
TITLE Substituted Imidazole Derivatives, Compositions,
and Methods of Use as PTPase Inhibitors STATEMENT OF
RELATED APPLICATION This application claims the
benefit of priority under 35 U.S.C.  119(e) of US
Provisional Application No. 60/763,256, filed January
30, 2006, entitled "Substituted Imidazole Derivatives,
Compositions, and Methods of Use." The disclosure of
US Provisional Application No. 60/763,256 is herein
incorporated by reference in its entirety. FIELD OF
THE INVENTION This invention relates to substituted
imidazole derivatives, compositions, and methods of
treatment using the compounds and compositions which
may be useful for the management, treatment, control,
or adjunct treatment of diseases caused by activity of
a protein phosphatase. BACKGROUND OF THE INVENTION
Protein phosphorylation is now recognized as central
to the fundamental processes of cellular signal
transduction. Alterations in protein phosphorylation
may therefore constitute either a physiological or
pathological change in an in vivo system. Protein
dephosphorylation, mediated by phosphatases, is also
central to certain signal transduction processes. The
two major classes of phosphatases are (a) protein
serine/threonine phosphatases (PSTPases), which
catalyze the dephosphorylation of serine and/or
threonine residues on proteins or peptides; and (b)
the protein tyrosine phosphatases (PTPases), which
catalyze the dephosphorylation of tyrosine residues on
proteins and/or peptides. A third class of
phosphatases is the dual specificity phosphatases, or
DSP's, which possess the ability to act both as
PTPases and as PSTPases. Among the PTPases there exist
two important families, the intracellular PTPases, and
the transmembrane PTPases. The intracellular PTPases
include PTP1B, STEP, PTPD1, PTPD2, PTPMEG1 , T-cell
PTPase, PTPH1, FAP-1/BAS, PTP1D, and PTPIC. The
transmembrane PTPases include LAR, CD45, PTPa, PTPb,
PTPd, PTPe, PTPx, PTPK, PTPm, PTPs, HePTP, SAP-1 , and
PTP-U2. The dual - specificity phosphatases include
KAP, cdc25, MAPK phosphatase, PAC-1, and rVH6. The
PTPases, especially PTP1B, are implicated in insulin
insensitivity characteristic of type Il diabetes
(Kennedy, B.P.; Ramachandran, C. Biochem. Pharm. 2000,
60, 877-883). The PTPases, notably CD45 and HePTP, are
also implicated in immune system function, and in
particular T-cell function. Certain PTPases, notably
TC-PTP, DEP-1, SAP-1, andCDC25, are also implicated in
certain cancers. Certain PTPases, notably the bone
PTPase OST-PTP, are implicated in osteoporosis.
PTPases are implicated in mediating the actions of
somatostatin on target cells, in particular the
secretion of hormone and/or growth factor secretion.
Thus, there is a need for agents which inhibit the
action of protein tyrosine phosphatases. Such agents
may be useful for the treatment of glucose intolerance
including Type I diabetes and Type Il diabetes, immune
dysfunction including AIDS, allergic diseases,
inflammatory diseases, and autoimmunity such as
psoriasis, infectious diseases, obesity, cancer,
diseases involving the modulated synthesis of growth
hormone or the modulated synthesis of growth factors
or cytokines which affect the production of growth
hormone, or Alzheimer's disease. SUMMARY OF THE
INVENTION This invention provides substituted
imidazole derivatives and compositions which inhibit
PTP1B. In an embodiment, the present invention
provides compounds of Formula (IIV) as depicted below.
In another embodiment, the present invention provides
methods of preparation of compounds of Formula (MV).
In another embodiment, the present invention provides
pharmaceutical compositions comprising the compounds
of Formula (I-IV). In another embodiment, the present
invention provides methods of using the compounds of
Formula (I-IV) in treating human or animal disorders.
The compounds of the invention are useful as
inhibitors of protein tyrosine phosphatases and thus
may be useful for the management, treatment, control
and adjunct treatment of a disease mediated by PTPase
activity. Such diseases may comprise glucose
intolerance including Type I diabetes and Type Il
diabetes, immune dysfunction including AIDS, allergic
diseases, inflammatory diseases, and autoimmunity such
as psoriasis, infectious diseases, obesity, cancer, 



diseases involving the modulated synthesis of growth
hormone or the modulated synthesis of growth factors
or cytokines which affect the production of growth
hormone, or Alzheimer's disease. DETAILED DESCRIPTION
Embodiments of the present invention comprise
substituted imidazole derivatives, compositions, and
methods of use. The present invention may be embodied
in a variety of ways. In a first aspect, the present
invention provides imidazole inhibitors of protein
tyrosine phosphatases (PTPases) which are useful for
the management and treatment of disease caused by
PTPases. In another aspect, the present invention
provides a compound of Formula I, II, III, or IV:(I)
(H) wherein Ar1, Ar2, Ar4, and Ar5 are independently
selected from the group consisting of: phenyl,
indanyl, tetrahydronaphthyl, pyridazine, pyrimidine,
pyrazine, pyridine, piperidine, 4,5-diaza-indanyl,
5,6,7, 8-tetrahydro-cinnoline, and 1-H-pyridin-2-one,
and Ar3 is phenyl, naphthalene, indanyl,
tetrahydronaphthyl, pyridazine, pyrimidine, pyrazine,
pyridine, piperidine, 4,5-diaza-indanyl, or
5,6,7,8-tetrahydro-cinnoline, wherein Ar1, Ar2, Ar3,
and Ar4 are each optionally substituted 1 to 4 times
with a group independently selected from Rb, andAr5 is
optionally substituted 1 to 4 times with a group
selected from Ra; V is C,W is C, X is N, Y is C, Z is
N, when sides b, c, and e are single bonds, and sides
a and d are double bonds; or V is C,W is N, X is C, Y
is N, Z is C, when sides a, c, and d are single bonds,
and sides b and e are double bonds; or V is C,W is N,
X is C, Y is C, Z is N, when sides a, b, and d are
single bonds, and sides c and e are double bonds; L1
is -T1-L3-T2-, wherein L3 is a direct bond, - CL10
alkylene, -C2-10 alkenylene, or -C2-I0 alkynylene; T1
and T2 are independently selected from the group
consisting of a direct bond, -CH 2-, -O-, -N(R16 )-,
-C(O)-, -CON(R16 )-, -N(R16)C(O)- , -N(R 16)CON(R17
)-, -N(R16JC(O)O-, -OC(O)N(R 16 )-, -N(R16)SO2- , -
SO2N(R16)-, -C(O)-O-, -O-C(O)-, -S-, -S(O)-, -S(O)2- ,
-N(R 16)SO2N(R17 )-, -N=N-, and -N(R16)-N(R17)-;
wherein R16 and R17 are independently selected from
the group consisting of: - hydrogen, -CLIO alkyl,
-aryl, -arylene-C 1-10 alkyl, and -C1-10
alkylepe-aryl, wherein alkyl and aryl are optionally
substituted with Rc; L2 is selected from the group
consisting of: -CH(R18)-CH(R19 )-, -N(R18)C(0)-, -N(R
18)-, - N(R18JS(O)2- , -C(O)N(R 18)-, -S(O)2N(R18) ,
(trans) -C(R 18)=C(R19)- , (cis) - C(R18J=C(R19)- ,
-CC-, -C(O)-, -O-, -C1-5 alkylene-O-, O-C1-5 alkylene
, -(CH2)r , 1,1 cycloalkylmethylene, or a direct bond,
wherein R18 and R19 are independently selected from
the group consisting of: -hydrogen, - C1- 10 alkyl,
-aryl, -arylene-C 1-10 alkyl, and -C1-10
alkylene-aryl, wherein alkyl and aryl are optionally
substituted with Rc; L4 is selected from the group
consisting of: a direct bond and -CH2- , R1, R2, R3,
R4, and R5 are independently selected from the group
consisting of hydrogen and R\R6 is selected from the
group consisting of hydrogen and Rb, R11 is selected
from the group consisting of Rb, G is wherein a) D is
C(R7KR8), and E is C(R7) or N, when side f is a single
bond, or b) D is C(R7) , and 



E is C, when side f is a double bond, wherein R7 and
R8 are independently selected from the group
consisting of halo, hydroxy, amino, cyano, nitro,
carboxy, -SO3H, Rf and Rg; or wherein a) D is C(R7),
and E is C(R7J(R8) or N(R9) , when side f is a single
bond, or b) D is C, and E is C(R7) or N, when side f
is a double bond, whereinR7 and R8 are independently
selected from the group consisting of: halo, hydroxy,
amino, cyano, nitro, carboxy, -SO3H, Rf and R9; and R9
is Rd, M is hydrogen or a counter ion selected from
the group consisting of: Na+, K+, and other
pharmaceutically acceptable counter ions; Ra is a)
-cycloalkyl, b) -cyano, c) -ORd, d) -NO2, e) -halogen,
f) -S(O)n C2.10alkyl, g) -SRd, h) -S(O)2ORd, i)
-S(O)mNRd Re, j ) -NRdS(O) Re, k) -NRd Re, 1) -O(CRf
R9)nNRd Re, m) -C(O)Rd, n) -CO 2R", o) -CO2(CRf R9)
nCONRd Re, p) -OC(O)Rd, q) -C(O)NR" Re, T) -NRd
C(O)Re, s) -OC(O)NRd Re, t) -NRd C(O)OR , u) -NRd
C(O)NRd RQ, v) -CF3, w) -OCF3 x) -C1-10 alkyl, y)
-C2-10 alkenyl, z) -C2--IO alkynyl,aa) -C1-10
alkylene-aryl, bb) -C1-10 alkylene-heteroaryl, cc)
-heteroaryl, dd)-C(R f)=C(R 9)-Rf, or ee) -CC-R f,
wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and
cycloalkyl groups are optionally substituted 1-4 times
with a group independently selected from Rc ; Rb is a)
-cycloalkyl, b) -cyano, c) -OR d, d) -NO 2, e)
-halogen, 



