
COMPOUNDS AND COMPOSITIONS AS CHANNEL ACTIVATING
PROTEASE INHIBITORS Cross-Reference to Related
Applications [0001] This application relates to U.S.
provisional application serial number 60/891,474,
filed February 23, 2007, and U.S. provisional
application serial number 60/884,334, filed January
10, 2007, each of which is incorporated herein by
reference in its entirety. Technical Field [0002] The
invention generally relates to channel activating
protease (CAP) inhibitors. Background Art [0003]
Prostasin is a trypsin-like serine protease that is
present in a variety of mammalian tissues. It is a
membrane anchored protease that is expressed on the
extra cellular membrane of cells but that may also be
secreted into body fluids such as semen, urine and
airway surface liquid. Prostasin (PRSS8), together
with proteases such as matriptase, CAP2, CAP3,
trypsin, PRSS22, TMPRSSIl, cathepsin A, and neutrophil
elastase, may stimulate the activity of the amiloride-
sensitive epithelial sodium channel (ENaC). Inhibiting
these enzymes may induce changes in epithelial ion
transport and therefore fluid homeostasis across
epithelial membranes. For example, CAP inhibition in
the kidney is thought to promote diuresis, whilst CAP
inhibition in the airways promotes the clearance of
mucus and sputum in lung. CAP inhibition in the kidney
may therefore be used therapeutically to treat
hypertension. CAP inhibition in the airways prevents
the stagnation of respiratory secretions that
otherwise tends to make sufferers vulnerable to
secondary bacterial infections. Disclosure of the
Invention [0004] The invention provides compounds,
pharmaceutical compositions and methods of using such
compounds for modulating channel activating proteases
(CAP). For example, the compounds and compositions of
the invention may be used for modulating prostasin,
PRSS22, TMPRSSIl {e.g., TMPRSSIlB, TMPRSSIlE),
TMPRSS2, TMPRSS3, TMPRSS4 (MTSP-2), matriptase
(MTSP-I), CAP2, CAP3, trypsin, cathepsin A, and
neutrophil elastase.[0005] In one aspect, the present
invention provides compounds of Formula (1): or
pharmaceutically acceptable salts thereof, wherein
O-(CR 2)P- R2 is a substituent at any position on ring
A; J is a 5-12 membered monocyclic or fused
carbocyclic ring, heterocyclic ring comprising N, O
and/or S; aryl or heteroaryl ring, provided J is not
triazolyl; ; Y is a bond, -SO 2- , -NHCO- or -O-(CO)-;
R1 is halo, -(CR 2)i-NR 6R7, -(CR 2)i-NRC(=NR)-NR 6R7,
-(CR 2)i-C(=NR)-NR 6R7, -C(O)-(CR 2)I-NR 6R7, -(CR
2)I-NR-SO 2R6, -(CR 2)i-NR-C(O)-R 6, -(CR 2)i-SO
2NR6R7, or -(CR 2)i-0R , or an optionally substituted
Ci_6 alkoxy, Ci_6 alkyl, C2_6 alkenyl or C2_6 alkynyl;
or an optionally substituted carbocyclic ring,
heterocyclic ring, aryl or heteroaryl; R3 is Ci_6
alkyl, C2_6 alkenyl, C2_6 alkynyl or -(CR 2)i-R 5;
alternatively, NH-Y-R 3 together form NH2; R2, R4 and
R5 are independently an optionally substituted 5-12
membered carbocyclic ring, heterocyclic ring, aryl or
heteroaryl; or R4 is H, Ci_6 alkyl, C2_6 alkenyl, C2_6
CR=P E) alkynyl, or - wherein P is C or N and ring E
together with P form an optionally substituted 5-12
membered monocyclic or fused ring; R6 and R7 are
independently H, Ci_6 alkyl, C2_6 alkenyl, C2_6
alkynyl or -(CR 2)i-R 5; each R is H, or C1- alkyl,
C2_6 alkenyl, or C2_6 alkynyl; 1is 0-6; k , m, n and p
are independently 1-6;x is 0-4; provided R4 is
piperidinyl when NH-Y-R 3 together form NH2; and
further provided that R5 is piperidinyl when B is (CR
2)k- R5. [0006] In the above Formula (1), J may be
thiophenyl, thiazolyl, phenyl, pyridyl, indazolyl,
piperidinyl or pyrrolidinyl. In other examples, R2 may
be phenyl or cyclohexyl, each of which may be
optionally substituted with halo, SO (Ci- alkyl), or
an optionally substituted C1- alkyl or C1- alkoxy,
such as an optionally halogenated C1- alkyl or C1-
alkoxy. [0007] In one embodiment, the invention
provides compounds of Formula (2): wherein R2 and J
are independently an optionally substituted 6-membered
aryl; R3 is Ci_6 alkyl, C2_6 alkenyl, C2_6 alkynyl or
-(CR 2)i-R 5; or NH-Y-R 3 together form NH2; each R in
(CR 2) is H or C1- alkyl; and m, n and p are
independently 1-2. [0008] In the above Formula (1) and
(2), Y may be a bond, SO2 or -O-(CO)-. In other
examples, R1 is halo, Ci-6 alkyl, CF3, OCF3, phenyl,
-(CR 2)i-NR 6R7, -(CR 2)i-C(=NR)- NR6R7, -C(O)-(CR
2)I-NR 6R7, -(CR 2)i-NR-SO 2R6, -(CR 2)i-NR-C(O)-R 6,
-(CR 2)i- SO2NR6R7, or -(CR 2)i-OR 6, wherein each 1is
0-1; and R, R6 and R7 are independently H or Ci-6
alkyl. [0009] In the above Formula (1) and (2), R4 may
be an optionally substituted 5-6 



CR=P E ) membered carbocyclic ring, heterocyclic ring,
aryl, heteroaryl, or - wherein P is C or N and ring E
together with P form an optionally substituted 5-6
memberedmonocyclic ring. For example, R4 may be an
optionally substituted piperidinyl, cyclohexyl,
phenyl, . [0010] In particular examples, R3 in Formula
(2) is Ci_6 alkyl or an optionally substituted benzyl.
In some examples, Y is SO . In other examples, R4 is
an optionally substituted piperidinyl. In yet other
examples, J and R are independently optionally
substituted phenyl. For example, J may be substituted
with 1-3 R1 (i.e., wherein x is 1-3), and R2 may
optionally be substituted with halo. [0011] In another
aspect, the present invention provides pharmaceutical
compositions comprising a compound of Formula (1) or
(2), and a pharmaceutically acceptable excipient.
[0012] The invention also provides methods for
modulating a channel activating protease, comprising
administering to a system or a mammal, a
therapeutically effective amount of a compound having
Formula (1) or (2), or pharmaceutically acceptable
salts or pharmaceutical compositions thereof, thereby
modulating said channel activating protease. [0013] In
one embodiment, the invention provides a method for
inhibiting a channel activating protease, comprising
administering to a cell or tissue system or to a
mammal, a therapeutically effective amount of a
compound having Formula (1) or (2), or
pharmaceutically acceptable salts or pharmaceutical
compositions thereof; wherein said channel activating
protease is prostasin, PRSS22, TMPRSSIl (e.g.,
TMPRSSIlB, TMPRSSIlE), TMPRSS2, TMPRSS3, TMPRSS4
(MTSP-2), matriptase (MTSP-I), CAP2, CAP3, trypsin,
cathepsin A, or neutrophil elastase, thereby
inhibiting said channel activating protease. In
particular examples, the invention provides a method
for inhibiting prostasin. [0014] In another aspect,
the invention provides a method for ameliorating or
treating a condition mediated by a channel activating
protease, comprising administering to a cell or tissue
system or to a mammal, an effective amount of a
compound having Formula (1) or (2), or
pharmaceutically acceptable salts or pharmaceutical
compositions thereof, and optionally in combination
with a second therapeutic agent; wherein said channel
activating protease is prostasin, PRSS22, TMPRSSIl
(e.g., TMPRSSIlB, TMPRSSIlE), TMPRSS2, TMPRSS3,
TMPRSS4 (MTSP-2), matriptase (MTSP-I), CAP2, CAP3,
trypsin, cathepsin A, or neutrophil elastase, thereby
treating said condition. [0015] Furthermore, the
present invention provides compounds of Formula (1) or
(2), for use in a method for treating a condition
mediated by a channel activating protease. Thepresent
invention also provides the use of a compound of
Formula (1) or (2), and optionally in combination with
a second therapeutic agent, in the manufacture of a
medicament for treating a condition mediated by a
channel activating protease. [0016] In particular
examples, the compounds of the invention may be used
for treating a prostasin-mediated condition. In one
embodiment, the second therapeutic agent may be an
anti-inflammatory, bronchodilatory, antihistamine,
anti-tussive, antibiotic or DNase, and is administered
prior to, simultaneously with, or after the compound
of Formula (1) or (2). In some examples, the compounds
of the invention are administered to bronchial
epithelial cells, particularly human bronchial
epithelial cells. [0017] Examples of conditions which
may be ameliorated or treated using the compounds of
the invention include but are not limited to a
condition associated with the movement of fluid across
ion transporting epithelia or the accumulation of
mucus and sputum in respiratory tissues, or a
combination thereof. In some examples, the condition
which may be mediated using the compounds of the
invention is cystic fibrosis, primary ciliary
dyskinesia, lung carcinoma, chronic bronchitis,
chronic obstructive pulmonary disease, asthma or a
respiratory tract infection. Definitions [0018]
"Alkyl" refers to a moiety and as a structural element
of other groups, for example halo-substituted-alkyl
and alkoxy, and may be straight-chained or branched.
An optionally substituted alkyl, alkenyl or alkynyl as
used herein may be optionally halogenated (e.g., CF3),
or may have one or more carbons that is substituted or
replaced with a heteroatom, such as NR, O or S (e.g.,
-OCH CH O-, alkylthiols, thioalkoxy, alkylamines,
etc). [0019] "Aryl" refers to a monocyclic or fused
bicyclic aromatic ring containing carbon atoms. For
example, aryl may be phenyl or naphthyl. "Arylene"
means a divalent radical derived from an aryl group.
[0020] "Heteroaryl" as used herein is as defined for
aryl above, where one or more of the ring members is a
heteroatom. Examples of heteroaryls include but are
not limited to pyridyl, indolyl, indazolyl,
quinoxalinyl, quinolinyl, benzofuranyl, benzopyranyl,
benzothiopyranyl, benzo[l,3]dioxole, imidazolyl,
benzo-imidazolyl, pyrimidinyl, furanyl, oxazolyl,
isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, thienyl,
etc.[0021] A "carbocyclic ring" as used herein refers
to a saturated or partially unsaturated, monocyclic,
fused bicyclic or bridged polycyclic ring containing
carbon atoms, which may optionally be substituted, for
example, with =0. Examples of carbocyclic rings
include but are not limited to cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylene,
cyclohexanone, etc. [0022] A "heterocyclic ring" as
used herein is as defined for a carbocyclic ring
above, wherein one or more ring carbons is a
heteroatom. For example, a heterocyclic ring may 



contain N, O, S, -N=, -S-, -S(O), -S(O) -, or -NR-
wherein R may be hydrogen, Ci^alkyl or a protecting
group. Examples of heterocyclic rings include but are
not limited to morpholino, pyrrolidinyl,
pyrrolidinyl-2-one, piperazinyl, piperidinyl,
piperidinylone, l,4-dioxa-8-azaspiro[ 4.5]dec-8-yl,
etc. [0023] Unless otherwise indicated, when a
substituent is deemed to be "optionally substituted,"
it is meant that the substituent is a group that may
be substituted with one or more group(s) individually
and independently selected from, for example, an
optionally halogenated alkyl, alkenyl, alkynyl,
alkoxy, alkylamine, alkylthio, alkynyl, amide, amino,
including mono- and di-substituted amino groups, aryl,
aryloxy, arylthio, carbonyl, carbocyclic, cyano,
cycloalkyl, halogen, heteroalkyl, heteroalkenyl,
heteroalkynyl, heteroaryl, heterocyclic, hydroxy,
isocyanato, isothiocyanato, mercapto, nitro,
O-carbamyl, N-carbamyl, O-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido,
N-sulfonamido, C-carboxy, O-carboxy, perhaloalkyl,
perfluoroalkyl, silyl, sulfonyl, thiocarbonyl,
thiocyanato, trihalomethanesulfonyl, and the protected
compounds thereof. The protecting groups that may form
the protected compounds of the above substituents are
known to those of skill in the art and may be found in
references such as Greene and Wuts, Protective Groups
in Organic Synthesis, 3rd Ed., John Wiley & Sons, New
York, NY, 1999, and Kocienski, Protective Groups,
Thieme Verlag, New York, NY, 1994, which are
incorporated herein by reference in their entirety.
[0024] The terms "co-administration" or "combined
administration" or the like as used herein are meant
to encompass administration of the selected
therapeutic agents to a single patient, and are
intended to include treatment regimens in which the
agents are not necessarily administered by the same
route of administration or at the same time. [0025]
The term "pharmaceutical combination" as used herein
refers to a product obtained from mixing or combining
active ingredients, and includes both fixed and
nonfixed combinations of the active ingredients. The
term "fixed combination" means that the active
ingredients, e.g. a compound of Formula (1) and a
co-agent, are both administered to a patient
simultaneously in the form of a single entity or
dosage. The term "non-fixed combination" means that
the active ingredients, e.g. a compound of Formula (1)
and a coagent, are both administered to a patient as
separate entities either simultaneously, concurrently
or sequentially with no specific time limits, wherein
such administration provides therapeutically effective
levels of the active ingredients in the body of the
patient. The latter also applies to cocktail therapy,
e.g. the administration of three or more active
ingredients. [0026] The term "therapeutically
effective amount" means the amount of the subject
compound that will elicit a biological or medical
response in a cell, tissue, organ, system, animal or
human that is being sought by the researcher,
veterinarian, medical doctor or other clinician.
[0027] The term "administration" and or
"administering" of the subject compound should be
understood to mean as providing a compound of the
invention including a pro drug of a compound of the
invention to the individual in need of treatment.
[0028] As used herein, the terms "treat", "treating"
and "treatment" refer to a method of alleviating or
abating a disease and/or its attendant symptoms.
[0029] The term "prostasin" may also be referred to
as: human channel-activating protease (hCAP); channel-
activating protease- 1; and PRSS8, MERPOPS ID SOl.
159. Modes of Carrying Out the Invention [0030] The
invention provides compounds, pharmaceutical
compositions and methods of using such compounds for
modulating channel activating proteases (CAP). [0031]
In one aspect, the present invention provides
compounds of Formula (1): or pharmaceutically
acceptable salts thereof, whereinO-(CR 2)P- R is a
substituent at any position on ring A; J is a 5-12
membered monocyclic or fused carbocyclic ring,
heterocyclic ring comprising N, O and/or S; aryl or
heteroaryl ring, provided J is not triazolyl; ; Y is a
bond, -SO 2- , -NHCO- or -0-(CO)-; R1 is halo, -(CR
2)i-NR 6R7, -(CR 2)i-NRC(=NR)-NR 6R7, -(CR
2)i-C(=NR)-NR 6R7, -C(O)-(CR 2)I-NR 6R7, -(CR
2)I-NR-SO 2R6, -(CR 2)i-NR-C(O)-R 6, -(CR 2)i-SO
2NR6R7, or -(CR 2)i-0R , or an optionally substituted
Ci_6 alkoxy, Ci_6 alkyl, C2_6 alkenyl or C2_6 alkynyl;
or an optionally substituted carbocyclic ring,
heterocyclic ring, aryl or heteroaryl; R3 is C1-6
alkyl, C2_6 alkenyl, C2_6 alkynyl or - (CR 1- R5;
alternatively, NH-Y-R 3 together form NH2; R2, R4 and
R5 are independently an optionally substituted 5-12
membered carbocyclic ring, heterocyclic ring, aryl or
heteroaryl; or R4 is H, Ci_6 alkyl, C2_6 alkenyl, C2_6
alkynyl, or wherein P is C or N and ring E together
with P form an optionally substituted 5-12 membered
monocyclic or fused ring; R6 and R7 are independently
H, Ci_6 alkyl, C2_6 alkenyl, C2_6 alkynyl or -(CR
2)i-R 5; each R is H, or C1-6 alkyl, C2_6 alkenyl, or
C2_6 alkynyl; 1is 0-6; k , m, n and p are
independently 1-6; x is 0-4; provided R4 is
piperidinyl when NH-Y-R 3 together form NH2; and 



further provided that R5 is piperidinyl when B is (CR
2)k- R5. [0032] In other embodiments, the invention
provides a compound of Formula (2):wherein R and J are
independently an optionally substituted 6-membered
aryl; R3 is C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl or
-(CR 2)i-R5; or NH-Y-R3 together form NH2; each R in
(CR2) is H or Ci_ alkyl; and m, n and p are
independently 1-2. [0033] Alternatively, k, m, n and p
in the above Formula (1) and (2) may independently be
0-6. In particular examples, k in Formula (1) is 2-3
and J is a heteroaryl, such as thiophenyl. In other
alternative embodiments, Y in Formula (1) and (2) may
be -CO-. [0034] In each of the above formula, J may
also be selected from the group consisting of wherein
one or more Z1, Z2, Z3, Z4, Z , Z and Z7 is a
heteroatom selected from N, NR, O or S wherein R is H
or C1-6 alkyl, and the other Z1-Z7 atoms are CH.
[0035] In some examples, at least two of Z1, Z2, Z3,
Z4, Z5, Z6 and Z7 are a heteroatom selected from N,
NR, O or S wherein R is H or Ci_6 alkyl, and the other
Z -Z7 atoms are CH. [0036] In the above Formula (1)
and (2), wherein each optionally substituted moiety
may be substituted with halo, =0, amino, guanidinyl,
amidino, an optionally substituted Ci_6 alkoxy; Ci_
alkyl, C2_ alkenyl or C2_ alkynyl, each of which may
optionally be halogenated or may optionally have a
carbon that may be replaced or substituted with N, O
or S; CO2R8,-0-(CR 2)I-C(O) - R8; -(CR 2)i-R8, -(CR
2)i-C(O)-R 8, or -(CR 2)i-SO2-R8; or a combination
thereof, wherein each R8 is H, C1- alkyl, or an
optionally substituted carbocyclic ring, heterocyclic
ring, aryl or heteroaryl. [0037] The present invention
also includes all suitable isotopic variations of the
compounds of the invention, or pharmaceutically
acceptable salts thereof. An isotopic variation of a
compound of the invention or a pharmaceutically
acceptable salt thereof is defined as one in which at
least one atom is replaced by an atom having the same
atomic number but an atomic mass different from the
atomic mass usually found in nature. Examples of
isotopes that may be incorporated into the compounds
of the invention and pharmaceutically acceptable salts
thereof include but are not limited to isotopes of
hydrogen, carbon, nitrogen and oxygen such as 2H, 3H,
13C, 14C, 15N, 170 , 180 , 35S, 18F, and 36Cl. Certain
isotopic variations of the compounds of the invention
and pharmaceutically acceptable salts thereof, for
example, those in which a radioactive isotope such as
3H or 14C is incorporated, are useful in drug and/or
substrate tissue distribution studies. In particular
examples, 3H and 14C isotopes may be used for their
ease of preparation and detectability. In other
examples, substitution with isotopes such as H may
afford certain therapeutic advantages resulting from
greater metabolic stability, such as increased in vivo
half-life or reduced dosage requirements. Isotopic
variations of the compounds of the invention or
pharmaceutically acceptable salts thereof can
generally be prepared by conventional procedures using
appropriate isotopic variations of suitable reagents.
[0038] The compounds and compositions of the invention
may be useful for modulating a channel activating
protease. Examples of channel activating proteases
which may be modulated using the compounds and
compositions of the invention include but are not
limited to prostasin, PRSS22, TMPRSSIl (e.g.,
TMPRSSIlB, TMPRSSIlE), TMPRSS2, TMPRSS3, TMPRSS4
(MTSP-2), matriptase (MTSP-I), CAP2, CAP3, trypsin,
cathepsin A, or neutrophil elastase. The compounds of
this invention may also inhibit the activity of
proteases that stimulate the activity of ion channels,
such as the epithelial sodium channel, and may be
useful in the treatment of CAP-associated diseases.
Pharmacology and Utility [0039] Compounds of the
invention modulate the activity of channel activating
protease, particularly trypsin-like serine proteases
such as prostasin, and as such, are useful fortreating
diseases or disorders in which prostasin, for example,
contributes to the pathology and/or symptomology of
the disease. [0040] Diseases mediated by inhibition of
a channel activating protease, particularly by a
trypsin-like serine protease such as prostasin,
include diseases associated with the regulation of
fluid volumes across epithelial membranes. For
example, the volume of airway surface liquid is a key
regulator of mucociliary clearance and the maintenance
of lung health. The inhibition of a channel activating
protease will promote fluid accumulation on the
mucosal side of the airway epithelium thereby
promoting mucus clearance and preventing the
accumulation of mucus and sputum in respiratory
tissues (including lung airways). Such diseases
include respiratory diseases such as cystic fibrosis,
primary ciliary dyskinesia, chronic bronchitis,
chronic obstructive pulmonary disease (COPD), asthma,
respiratory tract infections (acute and chronic; viral
and bacterial) and lung carcinoma. Diseases mediated
by inhibition of channel activating proteases also
include diseases other than respiratory diseases that
are associated with abnormal fluid regulation across
an epithelium, perhaps involving abnormal physiology
of the protective surface liquids on their surface,
for example xerostomia (dry mouth) or
keratoconjunctivitis sire (dry eye). Furthermore, CAP
regulation of ENaC in the kidney could be used to
promote diuresis and thereby induce a hypotensive
effect. [0041] Chronic obstructive pulmonary disease
includes chronic bronchitis or dyspnoea associated
therewith, emphysema, as well as exacerbation of
airways hyper reactivity consequent to other drug
therapy, in particular other inhaled drug therapy. The
invention is also applicable to the treatment of
bronchitis of whatever type or genesis including, for 



