
PHARMACEUTICAL COMPOUNDS Priority of Invention This
application claims priority to United States
Provisional Application Number 60/795,048 that was
filed on 26 April 2006. The entire content of this
provisional application is hereby incorporated herein
by reference. Field of the Invention The present
invention relates to pyrimidine derivatives and their
use as inhibitors of phosphatidylinositol 3-kinase
(PI3K). Background to the Invention
Phosphatidylinositol (hereinafter abbreviated as "PI")
is one of a number of phospholipids found in cell
membranes. In recent years it has become clear that PI
plays an important role in intracellular signal
transduction. In the late 1980s, a PI3 kinase (PI3K)
was found to be an enzyme which phosphorylates the
3-position of the inositol ring of
phosphatidylinositol (D. Whitman et al, 1988, Nature,
332, 664). PI3K was originally considered to be a
single enzyme, but it has now been clarified that a
plurality of subtypes are present in PI3K. Each
subtype has its own mechanism for regulating activity.
Three major classes of PI3Ks have been identified on
the basis of their in vitro substrate specificity (B.
Vanhaesebroeck,1997, Trend in Biol. Sci, 22, 267).
Substrates for class I PI3Ks are PI, PI 4-phosphate
(PI4P) and PI 4,5-biphosphate (PI (4,5)P2). Class I
PI3K.S are further divided into two groups, class Ia
and class Ib, in terms of their activation mechanism.
Class Ia PBKs include PI3K p i 10a, p i l Ob and p i l
Od subtypes, which transmit signals from tyrosine
kinase-coupled receptors. Class Ib PI3K includes a p i
l Og subtype activated by a G protein-coupled
receptor. PI and PI(4)P are known as substrates for
class II PBKs. Class II POKs include PI3K C2a, C2b and
C2g subtypes, which are characterized by containing C2
domains at the C terminus. The substrate for class III
PI3Ks is PI only. In the PI3K subtypes, the class Ia
subtype has been most extensively investigated to
date. The three subtypes of class Ia are heterodimers
of a catalytic 110 kDa subunit and regulatory subunits
of 85 kDa or 55 kDa. The regulatory subunits contain
SH2 domains andbind to tyrosine residues
phosphorylated by growth factor receptors with a
tyrosine kinase activity or oncogene products, thereby
inducing the PI3K activity of the p i 10 catalytic
subunit which phosphorylates its lipid substrate.
Thus, the class Ia subtypes are considered to be
associated with cell proliferation and carcinogenesis.
There continues to be a need for class I PD kinase
inhibitors with improved pharmacokinetic and
pharmacodynamic properties. The PD kinase/Akt/PTEN
pathway is thus an attractive target for cancer drug
development since such agents would be expected to
inhibit proliferation, reverse the repression of
apoptosis and surmount resistance to cytotoxic agents
in cancer cells. PD kinase inhibitors have been
reported (Yaguchi et al (2006) Jour of the Nat. Cancer
Inst. 98(8):545-556; US 6608056; US 6608053; US
6838457; US 6770641 ; US 6653320; US 6403588; WO
2004017950; US 2004092561; WO 2004007491; WO
2004006916; WO 2003037886; US 2003149074; WO
2003035618; WO 2003034997; US 2003158212; EP 1417976;
US 2004053946; JP 2001247477; JP 08175990; JP
08176070). Wortmannin analogs have PD kinase activity
in mammals (US 6703414; WO 97/15658). Summary of the
Invention It has now been found that a novel class of
fused pyrimidine compounds are effective inhibitors of
PDK with drug-like physicochemical and pharmacokinetic
properties. The compounds exhibit selectivity for
class Ia PDKs over class Ib, in particular for the p i
10a subtype. Accordingly, the present invention
provides a compound which is a fused pyrimidine of
formula (Ia) or (Ib): and stereoisomers, geometric
isomers, tautomers, solvates, metabolites, and
pharmaceutically acceptable salts thereof, wherein X
is O or S. Groups R1, R2 and R3 are as defined
herein.Another aspect of the invention provides a
pharmaceutical composition comprising a
thienopyrimidine or fiiranopyrimidine compound of
Formulas Ia or Ib and a pharmaceutically acceptable
carrier. The pharmaceutical composition may further
comprise one or more additional therapeutic agents
selected from antiproliferative agents,
anti-inflammatory agents, immunomodulatory agents,
neurotropic factors, agents for treating
cardiovascular disease, agents for treating liver
disease, anti-viral agents, agents for treating blood
disorders, agents for treating diabetes, and agents
for treating immunodeficiency disorders. Another
aspect of the invention provides methods of inhibiting
PI3 kinase activity, comprising contacting a PI3
kinase with an effective inhibitory amount of a
compound of 



Formula Ia or Ib, or a stereoisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof. Another aspect of
the invention provides methods of preventing or
treating a disease or disorder modulated by PD
kinases, comprising administering to a mammal in need
of such treatment an effective amount of a compound of
Formula Ia or Ib, or a stereoisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof. Examples of such