f ) -S(O) m Rd, g) -SR d, h) -S(O) 2ORd, i ) -S(O)
mNRd Re, j ) -NR dS(O) mRe, k ) -NR d Re, 1) -O(CR f
R9)nNRd Re, m) -C(O)R d, n) -CO2Rd, o) -CO 2(CR f R9)
nCONR d Re, p) -OC{O)R d, q) -C(O)NR d Re, r ) -NR d
C(O)R , s) -OC(O)NR" Rq, t) -NR d C(O)OR , u) -NR d
C(O)NR d Re, v) -CF3, w) -OCF 3 x ) -C1-10 alkyl, y )
-C2-IQ alkenyl, z) -C2-10 alkynyl,aa) -C1-10
alkylene-aryl, bb) -C1-IO alkyle pe-heteroaryl, cc)
-heteroaryl, dd) -C(Rf)=C(R9)-Rf, or ee) -CC-Rf,
wherein alkyl, alkenyl, alkynyl, aryl, heteroaryl, and
cycloalkyl groups are optionally substituted 1-4 times
with a group independently selected from Rc ; Rc is a)
-halogen, b) -amino, c) -carboxy, d) -C1-4 alkyl, e)
O-C 1-4 alkyl, f ) -cycloalkyl, g) -O-cycloalkyl, h)
-aryl, i ) -C1 4 alkylene-aryl, j ) -hydroxy, k) -CF3,
1) -O-aryl, m) -heteroaryl, n) -heteroaryl-C 1-10
alkyl, o) heterocyclyl, p) -CO2-Ci -IO alkyl, or q)
-CO 2-CL10 alkyl-aryl, Rd and Re are independently
selected from hydrogen, C1-10 alkyl, C2- alkenyl,
C2-1Oalkynyl, cycloalkyl, -C1-10 alkylene-cycloalkyl,
aryl, heterocyclyl, wherein alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heterocyclyl groups are optionally
substituted with one to four substituents
independently selected from Rc ; or Rd and Re together
with the atoms to which they are attached form a
heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from
oxygen, sulfur and nitrogen and optionally substituted
with 1-3 times with Rc, and wherein 1 or 2 carbon
atoms in the heterocyclic ring may be oxidized,Rf and
R9 are independently selected from hydrogen, C1-10
alky!, cycloalkyl, -C1-10 alkylenecycloalkyl, and
aryl, wherein alkyl, cycloalkyl, and aryl groups are
optionally substituted with one to four substituents
independently selected from Rc; or Rf and R3 together
with the carbon to which they are attached form a ring
of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and
nitrogen optionally substituted with 1-3 times with
R0, and wherein 1 or 2 carbon atoms in the 



heterocyclic ring may be oxidized; m is an integer
from 1 to 2, n is an integer from 1 to 10, q is an
integer from 1 to 2, r is an integer from 1 to 5, and
s is an integer from 0 to 3, or pharmaceutically
acceptable salt, solvate, or prodrug thereof. In an
embodiment, M is hydrogen or a counter ion selected
from the group consisting of: sodium (Na+), potassium
(K+), ammonium, morpholinium, barium, calcium salt. In
another embodiment, M is hydrogen. In another
embodiment, M is selected from the group consisting
of: hydrogen, sodium and potassium. In another
embodiment, IVI is selected from the group consisting
of: sodium and potassium. In another embodiment, the
present invention provides a compound of Formula I,
II, III, or IV, having the formula: (Ia) (Ma)(IMa)
(IVa) wherein V is C,W is C-R5, X is N, Y is C, Z is
N, when sides b, c, and e are single bonds, and sides
a and d are double bonds; or V is C,W is N, X is C, Y
is N, Z is C-R6, when sides a, c, and d are single
bonds, and sides b and e are double bonds; or V is C,W
is N-R6, X is C,Y is C, Z is N, when sides a, b, and d
are single bonds, and sides c and e are double bonds;
R6 is selected from the group consisting of hydrogen
and Rb In another embodiment, the present invention
provides a compound of Formula I, HI, or IV, having
the formula: (Ib) (lib)(MIb) (IVb) wherein V is C,W is
N, X is C,Y is N-R6, Z is C, and sides a, c, and d are
single bonds, and sides b and e are double bonds; and
R6 is selected from the group consisting of hydrogen
and Rb. In another embodiment, Ar1 and Ar4 are
independently selected from the group consisting of:
phenyl-1,4-yl, pyridazine-3,6-yl, pyrimidine-2,5-yl,
and pyrazine-2,5-yl. In another embodiment, Ar1, Ar2,
Ar4, and Ar5 are independently selected from the group
consisting of: phenyl and pyridazine. In another
embodiment, one of Ar1 and Ar2 is phenyl and the other
is pyridazine. In another embodiment, both of Ar1 and
Ar2 are either phenyl or pyridazine. In another
embodiment, Ar2 is phenyl and Ar1 is
pyridazine-3,6-yl. In another embodiment, Ar1 is
phenyl-1,4-yI and Ar2 is pyridazine-3-yl. In another
embodiment, one of Ar4 and Ar5 is phenyl and the other
is pyridazine. In another embodiment, both of Ar4 and
Ar5 are either phenyl or pyridazine. In another
embodiment, Ar5 is phenyl and Ar4 is
pyridazine-3,6-yl. In another embodiment, Ar4 is
phenyl-1,4-yl and Ar5 is pyridazine-3-yl. In another
embodiment, Ar3 is phenyl and substituted with a
halogen. 1 1In another embodiment, Ar2, Ar3, and Ar5
are substituted with at least one lipophilic group. In
an embodiment, said compound has Formula Ia. In
another embodiment, said compound has Formula Ua. In
another embodiment, said compound has Formula Ilia. In
another embodiment, said compound has Formula IVa. In
an embodiment wherein said compound has Formula Ia,
Ua, Ilia, or IVa, V is C,W is C-R6, X is N, Y is C, Z
is N, sides b, c, and e are single bonds, and sides a
and d are double bonds. In another embodiment where
said compound has Formula Ia, Ha, Ilia, or IVa, V is
C, W is N, X is C, Y is N, Z is C-R6, and sides a, c,
and d are single bonds, and sides b and e are double
bonds. In another embodiment where said compound has
Formula Ia, Na, IHa, or IVa, V is C, W is N-R6, X is
C, Y is C, Z is N, and sides a, b, and d are single
bonds, and sides c and e are double bonds. In another
embodiment, R6 is selected from the group consisting
of hydrogen and C1. 



alkyl. In another embodiment wherein said compound has
Formula Ia, Ua, IHa, or IVa, V is C,W is N, X is C, Y
is N, Z is C-R6, and sides a, c, and d are single
bonds, and sides b and e are double bonds, and R6 is
selected from the group consisting of hydrogen and
C1-10 alkyl. In another embodiment, L1 is -T1-L3-T2-,
wherein L3, T1 and T2 are direct bonds. In another
embodiment, L1 is -T1-L3-T2- , wherein T1 and T2 are
direct bonds and L3 is -CH 2- In another embodiment,
L1 is -T1-L3-T2- , wherein L3 is a direct bond or Ci
-10 alkylene, T1 is a direct bond, and T2 is selected
from the group consisting of -O-, -N(R 16 )-, -C(O)-,
- CON(R 16 )-, -N(R 17)C(O)-, -N(R6)CON(R 16 )-, -N(R
16)C(O)0-, -OC(O)N(R 1 )-, -N(R 16)SO2-, - SO2N(R 16
)-, -C(O)-O-, -O-C(O)-, -S-, -S(O)-, -S(O) 2- , and
-N(R 16JSO2N(R17)-. In another embodiment, L1 is
-T1-L3-T2- , wherein L3 is a direct bond OrC 1-10
alkylene, T2 is a direct bond, and T1 is selected from
the group consisting of -O-, -N(R 16 )-, -C(O)-, -
CON(R 16 )-, -N(R 17)C(O)-, -N(R6)CON(R 16 )-, -N(R
16)C(O)O-, -OC(O)N(R 16 )-, -N(R1d)SO2- , - SO2N(R 16
)-, -C(O)-O-, -O-C(O)-, -S-, -S(O)-, -S(O) 2- , and
-N(R 16)SO2N(R17 )-. In another embodiment, L2 is
selected from the group consisting of -CH2- or -CH
2-O-. In another embodiment, L2 is -CH2- . In another
embodiment, L4 is -CH2- In an embodiment, R1, R2, R3,
R4, and R5 are independently selected from the group
consisting of: a) -hydrogen; b) -fluoro;c) -chloro; d)
trifluoromethyl; e) trifluoromethoxy; f) alkyl; g)
-cyano; h) -nitro; and i) -phenyl. In another
embodiment, at least one of R1, R2, R3, R4, and R5 is
not hydrogen. In another embodiment, R1, R2, R3, R4,
and R5 are independently selected from the group
consisting of hydrogen, fluoro, and chloro, wherein at
least one of at least one of R1, R2, R3, R4, and R5 is
not hydrogen. In another embodiment, R1 and R3 are
chloro or fluoro, and R2, R4, and R5 are hydrogen. In
an embodiment, s is an integer from 1 to 3 and R11 is
independently selected from the group consisting of:
methyl, methoxy, chloro, fluoro, nitro, cyano,
hydroxy, trifluoromethyl, trifluoromethoxy, -SO2-CH3,
-SO2-CF3, -NHSO2-CH3, -NHSO2-CF3, and cyclopropyl. In
another embodiment, s is zero. In an embodiment, G is
wherein a) q is 2, D is C(R7)(R8), E is C(R7) or N,
when side f is a single bond, or b) q is 2, D is
C(R7), E is C, when side f is a double bond. In a
further embodiment, R7 and R8 are selected from the
group consisting of: hydrogen and alkyl. In another
embodiment, G iswherein q is 2, D is C(R7)(R8) , E is
N, and side f is a single bond. In a further
embodiment, R7 and R8 are selected from the group
consisting of: hydrogen and C1-4 alkyl. In another
embodiment, G is wherein a) q is 2, D is C(R7), E is
C(R7)(R8) or N(R9), when side f is a single bond, or
b) q is 2, D is C, E is C(R7) or N, when side f is a
double bond. In a further embodiment, R7, R , and R9
are selected from the group consisting of: hydrogen
and Ci-4 alkyl. In an embodiment wherein the compound
has the Formula IV, Ar3 is naphthyl-2-yl and is
substituted at the 6 position with a group selected
from Rb and may be further optionally substituted with
1 to 2 groups independently selected from Rb. In
another embodiment wherein the compound has the
Formula IV, Ar3 is phenyl and is substituted at the 4
position with a group selected from -C(Rf)=C(R9)-Rf,
and -C C-Rf , and the phenyl group may be further
optionally substituted with 1 to 2 groups
independently 



selected from Rb. In an embodiment wherein the
compound has the Formula Il or III, Ar2 is substituted
with 1 to 3 groups independently selected from Rb. In
an embodiment wherein the compound has the Formula I,
Ar5 is substituted with 1 to 3 groups independently
selected from Ra. In another embodiment, Ar1 and Ar4
are unsubstituted, and Ar2, Ar3, and Ar5 are each
substituted with 1 to 3 groups independently selected
from the group consisting of: -C1-10 alkyl,
-cycloalkyl, -heterocyclyl, ' -trifluoroalkyl,
-halogen, -nitro, -carboxy,-CO2-C1-10 alkyl, -C1-10
alkyl, -C2-10 alkenylene-CCVC^o alkyl, -C1-10
alkylene-CO2H, -C2-10 alkenylene-CO2H, -0-C 1-10
alkylene-C(O)NH-C 1-10 alkyl, -C(O)-C1-10 alkyl,
-C(O)NH-C1-10 alkyl, -O-heterocyclyl, -0-C 1-10 alkyl,
-0-C 1-10 haloalkyt, -0-C 1-10 perhaloalkyl,
-O-cycloalkyl, -O-phepyl, -hydroxy, -0-C 1-I 0
alkylene-cycloalkyl, -0-C 1-10 alkylene-phenyl,
-S-heterocyclyl, -S-C1-10 alkyl, -S-C1-10 haloalkyl,
-S-C1-10 perhaloalkyi, -S-cycloalkyl, -S-phenyl,
-S-C1-10 alkylene-cycloalkyl, -S-C1-10
alkylene-phenyl, -C1-10 alkylene-cycloalkyl, -C1-10
alkylene-phenyl, -amino, -NH(C1-10 alkyl), -N(C1-10
alkyl)2, -N(C1-10 alkyl)(Ci.i 0 aikylene-cycloalkyl),
-NHCO2-C1-10 alkyl, -NH(C1-I o alkylene-cycloalkyl),
-S(O)2-C2-10 alkyl, -SO2-cycloalkyl, -SO2-C1-10
alkylene-cycloalkyl, -S(O)-C1-10
alkyl,-S(O)-cycloalkyl, and -S(O)-C 1-10
alkylene-cycloalkyl, wherein alkyl, alkenyl, aryl,
heteroaryl, and cycloalkyl groups are optionally
substituted 1-4 times with a group independently
selected from Rc. In another embodiment, Ar1 and Ar4
are unsubstituted, and Ar2, Ar3, and Ar5 are each
substituted with 1 to 3 groups independently selected
from the group consisting pf: -C1-10 alkyl,
-cycloalkyl, -heterocyclyl, 