example, acute, arachidic, catarrhal, croupus, chronic
or phthinoid bronchitis. [0042] Asthma includes
intrinsic (non-allergic) asthma and extrinsic
(allergic) asthma, mild asthma, moderate asthma,
severe asthma, bronchitic asthma, exercise-induced
asthma, occupational asthma and asthma induced
following bacterial infection. Asthma also encompasses
a condition referred to as "wheezy-infant syndrome,"
which involves subjects less than 4 or 5 years of age
who exhibit wheezing symptoms and diagnosed or
diagnosable as "wheezy infants," an established
patient category of major medical concern and often
identified as incipient or early-phase asthmatics.
[0043] The suitability of a channel activating
protease inhibitor such as a prostasin inhibitor for
the treatment of a disease mediated by inhibition of a
channel activatingprotease, may be tested by
determining the inhibitory effect of the channel
activating protease inhibitor according to the assays
described below and following methods known in the
art. [0044] In accordance with the foregoing, the
present invention further provides a method for
preventing or treating any of the diseases or
disorders described above in a subject in need of such
treatment, which method comprises administering to
said subject a therapeutically effective amount of a
compound of Formula (1) or (2), or a pharmaceutically
acceptable salt thereof. For any of the above uses,
the required dosage will vary depending on the mode of
administration, the particular condition to be treated
and the effect desired. (See, "Administration and
Pharmaceutical Compositions", infra). Administration
and Pharmaceutical Compositions [0045] In general,
compounds of the invention will be administered in
therapeutically effective amounts via any of the usual
and acceptable modes known in the art, either singly
or in combination with one or more therapeutic agents.
[0046] Channel activating protease inhibitors of the
invention are also useful as cotherapeutic agents for
use in combination with another therapeutic agent. For
example, a channel activating protease inhibitor may
be used in combination with an anti-inflammatory,
bronchodilatory, antihistamine or anti-tussive,
antibiotic or DNase therapeutic agent. The channel
activating protease inhibitor and other therapeutic
agent may be in the same or different pharmaceutical
composition. The channel activating protease inhibitor
may be mixed with the other therapeutic agent in a
fixed pharmaceutical composition, or it may be
administered separately, before, simultaneously with
or after the other therapeutic agent. The combination
may be useful particularly in the treatment of cystic
fibrosis or obstructive or inflammatory airways
diseases such as those mentioned hereinbefore, for
example as potentiators of therapeutic activity of
such drugs or as a means of reducing required dosaging
or potential side effects of such drugs. [0047]
Suitable anti-inflammatory therapeutic agents include
steroids, in particular glucocorticosteroids such as
budesonide, beclamethasone dipropionate, fluticasone
propionate, ciclesonide or mometasone furoate, or
steroids described in international patent application
WO 02/88167, WO 02/12266, WO 02/100879, WO 02/00679
(for example, Examples 3, 11, 14, 17, 19, 26, 34, 37,
39, 51, 60, 67, 72, 73, 90, 99 and 101), WO03/35668,
WO 03/48181, WO 03/62259, WO 03/64445, WO 03/72592, WO
04/39827 and WO 04/66920; non-steroidal glucocorticoid
receptor agonists, such as those described in DE
10261874, WO 00/00531, WO 02/10143, WO 03/82280, WO
03/82787, WO 03/86294, WO 03/104195, WO 03/101932, WO
04/05229, WO 04/18429, WO 04/19935 and WO 04/26248;
LTD4 antagonists such as montelukast and zafirlukast;
PDE4 inhibitors such cilomilast (ARIFLO(r)
GlaxoSmithKline), ROFLUMILAST(r) (Byk Gulden),V-11294A
(Napp), BAY19-8004 (Bayer), SCH-351591
(Schering-Plough), AROFYLLINE(r) (Almirall
Prodesfarma), PD189659 / PD168787 (Parke-Davis),
AWD-12-281 (Asta Medica), CDC- 801 (Celgene),
SeICID(TM) CC- 10004 (Celgene), VM554/UM565
(Vernalis), T-440 (Tanabe), KW-4490 (Kyowa Hakko
Kogyo), and those disclosed in WO 92/19594, WO
93/19749, WO 93/19750, WO 93/19751, WO 98/18796, WO
99/16766, WO 01/13953, WO 03/104204, WO 03/104205, WO
03/39544, WO 04/000814, WO 04/000839, WO 04/005258, WO
04/018450, WO 04/018451, WO 04/018457, WO 04/018465,
WO 04/018431, WO 04/018449, WO 04/018450, WO
04/018451, WO 04/018457, WO 04/018465, WO 04/019944,
WO 04/019945, WO 04/045607 and WO 04/037805; and
adenosine A B receptor antagonists such as those
described inWO 02/42298, each of which is incorporated
herein in its entirety. [0048] Suitable
bronchodilatory therapeutic agents include beta-2
adrenoceptor agonists such as albuterol (salbutamol),
metaproterenol, terbutaline, salmeterol fenoterol,
procaterol, formoterol, carmoterol, or
pharmaceutically acceptable salts thereof; and
compounds (in free or salt or solvate form) of Formula
(1) as described in WO 00/75114, a compound of
formula: OH , compounds of Formula (1) ofWO 04/16601
(in free or salt or solvate form), and compounds of EP
1440966, JP 05025045, WO 93/18007, WO 99/64035, US
2002/0055651, WO 01/42193, WO 01/83462, WO 02/66422,
WO 02/ 70490, WO 02/76933, WO 03/24439, WO 03/42160,
WO 03/42164, WO 03/72539, WO 03/91204, WO 03/99764, WO
04/16578, WO 04/22547, WO 04/32921, WO 04/33412,WO
04/37768, WO 04/37773, WO 04/37807, WO 04/39762, WO
04/39766, WO 04/45618 WO 04/46083 and WO 04/80964 or
pharmaceutically acceptable salts thereof, each of
which is incorporated herein in its entirety. [0049]
Suitable bronchodilatory therapeutic agents also
include anticholinergic or 



antimuscarinic agents, in particular ipratropium
bromide, oxitropium bromide, tiotropium salts and CHF
4226 (Chiesi), and glycopyrrolate, but also those
described in EP 424021, US 3714357, US 5171744, WO
01/04118, WO 02/00652, WO 02/51841, WO 02/53564, WO
03/00840, WO 03/33495, WO 03/53966, WO 03/87094, WO
04/018422 and WO 04/05285, each of which is
incorporated herein in its entirety. [0050] Suitable
dual anti-inflammatory and bronchodilatory therapeutic
agents include dual beta-2 adrenoceptor agonist /
muscarinic antagonists such as those disclosed in US
2004/0167167, WO 04/74246 and WO 04/74812. [0051]
Suitable antihistamine therapeutic agents include
cetirizine hydrochloride, acetaminophen, clemastine
fumarate, promethazine, loratidine, desloratidine,
diphenhydramine and fexofenadine hydrochloride,
activastine, astemizole, azelastine, ebastine,
epinastine, mizolastine and tefenadine as well as
those disclosed in JP 2004107299, WO 03/099807 and WO
04/026841, each of which is incorporated herein in its
entirety. [0052] Suitable antibiotics include
macrolide antibiotics, for example tobramycin (XOBFM).
[0053] Suitable DNase therapeutic agents include
dornase alfa (PULMOZYME(tm)), a highly purified
solution of recombinant human deoxyribonuc lease I
(rhDNase), which selectively cleaves DNA. Dornase alfa
is used to treat cystic fibrosis. [0054] Other useful
combinations of channel activating protease inhibitors
with anti inflammatory therapeutic agents are those
with antagonists of chemokine receptors, e.g. CCR-I,
CCR-2, CCR-3, CCR-4, CCR-5, CCR-6, CCR-7, CCR-8, CCR-9
and CCRlO, CXCRl, CXCR2, CXCR3, CXCR4, CXCR5,
particularly CCR-5 antagonists such as Schering-Plough
antagonists SC-351125, SCH-55700 and SCH-D, Takeda
antagonists such as
N-[[4-[[[6,7-dihydro-2-(4-methyl-phenyl)-5H-benzo-cycl
ohepten-8-
yl]carbonyl]amino]phenyl]-methyl]tetrahydro-N,N-dimeth
yl-2H-pyran-4-amin-ium chloride (TAK-770), and CCR-5
antagonists described in US 6166037, WO 00/66558, WO
00/66559, WO 04/018425 and WO 04/026873, each of which
is incorporated herein in its entirety.[0055] In the
treatment of a disease mediated by inhibition of
prostasin in accordance with the invention, a channel
activating protease inhibitor of the invention, in
free form or in pharmaceutically acceptable salt form,
may be administered by any appropriate route, for
example orally, e.g. in tablet, capsule or liquid
form, parenterally, for example in the form of an
injectable solution or suspension, or intranasally,
for example in the form of an aerosol or other
atomisable formulation using an appropriate intranasal
delivery device, e.g. a nasal spray such as those
known in the art, or by inhalation, particularly for
use with a nebulizer. [0056] The channel activating
protease inhibitor may be administered in a
pharmaceutical composition together with a
pharmaceutically acceptable diluent or carrier. Such
compositions may be dry powders, tablets, capsules and
liquids, but also injection solutions, infusion
solutions or inhalation suspensions, which may be
prepared using other formulating ingredients and
techniques known in the art. [0057] The dosage of the
channel activating protease inhibitor in free form or
in pharmaceutically acceptable salt form can depend on
various factors, such as the activity and duration of
action of the active ingredient, the severity of the
condition to be treated, the mode of administration,
the species, sex, ethnic origin, age and weight of the
subject and/or its individual condition. A typical
daily dose for administration, for example oral
administration to a warm-blooded animal, particularly
a human being weighing about 75 kg, is estimated to be
from approximately 0.7 mg to approximately 1400 mg,
more particularly from approximately 5 mg to
approximately 200 mg. That dose may be administered,
for example, in a single dose or in several part doses
of, for example, from 5 to 200 mg. [0058] When the
composition comprises an aerosol formulation, it may
contain, for example, a hydro-fluoro-alkane (HFA)
propellant such as HFAl 34a or HFA227 or a mixture of
these, and may contain one or more co-solvents known
in the art such as ethanol (up to 20% by weight),
and/or one or more surfactants such as oleic acid or
sorbitan trioleate, and/or one or more bulking agents
such as lactose. When the composition comprises a dry
powder formulation, it may contain, for example, the
channel activating protease inhibitor having a
particle diameter up to 10 microns, optionally
together with a diluent or carrier, such as lactose,
of the desired particle size distribution and a
compound that helps to protect against product
performance deterioration due to moisture e.g.
magnesium stearate. When the composition comprises a
nebulised formulation, it may contain, for example,
the channelactivating protease inhibitor either
dissolved, or suspended, in a vehicle containing
water, a co-solvent such as ethanol or propylene
glycol and a stabilizer, which may be a surfactant.
[0059] In particular embodiments, the invention
provides compounds of Formula (1) or (2) in inhalable
form, e.g. in an aerosol or other atomisable
composition or in inhalable particulate, e.g.
micronised, form. The invention also provides an
inhalable medicament comprising compounds of the
invention in inhalable form; a pharmaceutical product
comprising compounds of the invention in inhalable
form in association with an inhalation device; and an
inhalation device comprising compounds of the
invention in inhalable form. Processes for Making
Compounds of the Invention [0060] The compounds of the
invention may be prepared, following procedures
exemplified in the Examples. [0061] In the reactions
described, reactive functional groups, where desired
in the final 



product (e.g., hydroxy, amino, imino, thio or carboxy
groups), may be protected using protecting groups
known in the art, to avoid their unwanted
participation in the reactions. Conventional
protecting groups may be used in accordance with
standard practice, for example, see T.W. Greene and P.
G. M. Wuts in "Protective Groups in Organic
Chemistry", John Wiley and Sons, 1991. [0062]
Compounds of the invention may also be prepared as a
pharmaceutically acceptable acid addition salt by
reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid.
Alternatively, a pharmaceutically acceptable base
addition salt of a compound of the invention may be
prepared by reacting the free acid form of the
compound with a pharmaceutically acceptable inorganic
or organic base. Alternatively, salt forms of the
compounds of the invention may be prepared using salts
of the starting materials or intermediates. [0063] The
free acid or free base forms of the compounds of the
invention may be prepared from the corresponding base
addition salt or acid addition salt from,
respectively. For example, a compound of the invention
in an acid addition salt form may be converted to the
corresponding free base by treating with a suitable
base (e.g., ammonium hydroxide solution, sodium
hydroxide, and the like). A compound of the invention
in a base addition salt form may be converted to the
corresponding free acid by treating with a suitable
acid (e.g., hydrochloric acid, etc.).[0064] Compounds
of the invention in unoxidized form may be prepared
from N-oxides of compounds of the invention by
treating with a reducing agent (e.g., sulfur, sulfur
dioxide, triphenyl phosphine, lithium borohydride,
sodium borohydride, phosphorus trichloride,
tribromide, or the like) in a suitable inert organic
solvent (e.g. acetonitrile, ethanol, aqueous dioxane,
or the like) at 0 to 8O0C. [0065] Prodrug derivatives
of the compounds of the invention may be prepared by
methods known to those of ordinary skill in the art
(e.g., for further details see Saulnier et al.,
(1994), Bioorganic and Medicinal Chemistry Letters,
Vol. 4, p. 1985). For example, appropriate prodrugs
may be prepared by reacting a non-derivatized compound
of the invention with a suitable carbamylating agent
(e.g., 1,1-acyloxyalkylcarbanochloridate,
paranitrophenyl carbonate, or the like). [0066]
Protected derivatives of the compounds of the
invention may be made by means known to those of
ordinary skill in the art. A detailed description of
techniques applicable to the creation of protecting
groups and their removal may be found in T.W. Greene,
"Protecting Groups in Organic Chemistry", 3rd edition,
John Wiley and Sons, Inc., 1999. [0067] Compounds of
the present invention may be conveniently prepared, or
formed during the process of the invention, as
solvates (e.g., hydrates). Hydrates of compounds of
the present invention may be conveniently prepared by
recrystallization from an aqueous/organic solvent
mixture, using organic solvents such as dioxin,
tetrahydrofuran or methanol. [0068] Compounds of the
invention may be prepared as their individual
stereoisomers by reacting a racemic mixture of the
compound with an optically active resolving agent to
form a pair of diastereoisomeric compounds, separating
the diastereomers and recovering the optically pure
enantiomers. While resolution of enantiomers may be
carried out using covalent diastereomeric derivatives
of the compounds of the invention, dissociable
complexes are preferred (e.g., crystalline
diastereomeric salts). Diastereomers have distinct
physical properties (e.g., melting points, boiling
points, solubilities, reactivity, etc.) and may be
readily separated by taking advantage of these
dissimilarities. The diastereomers may be separated by
chromatography, or by separation/resolution techniques
based upon differences in solubility. The optically
pure enantiomer is then recovered, along with the
resolving agent, by any practical means that would not
result in racemization. A more detailed description of
the techniques applicable to the resolution of
stereoisomers of compoundsfrom their racemic mixture
may be found in Jean Jacques, Andre Collet, Samuel H.
Wilen, "Enantiomers, Racemates and Resolutions", John
Wiley And Sons, Inc., 1981. [0069] In summary, the
compounds of the invention may be prepared as
exemplified in the Examples, and Formula (1) and (2)
may be made by a process, which involves: (a)
optionally converting a compound of the invention into
a pharmaceutically acceptable salt; (b) optionally
converting a salt form of a compound of the invention
to a non-salt form; (c) optionally converting an
unoxidized form of a compound of the invention into a
pharmaceutically acceptable N-oxide; (d) optionally
converting an N-oxide form of a compound of the
invention to its unoxidized form; (e) optionally
resolving an individual isomer of a compound of the
invention from a mixture of isomers; (f) optionally
converting a non-derivatized compound of the invention
into a pharmaceutically acceptable prodrug derivative;
and (g) optionally converting a prodrug derivative of
a compound of the invention to its non-derivatized
form. [0070] Insofar as the production of the starting
materials is not particularly described, the compounds
are known or may be prepared analogously to methods
known in the art or as 



disclosed in the Examples hereinafter. One of skill in
the art will appreciate that the above transformations
are only representative of methods for preparation of
the compounds of the present invention, and that other
well-known methods may similarly be used. The present
invention is further exemplified, but not limited, by
the following intermediates (Reference compounds) and
Examples that illustrate the preparation of the
compounds of the invention.Reference compound 1 1-B:
4-piperidine ethanol (1-A) (5 g, 39.7 mmol) is
dissolved in THF (120 niL). Triethylamine (5.6 mL, 40
mmol) is added and the solution is cooled to 0 0C. BoC
O (9.59 g, 44 mmol) is added, and the reaction is
stirred overnight at room temperature. Solvent is
removed in vacuo, and the crude residue is dissolved
in ethyl acetate (120 mL). The solution is washed with
0.1 N HCl (3x100 mL) and brine (1x100 mL), dried with
MgSO4, filtered and solvent evaporated in vacuo to
give 1-B as a clear oil. 1-C: Trichloroisocyanuric
acid (2.66 g, 11.46 mmol) is added to a solution of
the alcohol 1-B (2.39 g, 10.42 mmol) in DCM, and the
solution is stirred and maintained at 0 0C, followed
by addition of a catalytic amount of TEMPO. After the
addition, the mixture is warmed to room temperature
and stirred for an hour and then filtered on
Celite(r). The organic phase is washed with saturated
aqueous Na2Cq 3, followed by IN HCl and brine. The
organic layer is dried (MgSO ) and the solvent is
evaporated to give 1-C. 1H NMR (CDCl3, 400 MHz) d 9.72
(IH, s), 4.07-4.01 (2H, m), 2.70-2.57 (2H, m),
2.35-2.31 (2H, m), 2.05-1.94 (IH, m), 1.64-1.46 (2H,
m), 1.39 (9H, s), 1.30-1.02 (2H, m). 1-D: To a
solution of Cbz-a-phosphonoglycine trimethyl ester
(2.8 g, 8.45 mmol) in THF at -78 0C is added
1,1,3,3-tetramethyl-guanidine (1.022 ml, 8.14 mmol).
After 10 minutes, the aldehyde 1-C (1.76 g, 7.76 mmol)
is added. The solution is then placed in an ice bath
at 0 0C for 1 hour, and then allowed to warm to room
temperature and stirred for onemore hour. The solution
is diluted with EtOAc, washed with IM NaHSO , dried
(MgSO ) and concentrated in vacuo. The residue is
purified by silica gel flash chromatography with Ethyl
acetate/Hexane 0 to 100% to afford 1-D as a white
solid. MS m/z 333.2 (M + 1), 1H NMR (CDC13, 400 MHz)
d. 7.35-7.33 (5H, m), 6.63 (IH, t, J = 8 Hz), 6.30
(IH, bs), 5.12 (2H, s), 4.10-4.04 (2H, m), 3.73 (3H,
s), 2.67-2.62 (2H, m), 2.14 (2H, t, J = 6.8 Hz), 1.63-
1.46 (3H, m), 1.43 (9H, s), 1.14-1.06 (2H, m). 1-E: A
Parr vessel is charged with 1-D ( 1 g, 2.31 mmol) and
MeOH (100 mL) under nitrogen. The solution is
subjected to 3 cycles of vacuum and nitrogen bubbling,
and the catalyst (R,R)-Ethyl-DuPHOS-Rh(COD) triflate
is added (30 mg, 0.04 mmol). The mixture is placed
under 60 psi of hydrogen gas at room temperature for
24 h. The conversion to 1-E is complete after 24 h
with >99% e.e., the solvent is removed in vacuo, and
the crude product is purified by silica gel
chromatography (hexanes/EtOAc). 1-F: Intermediate 1-E
is dissolved in MeOH. The solution is flushed with
nitrogen, and Pd/Carbon (5% wt, Degussa) is added. The
mixture is placed under 50 psi of hydrogen gas at room
temperature and shaken for 24h. The mixture is flushed
with nitrogen and filtered through Celite(r). The cake
is washed with MeOH, and the combined organic solution
is concentrated under vacuum. Hexanes is added and
then evaporated to azeotrope the remaining methanol to
afford 1-F as an oil, which is then used in the next
step without further purification. MS m/z 201.4 (M + 1
- Boc), 1H NMR (CDCl3, 400 MHz) d. 4.06-3.97 (2H, m),
3.63 (3H, s), 3.36-3.31 (IH, m), 2.63-2.50 (2H, m),
1.70-1.61 (IH, m), 1.61-1.43 (3H, m), 1.36 (3H, s),
1.55 (6H, s), 1.34-1.15 (3H, m), 1.02-1.97 (2H, m).
1-G: Crude 1-F (0.6 g, 1.99 mmol) is dissolved in THF
(10 mL), and 2,4,6-collidine (315 mg, 2.38 mmol) and
methanesulfonyl chloride (0.170 ml, 2.19 mmol) are
added to the solution and stirred for 2 hours. The
reaction is diluted with EtOAc (50 mL), and solution
is washed with IM NaHSO4 (2 x 25 mL), brine (25 mL),
and dried (MgSO4) . The solvent is removed in vacuo
and the crude residue is purified by flash
chromatography using a gradient of hexanes and EtOAc
to afford 1-G. MS m/z 219L (M + 1 - Boc), 1H NMR
(CDCl3, 400 MHz) d. 5.60-5.42 (IH, m), 3.99-3.96 (3H,
m), 3.68 (3H, s), 2.86 (3H, m), 2.60-2.54 (2H, m),
1.79-1.77 (IH, m), 1.60-1.45 (2H, m), 1.35 (9H, s),
1.35-1.26 (3H, m), 1.16-0.95 (2H, m). 1-H: Compound
1-G (0.70 g, 1.84 mmol) is dissolved in dioxane (7
mL), and LiOH-H2O (232 mg, 5.55 mmol) dissolved in
water (4 mL) is added. The reaction mixtureis stirred
for 1 h. The solvent is evaporated; and the residue is
diluted with EtOAc (25 mL) and washed with IN NaHSO4
(25 mL) and brine (25 mL), and dried (MgSO4) . The
solvent is removed in vacuo and the crude residue is
purified by silica gel chromatography (Hexanes/EtOAc
gradient) to afford Reference Compound 1 as a white
solid. MS m/z 265.4 (M + 1 - Boc), 1H NMR (CDC13, 400
MHz) d. 8.97 (IH, broad s), 5.44 (IH, d, J = 8.8 Hz),
4.15-3.90 (3H, m), 2.94 (3H, s), 2.77-2.55 (2H, m),
1.88-1.87 (IH, m), 1.78-1.58 (3H), 1.42- 1.37 (12H,
m), 1.16-0.94 (2H, m). Reference compound 2 [0071]
Intermediate 1-E is saponified with LiOH-H2O following
the same procedure used to obtain the compound 1-H. MS
m/z 421.5 (M + 1), 1H NMR (CDCl3, 400 MHz) d. 9.75
(IH, broad s), 7.26-7.41 (5H, m), 5.39 (IH, s), 5.10
(2H, s), 4.41-4.34 (IH, m), 4.46- 4.03 (2H, m),
2.68-2.61 (2H, m), 1.94 -1.82 (IH, m), 1.78-1.53 (3H,
m), 1.44 (9H, s), 1.44- 1.19 (3H, m), 1.09-1.03 (2H,
m).Reference compound 3 3-H 3"G 3"F 3-B: The compound
3-A (2 g, 9.28 mmol) is combined with CBr4 (4.46 g,
13.47 mmol) and triphenylphosphine (3.28 g, 12.54
mmol) in THF (0.2 M), and the solution is 