diseases, conditions and disorders include, but are
not limited to, hyperproliferative disorders (e.g.,
cancer, including melanoma and other cancers of the
skin), neurodegeneration, cardiac hypertrophy, pain,
migraine, neurotraumatic diseases, stroke, diabetes,
hepatomegaly, cardiovascular disease, Alzheimer's
disease, cystic fibrosis, viral diseases, autoimmune
diseases, atherosclerosis, restenosis, psoriasis,
allergic disorders, inflammation, neurological
disorders, hormone-related diseases, conditions
associated with organ transplantation,
immunodeficiency disorders, destructive bone
disorders, proliferative disorders, infectious
diseases, conditions associated with cell death,
thrombin-induced platelet aggregation, chronic
myelogenous leukemia (CML), liver disease, pathologic
immune conditions involving T cell activation, and CNS
disorders. Another aspect of the invention provides
methods of preventing or treating a hyperproliferative
disorder, comprising administering to a mammal in need
of such treatment an effective amount of a compound of
Formula Ia or Ib, or a stereoisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof, alone or in
combination with one or more additional compounds
having anti-hyperproliferative properties. In a
further aspect the present invention provides a method
of using a compound ofthis invention to treat a
disease or condition modulated by PI3 kinase in a
mammal. An additional aspect of the invention is the
use of a compound of this invention in the preparation
of a medicament for the treatment or prevention of a
disease or condition modulated by PI3 kinase in a
mammal. Another aspect of the invention includes kits
comprising a compound of Formula Ia or Ib, or a
stereoisomer, geometric isomer, tautomer, solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, a container, and optionally a package
insert or label indicating a treatment. Detailed
description of the Invention Compounds of formulae Ia
and Ib are regioisomers, i.e. they differ by the
placement of atom X in the thienopyrimidine (X =
sulphur) or furanopyrimidine (X = oxygen) fused ring
system. The four possible regioisomeric forms of the
ring systems encompassed by formulae Ia and Ib are:
thieno[3,2-<i]pyrimidine thieno[2,3-c/]pyrimidine
furo[3,2-<i]pyrirnidine furo[2,3-</|pyrimidine
Compounds of the invention thus include both
regioisomers of each of the 4- morpholino
thienopyrimidine and 4-morpholino furanopyrimidine
compounds of formulae (Ia), (Ia'), (Ia")and (Ia'"),
and (Ib), (Ib'), (Ib") and (Ib'"). Definitions As used
herein, the terms "treat" and "treatment" refer to
both therapeutic treatment and prophylactic or
preventative measures, wherein the object is to
prevent or slow down (lessen) an undesired
physiological change or disorder, such as the
development or spread of cancer. For purposes of this
invention, beneficial or desired clinical results
include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration
orpalliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not
receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. The phrase "therapeutically
effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the
particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. In the case of cancer,
the therapeutically effective amount of the drug may
reduce the number of cancer cells; reduce the tumor
size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration 



into peripheral organs; inhibit (i.e., slow to some
extent and preferably stop) tumor metastasis; inhibit,
to some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxic. For cancer therapy,
efficacy can be measured, for example, by assessing
the time to disease progression (TTP) and/or
determining the response rate (RR). The phrase
"pharmaceutically acceptable" indicates that the
substance or composition must be compatible chemically
and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being
treated therewith. The terms "cancer" and "cancerous"
refer to or describe the physiological condition in
mammals that is typically characterized by unregulated
cell growth. A "tumor" comprises one or more cancerous
cells. Examples of cancer include, but are not limited
to, carcinoma, lymphoma, blastoma, sarcoma, and
leukemia or lymphoid malignancies. More particular
examples of such cancers include squamous cell cancer
(e.g., epithelial squamous cell cancer), lung cancer
including small- cell lung cancer, non-small cell lung
cancer ("NSCLC"), adenocarcinoma of the lung and
squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach
cancer including gastrointestinal cancer, pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer,
vulvalcancer, thyroid cancer, hepatic carcinoma, anal
carcinoma, penile carcinoma, as well as head and neck
cancer. A "chemotherapeutic agent" is a chemical
compound useful in the treatment of cancer. Examples
of chemotherapeutic agents include Erlotinib
(TARCEVA(r), Genentech/OSI Pharm.), Bortezomib
(VELCADE(r), Millennium Phapn.), Fulvestrant .