-trifluoroalkyl, -halogen, -nitro, -CO2-C1-10 alkyl,
-Ci -10 alkylene-CO2-C1-10 alkyl, -C2-10
alkenylene-CO2-C1-10 alkyl, -0-C 1-10
alkylene-C(O)NH-C 1-10 alkyl, -C(O)-C 1-10 alkyl,
-C(O)NH-C1-10 alkyl, -O-heterocyclyl, -0-C 1-10 alkyl,
-0-C 1-10 haloalkyl, -0-C 1-10 perhaloalkyl,
-O-cycloalkyl, -O-phenyl, -0-C 1-10
alkylene-cycloalkyl, -0-C 1-10 alkylene-phenyl,
-S-heterocyclyl, -S-C1-10 alkyl, -S-C1-10 haloalkyl,
-S-C1-10 perhaloalkyl, -S-cycloalkyl, -S-phenyl, -S-Ci
-10 alkylene-cycloalkyl, -S-C 1-10 alkylene-phenyl,
-C1-10 alkylene-cycloalkyl, -Ci -I0 alkylene-phenyl,
-NH(C1-10 alkyl),-N(C 1-I0 alkyl)2, -N(C 1-10
8IkYl)(C1. oalkylene-cycloalkyl), -NHCO2-C1-10 alkyl,
-NH(C 1-10 alkylene-cycloalkyl), -S(O) 2-C2-10 alkyl,
-SO2-cycloalkyl, -SO2-C1-10 alkylene-cycloalkyl,
-S(O)-C 1-10 alkyl, -S(O)-cycloalkyl, and -S(O)-C 1-10
alkylene-cycloalkyl. In another embodiment, Ar1 and
Ar4 are unsubstituted, and Ar2, Ar3, and Ar5 are each
substituted with 1 to 3 groups independently selected
from the group consisting of: -C1-10 alkyl,
-cycloalkyl, -trifluoroalkyl, -halogen, -CO2-C1-10
alkyl, -C1-10 alkylene-CO 2-C1-10 alkyl, -C2-10
alkenylene-CO 2-C1-10 alkyl, -Q-Ci -10
alkylene-C(O)NH-C 1-10 alkyl, -C(O)-C 1-10 alkyl, -0-C
1-10 alkyl, -0-C 1-10 haloalkyl, -0-C 1-10
perhaloalkyl, -O-cycloalkyl, -O-phenyl, -0-C 1-10
alkylene-cycloalkyl, -O-Ci -10 alkylene-phenyl, -S-C
1-10 alkyl, -S-C 1-10 haloalkyl, -S-C 1-10
perhaloalkyl, 



-S-cycloalkyl, -S-phenyl, -S-C 1-I0
alkylene-cycloalkyl, -S-C 1-I0 alkylene-phenyl, -C1-10
alkylene-cycloalkyl, -C1-10
alkylene-phenyl,-S(O)2-C2-I0 alkyl, -SO2-cycloalkyl,
-SO2-C1-10 alkylene-cycloalkyl, -S(O)-CL 10 alkyl,
-S(O)-cycloalkyl, and -S(O)-C 1-Ioalkylene-cycloalkyl.
In another embodiment, Ar1 and Ar4 are unsubstituted,
and Ar2, Ar3, and Ar5 are each substituted with 1 to 3
groups independently selected from the group
consisting of: morpholine-4-yl, piperidine-4-yl,
piperidine-1-yl, 4-piperidinyl-oxy, 3-piperidinyl-oxy,
2-oxo-piperidine-1-yl, 3-oxo-piperidine-1-yl,
[1-(C1-10 alkylsulfonyl)-piperidine-4-yl]-oxy,
[1-(C1-10 alkyloxycarbonyl)-piperidine-4-yl]-oxy,
[1-(C1-10 alkyloxycarbonyl)-piperidine-3-yl]-oxy,
piperazine-1-yl, 4-(C 1-10 alkyl)-piperazine-1-yl,
2-oxo-piperazine-4-yl, 1-C1-10
alkyl-2-oxo-piperazine-4-yl,
1-cycloalkyl-2-oxo-piperazine-4-yl,
4-tetrahydropyranyloxy, 3-tetrahydrofuranyloxy,
4-(C1-10 alkyloxycarbonyl)piperazine-1-yl,
pyrrolidine-1-yl, 3-phenyl-pyrrolidine-1-yl,
3-cycloalkyl-pyrrolidine-1 -yl, [1-(C1-10
alkoxycarbonyl)-pyrrolidine-3-yl]-oxy,
2-thiophenyloxy, 2-thiazolyloxy, (
1,2,4-oxadiazole-3-yl)-oxy,
(1-methyl-imidazole-2-yl)-oxy, and (imidazole-2-yl)-C
1-10 alkyoxy,wherein the alkyl, phenyl, cycloalkyl,
morpholine, piperidine, piperazine, cycloalkyl,
tetrahydropyran, tetrahydrofuran, pyrrolidine,
thiazole, imidazole groups are optionally substituted
1-4 times with a group independently selected from Rc.
In another embodiment where the compound has the
Formula Ia, Ha, Ilia, or IVa, Ar1, Ar2, Ar4, and Ar5
are independently selected from the group consisting
of: phenyl and pyridazine, L1 is a direct bond or
-CH2-, L2 is -CH2- , L4 is -CH2- , V is C,W is N, X is
C, Y is N, Z is C-R6, and sides a, c, and d are single
bonds, and sides b and e are double bonds, and G is
wherein q is 2, D is C(R7)(R8), E is N, and side f is
a single bond. In another embodiment, Ar1 and Ar4 are
unsubstituted, and Ar2, Ar3, and Ar5 are substituted
with at least one group selected from the group
consisting of: methyl, ethyl, propyl, butyl, pentyl,
hexyl, 1-ethyl-propyl, 1-propyl-butyl,
3,3-dimethyl-butyl, 4-methyl-pentyl,
4,4-dimethyl-pentyl,
1-(3,3-dimethyl-butyl)-4,4-dimethyl-pentyl, isobutyl,
isopropyl, sec-butyl, tert-butyl, trifluoromethyl,
4,4,4-trifluorobutoxy, methoxy, ethoxy, propoxy,
butoxy, pentoxy, 



hexyloxy, isobutoxy, isopropoxy, tert-butoxy,
2-phenethoxy, 2,2-dirhethylpropoxy, 3-methylbutoxy,
3,3-dimethyl-butoxy, 3'-phenethyloxy,
2-cyclohexyl-ethanesulfonyl, 3,3-dimethylbutane- 1
-sulfonyl, cyclohexanesulfonyl,
cyclohexylmethanesulfonyl, cyclohexylmethylsulfonyl,
2-cyclohexyl-ethanesulfinyl,
3,3-dimethyl-butane-1-sulfinyl,
cyclohexylmethylsulfinyl, 2-cyclohexyl-ethylsulfanyl,
3,3-dimethyl-butylsulfanyl, phenethylsulfanyl,
cyclohexylmethylsulfanyl, cyclopentyl, cyclohexyl,
cyclopentyloxy,cyclohexyloxy, cyclopentylmethyl,
cyclohexylmethyl, 2-cyclopentylethyl,
2-cyclohexylethyl, cyclopentylmethoxy,
cyclohexylmethoxy, 2-cyclopentylethoxy,
2-cyclohexyIethoxy, 2- cyciohexyl-vinyl,
3-ethyl-cyclobutyl, amino, butylamino, diethylamipo,
Bis-(3,3-dimethylbutyl)- amino,
cyclohexylmethyl-amino, cyclohexylmethyl-ethyl-amino,
3-phenyl-pyrrolidin-1-yl, cyclohexyl-pyrrolidin-1-yl,
piperidin-1-yl, piperidin-2-one-1-yl, piperazin-1-yl,
piperazin-2- one-1-yl, piperazin-2-one-4-yl,
piperazine-1-carboxylic acid 2,2-dimethyl-propyl
ester, 1- cyclohexyl-piperazin-2-one-4-yl,
1-ethyl-piperazin-2-one-4-yl,
1-isopropyl-piperazin-2-one-4- yl,
1-methyl-piperazin-2-one-4-yl,
4-methyl-piperazin-i-yl, chloro, fluoro, nitro,
phenyl, propionyl, carboxy, carboxymethyl, and
morpholin-4-yl. In another embodiment, Ar1 and Ar4 are
unsubstituted, and Ar2, Ar3, and Ar5 are substituted
with at least one group selected from the group
consisting of: methyl, ethyl, propyl, butyl, pentyl,
hexyl, 1-ethyl-propyl, 1-propyl-butyl,
3,3-dirnethyl-butyl, 4-methyl-pentyl,
4,4-dimethyl-pentyl,
1-(3,3-dimethyl-butyl)-4,4-dimethyl-pentyl, isobutyl,
isopropyl, sec-butyl, tert-butyl, trifluoromethyl,
4,4,4-trifluorobutoxy, methoxy, ethoxy, propoxy,
butoxy, pentoxy, hexyloxy, isobutoxy, isopropoxy,
tert-butoxy, 2-phenethoxy, 2,2-dimethylpropoxy,
3-methylbutoxy, 3,3-dimethyl-butoxy, 3'-phenethyloxy,
2-cyclohexyl-ethanesulfonyl, 3,3-dimethylbutane- 1
-sulfonyl, cyclohexanesulfonyl,
cyclohexytmethanesulfonyl, cyclohexylmethylsulfonyl,
2-cyclohexyl-ethanesulfinyl,
3,3-dimethyl-butane-1-sulfipyl,
cyclohexylmethylsulfinyl, 2-cyclohexyl-ethylsulfanyl,
3,3-dimethyl-butylsulfanyl, phenethylsulfanyl,
cyclohexylmethylsulfanyl, cyclopentyl, cyclohexyl,
cyclopentyloxy, cyclohexyloxy, cyclopentyimethyl,
cyclohexylmethyl, 2-cyclopentylethyl,
2-cyclohexylethyl, cyclopentylmethoxy,
cyclohexylmethoxy, 2-cyclopentylethoxy,
2-cyciohexylethoxy, 2- cyclohexyi-vinyl,
3-ethyl-cyclobutyl, chloro, fluoro, and phenyl.In
another embodiment, the present invention provides a
compound of Formula Ha having the formula: (lie)
wherein V is C,W is C-R6, X is N,Y is C, Z is N, when
sides b, c, and e are single bonds, and sides a and d
are double bonds; or V is C,W is N, X is C, Y is N, Z
is C-R6, when sides a, c, and d are single bonds, and
sides b and e are double bonds; or V is C,W is N-R6, X
is C,Y is C, Z is N, when sides a, b, and d are single
bonds, and sides c and e are double bonds; wherein R6
is hydrogen or Rb, D1 is C-R2 1 and D2 is C-R22, or D1
and D2 are N; D3 is C-R23 and D4 is C-R24 , or D3 and
D4 are N; L1 is -T1-L3-T2-, wherein L3 is a direct
bond, - C1-10 alkylene, -C2-1O alkenylene, or -C2-10
alkynylene; T1 and T2 are independently selected from
the group consisting of a direct bond, -CH 2- , -O-,
-N(R16)-, -C(O)-, -CON(R16)-, -N(R 6)C(O)- ,
-N(R16)CON(R17 )-, -N(R16)C(O)O-, -OC(O)N(R 16 )-,
-N(R16)SO2- , -SO2N(R16)-, -C(O)-O-, -O-C(O)-, -S-,
-S(O)-, -S(O)2- , -N(R 16)SO2N(R17h -N=N-, or -N(R 16
)-N(R17 )-; wherein R16 and R17 are independently
selected from the group consisting of: - hydrogen, - d
. alkyl, -aryl, -arylene-C 1-10 alkyl, or -C1-10
alkylenearyl, wherein alkyl and aryl are optionally
substituted with R0; L2 is selected from the group
consisting of: -CH(R18)-CH(R19 )-, -N(R13)C(0)-,
-N(R18)-, - N(R18JS(O)2- , -C(O)N(R18)-, -S(O)2N(R18
), (trans) -C(R 1B)=C(R19 )- , (cis) - C(R18)=C(R19 )-
, -C=C-, -C(O)-, -O-, -alkylene-O-, -alkylene-O-,
-(CH2)r , 1,1 cycloalkylmethylene, or a direct bond,
wherein R18 and R19 are independently selected from
the group consisting of: -hydrogen, -C1- 10 alkyl,
-aryl, -arylene-C1-10 alkyl, or -C1-10 alkylene-aryl,
wherein alkyl and aryl 