stirred overnight. The reaction mixture is then
filtered and the solvent evaporated. A large portion
of the triphenylphosphine oxide is precipitated by
slow addition of the crude mixture to a large volume
of ether. After filtration and concentration, the
residue is purified by chromatography (EtOAc:Hexanes
gradient) to afford compound 3-B. 1H-NMR (CDCl3, 400
MHz) d. 4.05-3.99 (IH, m), 3.83-3.78 (IH, m),
3.27-3.24 (2H, m), 2.84-2.77 (IH, m), 2.66- 2.59 (IH,
m), 1.91-1.74 (2H, m), 1.67-1.56 (IH, m), 1.42 (9H,
s), 1.32-1.20 (2H, m). 3-C: A mixture of 3-B ( 1 g,
3.6 mmol) and KCN (281 mg, 4.3 mmol) in anhydrous DMF
(20 mL) is stirred under reflux overnight. The residue
is dissolved in EtOAc (50 ml), washed successively
with IN NaHSO (2x50 mL) and brine (2x50 mL), and dried
over MgSO4. The solvent is evaporated and the crude
material purified by chromatography (EtOAc:Hexanes
gradient) to afford compound 3-C as an oil. 1H-NMR
(CDCl3, 400 MHz) d. 3.83-3.78 (IH, m), 3.78-3.69 (IH,
m), 2.87-2.73 (2H, m), 2.28-2.15 (2H, m), 1.84-1.72
(2H, m), 1.61-1.52 (IH, m), 1.42-1.15 (HH, m). 3-D: To
a solution of 3-C (750 mg, 3.34 mmol) in THF (20 mL)
is added DIBAL (solution IM in THF, 5 ml) at -78C.
This mixture is allowed to reach room temperature, and
stirred at room temperature for Ih. The mixture is
cooled to 00C and water (0.2 mL), and 15% NaOH aq.
(0.2 mL) and water (0.5 mL) are successively added.
After addition of MgSO4, the mixture is vigorously
stirred and filtered. The evaporation of solvents
yields the 99compound 3-D as an colorless oil. This
compound is used in the following step without further
purification. 1H-NMR (CDCl3, 400 MHz) d. 3.78-3.67
(IH, m), 3.67-3.64 (IH, m), 2.81-2.71 (IH, m),
2.71-2.50 (IH, m), 2.24-2.09 (2H, m), 1.79-1.66 (2H,
m), 1.56-1.48 (IH, m), 1.39-1.13 (HH, m). 3-E: This
compound is prepared from 3-D using methods analogous
to those described for the preparation of Reference
Compound 1-D. 3-F: This compound is prepared from 3-E
using methods analogous to those described for the
preparation of Reference Compound 1-F. 3-G: This
compound is prepared from 3-F using methods analogous
to those described for the preparation of Reference
Compound 1-G. 3-H: This compound is prepared from 3-G
using methods analogous to those described for the
preparation of Reference Compound 1-H. Reference
compound 4 4-B: D-Homophenylalanine ethyl ester
hydrochloride (5.00 g, 20.5 mmol) and DIEA (8.7 mL,
51.25 mmol) are dissolved in THF (100 mL) and stirred
at room temperature. Mesyl chloride (1.67 mL, 21.52
mmol) is added dropwise, and the reaction stirred for
6h at room temp. The THF is evaporated; and the crude
residue is dissolved in EtOAc (100 mL), washed with
water (100 mL), IN HCl (2 x 100 mL) and brine (100
mL), and dried (MgSO ) . The solvent is removed in
vacuo and the crude material is purified with flash
chromatography (Hexanes:EtOAc) to afford the ethyl
ester. 4-C: Ethyl ester 4-B is dissolved in dioxane
(50 mL) and stirred at room temperature. LiOH-H2O
(1.00 mg, 24 mmol) dissolved in water (20 mL) is added
and the reaction stirred until the ethyl ester has
disappeared (by TLC and LCMS). The solvent is removed
in vacuo and the crude material is partitioned with
EtOAc (50 mL) and IN HCl (50 mL). The aqueous layer is
extracted with EtOAc (2 x 50 mL), and the combined
organic phases are washed with IM NaHSO (2 x 50 mL)
and brine (50 mL), and dried with MgSO4.The solvent is
evaporated and the crude material is purified by flash
chromatography (EtOAc :Hexanes gradient) to afford
Reference Compound 4 as a white powder. Reference
compound 5 [0072] Boc-D-homophenylalanine (1.0 g, 3.58
mmol) is dissolved in THF (10 mL), and water (18 mL,
0.72 mmol) is added to a suspension of NaH (60%
dispersion in mineral oil; 10.0 mmol) in
tetrahydrofuran (12 mL) dropwise over a period of 20
min while maintaining an internal temperature of 20
0C. The mixture is stirred at the same temperature for
10 min, and dimethyl sulfate (1.05 mL, 6.44 mmol) is
added over a period of 20 min while maintaining a
temperature of 20 0C. The reaction is stirred for 2h
before being quenched with 30% ammonium hydroxide (6
mL) over a period of 10 min. while maintaining an
internal temperature of 20 0C. Stirring is continued
for an additional 1 h (to ensure complete destruction
of dimethyl sulfate). The mixture is diluted with
EtOAc (20 mL) and water (20 mL). The organic layer is
separated, washed with water (10 mL), dried (MgSO ),
and evaporated in vacuo to give Reference Compound 5
as a white solid. Reference compound 6 6-B:
D-Homophenylalanine ethyl ester hydrochloride (6-A)
(25.0 g, 102.5 mmol) is dissolved in 10% aqueous EtOH
(500 mL). A catalytic amount of 5% Rh/C is added, and
the reaction placed under an atmosphere of H (1000
psi), stirred, and heated to 50 0C. After 18h, the
reaction is cooled to room temperature, the H2 gas
supply is removed, and the vessel brought to
atmospheric pressure. The catalyst is filtered through
Celite(r), and the solventremoved in vacuo, to afford
D-Homocyclohexylalanine ethyl ester hydrochloride as a
white powder. 6-C: This compound is prepared from 6-B
using methods analogous to those described for the
preparation of Reference Compound 4-B. 6-D: This
compound is prepared from 6-C using methods analogous
to those described for the preparation of Reference
Compound 4-C. Reference compound 7 



7-A: D-Homocyclohexylalanine ethyl ester hydrochloride
(3.83 g, 18.0 mmol) and
N-(Benzyloxycarbonyloxy)succinimide (Cbz-OSu) (4.49 g,
18.0 mmol) are added to a round bottomed flask
containing THF (60 mL) and water (20 mL). The mixture
is stirred at room temperature and Et3N (10.1 mL, 72.0
mmol) is added, and the reaction is stirred overnight
at room temperature. The clear solution is diluted
with EtOAc (200 mL) and washed with IN HCl (3 x 100
mL) and brine ( 1 x 100 mL) and dried with MgSO4.
Solvent is evaporated in vacuo to afford the desired
product as a white solid which is used without further
purification. 7-B: This compound is prepared from 7-A
using methods analogous to those described for the
preparation of Reference Compound 4-C.Reference
compound 8 B 8-D 8-A 8-B 8"C 8-B: Finely powdered KOH
(19.4 g, 0.346 mol) is dissolved in DMSO and stirred
at room temperature for 20 min and then cooled to 0
0C. N-Boc-?rans-4-hydroxy-L-proline (Boc-Hyp-OH, 8-A)
(10 g, 43.3 mmol) is dissolved in DMSO (10 niL) and
added, and the reaction mixture is stirred for an
additional 10 min at 0 0C. Next, 4-chlorobenzyl
chloride (33 g, 0.204 mol) is added, and the reaction
mixture is stirred at 0 C for an additional 15 min.
Thereafter, the ice bath is removed and the reaction
mixture is allowed to warm to room temperature and
stirred for 4 h. The reaction mixture is poured into
water (300 mL) and the reaction vessel is rinsed with
an additional aliquot of water (300 mL). The combined
aqueous layer is extracted with ether (2 x 300 mL) and
discarded. The aqueous layer is acidified with 87%
H3PO4 to pH 2.3 and then extracted with ether (3 x 300
mL). The combined ether extracts are washed with water
(2 x 400 mL) and brine (2 x 400 mL) and then dried
over MgSO4, filtered and concentrated in vacuo. The
residue is purified by chromatography on silica gel
with EtOAc/Hexanes (gradient 0 to 100%) to yield the
compound 8-B as a clear oil. MS m/z 256.1 (M + 1 -
Boc); 1H NMR (DMSO-D6, 400 MHz) d 7.39-7.31 (4H, m),
4.52-4.40 (2H, m), 4.16-4.10 (2H, m), 3.48-3.41 (2H,
m), 2.40- 2.30 (IH, m), 2.03-1.94 (IH, m), 1.39-1.34
(9H, m). 8-C: A solution of TFA in dichloromethane
(50/50) is added to 8-B and the mixture is stirred
until complete removal of the Boc. The reaction
mixture is then concentrated in vacuo, and the crude
residue is used in the next step without further
purification. MS m/z 256.1 (M + 1); 1H NMR (CDCl3, 400
MHz) d. 8.32 (IH, broad s), 7.16-6.93 (4H, m), 4.41-
4.12 (4H, m), 4.10-3.75 (2H, m), 3.70-3.53 (IH, m),
3.51-3.30 (IH, m), 2.38-2.24 (IH, m), 2.06-1.88 (IH,
m). 8-D: Intermediate 8-C is dissolved in 200 ml of a
solution of 1,4-dioxane/H2O (1:1). NaHCO3 (17.9 g,
0.213 mol) is added, followed by Fmoc-Cl (12 g, 46.3
mmol). The mixture is stirred overnight. The solution
is then acidified with IN HCl, and the precipitate
isfiltered and dried (MgSO 4) to afford 8-D as a white
SoHd- 1H-NMR (CDCl 3, 400 MHz) d. 8.11 (IH, broad s),
7.77-7.66 (2H, m), 7.58-7.52 (2H, m), 7.42-7.21 (8H,
m), 4.54-4.26 (4H, m), 4.24 (IH, t, J =7.2 Hz),
4.23-4.10 (IH, m), 3.69-3.61 (2H, m), 2.50-2.38 (IH,
m), 2.24- 2.12 (1H, m). Reference compound 9 9-A 9-B 9
9-C [0073] The reagents and conditions for the above
reaction scheme are: (a) SOCl (3.0 equiv.), MeOH, 0
0C, 100%; (b) Mesyl chloride (1.2 equiv.), Et3N (3.0
equiv.), cat. DMAP, THF, 23 0C, 79%; (c)
Hoveyda-Grubbs metathesis catalyst (8 mol%), N-Boc-4-
methylenepiperidine (3.0 equiv.), DCM, 40 0C, 51%; (d)
LiOH, dioxanes, H2O, 23 0C, 100%. 9-A: D-allylglycine
(5.03 g, 43.73 mmol, 1.0 equiv) is slurried in a
suspension of methanol (70 mL) in an ice-water bath.
Thionyl chloride (9.6 mL, 131.19 mmol, 3.0 equiv.) is
added dropwise over 10 minutes. The reaction is warmed
to room temperature and judged to completeness by
LC/MS. The solvent is evaporated and the resulting
white solid of 9-A is directly used in the next step.
9-B: D-allylglycine methyl ester hydrochloride (9-A,
7.20 g, 43.73 mmol), Et3N (18 mL, 131.19 mmol, 3.0
equiv.) and DMAP (10 mg, catalytic) are dissolved in
THF (110 mL) and stirred at room temperature. Mesyl
chloride (4.0 mL, 52.48 mmol, 1.2 equiv.) is added
dropwise, and the reaction is stirred for 6h at room
temp. The THF is evaporated; and thecrude residue is
dissolved in EtOAc (100 mL) and washed with water (100
mL), IN HCl (2 x 100 mL) and brine (100 mL), and dried
(MgSO ) . The solvent is removed in vacuo, and the
crude material is purified with flash chromatography
(Hexanes:EtOAc) to afford 7 9-B as a yellow oil. 9-C:
Anhydrous dichloromethane (10 mL, 0.1 M) is added via
syringe to 9-B (2.15 g, 10.37 mmol, 1.0 equiv.) and
Hoveyda-Grubbs 2nd Generation metathesis catalyst
[(1,3-
Bis-(2,4,6-trimethylphenyl)-2-imidazolidinylidene)
dichloro (oisopropoxyphenylmethylene) ruthenium II
dichloride) (510 mg, 0.815 mmol, 8 mol %)] under a
nitrogen atmosphere. NBoc- 4-methylenepiperidine (6
mL, 31.11 mmol, 3.0 eq.) is added via syringe and the
reaction is fitted with a reflux condenser and heated
to 40 0C for 12 hours. After the reaction is complete
by LC/MS, the reaction mixture is directly purified by
automated silica-gel purification (0-100% ethyl
acetate in hexanes) to provide 9-C as a dark green
oil. MS m/z 277.2 (M-Boc + 1). 



Reference Compound 9: The saponification of 9-C is
accomplished using the procedure previously described
for the preparation of Reference Compound 4. Reference
compound 10 [0074] Reference compound 10 is prepared
using methods analogous to those described for the
preparation of Reference Compound 8.Example 1 1-A:
Loading of the PAL resin:
5-cyano-2-methylamino-thiophene (3 equiv.) is added to
a solution of the resin ( 1 meq/g) in DMF in the
presence of AcOH (8 equiv.)- The mixture is shaken for
lhr before adding NaH(AcO)3 (3 equiv.) and letting the
mixture react overnight. The resin is then washed with
DMF (x2), DCM (x2), MeOH (x2) and DCM (x2). 1-B: The
Fmoc-protected amino acid 8-D (3 equiv.) is added to
200 mg of resin 1-A in DMF in the presence of HOBt
(3.5 equiv.) and DIC (3.5 equiv.). The mixture is
shaken for 3hrs. The resin is washed with DMF (x2),
DCM (x2), MeOH (x2) and DCM (x2). 1-C: The resin is
shaken in a solution of 20% piperidine in DMF for 30
min, and washed with DMF (x2) and DCM (x2). 1-D : The
amino acid is coupled to the resin 1-C using the same
procedure as 1-B.1-E : A solution of hydroxylamine
hydrochloride (40 equiv.) and DIEA (40 equiv.) in DMF
is added to the resin 1-D, and the mixture is shaken
overnight. The resin is washed with DMF (x2), DCM
(x2), MeOH (x2) and DCM (x2). 1-F : To a solution of
the resin 1-E in DCM is added acetic anhydride (10
equiv.). The mixture is shaken for 2 hrs, and then
washed with DCM (x2), DMF (x2) and DCM (x2). 1-G : The
resin 1-F is washed with anhydrous THF (x2) before a
solution of SmI (0.1M in THF) is added under nitrogen.
The mixture is shaken for 2hrs, and the resin is
washed with DMF (x2), MeOH (x2) DMF (x2) and DCM (x2).
1-H : The final compound 1-H is obtained following
cleavage from the resin in presence of a solution of
TFA/DCM/H20 (45:45:10). The filtrate is concentrated
in vacuo, dissolved in acetonitrile and purified by
reverse phase HPLC (H O-ACN gradient). After
lyophilization, the TFA salt of 1-H is obtained as a
white powder. MS m/z 639.5 (M + 1); 1H-NMR (CD3CN, 400
MHz) d 9.30 (IH, s), 7.89 (IH, s), 7.72 (IH, d, J =4
Hz), 7.36-7.26 (4H, m), 7.09 (IH, d, J =4 Hz), 6.06
(IH, d, J =8 Hz), 4.60-4.41 (5H, m), 4.33-4.21 (IH,
m), 4.11-4.05 (IH, m), 3.82-3.65 (2H, m), 3.29-3.27
(2H, m), 2.86 (3H, s), 2.86-2.76 (2H, m), 2.46-2.36
(IH, m), 2.15-2.07 (IH, m), 1.75-1.68 (2H, m),
1.63-1.46 (2H, m), 1.46-1.31 (2H, m), 1.31-1.27 (3H,
m). Examples 2-31 [0075] Examples 2-3 1 are
synthesized using methods analogous to those described
for the synthesis of Example 1.Example 32 C [0076]
Reagent 32-A is prepared from benzylamine and
Pal-resin using methods analogous to those described
for the preparation of Example 1-A. Intermediate 32-B
is prepared from immobilized 32-A using methods
analogous to those described for the preparation of
Example 1-B. The intermediates 32-C and 32-D are
prepared from supportbound 32-B and 32-C respectively,
following methods analogous to those described for
Example 1-C and 1-D, respectively. Final compound 32-E
is prepared by cleaving 32-D from the resin following
methods analogous to those for the preparation of
Example 1-H. Examples 33-54 [0077] Examples 33-54 are
synthesized using methods analogous to those described
for the synthesis of Example 32.Example 55 55-A:
Compound 1-H (1.9 g, 5.2 mmol) is added to a solution
of the HCl salt of the methyl ester 8-C (1.6 g, 5.2
mmol), PyBOP (3.79 g, 7.28 mmol) and DIEA (2.7 niL,
15.6 mmol) in DCM (50 mL). The mixture is stirred
overnight, then washed with a solution of IM NaHSO4 (2
x 50 mL), NaHCO3 saturated (2 x 50 mL) and brine ( 1 x
50 mL). The organic phase is dried on MgSO and
concentrated in vacuo. The residue is purified by
flash chromatography (Hexanes:EtOAc), and the compound
55-A is obtained as a white solid. MS m/z 616.2 (M +
1). 55-B: Methyl ester 55-A ( 2.2g, 3.72 mmol) is
dissolved in dioxane (20 mL) and stirred at room
temperature. LiOH-H O (467 mg, 11.12 mmol) dissolved
in water (50 mL) is added and the reaction is stirred
until the methyl ester has disappeared (by TLC and
LCMS). The solution is acidified by addition of IM
NaHSO4 and extracted with EtOAc (2 x 50 mL). The
combined organic phases are washed with brine (50 mL),
and dried with MgSO4. The solvent is evaporated to
afford the compound 55-B as a white powder. MS m/z
602.2 (M + 1); 1H NMR (CDCl3, 400 MHz) d 7.33 (2H, d,
J =8.4 Hz ), 7.22 (2H, d, J = 8.4 Hz ), 5.87 (IH, d, J
=9.6 Hz ), 4.43-4.57 (4H, m), 4.29-4.32 (IH, m),
3.95-4.17 (4H, m), 3.87-3.93 (IH, m), 3.60-3.64 (IH,
m), 2.89 (3H, s), 2.58-2.64 (2H, m), 2.45-2.51 (IH,
m), 2.15-2.51 (IH, m), 1.48-1.70 (3H, m), 1.44 (9H,
s), 1.22-1.35 (2H, m), 0.95-1.10 (2H, m).55-C: To a
solution of compound 55-B (60 mg, 0.1 mmol) in
dichloromethane (10 mL) is added HATU (55 mg, 0.14
mmol), DIEA(0.035 ml, 0.2 mmol), and 2,5-
dichlorobenzylamine (23 mg, 0.13 mmol). The mixture is
stirred overnight at room temperature, then washed
successively with IM NaHSO (10 ml), NaHCq 3 saturated
(10 ml) and brine (10 ml). The solution is dried on
MgSO , filtered, evaporated and directly used in the
next step. MS m/z 659.2 (M + 1 - Boc). 55-D : To the
solution of 55-C in DCM is slowly added a solution of
50% TFA in DCM. The mixture is stirred for 30 minutes,
then the solvents are evaporated and the residue 