(FASLODEX(r), AstraZeneca), Sutent (SUl 1248, Pfizer),
Letrozole (FEMARA(r), Novartis), Imatinib mesylate
(GLEEVEC(r), Novartis), PTK787/ZK 222584 (Novartis),
Oxaliplatin (Eloxatin(r), Sanofi), 5-FU
(5-fluorouracil), Leucovorin, Rapamycin (Sirolimus,
RAPAMUNE(r), Wyeth), Lapatinib (TYKERB(r), GSK572016,
Glaxo Smith Kline), Lonafarnib (SCH 66336), Sorafenib
(BAY43-9006, Bayer Labs), and Gefú tinib (ERESSA(r),
AstraZeneca), AG1478, AG1571 (SU 5271; Sugen),
alkylating agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide
and trimethylomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin
(including the synthetic analog topotecan);
bryostatin; callystatin; CC-1065 (including its
adozelesin, carzelesin and bizelesin synthetic
analogs); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogs, KW-2189 and
CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlomaphazine, chlorophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (Angew
Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as
clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins,
actinomycin, authramyc ún, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6- diazo-5-oxo-L-norleucine,
ADRIAMYCIN(r) (doxorubicin), morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin,esorubicin, idarubic
ún, marcellomycin, mitomycins such as mitomycin C,
mycophenolic acid, nogalamycin, olivomycins,
peplomycin, porfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such
as methotrexate and 5-fluorouracil (5-FU); folic acid
analogs such as denopterin, methotrexate, pteropterin,
trimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine; pyrimidine
analogs such as ancitabine, azacitidine, 6-azauridine,
carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, 



testolactone; anti-adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid replenisher such as
frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine;
bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptinium
acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidainine; maytansinoids such
as maytansine and ansamitocins; mitoguazone;
mitoxantrone; mopidanmol; nitraerine; pentostatin;
phenamet; pirarubicin; losoxantrone; podophyllinic
acid; 2-ethylhydrazide; procarbazine; PSK(r)
polysaccharide complex (JHS Natural Products, Eugene,
OR); razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone;
2,2',2"-trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and
anguidine); urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabinoside ("Ara-C"); cyclophosphamide;
thiotepa; taxoids, e.g., TAXOL(r) (paclitaxel;
Bristol-Myers Squibb Oncology, Princeton, N.J.),
ABRAXANE" (Cremophor-free), albumin-engineered
nanoparticle formulations of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) (doxetaxel; Rhdne-Poulenc Rorer, Antony,
France); chloranmbucil; GEMZAR(r) (gemcitabine);
6-thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin;
vinblastine; etoposide (VP-1 6); ifosfamide;
mitoxantrone; vincristine; NAVELBINE(r) (vinorelbine);
novantrone; teniposide; edatrexate; daunomycin;
aminopterin; capecitabine (XELODA(r)^ibandronate;
CPT-Il; topoisomerase inhibitor RFS 2000;
difluoromethylomithine (DMFO); retinoids such as
retinoic acid; and pharmaceutically acceptable salts,
acids and derivatives of any of the above. Also
included in the definition of "chemotherapeutic agent"
are: (i) anti-hormonal agents that act to regulate or
inhibit hormone action on tumors such as
anti-estrogens andselective estrogen receptor
modulators (SERMs), including, for example, tamoxifen
(including NOLVADEX(r); tamoxifen citrate),
raloxifene, droloxifene, 4-hydroxytamoxifen,
trioxifene, keoxifene, LYl 17018, onapristone, and
FARESTON(r) (toremifine citrate); (ii) aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE(r) (megestrol acetate),
AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RTVISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis) and ARIMIDEX(r) (anastrozole;
AstraZeneca); (iii) anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin;
as well as troxacitabine (a 1,3-dioxolane nucleoside
cytosine analog); (iv) protein kinase inhibitors; (v)
lipid kinase inhibitors; (vi) antisense