are optionally substituted with Rc; R1, R2, R3, R4,
and R5 are independently selected from the group
consisting of hydrogen and Rb; R11 is selected from
the group consisting of Rb; R20, R2 1, R22, R23, R24,
R25, R26, and R27 are independently selected from the
group consisting of hydrogen and Rb; G is wherein a) D
is C(R7XR8), E is C(R7) or N, when side f is a single
bond, or b) D is C(R7), E is C, when side f is a
double bond, wherein R7 and R8 are independently
selected from the group consisting of halo, hydroxy,
amino, cyano, nitro, carboxy, -SO3H, -Rf and R9;
orwherein a) D is C(R7), E is C(R7)(R8) or N(R9), when
side f is a single bond, or b) D is C, E is C(R7) or
N, when side f is a double bond, wherein R7 and R8 are
independently selected from the group consisting of:
halo, hydroxy, amino, cyano, nitro, carboxy, -SO3H, Rf
and R9; and R9 is Rd; M is hydrogen or a counter ion
selected from the group consisting of: Na+, K , and
other pharmaceutically acceptable counter ions; Rb is
a) -cycloalkyl, b) -cyano, c) -ORd, d) -NO2, e)
-halogen, f) -S(O)m Rd, g) -SRd, h) -S(O)2ORd, i)
-S(O)mNRd Re, j ) -NRdS(O)mRe, k) -NRd Re, 1) -O(CRf
R9)nNRd Re, m) -C(O)Rd, n) -CO2Rd, o) -CO2<CRf R9)
nCONRd R\ p) -OC(O)Rd, q) -C(O)NRd Re,r) -NRd C(O)Re,
s) -OC(O)NRd R , t) -NRd C(O)ORq, u) -NRd C{O)NRd Re,
v) -CF3, w) -OCF3 x) -C1-10 alkyl, y) -C2- Ioalkenyl,
z) -C2-I O alkynyl, aa) -C1-10 alkylene-aryl, bb)
-C1-I0 alkylene-heteroaryl, cc) -heteroaryl, dd)-C(R
f)=C(R9)-Rf, or ee) -CC-Rf, wherein alkyl, alkenyl,
alkynyl, aryl, heteroaryl, and cycloalkyl groups are
optionally substituted 1-4 times with a group
independently selected from Rc ; Rc is a) -halogen, 



b) -amino, c) -carboxy, d) -C1- alkyl, e) -0-C 1.4
alkyl, f) -cycloalkyl, g) -O-cycloalkyl, h) -aryl, i )
-C1 4 alkylene-aryl, j ) -hydroxy, k) -CF3, 1)
-O-aryl, m) -heteroaryl, n) -heteroaryl-C 1-10 alkyl,
o) heterocyclyl, p) -CO2-C1-10 alkyl, or q) -CO2-C1-10
alkyl-aryl,Rd and Re are independently selected from
hydrogen, C1-10 alky!, C2-10 alkenyl, C2-io alkynyl,
cycloalkyl, -C1-10 alkylene-cycloalkyl, aryl,
heterocyclyl, wherein alkyl, atkenyl, alkynyl,
cycloalkyl, aryl, heterocyclyl groups are optionally
substituted with one to four substituents
independently selected from Rc ; or Rd and Re together
with the atoms to which they are attached form a
heterocyclic ring of 5 to 7 members containing 0-2
additional heteroatoms independently selected from
oxygen, sulfur and nitrogen and optionally substituted
with 1-3 times with Rc, and wherein 1 or 2 carbon
atoms in the heterocyclic ring may be oxidized, Rf and
Rs are independently selected from hydrogen, Ci -10
alkyl, cycloalkyl, -C1-10 alkylenecycloalkyl, and
aryl, wherein alkyl, cycloalkyl, and aryl groups are
optionally substituted with one to four substituents
independently selected from Rc; or Rf and R9 together
with the carbon to which they are attached form a ring
of 5 to 7 members containing 0-2 heteroatoms
independently selected from oxygen, sulfur and
nitrogen optionally substituted with 1-3 times with
Rc, and wherein 1 or 2 carbon atoms in the
heterocyclic ring may be oxidized; m is an integer
from 1 to 2, n is an integer from 1 to 10, q is an
integer from 1 to 2, r is an integer from 1 to 5, s is
an integer from 0 to 3. In an embodiment of the
compound of Formula (lie), L1 is -T1-L3-T2-, wherein
L3, T1 and T2 are direct bonds. In another embodiment,
L1 is -T1-L3-T2- , wherein T1 and T2 are direct bonds
and L3 is -CH2- . In another embodiment, L1 is
-T1-L3-T2- , wherein L3 is a direct bond or alkylene,
T1 is a direct bond, and T2 is selected from the group
consisting of -O-, - N(R16)-, -C(O)-, -CON(R16 )-,
-N(R17)C(O)-, -N(R6)CON(R16)-, -N(R16)C(O)O-,
-OC(O)N(R 16 )-, -N(R 16)SO2-, -SO2N(R16)-, -C(O)-O-,
-O-C(O)-, -S-, -S(O)-, -S(O)2- , and -N(R
16)SO2N(R17)-. In another embodiment, L1 is -T1-L3-T2-
, wherein L3 is a direct bond or alkylene, T2 is a
direct bond, and T1 is selected from the group
consisting of -O-, -N(R16)-, -C(O)-, -CON(R 16)-, -
N(R17)C(OK -N(R6)CON(R16 )-, -N(R16)C(O)O-, -OC(O)N(R
16)-, -N(R16)SO2- , -SO2N(R16)- , -C(O)-O-, -O-C(O)-,
-S-, -S(O)-, -S(O) 2- , and -N(R16)SO2N(R17 )-. In
another embodiment of the compound of Formula (lie),
L2 is selected from the group consisting of -CH2- or
-CH2-O-. In another embodiment, L2 is -CH2- .In
another embodiment of the compound of Formula (lie),
R1, R2, R3, R4, and R5 are independently selected from
the group consisting of: a) -hydrogen; b) -fluoro; c)
-chloro; d) trifluoromethyl; e) trifluoromethoxy; f)
-SCVCn-ealkyl; g) -cyano; h) -nitro; and i) -phenyl.
In another embodiment, at least one of R1, R2, R3, R4,
and R5 is not hydrogen. In 



another embodiment, R1, R2, R3, R4, and R5 are
independently selected from the group consisting of
hydrogen, fluoro, and chloro, wherein at least one of
at least one of R1, R2, R3, R4, and R5 is not
hydrogen. In another embodiment, R1 and R3 are chloro
or fluoro, and R2, R4, and R5 are hydrogen. In another
embodiment of the compound of Formula (lie), s is an
integer from 1 to 3 and R11 is independently selected
from the group consisting of: methyl, methoxy, chloro,
fluoro, nitro, cyano, hydroxy, trifluoromethyl,
trifluoromethoxy, -SO2-CH3, -SO2-CF3, -NHSO2- CH3,
-NHSO2-CF3, and cyclopropyl. In another embodiment, s
is zero. In another embodiment of the compound of
Formula (lie), R20 , R2 1,and R22 are hydrogen, and
one or more of R23-R27 is independently selected from
the group consisting of: -C1-10 alkyl, -cycloalkyl,
-heterocyclyl, -trifluoroalkyl, -halogen, -nitro,
-carboxy, -CO 2-C1-I0 alkyl, -C1-10
alkylene-COg-C-,.(tm) alkyl, -C2-10 alkenylene-CO
2-C1-10 alkyl, -C1-10 aikytene-CO 2H, - C2-10
alkenylene-CO 2H, -0-C 1-10 alkylene-C(O)NH-C 1-10
alkyl, -C(O)-C 1-10 alkyl,-C(O)NH-C L10 alkyl,
-O-heterocyclyl, -0-C 1-10 alkyl, -0-C 1-10 haloalkyl,
-0-C 1-10 perhaloalkyl, -O-cycloalkyl, -O-phenyl,
-hydroxy, -0-C 1-10 alkylene-cycloalkyl, -O-Cvno
alkyle pe-phenyl, -S-heterocyclyl, -S-C1-10 alkyl,
-S-C1-10 haloalkyl, -S-C1-10 perhaloalkyl,
-S-cycloalkyl, -S-phenyl, -S-C1-10
alkylene-cycloalkyl, -S-C1-10 alkylene-phenyl, -C1-10
alkylene-cycloalkyl, -C1-10 alkylene-phenyl, -amino,
-NH(C 1-10 alkyl), -N(C1-10 alkyl)2, -N(Ci -10
alkyl)(C 1-10 alkylene-cycloalkyl), -NHCO2-C1-10
alkyl, -NH(C1-10 alkylene-cycloalkyl), -S(O)2-C2-10
alkyl, -SOa-cycloalkyl, -SO2-C1-10
alkylene-cycloalkyl, -S(O)-C 1-10 alkyl,
-S(0)-cycloalkyl, and -S(O)-C 1-10
alkylene-cycloalkyl, wherein alkyl, alkenyl, aryl,
heteroaryl, and cycloalkyl groups are optionally
substituted 1-4 times with a group independently
selected from Rc. In another embodiment of the
compound of Formula (lie), R20 , R2 1,and R22 are 