is dissolved in acetonitrile and purified by reverse
phase HPLC. After lyophilization of the solvents, the
TFA salt of the compound 55-D is obtained as a white
powder. MS m/z 659.2 (M + 1); 1H NMR (CDCl3, 400 MHz)
d 9.30 (IH, bs), 8.56 (IH, bs), 7.31 (IH, d, J =2 Hz
), 7.07-7.27 (6H, m), 5.88 (IH, d, J = 8.4 Hz ),
4.26-4.57 (6H, m), 3.93-4.02 (IH, m), 3.77- 3.86 (IH,
m), 3.47-3.86 (IH, m), 3.21-3.34 (5H, m), 2.74 (3H,
s), 2.49-2.88 (4H, m), 2.17- 2.36 (2H, m), 1.18-1.73
(9H, m). Examples 55-70 [0078] Examples 56-70 are
synthesized using methods analogous to those described
for the synthesis of Example 55. [0079] Table 1 shows
compounds of Formula (1), as described in Examples
1-70. Table 1400 H, N, 99 (IH, Hz), 6 13 15- 68 m),
76- 39 H, 4 13, 1H 7 92- (2H, 08 (IH, (5H, 69 m),
39400 400 (IH, 2.85- s),Physical Data Structure MS
(m/z), Elemental Analysis, and 1H NMR 400 MHz (DMSO-4)
MS m/z 673.1 (M + 1); Anal. Calcd. for
C34H43Cl2F9N6Oi2S2 (3 TFA, 1H2O): C, 39.50; H, 4.19;
N, 8.13; Found: C, 39.54; H, 4.30; N, 7.89; 1H NMR
(CD3CN, 400 MHz) d 10.02 (IH, s), 7.70 (IH, d, J =4
Hz), 7.51 (2H, d, J = 8 Hz), 7.23 (IH, dd, J = 8 Hz, 2
Hz), 7.12 (IH, d, J =4 Hz), 5.86-5.78 (IH, m),
4.59-4.39 (5H, m), 4.34-4.29 (IH, m), 4.13-4.02 (IH,
m), 3.84- 3.65 (2H, m), 3.34-3.23 (2H, m), 2.88-2.76
(5H, m), 2.45-2.36 (IH, m), 2.7-2.07 (IH, m),
1.81-1.67 (2H, m), 1.67-1.46 (2H, m), 1.46- 1.36 (2H,
m), 1.36-1.24 (3H, m). MS m/z 695.3 (M + 1); 1H NMR
(CD3CN, 400 MHz) d 9.82 (IH, s), 7.69 (IH, d, J =4
Hz), 7.53-7.45 (2H, m), 7.43-7.49 (9H, m), 7.10 (IH,
d, J =4 Hz), 6.22-6.14 (IH, m); 5.06-4.87 (2H, m),
4.60-4.44 (5H, m), 4.32-4.18 (2H, m), 3.88-3.72 (2H,
m), 3.35-3.24 (2H, m), 2.92- 2.77 (2H, m), 2.45-2.34
(IH, m), 2.24-2.11 (IH, m), 1.86-1.51 (4H, m),
1.50-1.21 (5H, m). MS m/z 689.2 (M + 1); ) ; 1H NMR
(CD3CN, 400 MHz) d 10.05 (IH, s), 7.86-7.81 (3H, m),
7.43 (IH, d, J =4 Hz), 7.43 (2H, d, J = 8 Hz), 7.29
(2H, d, J = 8 Hz), 7.11 (IH, d, J =4 Hz), 6.13 (IH, d,
J =9.2 Hz), 4.61-4.43 (5H, m), 4.33 (IH, s), 4.19-4.11
(IH, m), 3.86-3.70 (2H, m), 3.29-3.27 )2H, m), 2.85
(3H, s), 2.89-2.80 (2H, m), 2.45-2.36 (IH, m),
2.19-2.09 (IH, m), 1.81-1.64 (2H, m), 1.64-1.50 (2H,
m), 1.50- 1.43 (2H, m), 1.43-1.30 (3H). MS m/z 641.2
(M + 1); 1H NMR (CD3CN, 400 MHz) d 9.79 (IH, s), 7.80
(IH, s), 7.73 (IH, d, 7 = 4 Hz), 7.67-7.52 (2H, m),
7.51-7.38 (IH, 



m), 7.12 (IH, d, J =4 Hz), 7.02-6.93 (2H, m), 6.03
(IH, d, J =9.2 Hz), 4.62-4.48 (4H, m), 4.43 (IH, t, J
=7.6 Hz), 4.34 (IH, s), 4.15-4.09 (IH, m), 3.86-3.82
(2H, m), 3.32-3.29 (2H, m), 2.86-2.80 (5H, m),
2.44-2.34 (IH, m), 2.19- 2.10 (IH, m), 1.83-1.70 )2H,
m), 1.70-1.50 (2H, m), 1.50-1.34 (2H, m), 1.34-1.25
(3H, m).400 400 s), m), m), 400 s), (9H, m), m), H,
4.21; 1H 8.43 m), m),400 400 m), m),400 43.93; H, N,
Hz), m), 400 Hz), Hz), 5.81- d, J m), (5H, 1.82-
m),400400400400400400400 400 d, J = 8.4 3.77-
(5H,400400Assays [0080] The suitability of a channel
activating protease inhibitor such as a prostasin
inhibitor for the treatment of a disease mediated by
inhibition of a channel activating protease may be
tested by determining the inhibitory effect of the
channel activating protease inhibitor on: (1) the
native, isolated, purified or recombinant channel
activating protease, using a suitable biochemical
assay format, using the method described in Shipway et
al.; Biochemical and Biophysical Research
Communications 2004; 324(2):953-63; and/or (2) the ion
channel/ion transport function in suitable isolated
cells or confluent epithelia, using the methods
described in Bridges et al. ; American Journal of
Physiology Lung Cell Molecular Physiology 2001;
281(l):L16-23; and Donaldson et al.; Journal of
Biological Chemistry 2002; 277(10):8338-45.
Biochemical assays [0081] Recombinant human prostasin
and matriptase and guinea pig prostasin are generated
according to methods described in Shipway et al.,
Biochem. and Biophys. Res. Commun. 2004;
324(2):953-63. The recombinant enzymes are incubated
in an electrolyte buffer containing the test compounds
or vehicle in a suitable multiple well assay plate
such as a 96 or 384 well plate. At a defined time
after the mixing of enzyme with compound orvehicle, a
suitable fluorescent peptide substrate is added to the
assay mixture. As substrate becomes cleaved by the
active enzyme, fluorescence (measured, using a
suitable fluorescence plate reader) increases and the
rate of turnover of substrate (i.e. enzyme activity)
may be quantified and thus the inhibitory effect of
any test compound. The efficacy of test compounds is
expressed as the concentration that induces 50%
attenuation in the enzyme activity (K1) . [0082] In
general, compounds of the invention may have K1values
from 0.1 nM to 5 mM. In some examples, compounds of
the invention may have K1values from 0.1 nM to 500 nM;
from 0.1 nM to 50 nM; from 0.1 nM to 5 nM; or from 0.1
nM to 0.5 nM. In particular examples, compounds of the
invention may have K1values from 0.1 nM to 0.5 nM;
from 0.5 nM to 5 nM; from 5 nM to 50 nM; from 50 nM to
500 nM; or from 500 nM to 5 mM. In yet other examples,
compounds may have K1values less than 0.1 nM or more
than 5 mM. 



Epithelial ion transport [0083] Human bronchial
epithelial cells are cultured according to methods
described in Danahay et al., Am. J . Physiol. Lung
Cell MoI. Physiol. 2002; 282(2):L226-36. When suitably
differentiated (days 14-21 after establishing an
apical-air interface), epithelial cells are treated
with either vehicle, aprotinin (200 mg/ml) or test
compound for 90 minutes. Epithelia are then placed
into chambers as described in Danahay et al., supra,
maintaining the concentration of vehicle, aprotinin or
test compound on the apical side of the epithelia.
Short circuit current (ISC) is then measured by
voltage clamping the epithelia to zero millivolts. The
amiloride- sensitive ISC is then measured by the
addition of amiloride (10 mM) to the apical surface of
the epithelia. The potency of the test compound is
expressed as the concentration inducing a 50%
inhibition of the total aprotinin-sensitive component
of the amiloride- sensitive ISC. [0084] In general,
compounds of the invention may have IC50 values from 1
nM to 10 mM. In some examples, compounds of the
invention may have IC50 values from 1 nM to 1 mM; or
more particularly from 1 nM to 100 nM. In yet other
examples, compounds of the invention may have IC50
values from 100 nM to 1 mM, or from 1 mM to 10 mM. In
yet other examples, compounds may have IC50 values
less than 1 nM or more than 10 mM.Tracheal potential
difference (in vivo) [0085] Guinea pigs are
anaesthetized, using a short acting inhalation
anaesthesia such as halothane and N O. While under
short acting anaesthesia, an oral gavage needle is
inserted into the trachea via the oropharangeal route.
Once inside the trachea, a small volume (50-200 ml) of
vehicle or test compound, in a suitable aqueous-based
diluent, is instilled into the airways. Animals then
recover and become fully ambulatory. Alternatively,
test compounds may be administered to animals, using
aerosol or dry powder dosing. At a defined time after
dosing, the animals are surgically anaesthetized,
using a suitable anaesthesia such as ketamine and
xylazine. The trachea is then exposed and a plastic
agar bridge electrode is inserted into the tracheal
lumen. A reference electrode is also inserted into the
layers of muscle in the animal's neck. The tracheal
potential difference is then measured, using a
suitable high impedance voltmeter as described in
Takahashi et al., Toxicol Appl Pharmacol. 1995;
131(1):3 1-6. The potency of the test compound is
expressed as the dose inducing a 50% reduction in the
sensitive-component of the tracheal potential
difference. [0086] It is understood that the examples
and embodiments described herein are for illustrative
purposes only and that various modifications or
changes in light thereof will be suggested to persons
skilled in the art and are to be included within the
spirit and purview of this application and scope of
the appended claims. All publications, patents, and
patent applications cited herein are hereby
incorporated by reference for all purposes.Claims 1. A
compound of Formula (1) : or pharmaceutically
acceptable salts thereof, wherein O-(CR2)P- R2 is a
substituent at any position on ring A; J is a 5-12
membered monocyclic or fused carbocyclic ring,
heterocyclic ring comprising N, O and/or S; aryl or
heteroaryl ring, provided J is not triazolyl; ; Y is a
bond, -SO 2- , -NHCO- or -0-(CO)-; R1 is halo, -(CR
2)i-NR6R7, -(CR 2)i-NRC(=NR)-NR 6R7, -(CR
2)i-C(=NR)-NR 6R7, -C(O)-(CR 2)I-NR 6R7, -(CR
2)I-NR-SO 2R6, -(CR 2)i-NR-C(O)-R 6, -(CR
2)i-SO2NR6R7, or -(CR 2)i-OR6, or an optionally
substituted C1- alkoxy, C1- alkyl, C2_6 alkenyl or
C2_6 alkynyl; or an optionally substituted carbocyclic
ring, heterocyclic ring, aryl or heteroaryl; R3 is
C1-6 alkyl, C2_6 alkenyl, C2_6 alkynyl or - (CR 1- R5;
alternatively, NH-Y-R3 together form NH2; R2, R4 and R
are independently an optionally substituted 5-12
membered carbocyclic ring, heterocyclic ring, aryl or
heteroaryl; or R4 is H, C1-6 alkyl, C2_6 alkenyl, C2_6
alkynyl, or CR=P E ) - wherein P is C or N and ring E
together with P form an optionally substituted 5-12
membered monocyclic or fused ring; R6 and R7 are
independently H, Ci_6 alkyl, C2_6 alkenyl, C2_6
alkynyl or -(CR 2)i-R5;each R is H, or Ci_6 alkyl,
C2-6 alkenyl, or C2-6 alkynyl; 1is 0-6; k, m, n and p
are independently 1-6; x is 0-4; provided R4 is
piperidinyl when NH-Y-R 3 together form NH2; and
further provided that R is piperidinyl when B is (CR )
c-R 2. The compound of claim 1, wherein J is
thiophenyl, thiazolyl, phenyl, pyridyl, indazolyl,
piperidinyl or pyrrolidinyl. 3. The compound of claim
1, wherein R1 is halo, Ci_6 alkyl, CF3, OCF 3, phenyl,
-(CR 2)I-NR 6R7, -(CR 2)i-C(=NR)-NR 6R7, -C(O)-(CR
2)i-NR 6R7, -(CR 2)i-NR-SO 2R6, -(CRz) 1-NR-C(O)-R 6,
-(CRz) 1-SO 2NR6R7, Or-(CRz) 1-OR 6; wherein each 1is
0-1; and R, R6 and R7 are independently H or C]_6
alkyl. 4. The compound of claim 1, wherein R2 is
phenyl or cyclohexyl, each of which optionally
substituted with halo, SO2(Ci_6 alkyl), or an
optionally halogenated Ci_6 alkyl or Ci_6 alkoxy. 5.
The compound of claim 1, wherein R4 is an optionally
substituted piperidinyl, 



cyclohexyl, phenyl, 6. The compound of claim 1,
wherein Y is a bond, SOz or -0-(CO)-. 7. The compound
of claim 1, wherein said compound is of Formula
(2):wherein R and J are independently an optionally
substituted 6-membered aryl; R3 is Ci_6 alkyl, C2_6
alkenyl, C2-6 alkynyl or -(CR 2)i-R 5; or NH-Y-R 3
together form NH2; each R in (CR 2) is H or Ci_6
alkyl; and m, n and p are independently 1-2. 8. The
compound of claim 7, wherein R2 and J are
independently an optionally substituted phenyl. 9. The
compound of claim 7, wherein x is 1-3. 10. The
compound of claim 7, wherein Y is SO2. 11. The
compound of claim 7, wherein R3 is Ci_6 alkyl or an
optionally substituted benzyl 12. The compound of
claim 7, wherein R is an optionally substituted
piperidinyl. 13. The compound of claim 1, wherein said
compound is selected from the group consisting
of:ANTIFOLATE AGENT COMBINATIONS IN THE TREATMENT OF
CANCER RELATED APPLICATIONS [0001] The present
application claims priority to the U.S. Provisional
Patent Application Serial No. 60/877,836, filed on
December 29, 2006, by Theuer et al, and entitled
"ANTIMETABOLITE AGENT COMBINATIONS IN THE TREATMENT OF
CANCER," the U.S. Provisional Patent Application
Serial No. 60/883,266, filed on January 3, 2007, by
Theuer et al, and entitled "ANTIMETABOLITE AGENT
COMBINATIONS IN THE TREATMENT OF CANCER," and the U.S.
Provisional Patent Application Serial No. 60/883,959,
filed on January 8, 2007, by Theuer et al, and
entitled "ANTIMETABOLITE AGENT COMBINATIONS IN THE
TREATMENT OF CANCER," all of which are incorporated by
reference herein in their entirety, including any
drawings, to the full extent permitted by law. FIELD
OF THE INVENTION [0002] The present invention relates
generally to compounds having various utilities
including uses for research, diagnostics, and therapy.
More specifically, described and provided herein
compositions comprising methoxyamine and an
antimetabolite anticancer agent, and methods of
treating certain cancers by administering these
compositions. BACKGROUND [0003] Cancer is a worldwide
problem. As such, finding novel compositions and
methods for the treatment of cancer is of vital
interest. The treatment of cancer falls into three
general categories: chemotherapy, radiation therapy
and surgery. Often, therapies are combined since a
combination of therapies often increases the
probability the cancer will be eradicated as compared
to treatment strategies utilizing a single therapy.
Typically, the surgical excision of large tumor masses
is followed by chemotherapy and/or radiation therapy.
[0004] Chemotherapeutic agents can work in a number of
ways. For example, chemotherapeutics can work by
interfering with cell cycle progression or by
generating DNA strand breaks. If the cancer cell is
not able to overcome the cell cycle blockage or cell
injury caused by the therapeutic compound, the cell
will often die via apoptotic mechanisms. The use of a
single chemotherapeutic agent in the treatment of
cancer, with or without surgery or radiation, has
several disadvantages. Commonly, cancer cells develop
resistance to thechemotherapeutic agent. Such
resistance results either in the requirement for
higher dosages of the drug and/or the renewed spread
of the cancer. Chemotherapeutic agents can be toxic to
the patient. Therefore, there is a practical upper
limit to the amount that a patient can receive.
However, if a second agent can be developed to inhibit
the pathway causing resistance, cancer cells may
become susceptible to the effects of the
chemotherapeutic agent. [0005] The design of a drug to
overcome resistance to the chemotherapeutic treatment
of cancer should be approached with the goals of 1)
finding a combination that reverses resistance and not
merely improves the activity of the chemotherapeutic
with respect to activity on the tumor, and 2) finding
a second drug that does not potentiate the toxic
effects of the first chemotherapeutic agent. These
conditions require a great deal of empirical testing
of agents known to have anticancer properties with
agents that either may have anticancer properties, or
that may augment the first agent in other ways.
Unfortunately, such approaches have thus far proven
largely unsuccessful for combinations of many
anticancer agents. [0006] Therefore, there exist
insufficient therapies that reverse resistance to
chemotherapy for the treatment of cancer. SUMMARY OF
THE INVENTION [0007] The inventions described and
claimed herein have many attributes and embodiments
including, but not limited to, those set forth or
described or referenced in this Summary of the
Invention. The inventions described and claimed herein
are not limited to or by the features or embodiments
identified in this Summary of the Invention, which is
included for purposes of illustration only and not
restriction. [0008] These and other aspects and
embodiments of the inventions described and claimed
herein will be apparent from and throughout the
application and claims, all of which shall be
considered to be a part of the written description
thereof. 