oligonucleotides, particularly those which inhibit
expression of genes in signaling pathways implicated
in aberrant cell proliferation, such as, for example,
PKC-alpha, RaIf and H-Ras; (vii) ribozymes such as
VEGF expression inhibitors (e.g., ANGIOZYME(r)) and
HER2 expression inhibitors; (viii) vaccines such as
gene therapy vaccines, for example, ALLOVECTIN(r),
LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rIL-2; a
topoisomerase 1 inhibitor such as LURTOTECAN(r);
ABARELIX(r) rmRH; (ix) anti-angiogenic agents such as
bevacizumab (AVASTIN(r), Genentech); and (x)
pharmaceutically acceptable salts, acids and
derivatives of any of the above. The term "prodrug" as
used in this application refers to a precursor or
derivative form of a compound of the invention that is
less cytotoxic to cells compared to the parent
compound or drug and is capable of being enzymatically
or hydrolytically activated or converted into the more
active parent form. See, e.g., Wilman, "Prodrugs in
Cancer Chemotherapy" Biochemical Society Transactions,
14, pp. 375-382, 615th Meeting Belfast (1986) and
Stella et al., "Prodrugs: A Chemical Approach to
Targeted Drug Delivery," Directed Drug Delivery,
Borchardt et al., (ed.), pp. 247-267, Humana Press
(1985). The prodrugs of this invention include, but
are not limited to, phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfate-containing
prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs, optionally
substituted phenylacetamide-containing prodrugs,
5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic
free drug. Examples of cytotoxic drugs that can be
derivatized into a prodrug form for use in this
invention include, but are not limited to, compounds
of the invention and chemotherapeutic agents such as
described above.A "metabolite" is a product produced
through metabolism in the body of a specified compound
or salt thereof. Metabolites of a compound may be
identified using routine techniques known in the art
and their activities determined using tests such as
those described herein. Such products may result for
example from the oxidation, reduction, hydrolysis, 



amidation, deamidation, esterification,
deesterification, enzymatic cleavage, and the like, of
the administered compound. Accordingly, the invention
includes metabolites of compounds of the invention,
including compounds produced by a process comprising
contacting a compound of this invention with a mammal
for a period of time sufficient to yield a metabolic
product thereof. A "liposome" is a small vesicle
composed of various types of lipids, phospholipids
and/or surfactant which is useful for delivery of a
drug (such as the PI3 kinase inhibitors disclosed
herein and, optionally, a chemotherapeutic agent) to a
mammal. The components of the liposome are commonly
arranged in a bilayer formation, similar to the lipid
arrangement of biological membranes. The term "chiral"
refers to molecules which have the property of
nonsuperimposability of the mirror image partner,
while the term "achiral" refers to molecules which are
superimposable on their mirror image partner. The term
"stereoisomers" refers to compounds which have
identical chemical constitution, but differ with
regard to the arrangement of the atoms or groups in
space. "Diastereomer" refers to a stereoisomer with
two or more centers of chirality and whose molecules
are not mirror images of one another. Diastereomers
have different physical properties, e.g. melting
points, boiling points, spectral properties, and
reactivities. Mixtures of diastereomers may separate
under high resolution analytical procedures such as
electrophoresis and chromatography. "Enantiomers"
refer to two stereoisomers of a compound which are
nonsuperimposable mirror images of one another.
Stereochemical definitions and conventions used herein
generally follow S. P. Parker, Ed., McGraw-Hill
Dictionary of Chemical Terms (1984) McGraw-Hill Book
Company, New York; and Eliel, E. and Wilen, S.,
"Stereochemistry of Organic Compounds", John Wiley &
Sons, Inc., New York, 1994. The compounds of the
invention may contain asymmetric or chiral centers,
and therefore exist in different stereoisomeric forms.