hydrogen, and one or more of R23-R27 is independently
selected from the group consisting of: -C1-10
alkyl,-cycloalkyl, -heterocyclyl, -trifluoroalkyl,
-halogen, -nitro, -CO2-C1-10 alkyl, -C1-10 alkylene-CO
2-C1-10 alkyl, -C2-I O 8IkBOyIeHe-CO2-C1 1Oalkyl, -0-C
1-10 alkylene-C(O)NH-C 1-10 alkyl, -C(O)-C 1-10 alkyl,
-C(O)NH-C 1-10 alkyl, -O-heterocyclyl, -0-C 1 I0
alkyl, -0-C 1-10 haloalkyl, -0-C 1-10 perhaloalkyl,
-O-cycloalkyl, -O-phenyl, -0-C 1-10
alkylene-cycloalkyl, -0-C 1-10 alkylene-phenyl,
-S-heterocyclyl, -S-C 1-10 alkyl, -S-C1-10 haloalkyl,
-S-C1-10 perhaloalkyl, -S-cycloalkyl, -S-phenyl, -S-C
1-10 alkylene-cycloalkyl, -S-C1-10 alkylene-phenyl,
-C1-10 alkylene-cycloalkyl, -C1-10 alkylene-phenyl,
-NH(C 1-10 alkyl), -N(C1-10 alkyl )2, -N(Ci -10
alkyl)(C 1-10 alkylene-cycloalkyl), -NHCO2-C1-10
alkyl, -NH(C1-10 alkylene-cycloalkyl), -S(O)2-C2-10
alkyl, -SOa-cycloalkyl, -SO2-C1-10
alkylene-cycloalkyl,-S(O)-C1-I0 alkyl,
-S(O)-cyc!oalkyl, and -S(O)-C1-10 alkylene-cycloalkyl.
In another embodiment of the compound of Formula
(lie), R20, R2 1,and R22 are hydrogen, and one or more
of R23-R2? is independently selected from the group
consisting of: -C1-10 alkyl, -cycloalkyl,
-trifluoroalkyl, -halogen, -CO2-C1-10 alkyl, -C1-10
alkylene-CO2-C1-10 alkyl, -C2-10 aikenylene-CO2-C1-10
alkyl, -0-C 1-10 alkylene-C(O)NH-C 1-10 alkyl,
-C(O)-C1-10 alkyl, -0-C L10 alkyl, -0-C 1-10
haloalkyl, -0-C 1-10 perhaloalkyl, -O-cycloalkyl,
-O-phenyl, -0-C 1-10 alkylene-cycloalkyl, -0-C 1-10
alkylene-phenyl, 



-S-C1-10 alkyl, -S-C1-10 haloalkyl, -S-C1-10
perhaloalkyl, -S-cycloalkyl, -S-phenyl, -S-C1-10
alkylene-cycloalkyl, -S-C1-10 alkylene-phenyl,
-C1-Ioalkylene-cycloalkyl, -C1-10 alkylene-phenyl,
-S(O)2-C2-10 alkyl, -SO2-cycloalkyl, -SO2-C1-10
alkylene-cycloalkyl, -S(O)-C 1-10 alkyl,
-S(O)-cycloalkyl, and -S(O)-C1-10
alkylene-cycloalkyl.In another embodiment of the
compound of Formula (lie), R20 , R2 1 ,and R22 are
hydrogen, and one or more of R23-R27 is independently
selected from the group consisting of:
morpholine-4-yl, piperidine-4-yl, piperidine-1-yl,
4-piperidinyl-oxy, 3-piperidinyl-oxy,
2-oxo-piperidine-1-yl, 3-oxo-piperidine-1-yl, [1-(C
1-10 alkylsulfonyl)-piperidine-4-yl]-oxy, [1-(C1-10
alkyloxycarbonyl)-piperidine-4-yl]-oxy, [ 1-(C1-10
alkyloxycarbonyl)-piperidine-3-yl]-oxy,
piperazine-1-yl, 4-(C 1-10 alkyl)-piperazine-1-yl,
2-oxo-piperazine-4-yl, 1-C1-10
alkyl-2-oxo-piperazipe-4-yl,
1-cycloalkyl-2-oxo-piperazine-4-yl ,
4-tetrahydropyranyloxy, 3-tetrahydrofuranyloxy, 4-(C
1-10 alkyloxycarbonyl)piperazine-1-yl,
pyrrolidine-1-yl, 3-phenyl-pyrrolidine-1-yl,
3-cycloalkyl-pyrrolidine-i-yl, [ 1-(C1-10
alkoxycarbonyl)-pyrrolidine-3-yl]-oxy,
2-thiophenyloxy, 2-thiazolyloxy, (
1,2,4-oxadiazole-3-yl)-oxy, (
1-methyl-imidazole-2-yl)-oxy, and
(imidazole-Z-ylJ-Ci.(tm) alkyoxy, wherein the alkyl,
phenyl, cycloalkyl, morpholine, piperidine,
piperazine, cycloalkyl, tetrahydropyran,
tetrahydrofuran, pyrrolidine, thiazole, imidazole
groups are optionally substituted with a group
independently selected from Rc. In another embodiment
of the compound of Formula (lie), R20 , R21 ,and R22
are hydrogen, and one or more of R23-R27 is
independently selected from the group consisting of:
methyl, ethyl, propyl, butyl, pentyl, hexyl,
1-ethyl-propyl, 1-propyl-butyl, 3,3-dimethyl-butyl,
4-methyl-pentyl, 4,4-dimethyl-pentyl,
1-(3,3-dirnethyl-butyl)-4,4-dimethyl-pentyl, isobutyl,
isopropyl, sec-butyl, tert-butyl, trifluoromethyl,
4,4,4-trifluorobutoxy, methoxy, ethoxy,propoxy,
butoxy, pentoxy, hexyloxy, isobutoxy, isopropoxy,
tert-butoxy, 2-phenethoxy, 2,2- dimethylpropoxy,
3-methyl-butoxy, 3,3-dimethyl-butoxy, 3'-phenethyloxy,
2-cyclohexylethanesulfonyl, 3,3-dimethyl-buta pe-i
-sulfonyl, cyclohexanesulfonyl,
cyclohexylmethanesulfonyl, cyclohexylmethylsulfonyl,
2-cyclohexyl-ethanesulfinyl, 3,3-
dimethyl-butane-1-sulfinyl, cyclohexylmethylsulfinyl,
2-cyclohexyl-ethylsulfanyl, 3,3-dimethylbutylsulfanyl,
phepethylsulfanyl, cyclohexylmethylsulfanyl,
cyclopentyl, cyclohexyl, cyclopentyloxy,
cyclohexyloxy, cyclopentylmethyl, cyclohexylmethyl,
2-cyclopentylethyl, 2- cyclohexylethyl,
cyclopentylmethoxy, cyclohexylmethoxy,
2-cyclopentylethoxy, 2- 



cyclohexylethoxy, 2-cyclohexyl-vinyl,
3-ethyl-cyclobutyl, chloro, fluoro, and phenyl. In
another embodiment of the compound of Formula (lie), V
is C,W is N, X is C, Y is N Z is C-R6, and sides a, c,
and d are single bonds, and sides b and e are double
bonds, and R6 is selected from the group consisting of
hydrogen and -C1-10 alkyl. In another embodiment of
the compound of Formula (lie), D1 is C-R2 1, D2 is
C-R22 , R21 and R22 are hydrogen, D3 is C-R23 and D4
is C-R24. In another embodiment, D1 is C-R2 1, D2 is
C-R22, R21 and R22 are hydrogen, and D3 and D4 are N.
In an embodiment of the compound of Formula (lie), G
is wherein a) q is 2, D is C(R7)(R8) , E is C(R7) or
N, when side f is a single bond, or b) q is 2, D is
C(R7) , E is C, when side f is a double bond. In a
further embodiment, R7 and R8 are selected from the
group consisting of: hydrogen and C1-4 alkyl.In
another embodiment of the compound of Formula (lie), G
is wherein q is 2, D is C(R7)(R8) , E is N, and side f
is a single bond. In a further embodiment, R7 and R8
are selected from the group consisting of: hydrogen
and C1-4 alkyl. In another embodiment, G is wherein a)
q is 2, D is C(R7), E is C(R7)(R8) or N(R9) , when
side f is a single bond, or b) q is 2, D is C, E is
C(R7) or N, when side f is a double bond. In a further
embodiment, R7, R8, and R9 are selected from the group
consisting of: hydrogen and C1 alkyl. In another
embodiment of the compound of Formula (lie), the
compound has the formula:(lid). In another embodiment
of the compound of Formula (lie), the compound has the
formula: (lie). In the compounds of Formula (!-IV),
the various functional groups represented should be
understood to have a point of attachment at the
functional group having the hyphen. In other words, in
the case of -alkylene-aryl, it should be understood
that the point of attachment is the alkylene group; an
example would be benzyl. In the case of a group such
as -C(O)-NH- alkylene-aryl, the point of attachment is
the carbonyl carbon.Also included within the scope of
the invention are the individual enantiomers of the
compounds represented by Formula (I-IV) above as well
as any wholly or partially racemic mixtures thereof.
The present invention also covers the individual
enantiomers of the compounds represented by formula
above as mixtures with diastereoisomers thereof in
which one or more stereocenters are inverted. Unless
otherwise stated, structures depicted herein are also
meant to include compounds that differ only in the
presence of one or more isotopically enriched atoms.
For example, compounds having the present structure
except for the replacement of a hydrogen atom by a
deuterium or tritium, or the replacement of a carbon
atom by a 13C or 14C-enriched carbon are within the
scope of the invention. In another aspect, the present
invention provides a pharmaceutically acceptable salt,
solvate, or prodrug of compounds of Formula (I-IV). In
an embodiment, the prodrug comprises a biohydrolyzable
ester or biohydrolyzable amide of a compound of
Formula (I-IV). Examples of compounds of Formula
(I-IV) of the present invention having potentially
useful biological activity are listed by name below in
Table 1. The ability of compounds Formula (I-IV) to
inhibit PTP-1B was established with representative
compounds of Formula (I-IV) listed in Table I using a
standard primary/secondary assay test procedure that
measures the inhibition of PTP-1B activity. The
compounds of Formula I in Table I may inhibit PTP-IB
with an IC50 of less than 10 microMolar (mM; 10 d M).
Compounds that inhibit PTP-1B activity are potentially
useful in treating metabolic disorders related to
insulin resistance or hyperglycemia, typically
associated with obesity or glucose intolerance. The
compounds of Formula (I-IV) of the present invention
may therefore be particularly useful in the treatment
or inhibition of Type Il diabetes. The compounds of
this invention may also potentially be useful in
modulating glucose levels in disorders such as Type I
diabetes. Table 1.ULTRA-WIDEBAND RADAR SENSORS AND
NETWORKS [0001] This application claims priority to
U.S Provisional Patent 



