modifications and variations are intended to be included herein within
the scope of this disclosure and protected by the following claims.WHAT IS
CLAIMED IS: 1. A method comprising: obtaining a DNS query from a client
computing device at a first DNS server, wherein the DNS query corresponds
to a requested resource associated with an original resource identifier
provided by a content provider and wherein the first DNS server corresponds
to a content delivery network service; obtaining a query IP address
associated with the DNS query at the first DNS server; obtaining a
location-based identifier associated with the query IP address; selecting a
network point of presence associated with the content delivery network
service provider based on the location-based identifier; determining
whether the first DNS server is authoritative to the DNS query based on the
selected network point of presence; and if the first DNS server is not
authoritative: obtaining an alternative resource identifier based on the
selected network point of presence, wherein the alternative resource
identifier includes information for causing a DNS query to resolve to a
domain corresponding to the selected network point of presence; and
transmitting the alternative resource identifier to the client computing
device. 2. The method as recited in Claim 1 further comprising determining
a destination identifier associated with the DNS query, wherein selecting a
network point of presence is further based on the destination identifier.
3. The method as recited in Claim 2, wherein the destination identifier
corresponds to a geographic region encompassing a location associated with
the locationbased identifier. 4. The method as recited in Claim 2 further
comprising overriding the determined destination identifier based on an
identity of the content provider. 5. The method as recited in Claim 2
further comprising overriding the determined destination identifier based
on the original resource identifier, wherein theoriginal resource
identifier provides information associated with an alternative destination
identifier. 6. The method as recited in Claim 2, wherein selecting a
network point of presence comprises selecting a network point of presence
from a set of network points of presence capable of servicing resource
requests associated with the determined destination identifier. 



7. The method as recited in Claim 1 further comprising: determining whether
the selected network point of presence is available prior to determining
whether the first DNS server is authoritative to the DNS query based on the
selected network point of presence; if the selected network point of
presence is available, maintaining the selected network point of presence;
and if the selected network point of presence is not available, selecting
an alternative network point of presence. 8. The method as recited in Claim
1 further comprising: if the first DNS server is determined to be
authoritative: selecting a cache component for providing content associated
with the original resource request; and transmitting information
identifying the selected cache component. 9. A system for request routing
comprising: a first network point of presence associated with a content
delivery network service provider, wherein the first network point of
presence includes a DNS server component that receives a DNS query from a
client computing device, wherein the DNS query corresponds to a requested
resource associated with a first resource identifier, and wherein the DNS
server in the first network point of presence is operable to: obtain a
query IP address associated with the DNS query at the first DNS server;
obtain a location-based identifier associated with the query IP address;
select a network point of presence associated with the content delivery
network service provider based on the location-based identifier;determine
whether the first DNS server is authoritative to the DNS query based on the
selected network point of presence; and if the first DNS server is not
authoritative: obtain an alternative resource identifier based on the
selected network point of presence, wherein the alternative resource
identifier includes information for causing a DNS query to resolve to a
domain corresponding to the selected network point of presence; and
transmit the alternative resource identifier to the client computing
device. 10. The system as recited in Claim 9, wherein the DNS server in the
first network point of presence is further operable to determine a
destination identifier associated with the DNS query, wherein selecting a
network point of presence is further based on the destination identifier.
11. The system as recited in Claim 9, wherein the DNS server in the first
network point of presence is further operable to: determine whether the
selected network point of presence is available prior to determining
whether the first DNS server is authoritative to the DNS query based on the
selected network point of presence; maintain the selected network point of
presence if the selected network point of presence is available; and select
an alternative network point of presence if the selected network point of
presence is not available. 12. The system as recited in Claim 9 further
comprising: a second network point of presence associated with a content
delivery network service provider, wherein the second network point of
presence includes a DNS server component that receives a subsequent DNS
query from a client computing device, wherein the subsequent DNS query
corresponds to a requested resource associated with the alternative
resource identifier, and wherein the DNS server in the second network point
of presence is operable to: resolve the subsequent DNS query to identify a
cache component for providing content associated with the original resource
request; andtransmit information identifying the identified cache component
to the client computing device. 13. A computer-implemented method
comprising: obtaining a first DNS query from a client computing device at a
first DNS server, wherein the first DNS query corresponds to a first
requested resource and wherein the first DNS server corresponds to a
content delivery network service; obtaining a query IP address associated
with the first DNS query at the first DNS server; obtaining a
location-based identifier associated with at least a partial IP address
corresponding to the query IP address from a routing data store; resolving
the first DNS query based on the location-based identifier; collecting
performance data associated with transmission of the first requested
resource; 



updating routing information in the routing data store associated with the
query IP address of the client computing device based on the performance
data; obtaining a second DNS query from the client computing device at a
second DNS server, wherein the second DNS query corresponds to a second
requested resource; resolving the second DNS query based on the updated
routing information associated with the query IP address of the client
computing device. 14. The method as recited in Claim 13, wherein the
routing data store includes at least partial IP address to location-based
identifier mappings. 15. A computer system comprising: a routing data store
including at least partial query IP address to locationbased identifier
mappings; and a first network point of presence associated with a content
delivery network service provider, wherein the first network point of
presence is operable to: obtain a first DNS query from a client computing
device at a first DNS server, wherein the first DNS query corresponds to a
first requested resource and wherein the first DNS server corresponds to a
content delivery network service;obtain a query IP address associated with
the first DNS query at the first DNS server; obtain a location-based
identifier associated with at least a partial IP address corresponding to
the query IP address from the routing data store; resolve the first DNS
query based on the location-based identifier; collect performance data
associated with transmission of the first requested resource; update
routing information in the routing data store associated with the query IP
address of the client computing device based on the performance data;
obtain a second DNS query from the client computing device at a second DNS
server, wherein the second DNS query corresponds to a second requested
resource; and resolve the second DNS query based on the updated routing
information associated with the query IP address of the client computing
device. 16. The system as recited in Claim 15, wherein updating the routing
information comprises modifying the routing data store based on the
performance data with an updated location-based identifier associated with
the query IP address. 17. The system as recited in Claim 16, wherein the at
least partial IP address to location-based identifier mappings in the
routing data store each have a corresponding confidence factor. 18. The
system as recited in Claim 16, wherein the routing data store further
includes location-based identifier to destination identifier mappings. 