[0009] Disclosed herein are compositions and methods
useful in the treatment of certain cancers. In part,
this application is based on the heretofore unknown
recognition that certain molecules that target abasic
lesions or AP (apurinic/apyrimidinic) sites in DNA
improve, augment, or potentiate the efficacy of
antimetabolite anticancer agents. In other
embodiments, an inhibitor of the base excision
pathway, such as methoxyamine, is combined with an
antimetabolite anticancer agent. An antimetabolite
anticancer agent is a chemotherapeutic with a similar
structure to a substance (a metabolite) required for
normal biochemical reactions, yet different enough to
interfere with the normal functions of cells,
including cell division. Antifolates are a preferred
class of antimetabolite agents. Anantifolate
anticancer agent is a chemotherapeutic with a similar
structure to folic acid, yet different enough to block
the activity of folic acid and disrupt
folate-dependent mechanisms necessary for cell
replication. These antifolate anticancer agents
include pemetrexed, capecitabine, edatrexate,
methotrexate, lometrexol, nolatrexed, ralitrexed,
PT523, and trimetrexate. The use of any antifolate
anticancer agent in combination with a BER (base
excision repair) inhibitor is contemplated. In one
aspect, the method comprises providing i) a subject
diagnosed with cancer, ii) a first formulation
comprising an antifolate anticancer agent and iii) a
second formulation comprising methoxyamine;
administering said first formulation to said subject;
and administering said second formulation to said
subject wherein methoxyamine is administered in an
amount sufficient to enhance or increase the effect of
the antifolate anticancer agent. The second
formulation may be administered orally. In another
aspect, the method comprises: providing i) a patient
diagnosed with cancer, wherein said cancer is at least
partially resistant to treatment by pemetrexed alone,
ii) a first formulation comprising pemetrexed; and
iii) a second formulation comprising methoxyamine;
administering said first formulation to said patient;
and administering said second formulation to said
patient wherein methoxyamine is administered in an
amount sufficient to potentiate the activity of said
pemetrexed and overcome said resistance. In these
methods, the methoxyamine and the antifolate
anticancer agent may be administered as a formulation.
Also, the methoxyamine and the antifolate anticancer
agent may be administered sequentially, in either
order. Also, the methoxyamine may be administered
orally and the antifolate anticancer agent may be
administered either orally or intravenously. Also, the
amount of said methoxyamine may be an amount
sufficient to sensitize the cancer cells without
causing undue sensitization of normal cells. Also, the
methoxyamine and the antifolate anticancer agent may
be administered to achieve a synergistic effect. Also,
the antifolate anticancer agent may be administered
orally or intravenously and said methoxyamine may be
administered orally, no more than twice daily, in an
amount sufficient to potentiate the activity of said
antifolate anticancer agent. Also, the patient may be
selected as having a cancer at least partially
resistant to treatment with an antifolate anticancer
agent alone, and wherein said second formulation
comprising methoxyamine is administered in an amount
effective to potentiate the activity of said
antifolate anticancer agent and overcome said
resistance. Also, ratio of said methoxyamine to said
antifolate anticancer agent may be between 1:5 and
1:500, more preferably between 1:15 and 1:40, and even
more preferably between about 1:20 and about 1:30.
Also, the cancer may be selected from the group
consisting of carcinomas, melanomas, sarcomas,
lymphomas, leukemias, astrocytomas,gliomas, malignant
melanomas, chronic lymphocytic leukemia, lung cancers,
colorectal cancers, ovarian cancers, pancreatic
cancers, renal cancers, endometrial cancers, gastric
cancers, liver cancers, head and neck cancers, and
breast cancers. In preferred embodiments, the
antifolate anticancer agent is pemetrexed. [0010] In
another embodiment, an improved method is disclosed,
in a method for treating cancer in a patient diagnosed
with cancer comprising administering an antifolate
anticancer agent to the patient, the improvement
comprising administering methoxyamine to the patient
in an amount sufficient to potentiate toxicity of said
antifolate anticancer agent. Also disclosed are
anticancer formulations comprising a dosage form
comprising pemetrexed and a dosage form comprising a
synergistic amount of methoxyamine, and methods of
using of such formulation according to the disclosed
methods of treatment. In another embodiment, an
improved use of methoxyamine is disclosed, in the use
of an antifolate anticancer agent to treat cancer in a
patient, the improvement comprising the use
methoxyamine in an amount sufficient to potentiate
toxicity of said antifolate anticancer agent in said
patient. [0011] In one aspect, the instant invention
is based on the previously unknown recognition that
certain molecules, such as methoxyamine, that target
AP sites are completely orally bioavailable and
maintain minimal effective concentrations when given
once or twice daily by oral administration. Anticancer
agents are typically administered as an intravenous
bolus, as they are rarely well absorbed from the
gastrointestinal tract. Intravenous dosing has
disadvantages. First, the intravenous injection of
chemotherapy requires treatment in a physician's
office or hospital. Second, intravenous therapy is
typically given as a bolus, which results in a very
high but transient drug exposure. Some anticancer
agents may be most active following sustained exposure
that can be achieved with repeated oral doses. This is
particularly true of agents that inhibit resistance
mechanisms to chemotherapy drugs, where prolonged
inhibition of resistance pathways may be necessary for
a desired beneficial effect. Prolonged drug exposure
may be accomplished using continuous intravenous
administration. However, administration of anticancer
agents as continuous infusions requires a complicated 



drug infusion apparatus and intravenous
catheterization. Oral administration obviates the need
for continuous intravenous infusion and is a route of
administration preferred by patients. However, to our
knowledge, inhibitors of BER that reverse resistance
to chemotherapy and have nearly complete oral
bioavailability as provided herein have not been
developed to date.[0012] Pemetrexed is a multitargeted
antifolate that acts in a manner that is
mechanistically different from 5-FU and other early
generation antimetabolites. Pemetrexed is unique in
that it is a pyrrolopyrimidine antifolate analog that
is metabolized intracellularly to higher polyglutamate
forms by folylpolyglutamate synthetase (FPGS). The
pentaglutamate form is the predominant intracellular
species and pemetrexed polyglutamates are
approximately 60-fold more potent than the parent
monoglutamate compound; pemetrexed polyglutamates also
exhibit prolonged cellular retentions. Hence,
pharmacologic effects of pemetrexed persist for many
days following intravenous bolus administration.
[0013] Pemetrexed inhibits thymidylate synthase (TS),
dihyrofolate reductase (D TFR) and glycinamide
ribonucleotide formyltransferase (GARFT), all
folate-dependent enzymes involved in the de novo
biosynthesis of thymidine and purine nucleotides. In
contrast, 5-FU and other early generation
antimetabolites primarily inhibit TS only. The precise
mechanism by which pemetrexed causes cell death is
still not resolved but involves more than TS
inhibition. Hence, while in a heterogeneous
nonselected human colon cancer cell line panel, the
best predictor for sensitivity to 5FU was TS activity,
multiple sensitivity determinants were of importance
for pemetrexed, including FPGS activity and TS enzyme
kinetics (van Triest B, Pinedo HM, van Hensbergen Y.
Thymidylate synthase level as the main predictor
parameter for sensitivity to 5-FU, but not for
Folate-based Thymidylate Synthase Inhibitors, in 13
Nonselected Colon Cancer Cell Lines. Clin. Cancer.
Res. 1999; 5:643-54). Further study confirmed that the
sensitivity of gastrointestinal cell lines to
pemetrexed could not be predicted by the expression of
TS (Kim JH, Lee KW, Jung Y et al. Cytotoxic effects of
pemetrexed in gastric cancer cells. Cancer Sci. 2005;
96:365-71). [0014] The unique pharmacologic activity
of pemetrexed is made evident by in vitro study of
activity on multiple cancer cell lines as compared to
5-FU. In a series of 13 colon cancer cell lines, for
example, pemetrexed was from 18 to 627-times more
potent than 5-FU (van Triest et al, 1999). This unique
pharmacology and the fact that pemetrexed is believed
to have multiple mechanisms of action that are not
completely understood makes it difficult to know how
effective it might be when combined with other
particular anticancer agents for the treatment of
specific cancers. [0015] One aspect of the instant
invention is the finding of an unexpected improvement
in the treatment of cancers by the combined
administration of methoxyamine with an antifolate
compound. Thus, one embodiment described herein is
directed to methods comprising providing i) a patient
diagnosed with cancer, ii) a first formulation
comprising an antifolate anticancer agent and iii) a
second formulation comprising methoxyamine;
administering the first formulation to the patient;
and administering the second formulation to said
patient wherein methoxyamine can be administered in an
amount sufficient to enhance or increase the effect
(i.e. potentiate activity) of the antifolate
anticancer agent. Any antifolate anticancer agent may
be used, with the proviso that in certain embodiments
the method, 5-FU is specifically excluded. In a
typical embodiment, the anticancer agent can be
selected from the group consisting of pemetrexed,
edatrexate, methotrexate, lometrexol, nolatrexed,
ralitrexed, PT523, trimetrexate, aminopterin,
5,10-Dideazatetrahydrofolic acid. (DDATHF),
piritrexim, raltitrexed, GWl 843 [(
S)-2-[5-[(l,2-dihydro-3-methyl-loxobenzo
[/]quinazolin-9-yl)methyl] amino- 1-oxo-2-isoindolynl]
-glutaric acid] , pharmaceuticals salts thereof and
any combinations. In a more typical embodiment, the
anticancer agent can be selected from the group
consisting of pemetrexed, edatrexate, methotrexate,
lometrexol, nolatrexed, ralitrexed, PT523,
trimetrexate, aminopterin, pharmaceuticals salts
thereof and any combinations. In a most typical
embodiment, anticancer agent can be pemetrexed and
pharmaceutically acceptable salts thereof. For
example, the pemetrexed can be the disodium salt. In
an exemplary embodiment the pemetrexed can be the
disodium salt heptahydrate. [0016] In a typical but
non-limiting embodiment the antifolate anticancer
agent is pemetrexed. The methoxyamine and antifolate
anticancer agent may be administered sequentially (in
either order) or administered together as a
formulation. The pemetrexed may, for example, be
administered intravenously in a dose of between 200
and 1,000 mg/m2 body surface area per day, or in a
dose of between 500 and 600 mg/m2 body surface area
per day. In another embodiment, the ratio of
methoxyamine to the antifolate anticancer agent can be
between 1:5 and 1:500. [0017] In another aspect,
methoxyamine can be administered orally in an amount
sufficient to sensitize the cancer without causing
undue sensitization of normal tissue. In non-limiting
preferred embodiments, methoxyamine is administered
orally such that it has a greatly enhanced
bioavailability relative to other anticancer agents
administered orally. In other non-limiting preferred
embodiments, methoxyamine is administered orally such
that it maintains a minimum effective concentration
when dosed once daily or twice daily. One way to
measure oral bioavailability is to compare the levels
achieved against those of intravenously administered
methoxyamine. Thus in another aspect of the instant
invention, methoxyamine is administered orally to
obtain a bioavailability of at least 50% relative to 



intravenous administration, at least 60% relative to
intravenous administration, at least 70% relative to
intravenous administration, at least 75% relative to
intravenous administration, atleast 80% relative to
intravenous administration, at least 85% relative to
intravenous administration, at least 90% relative to
intravenous administration, at least 95% relative to
intravenous administration, or roughly equivalent to
that of intravenous administration. It is significant
to recognize that, in addition to the unexpected high
degree of bioavailability achieved by oral
administration as compared to intravenous
administration of methoxyamine, a more desirable pK
profile is obtained as compared to intravenous
administration of methoxyamine. In another aspect of
the instant invention, orally administered
methoxyamine maintains minimum effective
concentrations following once or twice daily
administration due to a half life of > 4 hours in
plasma. This advantage permits a desirable oral dosing
regimen for methoxyamine, including once or twice
daily administration. While the intravenous
administration of pemetrexed combined with the oral
administration of methoxyamine are preferred
non-limiting embodiments, other routes of
administration are contemplated for each of the
anticancer agents. [0018] In another aspect of the
invention, methods are provided for the treatment of
certain cancers that are resistant to the treatment
with one anticancer agent. Accordingly, there are also
provided methods comprising: [0019] providing i) a
patient diagnosed with cancer, wherein said cancer can
be resistant to treatment by pemetrexed alone, ii) a
first formulation comprising an antifolate anticancer
agent; and iii) a second formulation comprising
methoxyamine; [0020] administering the first
formulation to the patient; and [0021] administering
the second formulation to the patient wherein
methoxyamine can be administered in an amount
sufficient to enhance or increase the effect (i.e.
potentiate toxicity) of the antifolate anticancer
agent. In one embodiment, the antifolate anticancer
agent can be pemetrexed. The methoxyamine and
antifolate anticancer agent may be administered
sequentially (in either order) or administered
together as a formulation. The pemetrexed may be
administered intravenously in a dose of between 200
and 1,000 mg/m2 body surface area per day, or in a
dose of between 500 and 600 mg/m2 body surface area
per day. The ratio of pemetrexed to methoxyamine may
be between 1:5 and 1:500. In another embodiment, the
amount of methoxyamine can be administered orally in
an amount sufficient to sensitize the cancer without
causing undue sensitization of normal tissue. In
another embodiment, the amount of methoxyamine can be
administered orally either once daily or twice daily
in an amount sufficient to sensitize the cancer
without causing undue sensitization of normal tissue.
While the oral administration of methoxyamine is an
unexpectedly preferred route of administration, other
types of administration are possible.[0022] Another
embodiment is directed to a method of treating cancer
by providing a first and second formulation wherein
said first formulation comprises an antifolate and the
second formulation comprises an orally administered
methoxyamine. The first formulation comprising an
antifolate may be administered by conventional routes
of administration, including intravenously. A
non-limiting preferred antifolate is pemetrexed.
Accordingly, in one embodiment the antifolate is
pemetrexed and the second formulation comprising
methoxyamine is administered orally in an amount that
is synergistically effective as compared to a
treatment with pemetrexed alone. [0023] In another
aspect, the method may be used to treat cancers that
are resistant to pemetrexed alone. According to these
embodiments, pemetrexed is administered in an amount
that reverses resistance (and is therefore
synergistic) to the antifolate alone. Thus in one
embodiment methoxyamine is administered orally in an
amount effective to enhance or increase the toxicity
of the pemetrexed and overcome the resistance of the
cancer to treatment with pemetrexed. For example, the
effectiveness of pemetrexed to treat cancer may be
reduced due to the development of resistance during
the treatment cycle. The administration of
methoxyamine can circumvent the developed resistance
providing a greater than additive effect to treatment
of the cancer with either methoxyamine or pemetrexed
alone. [0024] Also provided are methods comprising:
[0025] providing i) a patient diagnosed with cancer,
wherein the cancer can be selected from the group
consisting of carcinomas, melanomas, sarcomas,
lymphomas, leukemias, astrocytomas, gliomas, malignant
melanomas, chronic lymphocytic leukemia, lung cancers,
colorectal cancers, ovarian cancers, pancreatic
cancers, renal cancers, endometrial cancers, gastric
cancers, liver cancers, head and neck cancers, and
breast cancers, and wherein the cancer can be
resistant to treatment with pemetrexed alone, ii) a
first formulation comprising an antifolate anticancer
agent and iii) a second formulation comprising
methoxyamine; [0026] administering the first
formulation to said patient; and [0027] administering
the second formulation to said patient wherein
methoxyamine can be administered in an amount
sufficient to enhance or increase the effect of the
antifolate anticancer agent. The methoxyamine and
antifolate anticancer agent may be administered
sequentially or administered together as a
formulation. For example, the methoxyamine can be
administered first and then the antifolate anticancer
agent can be administered last or the antifolate
anticancer agent can be administered first and the
methoxyamine can be administered last.[0028] In a
typical embodiment, the antifolate anticancer agent
can be pemetrexed. The pemetrexed may be administered
intravenously in a dose of between 200 



and 1,000 mg/m2 body surface area per day, or in a
dose of between 500 and 600 mg/m2 body surface area
per day. The ratio of pemetrexed to methoxyamine may
be between 1:5 and 1:500. In another embodiment, the
amount of methoxyamine can be administered orally in
an amount sufficient to cause the cancer cells to be
susceptible to treatment with the anticancer agent
(i.e. sensitize) without causing undue damage to
normal cells. In another embodiment, the amount of
methoxyamine can be administered orally either once or
twice daily in an amount sufficient to sensitize the
cancer without causing undue sensitization of normal
tissue. [0029] Another embodiment can be a formulation
comprising methoxyamine and an antifolate anticancer
agent, wherein methoxyamine can be administered in an
amount sufficient to potentiate toxicity of the
antifolate anticancer agent. Preferably, the
antifolate anticancer agent is pemetrexed. [0030] In
another embodiment, the ratio of methoxyamine to the
antifolate anticancer agent can be between 1:5 and
1:500 in any of the methods described above. [0031] In
another embodiment, a second anticancer agent can be
administered prior to or after treatment with
methoxyamine and the antifolate anticancer agent in
any of the methods described above. [0032] In another
embodiment, a method is described for treating cancer
in a patient diagnosed with cancer comprising
administering an antimetabolite anticancer agent to
the patient, having the following improvement:
administering methoxyamine to the patient in an amount
sufficient to potentiate toxicity of said
antimetabolite anticancer agent. The antimetabolite
anticancer agent may be an antifolate anticancer
agent. The antifolate anticancer agent may be
pemetrexed, and the ratio of said methoxyamine to the
antifolate anticancer agent may be between 1:5 and
1:500. The cancer may be resistant to treatment with
pemetrexed alone. BRIEF DESCRIPTION OF THE DRAWINGS
[0033] FIGS. IA-B show the effect of pemetrexed and MX
on DNA strand breaks using the alkaline (FIG. IA) and
neutral (FIG. IB) comet assay. [0034] FIGS. IC-D show
a comparison of comet tail length between cells
treated with pemetrexed alone or MX alone, and
pemetrexed plus MX in cells subjected to the alkaline
(FIG. 1C) and neutral (FIG. ID) Comet assays.[0035]
FIG. 2 is a graph showing mean MX concentration in
plasma from male Sprague-Dawley rats at different time
points after a single bolus dosing of MX via
intravenous and oral administration at 20 mg/kg body
weight. [0036] FIG. 3 is a graph showing mean MX
concentration in plasma from female Sprague-Dawley
rats at different time points after a single bolus
dosing of MX via intravenous and oral administration
at 20 mg/kg body weight. [0037] FIG. 4A is a graph
showing the relative amount of AP sites detected in
H460 cells 24 hours after treatment with pemetrexed
and MX. [0038] FIG. 4B is a graph showing the relative
amount of AP sites detected in H460 cells at 24 hrs,
48 hrs and 72 hrs. [0039] FIG. 5A shows a schematic
diagram of the preparation of DNA substrates with
regular AP sites or MX-AP sites. [0040] FIG. 5B shows
that MX-bound AP sites are resistant to cleavage by
APendonuclease (APE). [0041] FIG. 6 shows the effect
of Pemetrexed and MX in combination on DNA double
strand breaks and apoptosis. [0042] FIG. 7 shows the
effect of Pemetrexed and MX in combination on BER
protein levels in H460 Cells. [0043] FIG. 8 shows the
effect of Pemetrexed and MX on the median volume of
NCI-H460 tumors, A549 tumors, HCTl 16 tumors, and
MDA-MB-468 tumors grown in nude mice. DETAILED
DESCRIPTION [0044] Certain embodiments of the
invention generally relate to novel compositions
comprising methoxyamine and an antifolate anticancer
agent, and treatment of certain cancers using these
compositions. Definitions [0045] Unless indicated
otherwise, the following terms have the following
meanings when used herein and in the appended claims.
Those terms that are not defined below or elsewhere in
the specification shall have their art-recognized
meaning. [0046] The term "agent" and "drug" are used
herein, for purposes of the specification and claims,
to mean chemical compounds, mixtures of chemical
compounds, biological macromolecules, or extracts made
from biological materials such as bacteria, plants,
fungi, or animal particularly mammalian) cells or
tissues that are suspected of havingtherapeutic
properties. The agent or drug may be purified,
substantially purified or partially purified. [0047]
The term "antimetabolite" is used herein, for purposes
of the specification and claims, to mean a
chemotherapeutic with a similar structure to a
substance (a metabolite e.g. nucleoside) required for
normal biochemical reactions, yet different enough to
interfere with the normal functions of cells,
including cell division. [0048] The term "antifolate"
is used herein, for purposes of the specification and 



claims, to mean a chemotherapeutic with a similar
structure to folic acid, yet different enough to block
the activity of folic acid and disrupt
folate-dependent mechanisms necessary for cell
replication. As use herein, antifolates are one class
of antimetabolites. [0049] The term "antineoplastic"
is used herein, for purposes of the specification and
claims, to mean a chemotherapeutic intended to inhibit
or prevent the maturation and proliferation of
neoplasms (tumors) that may become malignant, by
targeting the DNA. [0050] The term "staining" is used
herein, for purposes of the specification and claims,
to mean any number of processes known to those in the
field that are used to better visualize, distinguish
or identify a specific component(s) and/or feature(s)
of a cell or cells. [0051] The term "in operable
combination", "in operable order" and "operably
linked" is used herein, for purposes of the
specification and claims, to mean the linkage of
nucleic acid sequences in such a manner that a nucleic
acid molecule capable of directing the transcription
of a given gene and/or the synthesis of a desired
protein molecule is produced. The term also refers to
the linkage of amino acid sequences in such a manner
so that a functional protein is produced. [0052] The
term "antigen" is used herein, for purposes of the
specification and claims, to mean a protein,
glycoprotein, lipoprotein, lipid or other substance
that is reactive with an antibody specific for a
portion of the molecule. [0053] The term "morphology"
is used herein, for purposes of the specification and
claims, to mean the visual appearance of a cell or
organism when viewed with the eye, a light microscope,
a confocal microscope or an electron microscope, as
appropriate. [0054] The term "subject," "individual,"
and "patient" are used herein, for purposes of the
specification and claims, to mean a human or other
animal, such as farm animals or laboratory animals
(e.g., guinea pig or mice) capable of having cell
cycle (influenced) determined diseases, either
naturally occurring or induced, including but not
limited to cancer.[0055] The term "reverses
resistance" means that the use of a second agent in
combination with a primary chemotherapeutic is able to
produce a significant decrease in tumor volume at a
level of statistical significance (e.g., p < 0.05)
when compared to tumor volume of untreated tumor in
the circumstance where the primary chemotherapeutic
alone is unable to produce a statistically significant
decrease in tumor volume compared to tumor volume of
untreated tumor. This generally applies to tumor
volume measurements made at a time when the untreated
tumor is growing log rhythmically. [0056] The term
"potentiate" as used herein means to enhance or
increase the beneficial activity or efficacy of the
anticancer agent over that which would be expected
from the anticancer agent alone or the potentiating
agent alone. [0057] The term "sensitize" as used
herein means to alter cancer cells or tumor cells in a
way that allows for more effective treatment of the
associated neoplastic disease with an anticancer agent
or radiation therapy. In some embodiments, normal
cells are not affected to an extent that causes the
normal cells to be unduly injured by the chemotherapy
or radiation therapy. [0058] The term "synergistic
effect" as used herein means the combined effect of
two or more anticancer agents or chemotherapy drugs
can be greater than the sum of the separate effects of
the anticancer agents or chemotherapy drugs alone. For
example, the combined effect of a BER inhibitor, such
as methoxyamine, and an anticancer agent, such as
pemetrexed, can be greater than the sum of the
separate effects of methoxyamine and pemetrexed alone.
[0059] The term "therapeutically effective amount"
means the amount of the subject compound that will
elicit a desired response, for example, a biological
or medical response of a tissue, system, animal, or
human that is sought, for example, by a researcher,
veterinarian, medical doctor, or other clinician.
[0060] The term "wild type" (wt) cell or cell line is
used herein, for purposes of the specification and
claims, to mean a cell or cell line that retains the
characteristics normally associated with that type of
cell or cell line for the physiological process or
morphological characteristic that is being examined.
It is permissible for the cell or cell line to have
non-wild type characteristics for physiological
process or morphological characteristics that are not
being examined as long as they do not appreciably
affect the process or characteristic being examined.
[0061] The term "pharmaceutically acceptable salt"
refers to a salt of a compound that does not cause
significant irritation to an organism to which it is
administered and doesnot abrogate the biological
activity and properties of the compound. In some
embodiments, the salt is an acid addition salt of the
compound. Pharmaceutical salts can be obtained by
reacting a compound with inorganic acids such as
hydrohalic acid (e.g., hydrochloric acid or
hydrobromic acid), sulfuric acid, nitric acid,
phosphoric acid and the like. Pharmaceutical salts can
also be obtained by reacting a compound with an
organic acid such as aliphatic or aromatic carboxylic
or sulfonic acids, for example acetic, succinic,
lactic, malic, tartaric, citric, ascorbic, nicotinic,
methanesulfonic, ethanesulfonic, p-toluensulfonic,
salicylic or naphthalenesulfonic acid. Pharmaceutical
salts can also be obtained by reacting a compound with
a base to form a salt such as an ammonium salt, an
alkali metal salt, such as a sodium or a potassium
salt, an alkaline earth metal salt, such as a calcium
or a magnesium salt, a salt of organic bases such as
dicyclohexylamine, N-methyl-D-glucamine, 