Application Serial No. 60/763,815, titled: "Strategic
ad hoc low power ultra-wideband (UWB) rear guard
sensors (RGS)", filed January 30, 2006, incorporated
herein by reference. This application claims priority
to U.S Provisional Patent Application Serial No.
60/763,785, titled: "Low-Power Network UWB Radar
Sensors", filed January 30, 2006, incorporated herein
by reference. This application claims priority to U.S
Provisional Patent Application Serial No. 60/763,814,
titled: "Cooperative Detection, Discrimination, and
Tracking Ultra-wideband Radar Sensor Network", filed
January 30, 2006, incorporated herein by reference.
[0002] The United States Government has rights in this
invention pursuant to Contract No. W-7405-ENG-48
between the United States Department of Energy and the
University of California for the operation of Lawrence
Livermore National Laboratory. BACKGROUND OF THE
INVENTION Field of the Invention [0003] The present
invention relates to ultra-wideband radar technology,
and more specifically, it relates to wireless
ultra-wideband (UWB) sensors and networks. Description
of Related Art [0004] Wireless distributed systems are
being developed to reliably monitor a wide range of
environments for both military and
civilianapplications. Detection of motion can be
extremely useful for border management, infrastructure
protection, and network-centric warfare applications.
Currently there are very few perimeter security
systems that utilize a network of interconnected,
independent sensors. Most perimeter intrusion
detection networks require an extensive infrastructure
to be setup in advance. Some of the most modern
systems utilize lengths of buried cable placed at a
set depth around the entire perimeter to be monitored.
Others employ a series of cameras or other motion
sensors. All of these options require a substantial
infrastructure either for the sensors themselves, or
for power and data communications. Also, the majority
of current systems are not able to determine where
along the monitored perimeter the intrusion occurred.
In addition the current technology does not permit a
reliable method of target discrimination. Some systems
estimate the approximate size of the intruder and try
to perform simply discrimination using that
information. [0005] The ability to identify targets by
ultra wideband radar based on emitted impulse and step
frequency wave systems has been investigated
previously by many independent researchers. These
efforts fall mainly into the following signal
processing methods: [0006] The Wigner distribution
(WD) combines the autocorrelation function and the
Fourier transform to represent signals in a combined
time and frequency domain. This technique is very
useful for classifying signals backscattered from
targets. Researchers have surmised that dolphins use
WD's in a likewise manner to classify underwater
targets. (Gaunaurd, et al., 1996) (Stifors, et al.,
2000). [0007] The wavelet transform is a
time-frequency technique that is useful for observing
nonstationary properties of ultra-wideband radar
echoes. The ability to locate large bandwidth events
with hightemporal resolution and stationary events
with good frequency resolution is attractive in
identifying the impulse response of signals and
systems such as those found in the UWB target
response. Wavelet theory allows the time and frequency
resolution tradeoff to be equal at all points.
Localization and classification of the singularities
in the target impulse response was found to be the
best approach for detecting and identifying signals
(Chambers, et al., 1993). Discontinuities of interest
associated with UWB radar arise from the reflections
from different surfaces producing impulsive
reflections and 



their derivatives. Detection of these features would
provide indication about the target size, orientation,
and shape. Advantages: (1) band limited and time
limited events can be localized on a resolution grid
approaching the optimal limit, (2) following the
transition of the wavelet maximal decay across a range
of scales allows the characterization of local
discontinuities - a significant aid to target
measurement, and (3) the analysis using wavelet
transformation corresponds closely to the physical
processes, providing a more appropriate framework in
which to view dispersive propagation than traditional
methods. (Jouny, et al., 1992, 1994) (Fargues, et al.,
1993) 008] The extinction-pulse (E-pulse)
discrimination scheme, based upon the singularity
expansion method, is commonly used in ultrawideband
radar target discrimination. This technique can be
used if the scattering target produces a significant
natural response in the frequency range of the radar.
The electric field scattered by the target can then be
divided into an early-time and a late-time response.
The beginning of the late-time response is defined as
the maximum amount of time required for the last
scattered radiation to travel from the target to the
receiving antenna. Early-time corresponds to the
forced response period when the excitation waveform is
traversing the target,producing a response dominated
by localized specular reflections from target
scattering centers. The late-time response is the free
oscillation period that exists after the excitation
waveform has passed. [0009] While the early-time
response is very complex, the late-time response can
be decomposed into a finite sum of damped sinusoids
oscillating at natural frequencies determined by the
target geometry. An E-pulse is a transient, finite
duration waveform designed to cancel out specific
natural resonances of the target, which appear in the
latetime response. Thus, when convolving with the
late-time target response, the E-pulse can be used to
discriminate between targets having different natural
frequency characteristics. The correct E-pulse is
identified from a predefined library of E-pulses by
the convolution with the lowest energy. [0010] The
late-time E-pulse technique is aspect independent.
Since the target resonance frequencies are independent
of the excitation waveform, the late-time E-pulse
technique will function regardless of the aspect angle
of the incident waveform on the target. A disadvantage
of using the late-time E-pulse technique is that when
the target resonant response is available, it often
has low signal strength. Researchers have demonstrated
this technique to work reasonably well in noisy
environments; however, if the SNR is too low,
ambiguous results are obtained (Mooney, et al., 2000).
[0011] A more complex method using the higher signal
strength early-time response may be desirable. The
early-time technique cancels the frequency domain
sinusoidal functions arising from aspect dependent
temporal positions of the specular reflections. The
earlytime technique can yield more explicit results;
however, E-pulses must be defined for the target in
each different aspect angle. For optimal target
identification, researchers have developed methods
thatcombine the E-pulse time domain analysis for the
late-time response, and frequency domain cancellation
in the early-time response (Rothwell, et al, 1994).
[0012] Several researchers continue to study, develop
and improve the E-pulse methods. (Rothwell, et al.,
1985, 1986, 1995 Chen, et al., 1986, 1994 Ross, et
al., 1990, 1994, 1998, Li, et al., 1998, Damjanschitz,
et al., 1999) The aforementioned methods consider only
single targets. In the case of multiple targets, one
must consider the effects of mutual coupling and
natural frequency differences of the system as
compared to isolated targets. A drawback of
conventional E-pulse analysis is that it requires a
priori knowledge about the natural frequencies of the 



target for late-time analysis, and the locations and
transfer functions of target scattering centers as a
function of aspect angle for early-time analysis.
Developments are being made to enable the extraction
of Epulses directly, without a priori knowledge of
their response. In addition, means of eliminating
redundancies and reducing computing demands from the
combined early-time /late- time method have been
recently published. [0013] Techniques using third
order statistics can reveal information about
non-Gaussian signals and nonlinearities, which cannot
be observed using conventional, second-order
techniques. Higher Order Spectra (HOS) techniques are
frequently used in speech processing and have been
used with ultra-wideband radar to classify targets by
extracting bispectral signatures related to geometric
and textural properties of the target (Marmarelis, et
al., 1992). [0014] Kernal analysis is an HOS technique
that involves treating the target as a black-box
system with an unknown impulse response. Experimental
data consisting of incident waveforms and return
signals for various targets are used to develop models
of varying order todescribe and classify the impulse
response. The backscattered echoes from an unknown
target and the incident impulse are then used to
determine the impulse response model with the best
fit. [0015] One method of obtaining an approximate
temporal impulse response of a target is from
frequency domain physical optics (FDPO). This
technique is accurate only at frequencies where the
wavelength is very short compared to the target, and
for angles that don't induce traveling waves. Time
domain physical optics (TDPO) may be more appropriate
for developing response models to large faceted
targets because it can more efficiently analyze a
large amount of scattering data (Skinner, et al,
1993). The greatest error in these techniques is in
modeling targets that are curved in the direction of
propagation, due to non-linear progression of the
surface's current phase along the body. Skinner also
reports that knowledge of the facetization of the
target is required for result accuracy. [0016]
Previous work (Abrahamasson, et al, 1991) predicts the
form-function in the backscattering radar
cross-section of spherical dielectric targets using a
discrete Fourier transform (DFT) technique. Target
identification is performed using target resonances
extracted using echoes from scattering structures.
Another computational method (Skinner, et al., 1993)
called FDPO reports that knowledge of the facetization
of the target is required for result accuracy. More
recent research (Mooney, et al., 2000) uses energy
discrimination number (EDN) statistics for E-pulse
target identification. This work developed a
theoretical method for determining the probability of
identifying a target from a family ofM targets. [0017]
The above findings add significantly to the body of
knowledge for discrimination methods using received
energy fromtarget reflections, however, such
techniques generally employ higher power that results
in significantly stronger reflected energy. [0018]
Accordingly, it is desirable to have available a low
power, deployable sensor network having the ability to
be rapidly deployed with minimal infrastructure
required. It is desirable that such a system could
actively detect, discriminate, and track targets as
they passed through the perimeter. The present
invention provides such devices and their methods of
operation. SUMMARYOF THE INVENTION [0019] It is an
object of the present invention to provide ad hoc low
power ultra-wideband (UWB) radar rear guard sensors
and networks of such sensors. [0020] Another object is
to provide low-power network UWB radar sensors. 