It is intended that all stereoisomeric forms of the
compounds of the invention, including but not limited
to,diastereomers, enantiomers and atropisomers, as
well as mixtures thereof such as racemic mixtures,
form part of the present invention. Many organic
compounds exist in optically active forms, i.e., they
have the ability to rotate the plane of
plane-polarized light. In describing an optically
active compound, the prefixes D and L, or R and S, are
used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d
and 1or (+) and (-) are employed to designate the sign
of rotation of plane-polarized light by the compound,
with (-) or 1 meaning that the compound is
levorotatory. A compound prefixed with (+) or d is
dextrorotatory. For a given chemical structure, these
stereoisomers are identical except that they are
mirror images of one another. A specific stereoisomer
may also be referred to as an enantiomer, and a
mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers
is referred to as a racemic mixture or a racemate,
which may occur where there has been no
stereoselection or stereospecificity in a chemical
reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity. The
term "tautomer" or "tautomeric form" refers to
structural isomers of different energies which are
interconvertible via a low energy barrier. For
example, proton tautomers (also known as prototropic
tautomers) include interconversions via migration of a
proton, such as keto-enol and imine-enamine
isomerizations. Valence tautomers include
interconversions by reorganization of some of the
bonding electrons. An alkyl group is a straight or
branched chain saturated hydrocarbon radical which is
unsubstituted or substituted. Typically it is C1-C20
alkyl, for instance C1-C10 alkyl, such as Ci-C alkyl.
Ci-C alkyl is typically C1-C4 alkyl. It may be, for
example, methyl (Me, -CH3), ethyl (Et, -CH2CH3),
1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2-propyl (i-Pr,
i-propyl, - CH(CH3)2), 1-butyl (n-Bu, n-butyl,
-CH2CH2CH2CH3), 2-methyl-l -propyl (i-Bu, i-butyl, -
CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl, -CH(CH
3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -C(CH
)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3), 2-pentyl
(-CH(CH 3)CH2CH2CH3), 3- pentyl (-CH(CH 2CH3)2),
2-methyl-2-butyl (-C(CH 3)2CH2CH3), 3-methyl-2-butyl
(- CH(CH3)CH(CH-O2), 3-methyl- 1-butyl
(-CH2CH2CH(CH3)2), 2-methyl-l -butyl (-
CH2CH(CH3)CH2CH3), 1-hexyl (-CH 2CH2CH2CH2CH2CH3) ,
2-hexyl (- CH(CH 3)CH 2CH2CH2CH3), 3-hexyl (-CH(CH 2CH
3)(CH 2CH2CH3)), 2-methyl-2-pentyl (-
C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH 3)CH(CH
3)CH 2CH3) , 4-methyl-2-pentyl 



(-CH(CH 3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH
3)(CH2CH3);,), 2-methyl-3-pentyl (--IICH( CH
2CH3)CH(CH 3)2), 2,3-dimethyl-2-butyl or
3,3-dimethyl-2-butyl (-CH(CH 3)C(CH 3)3. When an alkyl
group is substituted it typically bears one or more
substituents R20 selected from halogen, alkoxy,
carbocyclyl, a 5- or 6-membered saturated N-containing
heterocyclic group as defined above, OH, SR, CN,
nitro, NR2, -COOR, -C(O)R, S(O)1 R and -CONR , wherein
each R is H, unsubstituted alkyl or C3-C10 cycloalkyl
and m is 1 or 2. It is, for instance, a hydroxyalkyl
group, a haloalkyl group or a group "alk-N(R 4)(Rs)
wherein alk is an alkylene chain and R4 and R5 form,
together with the N atom to which they are attached, a
5- or 6-membered saturated N-containing heterocyclic
group which includes Oor 1 additional heteroatoms
selected from N, S and O, which may be fused to a
benzene ring and which is unsubstituted or
substituted. Typically R20 is selected from halogen,
alkoxy, carbocyclyl, a 5- or 6-membered saturated
N-containing heterocyclic group as defined above, OH,
CN, NR2 , -COOR and - CONR2, wherein each R is H or
unsubstituted alkyl as defined above. It is, for
instance, a haloalkyl group or a group -alk-N(R 6)(R5)
wherein alk is an alkylene chain and R4 and R5 form,
together with the N atom to which they are attached, a
5- or 6-membered saturated Ncontaining heterocyclic
group as defined above. An alkylene group is
unsubstituted or substituted, straight or branched
chain saturated divalent hydrocarbon group. Typically
it is C1-Ce alkylene, for instance Cj-C alkylene.