tris(hydroxymethyl)methylamine, C1-C alkylamine,
cyclohexylamine, triethanolamine, ethylenediamine, and
salts with amino acids such as arginine, lysine, and
the like. [0062] Injury to DNA is minimized by enzymes
that recognize errors, remove them, and replace the
damaged DNA with corrected nucleotides. DNA damage
occurs when a single-strand break is introduced, a
base is removed leaving its former partner unpaired, a
base is covalently modified, a base is converted into
another that is not appropriately paired with the
partner base, or a covalent link is introduced between
bases on opposite strands. Excision repair systems
remove the mispaired or damaged base from the DNA
strand and then synthesize new DNA to replace it. Base
excision repair (BER) is initiated during replication
of DNA and allows for correction of damaged
bases/mispaired bases prior to completion of
replication. [0063] Base excision repair (BER) is
initiated by a DNA glycosylase that removes
N-glycosidic (base-sugar) bonds, liberating the
damaged base and generating an abasic site (e.g. an
apurinic or apyrimidinic (AP) site). An apurinic or
apyrimidinic (AP) site results from the loss of a
purine or pyrimidine residue, respectively, from DNA
(deoxyribonucleic acid). Uracil residues can form from
the spontaneous deamination of cytosine and can lead
to a C T transition if unrepaired. There is also a
glycosylase that recognizes and excises hypoxanthine,
the deamination product of adenine. Other glycosylases
remove alkylated bases (such as 3-methyladenine,
3-methylguanine, and 7-methylguanine), ring-opened
purines, oxidatively damaged bases, and in some
organisms, UV photodimers. Uracil DNA glycosylase
(UDG) is an example of a DNA glycosylase. The BER
protein levels of UDG are affected by treatment of a
combination of pemetrexed and MX (Fig. 7).[0064] The
AP site is further processed by a 5'-3' endonuclease
(AP endonuclease (APE)) that incises the
phosphodiester bond on both sides of the damaged
purine or pyrimidine base. The AP endonucleases
introduce chain breaks by cleaving the phosphodiester
bonds at the AP sites. [0065] PARP aids in processing
of DNA strand breaks induced during BER. PARP is a DNA
nick surveillance protein that binds weakly to BER
intermediates when single-nucleotide BER proceeds
normally to completion. In contrast, when single
nucleotide BER is stalled by a block in the excision
step, PARP binds strongly to the BER intermediate,
along with AP endonuclease (APE), DNA pol b, and
FEN-I. [0066] In mammalian cells, the 5'-deoxyribose
sugar phosphate is removed by the intrinsic AP lyase
(dRP) activity of DNA polymerase b (pol b) . DNA
polymerase enzyme also fills the gaps with new
nucleotides. [0067] Finally, DNA ligase covalently
links the 3 ' end of the new material to the old
material. Thus, the wild-type sequence is restored.
[0068] Topoisomerases I and II are also involved in
DNA repair, as they recognize spontaneous AP sites and
form stable cleavable complexes. Topoisomerase II
inhibitors promote DNA cleavage and other chromosomal
aberrations, including sister chromatid exchanges.
[0069] Some embodiments as described herein can be
directed to methods comprising: [0070] providing i) a
patient diagnosed with cancer, ii) a first formulation
comprising an antifolate anticancer agent and iii) a
second formulation comprising methoxyamine; [0071]
administering the first formulation to the patient;
and administering the second formulation to said
patient wherein methoxyamine can be administered in an
amount sufficient to enhance or increase the effect of
the antifolate anticancer agent. Any antifolate
anticancer agent may be used, with the proviso that in
certain embodiments the method, 5-FU is specifically
excluded. [0072] In a typical embodiment, the
anticancer agent can be selected from the group
consisting of pemetrexed, capecitabine, edatrexate,
methotrexate, lometrexol, nolatrexed, ralitrexed,
PT523, trimetrexate, aminopterin,
5,10-Dideazatetrahydrofolic acid. (DDATHF),
piritrexim, raltitrexed, GWl 843
[(_S)-2-[5-[(l,2-dihydro-3-methyl-loxobenzo
[/]quinazolin-9-yl)methyl] amino- 1-oxo-2-isoindolynl]
-glutaric acid] ,pharmaceuticals salts thereof and any
combinations. In a more typical embodiment, the
anticancer agent can be selected from the group
consisting of pemetrexed, capecitabine, edatrexate,
methotrexate, lometrexol, nolatrexed, ralitrexed,
PT523, trimetrexate, aminopterin, pharmaceuticals
salts thereof and any combinations. In a most typical
embodiment, anticancer agent can be pemetrexed and
pharmaceutically acceptable salts thereof. For
example, the pemetrexed can be the disodium salt. In
an exemplary embodiment the pemetrexed can be the
disodium salt heptahydrate. [0073] In certain
embodiments, the present invention contemplates the
use of an anticancer agent that induces the formation
of AP sites, and a BER inhibitor [0074] In a typical
embodiment, the anticancer agent can be selected from
the group consisting of pemetrexed, capecitabine,
edatrexate, methotrexate, lometrexol, nolatrexed,
ralitrexed, PT523, trimetrexate, aminopterin,
5,10-Dideazatetrahydrofolic acid. (DDATHF),
piritrexim, raltitrexed, GWl 843 [(
S)-2-[5-[(l,2-dihydro-3-methyl-loxobenzo
[/]quinazolin-9-yl)methyl] amino- 1-oxo-2-isoindolynl]
-glutaric acid] , pharmaceutical salts thereof and any
combinations. In a more typical embodiment, the
anticancer agent can be selected from the group
consisting of pemetrexed, capecitabine, 



edatrexate, methotrexate, lometrexol, nolatrexed,
ralitrexed, PT523, trimetrexate, aminopterin,
pharmaceuticals salts thereof and any combinations. In
a most typical embodiment, anticancer agent can be
pemetrexed and pharmaceutically acceptable salts
thereof. For example, the pemetrexed can be the
disodium salt. In an exemplary embodiment the
pemetrexed can be the disodium salt heptahydrate.
[0075] In a typical embodiment, the BER inhibitor can
be selected from the group consisting of methoxy
amine, etoposide (VP- 16, VP-16-123),
meso-4,4'-(2,3-butanediyl)-bis- (2,6-piperazinedione)
(ICRF-193, a bisdioxopiperazine), doxorubicin (DOX),
amsacrine
(4',9-acridinylaminomethanesulfon-m-anisidide; mAMSA),
pazelliptine, nalidixic acid, oxolinic acid,
novobiocin, coumermycin Al, fostriecin, teniposide,
mitoxantrone, daunorubicin,
N-[2-dimethylamino)ethyl]acridine-4-carboxamide
(DACA), merbarone, quinacrine, ellipticines,
epipodophyllotoxins, ethidium bromide, epirubicin,
pirarubicin, 3'- deamino-3 '-morpholino- 13-deoxo-
10-hydroxy carminomycin; 2",3 "-bis
pentafluorophenoxyacetyl-4',6'-ethylidene-beta-D
glucoside of 4'-phosphate-4'-
dimethylepipodophyollotoxin 2N-methyl glucamine salt
(Fl 1782; a fluorinated lipophilic epipodophylloid),
adriamycin, actinomycin D, anthracyclines (such as 9-
aminoanthracycline), pyrazoloacridine (PZA),
camptothecin, topotecan pharmaceutical salts and
solvants thereof and any combinations. In a more
typical embodiment, the BER inhibitorcan be selected
from the group consisting of methoxyamine (MX),
N-ethylmaleimide, O6- benzylguanine, pharmaceutically
acceptable salts thereof and any combinations. In a
most typical embodiment, the BER inhibitor can be
methoxyamine (MX) or salts thereof. [0076] In one
embodiment, the BER inhibitor can be compounds having
structures of formula I : Formula I [0077] wherein X
is O or NH, [0078] Y is O, S, or NH, [0079] Z is
absent or represents O, S, or NH, [0080] R represents
a hydrogen or a hydrocarbon moiety, and [0081]
pharmaceutically acceptable salts thereof. [0082] In
some embodiments, a BER inhibitor can be used to treat
a patient or subject having a neoplastic disease. For
example, the neoplastic disease can be a cancer
selected from the group consisting of carcinomas,
melanomas, sarcomas, lymphomas, leukemias,
astrocytomas, gliomas, malignant melanomas, chronic
lymphocytic leukemia, lung cancers, prostate cancer,
colorectal cancers, ovarian cancers, pancreatic
cancers, renal cancers, endometrial cancers, gastric
cancers, liver cancers, head and neck cancers. [0083]
In some embodiments, a BER inhibitor can be used to
treat a patient or individual having a neoplastic
disease that is being treated with an anticancer
agent. [0084] In a typical embodiment, the BER
inhibitor can be selected from the group consisting
methoxy amine, etoposide (VP- 16, VP-16-123),
meso-4,4'-(2,3-butanediyl)-bis- (2,6-piperazinedione)
(ICRF-193, a bisdioxopiperazine), doxorubicin (DOX),
amsacrine
(4',9-acridinylaminomethanesulfon-m-anisidide; mAMSA),
pazelliptine, nalidixic acid, oxolinic acid,
novobiocin, coumermycin Al, fostriecin, teniposide,
mitoxantrone, daunorubicin,
N-[2-dimethylamino)ethyl]acridine-4-carboxamide
(DACA), merbarone, quinacrine, ellipticines,
epipodophyllotoxins, ethidium bromide, epirubicin,
pirarubicin, 3'- deamino-3 '-morpholino- 13-deoxo-
10-hydroxy carminomycin; 2",3 "-bis
pentafluorophenoxyacetyl-4',6'-ethylidene-beta-D
glucoside of 4'-phosphate-4'-
dimethylepipodophyollotoxin 2N-methyl glucamine salt
(Fl 1782; a fluorinated lipophilic epipodophylloid),
adriamycin, actinomycin D, anthracyclines (such as 9-
aminoanthracycline), pyrazoloacridine (PZA),
camptothecin, topotecan pharmaceutical salts thereof
and any combinations. In a more typical embodiment,
the BER inhibitor can beselected from the group
consisting of methoxyamine (MX), N-ethylmaleimide, O6-
benzylguanine, pharmaceutically acceptable salts
thereof and any combinations. In a most typical
embodiment, the BER inhibitor can be methoxyamine (MX)
or salts thereof. [0085] In a typical embodiment, the
anticancer agent can be selected from the group
consisting of pemetrexed, capecitabine, edatrexate,
methotrexate, lometrexol, nolatrexed, ralitrexed,
PT523, trimetrexate, aminopterin,
5,10-Dideazatetrahydrofolic acid. (DDATHF),
piritrexim, raltitrexed, GWl 843
[(_S)-2-[5-[(l,2-dihydro-3-methyl-loxobenzo
[/]quinazolin-9-yl)methyl] amino- 1-oxo-2-isoindolynl]
-glutaric acid] , pharmaceuticals salts thereof and
any combinations. In a more typical embodiment, the
anticancer agent can be selected from the group
consisting of pemetrexed, capecitabine, edatrexate,
methotrexate, lometrexol, nolatrexed, ralitrexed,
PT523, trimetrexate, aminopterin, pharmaceuticals
salts thereof and any combinations. In a most typical
embodiment, anticancer agent can be pemetrexed and
pharmaceutically acceptable salts and solvates
thereof. For example, the pemetrexed can be the
disodium salt. In an exemplary embodiment the
pemetrexed can be the disodium salt heptahydrate.
[0086] In some embodiments, the BER inhibitor and the
anticancer agent can be administered to an individual
in combination. For example, the BER inhibitor and the
anticancer agent can be administered to an individual
together in an parenteral formulation. Alternatively,
the BER inhibitor and the anticancer agent can be
administered to an individual together in a oral
formulation, such as a solid dosage formulation.
[0087] In some embodiments, the BER inhibitor and the
anticancer agent can be 



administered to an individual sequentially, where the
individual is first given the anticancer agent and
then given the BER inhibitor. For example, the
individual can be given the anticancer agent in a
parenteral formulation, such as an intravenous
formulation, or an oral formulation, such as a solid
dosage formulation and then given the BER inhibitor in
a parenteral formulation, such as an intravenous
formulation, or an oral formulation, such as a solid
dosage formulation. [0088] Alternatively, in some
embodiments, the BER inhibitor and the anticancer
agent can be administered to an individual
sequentially, where the individual is first given the
BER inhibitor and then given the anticancer agent. For
example, the individual can be given the BER inhibitor
in a parenteral formulation, such as an intravenous
formulation, or an oral formulation, such as a solid
dosage formulation and then given the anticancer agent
in a parenteral formulation, such as an intravenous
formulation, or an oral formulation, such as a solid
dosage formulation.[0089] In some embodiments, the
anticancer agent and the BER inhibitor can create an
anticancer effect greater than that of the separate
anticancer effects of the individual agents. For
example, the combined anticancer effect of the
anticancer agent and the BER inhibitor can be greater
than the added anticancer effect of the anticancer
agent and the BER inhibitor when used individually.
[0090] Thus, compounds useful as BER inhibitors such
as methoxyamine (MX), N-ethylmaleimide,
O6-benzylguanine, and compounds having structures of
formula I : Formula I [0091] wherein X is O or NH,
[0092] Y is O, S, or NH, [0093] Z is absent or
represents O, S, or NH, and [0094] R represents a
hydrogen or a hydrocarbon moiety, [0095] and
pharmaceutically acceptable salts thereof. [0096] In
single-nucleotide BER, the deoxyribose phosphate (dRP)
in the abasic site is removed by the lyase activity of
DNA pol b. Compounds such as methoxyamine react with
the aldehyde of an abasic site, making it refractory
to the b-elimination step of the dRP lyase mechanism,
thus blocking single-nucleotide BER. [0097] In some
embodiments, suitable compounds can prevent the
substrate of AP endonuclease from being susceptible to
cleavage. Anticancer agents may act by binding to AP
sites and preventing APE-mediated cleavage of
phosphodiester bonds. Other compounds that may bind to
AP sites and prevent APE-mediated cleavage of
phosphodiester bonds include O-benzylhydroxylamine;
ethyl aminooxyacetate; aminooxyacetic acid; ethyl
aminooxyacetate; H2N-OCHMeCO 2H; carboxymethoxyamine;
aminooxyacetic acid; HN=C(NH 2)SCH 2CH2ONH 2; H2N-O(CH
2)3SC(NH2)=NH; MeOC(O)CH(NH 2)CH2O-NH 2;
H2NOCH2CH(NH2)CO2H; canaline; H2N-O(CH 2)4O-NH 2;
O-(p-nitrobenzyl)hydroxylamine;
2-amino-4-(aminooxymethyl)thiazole;
4-(aminooxymethyl)thiazole;
O,O'-(ophenylenedimethylene) dihydroxylamine;
2,4-dinitrophenoxyamine; O,O'-(mphenylenedimethylene)
dihydroxylamine;
O,O'-(p-phenylenedimethylene)dihydroxylamine;
H2C=CHCH2O-NH 2; H2N-O(CH 2)4O-NH 2; H3C(CH2)I5O-NH 2,
2,2'-(l,2-ethanediyl)bis(3- aminooxy)butenedioic acid
dimethyl diethyl ester; compounds having any of the
following structures:[0001] MEASUREMENT GAP PATTERN
SCHEDULING TO SUPPORT MOBILITY [0002] FIELD OF THE
INVENTION [0003] The present invention is related to
wireless communications. [0004] BACKGROUND [0005] The
objective of Evolved UTRA (universal terrestrial radio
access) and UTRAN (UMTS (Universal Mobile
Telecommunications System) terrestrial radio access
network) is to develop a radio access network towards
a high data rate, low-latency, packet-optimized system
with improved system capacity and coverage. In order
to achieve this, an evolution of the radio interface
as well as the radio network architecture should be
considered. For example, instead of using code
division multiple access (CDMA; which is currently
used in Third Generation Partnership Project (3GPP)),
orthogonal frequency division multiple access (OFDMA)
and frequency division multiple access (FDMA) are
proposed air interface technologies to be used for
downlink and uplink transmissions, respectively.
[0006] In order to support mobility in E-UTRAN, the
user equipment (UE) should be able to perform
handover-related measurements on the neighbor cells.
The neighbor cell measurements are performed in a wide
range of realistic and typical deployment scenarios,
which include cells on the serving frequency layer,
cells belonging to another frequency, or cells
employing other access technologies such as UTRAN and
GERAN (GSM Edge radio access network) systems. [0007]
Different types of handovers that are supported by
E-UTRA are shown in Figure 1. This classification is
helpful to understand which type of handover
measurements need to be carried out during the idle
gaps. An "idle gap" is a period of time in which a UE
knows that it will not receive any 



downlink data, and is also referred to herein as a
"measurement gap". [0008] Intra-LTE (long term
evolution) handovers are performed within the serving
or non-serving E-UTRA frequency band. Inter-LTE
handoverrefers to inter-RAT (radio access technology)
handover, which corresponds to handover to UTRA or
GERAN systems. [0009] The intra-frequency handovers
within E-UTRA can be further classified into two
categories, which are handover within the same
frequency band, but can be either within or outside
the receiving bandwidth. Gap measurement is needed for
all scenarios except one case: handover within the
same frequency band and within the same reception
bandwidth. This is different from the situation in a
pre-LTE system. [0010] In a wideband CDMA (WCDMA)
system, frequency division duplex (FDD) is essentially
continuous operation in the dedicated mode, and
therefore gaps need to be created artificially. On
command from the UTRAN, a UE monitors cells on other
FDD frequencies and on other modes and RATs that are
supported by the UE (i.e., TDD, GSM). The compressed
mode is used in the CELL DCH state only due to the
continuous transmission nature of FDD. To allow the UE
to perform measurements, the UTRAN commands the UE to
enter compressed mode, depending on the UE
capabilities. [0011] In UE idle mode, URA_PCH, and
CELL.PCH states, the compressed mode is not needed for
inter-frequency and inter-RAT measurements because
there is no continuous reception of any channel. The
paging channel (PICH/PCH) is based on discontinuous
reception (DRX) and the broadcast channel (BCH) of the
serving cell is only required when system information
changes. In the CELL FACH state, there are forward
access channel (FACH) measurement occasions that are
used to generate the equivalent connection management
(CM) gap (except that these FACH occasions are
increments of frames rather than timeslots) and can
reasonably be used for inter-frequency and inter-RAT
measurements. [0012] Because the LTE system uses
OFDMA, the compressed mode used in the WCDMA system is
no longer applicable in the OFDMA-based LTE system,
and therefore scheduled gap measurement is proposed.
Certain measurements in an LTE system will need to be
"gap-assisted", which means that the E-UTRAN needs to
provide a period in which the UE can know thatno
downlink data will be scheduled for it. This gap
allows the UE to take measurements of cells serving on
a different frequency. In the case of intrafrequency
measurements, there should be no conflict between
taking measurements and data reception. The UE is
already listening to the carrier and should be able to
take measurements without any special requirements.
For inter-frequency and inter-RAT measurements,
however, the UE needs to tune away from the current
downlink channel without missing the scheduled data
(which is achieved by compressed mode in UMTS). [0013]
The static scheduling of the compressed mode is not
flexible and is poorly suited to an all packet
switched (PS) environment with scheduled data and
short transmission time intervals (TTIs). Thus, it is
necessary to replace the compressed mode in E-UTRAN
with a different way of scheduling measurements.
[0014] To avoid data loss, the E-UTRAN and the UE need
to agree on the timing of the gap during which no
downlink data will be scheduled for the UE. This
synchronization procedure needs to have the lowest
latency possible to minimize data queuing in the
network. There are two proposed solutions to this
problem: network directed scheduling gaps and UE
requested scheduling gaps. [0015] In network directed
scheduling, the network side determines when the UE
should perform inter-RAT and inter-frequency
measurements. In UE requested scheduling, the UE
requests a measurement gap from the EUTRAN and the
E-UTRAN either grants or denies the request. If the UE
is operating with bursty traffic, it may never request
a gap because there may be enough time to perform the
required measurements when the UE is not in active
communication (e.g., in the "E-MAC periodic" or in the
"E-MAC inactive" states). [0016] The following
problems have been identified from existing proposed
solutions related to inter-frequency and inter-RAT
handovers for an LTE system.[0017] (1) When different
measurement purposes (e.g., FDD, TDD, etc.) are
required in LTE, scheduling only one transmission gap
pattern sequence for one measurement purpose (e.g.,
FDD) is not sufficient. For example, the UE has to
perform inter-frequency measurement to support
intra-LTE handover and inter-RAT measurement to
support inter-RAT handover to GERAN. In UMTS,
different gap pattern sequences are scheduled to
support different measurement purposes, but that
scheme (which is purely network scheduled and
controlled) may not be suitable for an LTE system. 