[0021] Still another object is to provide cooperative
detection, discrimination, and tracking by UWB radar
sensor networks. [0022] These and other objects will
be apparent based on the disclosure herein. [0023]
Embodiments of this invention utilize UWB radar low
power sensors deployed in a strategic manner and
integrated with wireless ad hoc networks to provide a
long-range detection capability in harsh propagation
environments such as cluttered urban areas. The sensor
network provides constant monitoring for intrusion
detection and relays the information to a destination
far from the area of strategic interest. The sensor
nodes employed in one embodiment use UWB radar signal
reflections at a fixed range and give an alarm if
there is significant differential movement at that
range. This sensor network is for short-range
applications in inter-node communication,
exfiltrationcommunication, geolocation, and motion
detection. However, when combined with wireless ad-hoc
networks they can achieve very long range monitoring
capability. The same sensor networks can be modified
to distinguish intrusion caused by animals versus
human. Furthermore, the strategic sensor networks
presented in this invention are not limited to
intrusion detection and minor modification makes them
capable of detecting various kinds of chemical and
biological agents for constant reporting of sensor
data to a destination far from the area of interest.
The individual nodes contain wireless sensors, GPS
electronics (e.g., GPS transmitter and receiver),
local communications and processing capability. The
nodes network with each other and communicate with a
"mother" node serving as the long-range uplink that
communicates with a remote monitoring station [0024]
Detection of motion for strategically important areas
is extremely useful for infrastructure protection as
well as networkcentric warfare applications such as
sniper protection in tactical battlefields and silent
monitoring of insurgent activities. Also, the ability
to detect various chemical and biological agents from
a long distance is of significant importance to
various government agencies. [0025] The strategic ad
hoc low power UWB sensor networks of the present
invention can be used to reliably monitor a wide range
of environments for civilian applications such as
habitat monitoring, environment observation, health
monitoring, home automation and smart home/office
environments. Detection of motion can be extremely
useful for border management, infrastructure
protection, and network-centric warfare applications.
A need exists for a rapidly deployable,
self-configuring, sensor network, which can report
sensor data to remote monitors via radio link.
Wireless distributed systems are also used to reliably
monitor a wide range of environments fordvilian
applications such as habitat monitoring, environment
observation, health monitoring, home automation, smart
home /office environments. [0026] The cooperative
discrimination sensor described herein can be
networked to provide detection, tracking, and
discrimination of human activity. A low power network
of these sensors detects motion, tracks the motion,
and reliably determines if the dominant moving object
was or was not a person. The combination of several
UWB concepts provides a key to this approach. The
first is a low power motion sensor that uses micro
impulse radar and is capable of continuous and
reliable operation for months at a time with a small
battery. The second is a dual radar motion tracking
system. The third is a heartbeat and respiration rate
(HRR) radar device. The combination of these three
devices into one sensor package will result in a
sensor that, when implemented in a network
configuration, offers a unique solution to address
this problem. BRIEF DESCRIPTION OF THE DRAWINGS 



[0027] The accompanying drawings, which are
incorporated into and form a part of the disclosure,
illustrate embodiments of the invention and, together
with the description, serve to explain the principles
of the invention. [0028] Figure 1 shows an embodiment
of a strategic ad-hoc low power UWB rear guard sensor
network. [0029] Figure 2 shows another configuration
for a strategic ad-hoc low power UWB rear guard sensor
network [0030] Figure 3 shows block diagram of an
exemplary sensor node.[0031] Figure 4 illustrates the
use a discrimination sensor that combines 3 individual
sensors for detection, tracking, and heartbeat and
respiration rate (hrr) monitoring. DETAILED
DESCRIPTION OF THE INVENTION [0032] An embodiment of
the present invention is a low power UWB wireless
sensor network that can be placed in a strategically
important area to constantly monitor the data of
interest and relay the information to a destination
far from the source using wireless ad-hoc networks.
This strategic sensor network uses radar sensors,
described below, at each node that examine radar
signal reflections at a fixed range and give an alarm
if there is a significant differential movement at
that range. UWB signals used in these sensor nodes
have an inherent immunity to multipath phenomenon as
well as signal jamming, and are very difficult to
detect by unauthorized parties. Therefore, the sensor
nodes can provide high performance in harsh
propagation environments as well as covertness for
constant monitoring and reporting data in areas where
the currently available wireless sensor networks based
on narrowband signaling schemes fail. [0033] The low
power sensors of this invention, at times referred to
herein as "guardian sensors", can be placed around a
strategically important area as opposed to being
randomly scattered in a field. Network operation uses
ultra-wideband (UWB) signals by transmitting wideband,
ultra-short pulses of radio frequency energy and
receiving those pulses remotely. Wireless ad hoc
networks (UWB and conventional) are known in the art.
Motion sensing is accomplished by continuously
measuring the environment and alarming when a change
occurs. As discussed below in detail, each sensor node
includes an embedded processor board with analog to
digital capability and serial(RS232 or USB) data
transfer capability as well as ultra-wideband
micro-impulse radar (MIR) fixed range transmitter and
receiver capability with omni-directional antennas.
The sensors are capable of self-calibration on command
and are able to adjust sensitivity and detection range
(diameter) on command. In addition, these sensors are
capable of reporting their health on command, are
robust to multi-path (cluttered environments) and
resistant to interference. Motion detection sensors
employ covert UWB circuits that radiate low RF energy
that is difficult to detect with conventional
standards and means. [0034] Figures 1 and 2 describe
exemplary architectures that can provide strategic
detection with ad-hoc networks. Figure 1 shows a
configuration that spreads the low powered UWB rear
guard sensor (RGS) nodes 10 around an area of interest
and transfers the collection of sensor data to a
mother-node 12. The mother-node then relays the
information to one of the nodes, e.g., node 14, of an
ad-hoc network, which relays the information to its
destination 16, enabling long range monitoring
capability. In an embodiment of the present invention,
the wireless ad-hoc network nodes relay only the
information from the RGS nodes and no processing and
decision making is performed in the ad-hoc network
nodes. The nodes in the ad-hoc network amplify and
forward the information in order to improve the
communications range. All the intelligence regarding
the strategic area of interest is 



provided by the RGS network. [0035] Figure 2 shows
another configuration for the present invention that
combines the RGS nodes with an ad-hoc network node to
directly report the sensed data to the network for
immediate relay to the far destination. For example,
RGS node 20 is attached to ad-hoc node 22. In this
configuration, the RGS nodes combined with the adhoc
network nodes are able to constantly monitor an event
of interest in a strategic area and immediately report
detected data to a far destination. [0036] An
embodiment of network operation uses ultra-wideband
(UWB) signals by transmitting wideband, ultra-short
pulses of radio frequency energy and receiving those
pulses remotely. Motion sensing is accomplished by
continuously measuring the environment and alarming
when a change occurs. The micropower impulse radar
(MIR) sensor provides unique capabilities due to its
well-defined range gates. For example, an MIR
electronic trip-wire with its precise range gate could
form a protective "fence" around facilities. AUmotion
inside or outside the fence would be ignored. Any
human penetration of the fence would provide an alarm.
Dual range gate sensors would provide direction of
penetration. These sensors will be configured with
wireless communications to allow remote replacement
and reporting. [0037] As shown in the block diagram of
Figure 3, an exemplary embodiment of a present sensor
consists of a network of elements (nodes) that have
minimally, five components or modules; central
processing module (CPU) 30, global positioning module
(GPS) 32, transmitter and receiver communications
module (COMMS) 34, power and control module 36, and
radar detector sensor module (RDS) 38. All five
modules are controlled by a common power and control
bus 40. The system also has 2 D cell 3.6V batteries,
chassis, and three antenna modules. The sensors are
designed as a ultra-wideband, ultra-low power system
to provide long-life (>1 year) intrusion detection
networks. Detection for a 15 meter circle with very
little battery drain (3 mW) can be accomplished by
radar return signal integration. The circuit design
averages received reflection energy to detect motion
during a very precise range-gated time window. The
system is easilyadaptable to any number of modules,
sensor types, and packaging designs. [0038] The
omni-directional loop antenna used in this invention
allows full 360 degree detection coverage. The RDS is
a range gated radar sensor that allows it to be set at
any specific range up to a maximum of approximately 20
feet in radius. The range of the sensor is nominally
set at a 30 foot diameter detection hemi-sphere or
'bubble' surrounding the sensor. To be precise, the
bubble has a dimension in thickness of approximately 2
feet. Objects moving anywhere in this zone will result
in a change in radar reflections received by the
sensor. These changes will trigger a threshold circuit
and produce a detection alarm. [0039] Based on
emitting and detecting very low amplitude and short
voltage impulses, the system and radar have a very
sensitive window, or range gate, for accurately
detecting received signals and reflections from
boundaries between different materials. The hardware
package is very small and has low power requirements.
Average emissions from tested MIR radio and radar
units are below 10 microwatts and are spread over
several gigahertz, virtually eliminating both
interference and interception. [0040] Network
operation uses ultra-wideband (UWB) signals by
transmitting wideband, ultra-short pulses of radio
frequency energy and receiving those pulses remotely.
UWB communications uses short (<1 ns) pulses rather
than a narrowband carrier frequency to transmit
information. Much is unknown with this type of
carrierless RF 



communications with respect to capacity, range,
penetration, and reliability. [0041] Motion sensing is
accomplished by continuously measuring the environment
and alarming when a change occurs. The microimpulse
radar (MIR) sensor provides unique capabilities due to
its well-defined range gates. For example, an MIR
electronic trip-wire with its precise range gate could
form a protective "fence" around facilities. All
motion inside or outside the fence would be ignored.
Any human penetration of the fence would provide an
alarm. Dual range gate sensors would provide direction
of penetration as additional detection and
discrimination information. These sensors will be
configured with wireless communications to allow
remote replacement and reporting. [0042] To look
beyond simple detection, the UWB sensors provide
information about the intruder, based on analysis of
radar return signal characteristics. Specifically, it
would be useful to determine whether an intrusion
alert was triggered by a human, multiple humans, or
accidentally by wildlife. Target discrimination
capability significantly diminishes the false positive
alarm rate. [0043] The present ultra-wideband,
ultra-low power system provides long-life (>1 year)
intrusion detection networks, with very limited
capability for capture and analysis of the reflected
signal. Detection for a 15 meter circle with very
little battery drain (3 mW) is accomplished by radar
return signal integration. The circuit design averages
received reflection energy to detect motion during a
very precise range-gated time window. In the Guardian
system, the characteristic singularities and frequency
content typically used to identify targets have, to a
large extent, been filtered out. [0044] In addition,
previous techniques have been demonstrated largely on
metallic and stationary targets. Knowledge of the
facetization of the target is usually unknown and
often rapidly changing as bodies, cars, etc., move
through the detection zone.Furthermore, the targets of
interest are typically in motion and commonly move
with unpredictable speeds and paths. [0045] The RDS is
a range gated radar sensor that allows it to be set at
any specific range up to a maximum of approximately 20
feet in radius. The range of the sensor is nominally
set at a 30 foot diameter detection hemi-sphere or
'bubble' surrounding the sensor. To be precise, the
bubble has a dimension in thickness of approximately 2
feet. Objects moving anywhere in this zone will result
in a change in radar reflections received by the
sensor. These changes will trigger a threshold circuit
and produce a detection alarm. [0046] A second
approach involves the combination of three specialized
radar sensors into a single package to for detecting,
tracking, and discrimination. In this embodiment,
radar sensors have been specifically designed to
perform functions such as intrusion detection,
tracking, and heart and respiration rate (HRR)
detection. Combining these sensors and using
cooperative networking techniques offers a highly
accurate discrimination and tracking system. Figure 4
shows an exemplary implementation of a discrimination
sensor that combines the three individual sensors for
detection, tracking, and heartbeat and respiration
rate (HRR) monitoring. In the figure, each sensor unit
(51-55) includes a motion sensor that sets up a motion
measuring perimeter (61-65) respectively. The motion
sensor comprises the fixed range gate UWB radar
sensors discussed herein. Each sensor unit (51-55)
also includes a dual range gate UWB radar sensor and a
UWB heart and respiration rate monitor. By analyzing
timing and signal levels, the location of an intruder
within the measuring perimeter can be determined. One
method of discrimination enhancement is net-centric or
cooperative 