Preferably it is Ci-C4 alkylene, for example C -C
alkylene, such as methylene, ethylene, i-propylene,
n-propylene, t-butylene, s-butylene or n-butylene. It
may also be pentylene, hexylene, heptylene, octylene
and the various branched chain isomers thereof. When
the alkylene group is substituted it is typically
substituted by a group R20 as defined above. An
alkenyl group is an unsubstituted or substituted,
straight or branched chain hydrocarbon radical having
one or more double bonds. Typically it is C2-Cg
alkenyl, for instance C -C alkenyl, such as allyl,
butenyl, butadienyl, pentenyl or hexenyl. When the
alkenyl group is substituted it is typically
substituted by a group R20 as defined above or by
alkyl which is unsubstituted or substituted by a group
R20 as defined above. An alkynyl group is an
unsubstituted or substituted, straight or branched
chain hydrocarbon radical having one or more triple
bonds. Typically it is C -Cs alkynyl, for instance C
-C alkynyl, such as ethynyl, propynyl or butynyl. When
the alkynyl group issubstituted it is typically
substituted by a group R20 as defined above or by
alkyl which is unsubstituted or substituted by a group
R20 as defined above.. A haloalkyl group is an alkyl
group as defined above, substituted by one or more
halogen atoms. It can be a perhaloalkyl group, for
instance trifluoromethyl or perfluorohexyl. A halogen
is chlorine, fluorine, bromine or iodine. It is
typically bromine or iodine. An alkoxy group is
typically Ci-C alkoxy, for instance C1-C4 alkoxy, such
as methoxy, ethoxy, i-propoxy, n-propoxy, t-butoxy,
n-butoxy or s-butoxy. It is unsubstituted or
substituted, for instance by a group R20 as defined
above or by alkyl which is unsubstituted or
substituted by a group R20 as defined above or by
alkyl which is unsubstituted or substituted by a group
R20 as defined above.. Typically it is substituted by
carbocyclyl, morpholino, OH, CN, NR2 , -COOR or
-CONR2, wherein each R is H or unsubstituted alkyl as
defined above. A carbocyclyl group is a non-aromatic
saturated monocyclic hydrocarbon ring, typically
having from 3 to 10 carbon atoms. It may be a C -Cg
cycloalkyl group, or Cs-C1O cycloalkyl group, for
instance cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl or cyclooctyl. A carbocyclyl
group may be unsubstituted or substituted, for
instance by a group R20 as defined above or by alkyl
which is unsubstituted or substituted by a group R20
as defined above.. Typically it is substituted by
alkoxy, morpholino, OH, CN, NR2 , -COOR and -CONR2,
wherein each R is H or unsubstituted alkyl as defined
above. The term "cyclyl" as used herein denotes a
C3-C6 cycloalkyl group, for instance cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl. In particular,
cyclyl is a cyclopropyl group. A 5- or 6-membered
saturated N-containing heterocyclic group which
includes 0 or 1 additional heteroatoms selected from
N, S and O is unsubstituted or substituted and is
typically selected from morpholine, piperidine,
piperazine, pyrrolidine and thiomorpholine. When a 5-
or 6-membered saturated N-containing heterocyclic
group as defined 



above is substituted it is typically substituted by
one or more substituents, for instance 1, 2 or 3
substituents, typically by 1 or 2 substituents.