[0018] (2) If the measurement gap is solely scheduled
by the network, then the network scheduled gap cannot
accurately reflect the UE's current situation such as
UE mobility, trajectory (moving trend), distribution
inside the cell, distance to the cell center, and the
UE's speed/efficiency/ability in terms of measuring
inter-frequency and/or inter-RAT cells. Thus, the
network scheduled measurement gap may either
over-allocate the downlink bandwidth, leading to a
waste of radio resources, or under-allocate bandwidth,
thereby preventing the UE from being able to perform
the required measurements . [0019] (3) If UE
autonomous measurement is used to support
interfrequency or inter-RAT in LTE, the UE can make
the required measurements based on its own sensing and
detection of downlink traffic and channel conditions,
with only the measured results reported to the
E-UTRAN. But the E-UTRAN may not need the UE to
perform those measurements, and the UE does not know
the overall network conditions. This lack of knowledge
by the UE can cause unnecessary data processing, a
waste of UE power, and the UE may not measure the
right cells at the right moment, which can result in
measured results that are not needed nor useful.
[0020] (4) If UE autonomous measurement is used for UE
assisted gap scheduling, the UE requests a measurement
gap and the E-UTRAN grants the UE request. According
to one proposed solution, the resources for the gap
measurement are scheduled on a per UE request and a
per grant basis, i.e., the UE has to request each
measurement gap and the E-UTRANhas to grant each UE
request. This frequent request/grant operation wastes
radio resources and is inefficient. [0021] (5) If the
E-UTRAN grants a strict idle gap pattern, the pr e
determined gap duration will probably interact with
hybrid automatic repeat request (HARQ) transmissions
and retransmissions when the idle gap comes. Such an
interaction will pause the on-going HARQ delivery,
which increases buffer occupancy, increases the
combining and re-ordering burden at the receiver,
and/or delays the transmission when a delay sensitive
service such as voice over IP (VoIP) is supported.
[0022] (6) If the UE has finished taking the
measurements before the end of one scheduled
measurement gap, it has to send some information to
the E-UTRAN to request an early return to the serving
cell for normal transmission. One proposed solution
uses a channel quality indicator (CQI) report to
achieve this objective, but that proposal is not aware
that the resources used for this kind of reporting are
not available. Thus, using the CQI reporting in such a
manner is not achievable. [0023] SUMMARY [0024] In one
embodiment, one or more transmission gap pattern
sequences can be scheduled by the E-UTRAN to complete
different measurement purposes for LTE. One
transmission gap pattern sequence can be scheduled to
finish all required measurement purposes, or one gap
pattern sequence can be scheduled to finish several
measurement purposes based on the UE report. [0025] In
a second embodiment, the E-UTRAN allocates the
resources for UE gap measurement by considering
reports on UE mobility, UE trajectory (moving trend),
channel conditions, distance to the cell (eNB), cell
deployment, etc. [0026] In a third embodiment, the gap
is scheduled with a certain duration (on more than one
gap basis). The scheduled gap pattern can be adjusted
before the end of the scheduled gap duration whenever
the E-UTRANdetects that the latest UE situation change
triggers the need to change the gap pattern. [0027] In
a fourth embodiment, the length of each gap is
adaptive to accommodate the transmission and
retransmissions of one HARQ process. This adaptation
is signaled to the UE to avoid loss of data reception.
[0028] In a fifth embodiment, dedicated uplink
resources, synchronous random access channel (RACH),
or asynchronous RACH can be used to indicate an early
return to normal communication in the serving cell
before the end of one gap within the gap pattern
sequence. The dedicated uplink resource is preferably
allocated in an efficient way for this purpose. [0029]
A method for taking measurements by a user equipment
(UE) during a measurement gap begins with taking
UE-specific measurements. The UE requests a
measurement gap from a wireless network, the request
including the UE-specific measurements. The UE
receives measurement gap information from the network,
including when the measurement gap is scheduled. The
UE takes the measurements during the scheduled
measurement gap. [0030] A method for scheduling a
measurement gap begins by receiving 



a request for a measurement gap from a UE, the request
including UE-specific measurements. The measurement
gap is scheduled based on the received measurements
and measurement gap information is signaled to the UE,
whereby the UE can take measurements during the
scheduled measurement gap. A base station or other
network entity, such as an eNode B may be configured
to perform this method. [0031] BRIEF DESCRIPTION OF
THE DRAWINGS [0032] A more detailed understanding may
be had from the following description, given by way of
example and to be understood in conjunction with the
accompanying drawings, wherein: [0033] Figure 1 is a
diagram of handover scenarios supported by EUTRA;
[0034] Figure 2 shows a measurement gap pattern and
associated parameters; [0035] Figure 3 is a flow
diagram of a measurement gap signaling method; [0036]
Figure 4 is a flowchart of a method to configure a
length of time between two measurement gaps based on
UE velocity; [0037] Figure 5 is a flowchart of a
method to configure a length of time between two
measurement gaps based on UE pathloss; [0038] Figure 6
is a block diagram of a first UE embodiment and a base
station configured to implement the method shown in
Figure 3; and [0039] Figure 7 is a block diagram of a
second UE embodiment and a base station configured to
implement the method shown in Figure 3. [0040]
DETAILED DESCRIPTION [0041] When referred to
hereafter, the term "wireless transmit/receive unit
(WTRU)" includes, but is not limited to, a user
equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PDA), a computer, or any
other type of user device capable of operating in a
wireless environment. When referred to hereafter, the
term "base station" includes, but is not limited to, a
Node B, a site controller, an access point (AP), or
any other type of interfacing device capable of
operating in a wireless environment. [0042] Although
in the following description an E-UTRAN is used as the
source for making the gap scheduling decision, the gap
scheduling decision may be made by any part of a
network, depending on the particular architecture. For
discussion purposes, the E-UTRAN functionality
described herein occurs at a base station. In an LTE
system, the same functionality as described herein as
being in a base station could be in an enhanced Node B
(eNB). Besides the strict network scheduled or UE only
autonomous gap measurement, the UE request and E-UTRAN
grant measurement gapscheduling to support
inter-frequency and inter-RAT handover measurement can
be used in an LTE system. [0043] Measurement Gap
Pattern Scheduling for Different Measurement Purposes
[0044] To accommodate different measurement purposes
such as interfrequency handover within an LTE system,
inter-RAT handover which needs FDD, TDD, GSM carrier
RSSI measurement, GSM initial base station identity
code (BSIC) identification, BSIC re-confirmation,
etc., special considerations should be given to the
scheduled gap pattern sequence by the E-UTRAN. Figure
2 shows the relationship between the measurement gap
pattern sequence, the measurement gap, and associated
scheduling parameters such as gap pattern (GP; a
numerical identifier for the gap pattern), starting
measurement gap sequence number (SMGSN; an identifier
of a subframe where the first gap in the gap pattern
is located and is used by the UE to locate where the
gap pattern will start), measurement gap length (MGL;
the length of the measurement gap in subframes, TTIs,
or an absolute time value in milliseconds),
measurement gap duration (MGD; the length of time from
the start of a measurement gap to the start of the
next measurement gap), and measurement gap pattern
length (MGPL; the length of the entire gap pattern).
These parameters are included in information elements
(IEs) when the scheduled gap pattern is signaled to
the UE, either through radio resource control (RRC)
signaling or medium access control (MAC) signaling.
[0045] For example, a first gap pattern (G pattern 1)
202 includes a SMGSN 204, a first measurement gap
(measurement gap 1) 206 having a first MGL (MGLl) 208
and an MGD 210. A second measurement gap (measurement
gap 2) 212 has a second MGL (MGL2) 214. The entire
first gap pattern has a first MGPL (MGPLl) 216.
Similarly, a second gap pattern (G pattern 1) 222
includes a SMGSN 224, a first measurement gap
(measurement gap 1) 226 having a first MGL (MGLl) 228
and an MGD 230. Asecond measurement gap (measurement
gap 2) 232 has a second MGL (MGL2) 234. The entire
first gap pattern has a first MGPL (MGPLl) 236. 



[0046] There are several different approaches for the
measurement gap pattern to support different
measurement purposes. [0047] In a first approach, the
UE supports a single measurement purpose by using only
one transmission gap pattern sequence. The measurement
purpose of the transmission gap pattern sequence is
signaled by higher layers (RRC) or MAC. The number of
gap pattern sequences is equal to the number of
measurement purposes, which depend on how many
purposes the E-UTRAN requests the UE to support based
on UE's situation and capability. If N measurement
purposes are supported by the UE, then N different
measurement gap pattern sequences should be scheduled.
[0048] The order of different measurement gap patterns
for different measurement purposes should be defined
and signaled to the UE. In RRC signaling, there can be
a message indicating the order of different
measurement gap patterns. For example, there can be a
predefined alphabetic representation (or other
short-hand format) for different measurement gap
patterns. An ordered alphabetic representation of the
gap patterns can be signaled to the UE, which
indicates the order of the different measurement gap
patterns. Besides the measurement purposes similar to
those in UMTS, new measurement purposes are proposed
to support scheduling the measurement gap pattern for
inter-frequency cells within intra-LTE system. For
example, in an LTE system, the UE measures LTE
inter-frequency cells which are not present in UMTS.
[0049] In a second approach, one measurement gap
pattern sequence is scheduled to support all different
measurement purposes. If the UE is capable of handling
all the necessary inter-frequency plus inter-RAT
measurements, then only one gap pattern sequence needs
to be scheduled. [0050] In a first option for the
second approach, each gap within the measurement gap
pattern is scheduled to be long enough to perform all
different measurement purposes. For this option, the
measurement sequencefor different purposes such as
intra-LTE, FDD, etc. can be defined and signaled by
E-UTRAN, or the UE decides the measurement sequence
based on the UE's situation and capability. Using
Figure 2 as an example, because gap pattern 1 (202)
and gap pattern 2 (222) are the same (i.e.,
measurement gap 1 (206, 226) and measurement gap 2
(212, 232) are of the same length in both gap
patterns), the gap will be long enough to support all
measurement purposes. [0051] In a second option for
the second approach, different gap lengths of 1 to M
are scheduled in sequence to support different
measurement purposes. Each gap supports one or more
than one measurement purposes. The length of time
between each gap should be signaled. The sequence of
each gap to support different measurement purposes is
preferably defined and signaled by the E-UTRAN. [0052]
In a third approach, one gap pattern is used to
support several measurement purposes. This is a
tradeoff to the first and second approaches described
above. For example, one gap pattern can be used to
support FDD, TDD, and GSM carrier RSSI measurement; a
second gap pattern can be used to support initial BSIC
identification and BSIC re-confirmation; and a third
gap pattern can be used to support inter-frequency LTE
measurement. Other alternative pairings of measurement
purposes to a measurement gap pattern can be of any
combination. The pairing between the measurement gap
pattern and different measurement purposes is signaled
from the E-UTRAN to the UE. For each gap pattern, both
options described for the second approach are
applicable. [0053] Information to schedule the
measurement gap pattern should be signaled from the
RRC layer or the MAC layer (or possibly the PHY layer)
from the E-UTRAN, or from a higher layer from the
network side above the EUTRAN. The following IE
parameters should be signaled from the E-UTRAN to the
UE. Depending on which measurement gap pattern scheme
will be used, all or only part of these parameters
need to be signaled, and are summarized in Table
1Table 1: IE Parameters For Measurement Ga Pattern
(GP) Scheduling[0054] The above proposals for the
measurement gap pattern are independent of whether
strict network scheduled, UE autonomous scheduled, or
UE assisted and E-UTRAN scheduled gap scheduling is
used. [0055] Measurement Gap Pattern Scheduling [0056]
Figure 3 is a flow diagram of a measurement gap
signaling method 300 between a UE 302 and a base
station 304. The UE 302 takes local environmental
measurements, such as current location,
mobility-related measurements (e.g., speed, direction,
etc.), and downlink traffic and channel conditions
(step 310). Based on these measurements, the UE 302
requests a measurement gap from the base station 304
(step 312). As part of the request, 



the local measurements taken by the UE 302 are sent to
the base station 304. When the UE requests the
measurement gap, the following factors are preferably
measured and reported to the base station in the
request: UE capability, UE mobility, UE trajectory,
distance to the serving cell center(pathloss), UE
channel condition, cell size, discontinuous reception
(DRX) cycle, a number of measurement purposes that the
UE wants to measure, etc. [0057] The base station 304
schedules a measurement gap based on the UE-specific
measurements (step 314). The measurement gap scheduled
by the base station when requested by the UE can be
more than one gap, which will reduce the frequent
request and grant overhead. The base station
preferably makes measurement gap scheduling by
considering the above factors comprehensively and not
based on one factor alone. [0058] The UE capability
determines whether the UE can make gap measurements
for inter-frequency LTE, FDD, TDD, GSM carrier RSSI
measurement, initial BSIC identification, BSIC
re-confirmation, etc. Only the necessary gap
measurements should be scheduled within the UE's
capability limit. [0059] The base station 304 then
signals the measurement gap information to the UE 302
(step 316). The UE 302 takes the external measurements
it needs during the scheduled measurement gap (step
318). A determination is made whether the UE finished
taking its measurements before the end of the gap
(step 320). [0060] If the measurement gaps scheduled
by the base station are too conservative, meaning that
the gap is longer than needed to finish all requested
measurement purposes, then waiting for the expiration
of the full gap time is a waste of radio resources. If
the UE has finished taking the measurements before the
end of the gap, the UE 302 signals the base station
304 of its return to normal uplink or downlink
reception in the current serving cell before the
expiration of the gap time. The UE may use one of the
following measures to indicate its return to normal
reception. [0061] 1) The asynchronous RACH can be used
to indicate the early end of the gap measurement. Due
to the long latency and large overhead for this
channel, this option may be a last choice compared
with the following two options.[0062] 2) The
synchronous RACH can be used to indicate the early end
of the gap measurement. [0063] 3) When the base
station assigns the measurement gap, a dedicated
uplink channel can be assigned during the gap. The
base station can indicate that the dedicated uplink
channel can start from a certain subframe within each
gap which is dependent on the measurement purpose and
activity, etc. The UE can then utilize this dedicated
uplink channel to report its early ending of
measurement activity within one gap. [0064] Upon
detecting the early end indication, the base station r
e allocates the radio resources for the remainder of
the gap (step 322) and the method terminates (step
324). [0065] If the UE did not finish taking the
measurements early (step 320), then a determination is
made whether the UE needs more time to take the
measurements (step 326). The measurement gap pattern
can be extended or adjusted based on the latest UE
reporting information. The previous signaling to the
UE defines one length for one measurement gap pattern.
When the UE indicates that it needs a longer
measurement gap, then the base station signals the UE
to indicate the additional gap length beyond the
previously signaled gap length that the UE can use for
continued measurements (step 328) and the UE continues
taking measurements during the extended gap (step
318). The UE indicates that it needs a longer
measurement gap by using a periodic uplink channel (if
available) or through the RACH process to send an
indication to the eNB. For the gap pattern extension,
the exact parameters can be the same as the previous
pattern or different depending on the UE report. If
the current measurement gap pattern is an extension to
the previous one, and if the parameters of the gap
pattern are all the same as previous pattern, then no
more new parameters need to be signaled. Otherwise,
new signaling is needed. [0066] If the UE does not
need more time to take measurements (step 326), then
the method terminates (step 324).[0067] After the
measurement gap pattern is scheduled, the gap pattern
starts from the assigned starting subframe. But the
start of each gap may conflict with current HARQ
operations. If the base station grants a strict idle
gap pattern, the pre-determined gap duration will
probably interact with HARQ transmissions and
retransmissions when the gap begins. This interaction
will pause the on-going HARQ delivery which increases
buffer occupancy, increases the combining and
re-ordering burden at receiver, or delays the
transmission when a delay-sensitive service such as
Voice over IP 



(VoIP) is supported. [0068] Preferably, if even the
start of the gap is scheduled by the base station at a
fixed timing, it can be postponed by a number of
subframes before the end of the on-going HARQ process.
At the end of all HARQ retransmissions, the UE
piggybacks an indication of the real start of the gap;
or the gap can be inferred by the base station based
on the maximum number HARQ retransmissions,
acknowledgement status, etc. [0069] The UE preferably
extends the gap by the number of subframes that are
delayed by HARQ processes, and the base station should
delay the start of its downlink activity by the same
number of subframes. By doing so, the adaptive gap
length adjustment can be achieved above the base
station scheduled gap pattern which can easily
accommodate the HARQ process. [0070] Scheduling the
Length of Time between Two Consecutive Measurement
Gaps [0071] If the UE is moving at a high speed, then
more measurement gaps should be scheduled, meaning
that the length of time between two gaps can be
shorter than when UE is moving at a relatively low
speed. By doing this, the UE may have enough
opportunity to measure inter-frequency or inter-RAT
cells to make the correct handover decision at high
mobility. Also, the UE can save power and use fewer
radio resources when moving at a relatively low
mobility but can still obtain enough measurements to
make the correct handover decision.[0072] The
measurement gap information includes a default gap
density (i.e., the length of time between two
consecutive measurement gaps), but the gap density can
be based on the UE mobility as compared t o various
thresholds. The default gap density can be used in any
condition and at the beginning of a measurement gap
period. If the UE's mobility has changed for a
predetermined period of time, then the gap density may
be adjusted. By requiring a change in the UE's
mobility for a predetermined period of time, a
ping-pong effect of rapid gap density changes can be
avoided. [0073] Figure 4 is a flowchart of a method
400 to configure the measurement gap density based on
UE velocity. As shown in Figure 4, V indicates the
UE's velocity (VUE) and associated thresholds (Vhigh,
Vmedium, and V1 w) , T indicates the period of time
that the UE's velocity is compared to the threshold
(Tveioatyjiigh, Tveiocity_medium, and Tveiocityjow),
and L indicates a length of time between two adjacent
measurement gaps assigned t o the UE. By forcing a
length of time between two consecutive gaps, the UE is
able to transmit and receive "regular" data and not
spend too much time taking measurements. [0074] The
base station receives the UE's velocity information
(step 402) and compares it with a plurality of
thresholds (step 404). If the UE's velocity is greater
than a high velocity threshold (VUE > Vhigh) for a
predetermined period of time (Tveiocityj gh; step
406), then a short period of time (Lshort) between two
consecutive measurement gaps is used (step 408) and
the method terminates (step 410). If the UE's velocity
is between the high velocity threshold and a low
velocity threshold (Vhigh >= VUE >= Vlow) for a
predetermined period of time (Tveiocity_medium; step
412), then a medium period of time (Lmedium) between
two consecutive measurement gaps is used (step 414)
and the method terminates (step 410). If the UE's
velocity is below the low velocity threshold (VUE <
Viow) for a predetermined period of time
(Tveiocityjow; step 416), then a long period of time
(Llong) between two consecutive measurement gaps is
used (step 418) and the method terminates (step 410).
If the UE's velocity does not satisfy any of the
previous thresholds for the associated predetermined
time period, then there is no change t o the
gapdensity (step 420), meaning that the default gap
density or the most recent gap density value will
continue t o be used and the method terminates (step
410). [0075] The UE trajectory (moving trend) and UE
distribution in the serving cell is another factor.
The UE trajectory can be combined with the UE's
distance t o the serving cell center for measurement
gap scheduling, because sometimes the UE movement may
indicate a circular trajectory around the cell center
which may not provide useful information. [0076] The
UE distance (pathloss) t o the serving cell center is
another factor that can be used t o determine the
length of time between two consecutive measurement
gaps. If the UE is moving toward the center of the
serving cell, then fewer measurement gaps should be
scheduled, meaning that the length between two gaps
can be longer than the case when the UE is moving
towards the cell edge. Pathloss can be a metric t o
indicate the UE distance t o serving cell center.
[0077] Figure 5 is a flowchart of a method 500 t o
configure the measurement gap density based on UE
pathloss. As shown in Figure 5, P indicates the UE's
pathloss (PUE) and associated thresholds (Phigh,
Pmedium, and 