discrimination. This concept leverages the fact that
the nodes aredesigned to be deployed in a network
configuration. This has the potential to enable
discrimination capabilities well beyond those of any
given node in the network. A network detection capable
radar sensor offers discrimination through cooperative
communication. The nodes in the network are at known
locations, therefore a basic path of the intruder
passing though the network can be found by monitoring
nodes detected and the detection time. This
information can provide intrusion path, time of
detection, and intruder source and destination. [0047]
A signal processing methods may be applied to improve
signal collection and analysis. Such methods include
Pseudo Wigner Distribution, Wavelet Transform,
Extinction Pulse, Bispectral Analysis and Kernel
Analysis. [0048] Further discrimination and detection
abilities could be gained by fusion or augmenting
other types of sensors with the existing radar sensor
package. For example, a sensitive magnetometer could
be added to detect the presence of metallic objects on
the intruder or to discriminate between people and
animals based on presence or lack of clothing. Another
approach uses a microphone or vibration sensor to pick
up noise generated by the target and vibrations
emitted by it while walking thought the detection
region. A low power camera might also be employed to
take an image of the intrusion and perform image
recognition algorithms on the data. [0049] Specialized
sensors with accurately synchronized RF pulse
transmissions can form a large, electronically
steerable antenna array. Potential targets could be
imaged as they passed though the network. [0050] Thus,
a low power network of the present sensors will detect
motion, track the motion, and reliably determine if
the dominant moving object was or was not a person.
The key to this approach is the combination of several
devices. The first is a low power motion sensorthat
uses micro impulse radar and is capable of continuous
and reliable operation for months at a time with a
small battery. The second is a dual radar motion
tracking system. The third is a heartbeat and
respiration rate (HRR) radar device. The combination
of these three devices into one sensor package, when
implemented in a network configuration, offers a
unique solution to address this problem. [0051] As
discussed above, the CDS sensor consists of a number
of micro-impulse radar sensors combined in a single
package. One sensor is an omni directional bubble
sensor. This sensor will be capable of establishing a
set diameter radar "bubble" around itself. If this
"bubble" is broken by a quasi-reflective radar target
(such as a person) it is capable of detecting and
indicating that. In addition a directional "range
gated" radar unit will be included in the package.
This sensor will be a directional sensor that has a
field of view of approximately 120. This sensor will
be able to determine the range to a target in its
field of view. In addition, data from this sensor may
be able to be integrated over a long period of time to
find the target's heart and respiratory rates. If that
is not possible a third sensor will be used in the
package. This sensor is specifically designed to
determine the heart rate of a target at a set
distance. The "range gated" sensor would be used to
find the distance to the target and then this sensor
would be set to search for a heart or respiratory rate
at that distance. [0052] This unique combination of
existing sensors is intended to be used as part of a
network to form an advance perimeter security system.
The omni directional radar sensors would be used to
establish radar "bubbles" around each sensor package,
or networked sensor "node". These nodes would have
their directional "range gated" radar sensors aimed in
a way so their detection regions covered the twosensor
nodes opposite them. This would allow them to track
targets in the sensor bubbles across from them. [0053]
Embodiments of an UWB detection and tracking system 



having sensors and network concepts usable in the
present invention are described in U.S. Patent
Application Serial No. 10/950, 209, incorporated
herein by reference. The application provides a system
for detecting and tracking an individual or animal
comprises producing a first return radar signal from
the individual or animal with a first low power ultra
wideband radar. Producing a second return radar signal
from the individual or animal with a second low power
ultra wideband radar. Maintaining the first low power
micropower radar a fixed distance from the second low
power ultra wideband radar. [0054] Embodiments of
networks utilizing position estimation of transceivers
in communication are provided in U.S. Patent
Application Serial No. 10/834,706 incorporated herein
by reference. This application includes sensors and
network configurations usable in the present
invention. The application describes a system and
method using wireless communication interfaces coupled
with statistical processing of time-of-flight data to
locate by position estimation unknown wireless
receivers. Such an invention can be applied in sensor
network applications, such as environmental monitoring
of water in the soil or chemicals in the air where the
position of the network nodes is deemed critical.
Moreover, the embodiments can be arranged to operate
in areas where a Global Positioning System (GPS) is
not available, such as inside buildings, caves, and
tunnels. [0055] Accordingly, embodiments of the
invention include methods for monitoring an area of
interest, including the steps of placing a plurality
of low power ultra wideband (UWB) radar motion sensors
inan area of interest; transmitting an UWB radar
signal in the area and receiving the signal by at
least one motion sensor of the motion sensors to
produce a received signal; analyzing the received
signal to determine whether a movement has occurred
within the area and producing an alarm signal if a
motion has occurred within the area; communicating the
alarm signal to a wireless ad hoc network to produce a
forwarded alarm signal; and transmitting the forwarded
alarm signal to a destination. Each sensor of the low
power UWB radar motion sensors is a plurality of
operatively connected electronics modules including a
central processing module, global positioning module,
transmitter and receiver communications module, power
and control module, and radar detector sensor module.
Each sensor can alternately be an UWB transceiver. The
UWB signal can be transmitted continuously or
periodically. The step of communicating the alarm
signal to a wireless ad hoc network can includes
transmitting the alarm signal to a mother-node. The
wireless ad hoc network includes a plurality of nodes
which can be UWB transceiver nodes. Further, the step
of transmitting the forwarded alarm signal to a
destination includes communicating the forwarded alarm
signal to a satellite to produce a satellite signal,
and then the satellite communicates the satellite
signal to a destination. The alarm signal can be
transmitted directly to an ad hoc node of the wireless
ad hoc network. (For purposes of this application,
including the claims, all teachings wherein a signal
is communicated or transmitted or the like includes
the teaching that only a portion of the signal is
communicated or transmitted.) Each node of the network
can be attached to a different sensor. The transceiver
can comprise an omni-directional loop antenna. The
sensor can comprise a range gated radar sensor, a dual
range gate sensor or a multiple range gate sensor. The
method can also comprisetracking the movement of the
cause of an alarm and detecting the heart and/or
respiration rate of the cause of the alarm. Other
embodiments of the invention teach apparatuses for
carrying out the above described methods. References: 
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in the art to best use the invention in various
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the particular use contemplated. The scope of the
invention is to be defined by the following claims.We
claim: 1. A method for monitoring an area of interest,
comprising: placing a plurality of low power ultra
wideband (UWB) radar motion sensors in an area of
interest; transmitting an UWB radar signal in said
area and receiving said signal by at least one motion
sensor of said motion sensors to produce a received
signal; analyzing said received signal to determine
whether a movement has occurred within said area and
producing an alarm signal if a motion has occurred
within said area; communicating said alarm signal to a
wireless ad hoc network to produce a forwarded alarm
signal; and transmitting said forwarded alarm signal
to a destination. 2. The method of claim 1, wherein
each sensor of said low 



power UWB radar motion sensors comprises a plurality
of operatively connected electronics modules
comprising a central processing module, a global
positioning module, a transmitter and receiver
communications module, a power and control module, and
a radar detector sensor module. 3. The method of claim
1, wherein each sensor comprises an UWB transceiver.4.
The method of claim 1, wherein the step of
transmitting comprises continuously transmitting an
UWB signal. 5. The method of claim 1, wherein the step
of transmitting comprises periodically transmitting an
UWB signal. 6. The method of claim 1, wherein the step
of communicating said alarm signal to a wireless ad
hoc network includes transmitting said alarm signal to
a mother-node. 7. The method of claim 1, wherein said
wireless ad hoc network comprises a plurality of
nodes, wherein said alarm signal is transmitted by UWB
radar to a mother-node. 8. The method of claim 1,
wherein said wireless ad hoc network comprises a
plurality of UWB transceiver nodes. 9. The method of
claim 1, wherein the step of transmitting said
forwarded alarm signal to a destination includes
communicating said forwarded alarm signal to a
satellite to produce a satellite signal, wherein said
satellite communicates said satellite signal to a
destination. 10. The method of claim 1, wherein the
step of communicating said alarm signal to a wireless
ad hoc network includes transmitting said alarm signal
directly to an ad hoc node of said wireless ad hoc
network.11. The method of claim 1, wherein said
wireless ad hoc network comprises a plurality of UWB
transceiver nodes, wherein each node of said network
is attached to a different sensor of said sensors. 12.
The method of claim 1, wherein said transceiver
comprises an omni-directional loop antenna. 13. The
method of claim 1, wherein said sensor comprises a
range gated radar sensor. 14. The method of claim 1,
wherein said sensor comprises a dual range gate
sensor. 15. The method of claim 1, wherein said sensor
comprises a multiple range gate sensor. 16. The method
of claim 1, further comprising tracking the movement
of the cause of an alarm. 17. The method of claim 16,
further comprising detecting the heart and /or
respiration rate of the cause of said alarm. 18. An
apparatus for monitoring an area of interest,
comprising: a plurality of low power ultra wideband
(UWB) radar motion sensors for placement in an area of
interest; means for transmitting an UWB radar signal
in said area wherein at least a portion of said signal
can be received by at least one motion sensor of said
motion sensors to produce a received signal;means for
analyzing said received signal to determine whether a
movement has occurred within said area and producing
an alarm signal if a motion has occurred within said
area; means for communicating at least a portion of
said alarm signal to a wireless ad hoc network to
produce a forwarded alarm signal; and means for
transmitting said forwarded alarm signal to a
destination. 19. The apparatus of claim 18, wherein
each sensor of said low power UWB radar motion sensors
comprises a plurality of operatively connected
electronics modules comprising a central 



processing module, a global positioning module, a
transmitter and receiver communications module, a
power and control module and a radar detector sensor
module. 20. The apparatus of claim 18, wherein each
sensor comprises an UWB transceiver. 21. The apparatus
of claim 18, wherein said means for transmitting
comprises means for continuously transmitting an UWB
signal. 22. The apparatus of claim 18, wherein said
means for transmitting comprises means for
periodically transmitting an UWB signal.23. The
apparatus of claim 18, wherein said means for
communicating said alarm signal to a wireless ad hoc
network includes means for transmitting said alarm
signal to a mother-node. 24. The apparatus of claim
18, wherein said wireless ad hoc network comprises a
plurality of nodes, wherein said alarm signal is
transmitted to a mother-node with UWB radar. 25. The
apparatus of claim 18, wherein said wireless ad hoc
network comprises a plurality of UWB transceiver
nodes. 26. The apparatus of claim 18, wherein said
means for transmitting said forwarded alarm signal to
a destination includes means for communicating said
forwarded alarm signal to a satellite to produce a
satellite signal, wherein said satellite communicates
said satellite signal to a destination. 27. The
apparatus of claim 18, wherein said wireless ad hoc
network comprises a plurality of UWB transceiver
nodes, wherein each node of said network is attached
to a different sensor of said sensors. 28. The
apparatus of claim 18, wherein said transceiver
comprises an omni-directional loop antenna. 29. The
apparatus of claim 18, wherein said sensor comprises a
range gated radar sensor. 30. The apparatus of claim
18, wherein said sensor comprises a dual range gate
sensor.31. The apparatus of claim 18, wherein said
sensor comprises a multiple range gate sensor. 32. The
apparatus of claim 18, further comprising means for
tracking the movement of the cause of an alarm. 33.
The apparatus of claim 32, further comprising means
for detecting the heart and /or respiration rate of
the cause of said alarm. 