Plow), T indicates the period of time that the UE's
pathloss is compared t o the threshold (Tpi_high,
Tpi_medium, and Tpi_iOw), and L indicates the length
of time between two adjacent measurement gaps assigned
t o the UE. [0078] The base station receives the UE's
pathloss information (step 502) and compares it with a
plurality of thresholds (step 504). If the UE's
pathloss is greater than a high pathloss threshold
(PUE > Phigh) for a predetermined period of time (Tpij
gh; step 506), then a short period of time (Lshort)
between two consecutive measurement gaps is used (step
508) and the method terminates (step 510). If the UE's
pathloss is between the high pathloss threshold and a
low pathloss threshold (Phigh >= PUE >= Plow) for a
predetermined period of time (Tpi_medium; step 512),
then a medium period of time (Lmedium) between two
consecutive measurement gaps is used (step 514) and
the method terminates (step 510). If the UE's pathloss
is below the lowpathloss threshold (PUE < Plow) for a
predetermined period of time (Tpij ow; step 516), then
a long period of time (Liong) between two consecutive
measurement gaps is used (step 518) and the method
terminates (step 510). If the UE's pathloss does not
satisfy any of the previous thresholds for the
associated predetermined time period, then there is no
change to the gap density (step 520), meaning that the
default gap density or the most recent gap density
value will continue to be used and the method
terminates (step 510). [0079] When both the UE's
velocity and the UE's pathloss measurements are
available, using the pathloss can produce better
results because the distance of the UE from the cell
center has a greater effect on determining the gap
intervals. For example, when UE is close to the
serving cell center, it is possible that no
measurement gap needs to be scheduled. [0080] Another
factor that can be considered during measurement gap
scheduling is the UE channel condition. When the UE is
experiencing poor channel conditions, which can be
indicated by a channel quality indicator (CQI), then
the E-UTRAN may schedule resources for gap measurement
instead of data transmission. By doing so, the network
can avoid dropping packets with a high error rate and
it is efficient to utilize this channel condition to
make inter-frequency and inter-RAT measurements.
[0081] The density and number of the measurement gaps
should be scheduled based on the serving cell size. If
the serving cell size is small, more measurement gaps
should be scheduled; otherwise fewer measurement gaps
should be scheduled. [0082] UE and Base Station to
Implement Measurement Gap Pattern Scheduling [0083]
Figure 6 is a block diagram of a system 600 including
a UE 602 and a base station 604 configured to
implement the method 300 shown in Figure 3. The UE 602
includes a UE measurement device 610, a measurement
gap device 612, an external measurement device 614, a
transceiver 616, andan antenna 618. The base station
604 includes an antenna 630, a transceiver 632, a
measurement gap device 634, and a radio resource
allocator 636. [0084] In operation, the UE measurement
device 610 takes local environmental measurements at
the UE 602. The measurements 620 are passed to the
measurement gap device 612, which uses the
measurements to construct a measurement gap request
622. The gap request 622 includes the UE measurements
620 and is sent to the measurement gap device 634. The
measurement gap device 634 analyzes the UE
measurements and schedules a measurement gap 624 for
the UE 602. The measurement gap device 634 sends the
measurement gap information 624 to the measurement gap
device 612. The measurement gap device 612 forwards
the measurement gap information 624 to the external
measurement device 614. [0085] The external
measurement device 614 requests measurements from
other base stations 626 and receives the measurements
from the other base stations 628. If the external
measurement device 614 completes the external
measurements before the end of the assigned
measurement gap, then the external measurement device
614 signals measurement gap device 612, which signals
the base station 604 that the measurements have been
completed before the end of the measurement gap 640.
The radio resource allocator receives the indication
640 and re-allocates the radio resources for the
remainder of the measurement gap 642. Similarly, if
the external measurement device 614 needs additional
time to complete the measurements, it signals the
measurement gap device 612 to request an extended gap
from the base station 604. [0086] Figure 7 is a block
diagram of an alternate system 700 including a UE 702
and a base station 704 configured to implement the
method 300 shown in Figure 3. The UE 702 includes a
measurement device 710, a measurement gap device 712,
a transceiver 716, and an antenna 718. The base
station 704 includes an antenna 730, a transceiver
732, a measurement 



gap device 734, and a radio resource allocator
736.[0087] In operation, the measurement device 710
takes local environmental measurements at the UE 702.
The measurements 720 are passed to the measurement gap
device 712, which uses the measurements to construct a
measurement gap request 722. The gap request 722
includes the UE measurements 720 and is sent to the
measurement gap device 734. The measurement gap device
734 analyzes the UE measurements and schedules a
measurement gap 724 for the UE 702. The measurement
gap device 734 sends the measurement gap information
724 to the measurement gap device 712. The measurement
gap device 712 forwards the measurement gap
information 724 to the measurement device 710. [0088]
The measurement device 710 requests measurements from
other base stations 726 and receives the measurements
from the other base stations 728. If the measurement
device 710 completes the external measurements before
the end of the assigned measurement gap, then the
measurement device 710 signals the measurement gap
device 712, which signals the base station 704 that
the measurements have been completed before the end of
the measurement gap 740. The radio resource allocator
receives the indication 740 and re-allocates the radio
resources for the remainder of the measurement gap
742. Similarly, if the measurement device 710 needs
additional time to complete the measurements, it
signals the measurement gap device 712 to request an
extended gap from the base station 704. [0089]
Although the features and elements of the present
invention are described in the preferred embodiments
in particular combinations, each feature or element
can be used alone without the other features and
elements of the preferred embodiments or in various
combinations with or without other features and
elements of the present invention. The methods or flow
charts provided in the present invention may be
implemented in a computer program, software, or
firmware tangibly embodied in a computer-readable
storage medium for execution by a general purpose
computer or a processor. Examples of computer-readable
storage mediums include a read only memory(ROM), a
random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as
internal hard disks and removable disks,
magneto-optical media, and optical media such as CDROM
disks, and digital versatile disks (DVDs). [0090]
Suitable processors include, by way of example, a
general purpose processor, a special purpose
processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one
or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application
Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGAs) circuits, any other
type of integrated circuit (IC), and/or a state
machine. [0091] A processor in association with
software may be used to implement a radio frequency
transceiver for use in a wireless transmit receive
unit (WTRU), user equipment (UE), terminal, base
station, radio network controller (RNC), or any host
computer. The WTRU may be used in conjunction with
modules, implemented in hardware and/or software, such
as a camera, a video camera module, a videophone, a
speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free
headset, a keyboard, a Bluetooth(r) module, a
frequency modulated (FM) radio unit, a liquid crystal
display (LCD) display unit, an organic light-emitting
diode (OLED) display unit, a digital music player, a
media player, a video game player module, an Internet
browser, and/or any wireless local area network (WLAN)
module. [0092] Embodiments [0093] 1. A method for
taking measurements by a user equipment (UE) during a
measurement gap, comprising taking UE-specific
measurements; requesting a measurement gap from a
wireless network, the request including the
UE-specific measurements; receiving measurement gap
information from the network, including when the
measurement gap is scheduled; and taking measurements
during the scheduled measurement gap.[0094] 2. The
method according to embodiment 1, wherein the
measurement gap information includes at least one of:
a number of measurement purposes, an enumerated list
of measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length. 



[0095] 3. The method according to embodiments 1 or 2,
further comprising determining whether all
measurements are taken before the end of the
measurement gap; sending an indication to the network
if all the measurements are taken before the end of
the measurement gap; and requesting an extended
measurement gap from the network if all the
measurements are not taken before the end of the
measurement gap. [0096] 4. A method for scheduling a
measurement gap, comprising receiving a request for a
measurement gap from a user equipment (UE), the
request including UE-specific measurements; scheduling
a measurement gap based on the received measurements;
and signaling measurement gap information to the UE,
whereby the UE can take measurements during the
scheduled measurement gap. [0097] 5. The method
according to embodiment 4, wherein the scheduling
includes scheduling one measurement gap for each
measurement purpose requested by the UE. [0098] 6. The
method according to embodiment 5, wherein a different
measurement gap is scheduled for each wireless
technology to be monitored by the UE. [0099] 7. The
method according to embodiment 6, wherein the wireless
technology to be monitored is at least one of: long
term evolutioninter-frequency, global system for
mobile communication enhanced data rates for global
evolution radio access network, universal mobile
telecommunications system terrestrial radio access
network, code division multiple access 2000, 802.11,
802.16, and 802.21. [00100] 8. The method according to
embodiment 4, wherein the scheduling includes
scheduling a different measurement gap length for each
measurement purpose requested by the UE. [00101] 9.
The method according to embodiment 8, wherein a
different measurement gap is scheduled for each
wireless technology to be monitored by the UE. [00102]
10. The method according to embodiment 9, wherein the
wireless technology to be monitored is at least one
of: long term evolution inter-frequency, global system
for mobile communication enhanced data rates for
global evolution radio access network, universal
mobile telecommunications system terrestrial radio
access network, code division multiple access 2000,
802.11, 802.16, and 802.21. [00103] 11. The method
according to embodiment 4, wherein the measurement gap
information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length.
[00104] 12. The method according to one of embodiments
4-11, further comprising receiving an indication that
the UE completed taking its measurements before the
end of the measurement gap; and re-allocating radio
resources assigned to the measurement gap for other
purposes.[00105] 13. The method according to one of
embodiments 4-11, further comprising receiving a
request that the UE needs additional time to take its
measurements; scheduling an extended measurement gap;
and signaling extended measurement gap information to
the UE. [00106] 14. The method according to one of
embodiments 4-13, further comprising determining a
length of time between consecutive measurement gaps.
[00107] 15. The method according to embodiment 14,
wherein the determining includes receiving a velocity
measurement for the UE; comparing the UE velocity
measurement against a plurality of thresholds; and
determining the length of time based on the comparison
result. [00108] 16. The method according to embodiment
15, wherein if the UE velocity is greater than a high
velocity threshold for a predetermined period of time,
then using a short length of time. [00109] 17. The
method according to embodiment 15, wherein if the UE
velocity is between a high velocity threshold and a
low velocity threshold for a predetermined period of
time, then using a medium length of time. [00110] 18.
The method according to embodiment 15, wherein if the
UE velocity is below a low velocity threshold for a
predetermined period of time, then using a long length
of time. 



[00111] 19. The method according to embodiment 14,
wherein the determining includes receiving a pathloss
measurement for the UE; comparing the UE pathloss
measurement against a plurality of thresholds; and
determining the length of time based on the comparison
result. [00112] 20. The method according to embodiment
19, wherein if the UE pathloss is greater than a high
pathloss threshold for a predetermined period of time,
then using a short length of time. [00113] 21. The
method according to embodiment 19, wherein if the UE
pathloss is between a high pathloss threshold and a
low pathloss threshold for a predetermined period of
time, then using a medium length of time.[00114] 22.
The method according to embodiment 19, wherein if the
UE pathloss is below a low pathloss threshold for a
predetermined period of time, then using a long length
of time. [00115] 23. A user equipment (UE) configured
to take measurements during a measurement gap,
comprising a UE measurement device configured to take
UE-specif c measurements; a measurement gap device in
communication with the UE measurement device; and an
external measurement device in communication with the
measurement gap device. The measurement gap device is
configured to receive the UE-specific measurements;
request a measurement gap from a wireless network, the
request including the UE-specific measurements; and
receive measurement gap information from the network.
The external measurement device is configured to
receive measurement gap information from the
measurement gap device; request external measurements
during the measurement gap; and receive the external
measurements. [00116] 24. The UE according to
embodiment 23, wherein the measurement gap information
includes at least one of: a number of measurement
purposes, an enumerated list of measurement purposes,
a measurement gap pattern scheme, an enumerated
pairing between a measurement gap pattern to different
measurement purposes, a number of different gap types
in one gap pattern, a sequence of measurement purposes
in one gap pattern, a number of measurement purposes
in one gap of a gap pattern, a sequence of measurement
purposes in one gap, measurement gap pattern
parameters, a gap pattern identifier, a starting
measurement gap sequence number, a measurement gap
length, a measurement gap duration, and a measurement
gap pattern length. [00117] 25. The UE according to
embodiments 23 or 24, wherein the external measurement
device is further configured to request an extended
measurement gap from the measurement gap
device.[00118] 26. The UE according to embodiment 25,
wherein the measurement gap device is further
configured to request the extended measurement gap.
[00119] 27. A user equipment (UE) configured to take
measurements during a measurement gap, comprising a
measurement device and a measurement gap device in
communication with the measurement device. The
measurement device is configured to take UE-specific
measurements; receive measurement gap information;
request external measurements during the measurement
gap; and receive the external measurements. The
measurement gap device is configured to receive the
UE-specific measurements; request a measurement gap
from a wireless network, the request including the
UEspecific measurements; and receive the measurement
gap information from the network. [00120] 28. The UE
according to embodiment 27, wherein the measurement
gap information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length.
[00121] 29. The UE according to embodiments 27 or 28,
wherein the measurement device is further configured
to request an extended measurement gap from the
measurement gap device. [00122] 30. The UE according
to embodiment 29, wherein the measurement gap device
is further configured to request the extended
measurement gap from the network.[00123] 31. A base
station configured to assign a measurement gap,
comprising a measurement gap device configured to
receive a measurement 



gap request from a user equipment (UE), the request
including UE-specific measurements; schedule the
measurement gap based on the measurements; and signal
measurement gap information to the UE. [00124] 32. The
base station according to embodiment 31, wherein the
measurement gap information includes at least one of:
a number of measurement purposes, an enumerated list
of measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length.
[00125] 33. The base station according to embodiments
31 or 32, wherein the measurement gap device is
further configured to receive a request that the UE
needs additional time to take its measurements;
schedule an extended measurement gap; and signal the
extended measurement gap information to the UE.
[00126] 34. The base station according to one of
embodiments 31-33, further comprising a radio resource
allocator configured to receive an indication from the
UE that the UE has completed taking its measurements
before the end of the measurement gap; and re-allocate
radio resources assigned to the measurement gap for
other purposes. [00127] 35. A user equipment (UE)
configured to take measurements during a measurement
gap, comprising a UE measurement device configured to
take UE-specific measurements; a measurement gap
device in communication with the UE measurement
device; and an external measurement device in
communication with the measurement gap device.
Themeasurement gap device is configured to receive the
UE-specific measurements; request a measurement gap
from a wireless network, the request including the
UE-specific measurements; and receive measurement gap
information from the network, wherein the measurement
gap information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length. The
external measurement device is configured to receive
measurement gap information from said measurement gap
device; request external measurements during the
measurement gap; and receive the external measurements
.CLAIMS What is claimed is: 1. A method for taking
measurements by a user equipment (UE) during a
measurement gap, comprising: taking UE-specific
measurements; requesting a measurement gap from a
wireless network, the request including the
UE-specific measurements; receiving measurement gap
information from the network, including when the
measurement gap is scheduled; and taking measurements
during the scheduled measurement gap. 2. The method
according to claim 1, wherein the measurement gap
information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length. 3. The
method according to claim 1, further comprising:
determining whether all measurements are taken before
the end of the measurement gap; sending an indication
to the network if all the measurements are taken 



before the end of the measurement gap; and requesting
an extended measurement gap from the network if all
the measurements are not taken before the end of the
measurement gap. 4. A method for scheduling a
measurement gap, comprising:receiving a request for a
measurement gap from a user equipment (UE), the
request including UE-specific measurements; scheduling
a measurement gap based on the received measurements;
and signaling measurement gap information to the UE,
whereby the UE can take measurements during the
scheduled measurement gap. 5. The method according to
claim 4, wherein said scheduling includes scheduling
one measurement gap for each measurement purpose
requested by the UE. 6. The method according to claim
5, wherein a different measurement gap is scheduled
for each wireless technology to be monitored by the
UE. 7. The method according to claim 6, wherein the
wireless technology to be monitored is at least one
of: long term evolution interfrequency, global system
for mobile communication enhanced data rates for
global evolution radio access network, universal
mobile telecommunications system terrestrial radio
access network, code division multiple access 2000,
802.11, 802.16, and 802.21. 8. The method according to
claim 4, wherein said scheduling includes scheduling a
different measurement gap length for each measurement
purpose requested by the UE. 9. The method according
to claim 8, wherein a different measurement gap is
scheduled for each wireless technology to be monitored
by the UE.10. The method according to claim 9, wherein
the wireless technology to be monitored is at least
one of: long term evolution interfrequency, global
system for mobile communication enhanced data rates
for global evolution radio access network, universal
mobile telecommunications system terrestrial radio
access network, code division multiple access 2000,
802.11, 802.16, and 802.21. 11. The method according
to claim 4, wherein the measurement gap information
includes at least one of: a number of measurement
purposes, an enumerated list of measurement purposes,
a measurement gap pattern scheme, an enumerated
pairing between a measurement gap pattern to different
measurement purposes, a number of different gap types
in one gap pattern, a sequence of measurement purposes
in one gap pattern, a number of measurement purposes
in one gap of a gap pattern, a sequence of measurement
purposes in one gap, measurement gap pattern
parameters, a gap pattern identifier, a starting
measurement gap sequence number, a measurement gap
length, a measurement gap duration, and a measurement
gap pattern length. 12. The method according to claim
4, further comprising: receiving an indication that
the UE completed taking its measurements before the
end of the measurement gap; and re-allocating radio
resources assigned to the measurement gap for other
purposes. 13. The method according to claim 4, further
comprising: receiving a request that the UE needs
additional time to take its measurements ; scheduling
an extended measurement gap; and signaling extended
measurement gap information to the UE.14. The method
according to claim 4, further comprising: determining
a length of time between consecutive measurement gaps.
15. The method according to claim 14, wherein said
determining includes: receiving a velocity measurement
for the UE; comparing the UE velocity measurement
against a plurality of thresholds; and determining the
length of time based on the comparison result. 16. The
method according to claim 15, wherein if the UE
velocity is greater than a high velocity threshold for
a predetermined period of time, then using a short
length of time. 17. The method according to claim 15,
wherein if the UE velocity is between a high velocity
threshold and a low velocity threshold for a
predetermined period of time, then using a medium
length of time. 18. The method according to claim 15,
wherein if the UE velocity is below a low velocity
threshold for a predetermined period of time, then
using a long length of time. 



19. The method according to claim 14, wherein said
determining includes: receiving a pathloss measurement
for the UE; comparing the UE pathloss measurement
against a plurality of thresholds; and determining the
length of time based on the comparison result. 20. The
method according to claim 19, wherein if the UE
pathloss is greater than a high pathloss threshold for
a predetermined period of time, then using a short
length of time.21. The method according to claim 19,
wherein if the UE pathloss is between a high pathloss
threshold and a low pathloss threshold for a
predetermined period of time, then using a medium
length of time. 22. The method according to claim 19,
wherein if the UE pathloss is below a low pathloss
threshold for a predetermined period of time, then
using a long length of time. 23. A user equipment (UE)
configured to take measurements during a measurement
gap, comprising: a UE measurement device configured to
take UE-specific measurements; a measurement gap
device in communication with said UE measurement
device, said measurement gap device configured to:
receive the UE-specific measurements; request a
measurement gap from a wireless network, the request
including the UE-specific measurements; and receive
measurement gap information from the network; and an
external measurement device in communication with said
measurement gap device, said external measurement
device configured to: receive measurement gap
information from said measurement gap device; request
external measurements during the measurement gap; and
receive the external measurements. 24. The UE
according to claim 23, wherein the measurement gap
information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern todifferent measurement purposes, a number
of different gap types in one gap pattern, a sequence
of measurement purposes in one gap pattern, a number
of measurement purposes in one gap of a gap pattern, a
sequence of measurement purposes in one gap,
measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length. 25.
The UE according to claim 23, wherein said external
measurement device is further configured to request an
extended measurement gap from said measurement gap
device. 26. The UE according to claim 25, wherein said
measurement gap device is further configured to
request the extended measurement gap. 27. A user
equipment (UE) configured to take measurements during
a measurement gap, comprising: a measurement device
configured to: take UE-specific measurements; receive
measurement gap information; request external
measurements during the measurement gap; and receive
the external measurements; and a measurement gap
device in communication with said measurement device,
said measurement gap device configured to: receive the
UE-specific measurements; request a measurement gap
from a wireless network, the request including the
UE-specific measurements; and receive the measurement
gap information from the network.28. The UE according
to claim 27, wherein the measurement gap information
includes at least one of: a number of measurement
purposes, an enumerated list of measurement purposes,
a measurement gap pattern scheme, an enumerated
pairing between a measurement gap pattern to different
measurement purposes, a number of different gap types
in one gap pattern, a sequence of measurement purposes
in one gap pattern, a number of measurement purposes
in one gap of a gap pattern, a sequence of measurement
purposes in one gap, measurement gap pattern
parameters, a gap pattern identifier, a starting
measurement gap sequence number, a measurement gap
length, a measurement gap duration, and a measurement 



gap pattern length. 29. The UE according to claim 27,
wherein said measurement device is further configured
to request an extended measurement gap from said
measurement gap device. 30. The UE according to claim
29, wherein said measurement gap device is further
configured to request the extended measurement gap
from the network. 31. A base station configured to
assign a measurement gap, comprising: a measurement
gap device configured to: receive a measurement gap
request from a user equipment (UE), the request
including UE-specific measurements; schedule the
measurement gap based on the measurements; and signal
measurement gap information to the UE. 32. The base
station according to claim 31, wherein the measurement
gap information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, ameasurement gap pattern scheme,
an enumerated pairing between a measurement gap
pattern to different measurement purposes, a number of
different gap types in one gap pattern, a sequence of
measurement purposes in one gap pattern, a number of
measurement purposes in one gap of a gap pattern, a
sequence of measurement purposes in one gap,
measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length. 33.
The base station according to claim 31, wherein said
measurement gap device is further configured to:
receive a request that the UE needs additional time to
take its measurements; schedule an extended
measurement gap; and signal the extended measurement
gap information to the UE. 34. The base station
according to claim 31, further comprising: a radio
resource allocator configured to: receive an
indication from the UE that the UE has completed
taking its measurements before the end of the
measurement gap; and re-allocate radio resources
assigned to the measurement gap for other purposes.
35. A user equipment (UE) configured to take
measurements during a measurement gap, comprising: a
UE measurement device configured to take UE-specific
measurements; a measurement gap device in
communication with said UE measurement device, said
measurement gap device configured to: receive the
UE-specific measurements;request a measurement gap
from a wireless network, the request including the
UE-specific measurements; and receive measurement gap
information from the network, wherein the measurement
gap information includes at least one of: a number of
measurement purposes, an enumerated list of
measurement purposes, a measurement gap pattern
scheme, an enumerated pairing between a measurement
gap pattern to different measurement purposes, a
number of different gap types in one gap pattern, a
sequence of measurement purposes in one gap pattern, a
number of measurement purposes in one gap of a gap
pattern, a sequence of measurement purposes in one
gap, measurement gap pattern parameters, a gap pattern
identifier, a starting measurement gap sequence
number, a measurement gap length, a measurement gap
duration, and a measurement gap pattern length; and an
external measurement device in communication with said
measurement gap device, said external measurement
device configured to: receive measurement gap
information from said measurement gap device; request
external measurements during the measurement gap; and
receive the external measurements. 