Typically the substituents are selected from alkyl
which is unsubstituted or substituted, alkoxy which is
unsubstituted or substituted, - NR2, -N(R'")-alk-OR,
-alk-OR, -O-alk-OR, -alk-C(O)NR2, -C(O)NR2 -alk-Het,
-N(R)- Het, -O-Het, -N(R)-C(O)-alk-OR,
-C(O)-N(R)-alk-OR, ^Ik-S(O) 2R, -N(R)-alk-OR, -
alk-NR'R", -N(R'")-S(O) 2R, S(O)2R'",
-alk-N(R)-alk-OR, -S(O)2-alk-OR, a second 5-
or6-membered saturated N-containing heterocyclic group
as defined above, a 5- or 6-membered N-containing
heteroaryl group which is unsubstituted or substituted
and which may be fused to a benzene ring, -COOR,
-CONR2, oxo (=O), -SO2NR2 , -SO2-alk-NR2 and
-CO-alk-OR, wherein: alk is an alkylene chain as
defined above; Het is a 5- or 6-membered N-containing
heteroaryl group as defined herein which is
unsubstituted or substituted; R is H or alkyl, or when
two groups R are bonded to N they may form, together
with the N atom, a saturated 5- or 6-membered
N-containing heterocyclic group as defined herein
which is unsubstituted or substituted; each of R' and
R" is independently H, alkyl or alkoxy; and R'" is
alkyl which is unsubstituted or substituted, for
instance by CF3, NR OR, a 5- or 6- membered saturated
N-containing heterocyclic group as defined herein or a
5- or 6- membered N-containing heteroaryl group as
defined herein, the said heterocyclic and heteroaryl
groups being unsubstituted or substituted. It may be
substituted by a group R20 as defined above or by
alkyl which is unsubstituted or substituted by a group
R20 as defined above. Typically a 5- or 6-membered
saturated N-containing heterocyclic group as defined
above is substituted by a group selected from alkyl
which is unsubstituted or substituted, alkoxy which is
unsubstituted or substituted, a second 5- or
6-membered saturated Ncontaining heterocyclic group as
defined above, a 5- or 6-membered N-containing
heteroaryl group which is unsubstituted or substituted
and which may be fused to a benzene ring, - COOR,
-CONR2, -CONR, oxo (=O), OH, -NSO2R, -SO2NR2 or
-CO(CH2)nOR wherein R is H or alkyl, -NR'R" wherein
each of R' and R" is independently H, alkyl or alkoxy,
and - SO2R'" wherein R'" is alkyl which is
unsubstituted or substituted, for instance by NR2 or a
5- or 6-membered saturated N-containing heterocyclic
group as defined above. More typically a 5- or
6-membered saturated N-containing heterocyclic group
is substituted by one or more substituents selected
from alkyl as defined above which is unsubstituted or
substituted (for instance by R20 as defined above),
haloalkyl as defined above, alkoxy as defined above
which is unsubstituted or substituted, halogen,
hydroxy, CN, nitro, amino, oxo (=O), and -NR'R"
wherein each of R' and R" is independently H or alkyl.
A heteroaryl group is a heteroaryl group which
contains 1, 2 3 or 4 ring nitrogen atoms and O, 1 or 2
additional heteroatoms selected from O, N and S, which
group ismonocyclic or bicyclic and which is
unsubstituted or substituted. It is typically a 5- to
12- membered ring. Examples of a heteroaryl group
include pyrrole, pyrazole, triazole, tetrazole,
indazole, thiazole, isothiazole, oxazole, isooxazole,
indole, isoindole, l,3-dihydro-indol-2-one,
pyridine-2-one, pyridine, pyridin-3-ol, imidazole,
1,3- dihydro-benzimidazolone, benzimidazole,
benzothiazole, benzothiadiazole, quinoline,
isoquinoline, quinoxaline, pyrazolopyridine,
aminopyrazolinone, imidazopyridine, pyrimidine,
pyridazine, pyrazine and isatin groups. Preferred
examples include indazole, indole, pyrazole and
tetrazole groups. These groups may be unsubstituted or
substituted, for instance by a group R20 as specified
above or by alkyl which is unsubstituted or
substituted by a group R20 as defined above. A 5- or
6-membered N containing heteroaryl group which may be
fused to a benzene ring is typically selected from
pyrrole, pyrazole, triazole, tetrazole, indazole,
thiazole, isothiazole, oxazole, isooxazole, indole,
isoindole, l,3-dihydro-indol-2- one, pyridine-2-one,
pyridine, pyridin-3-ol, imidazole,
1,3-dihydro-benzimidazolone, benzimidazole,
benzothiazole, benzothiadiazole, quinoline,
isoquinoline, quinoxaline, pyrazolopyridine,
aminopyrazolinone, imidazopyridine, pyrimidine,
pyridazine and pyrazine. When such a heteroaryl group
is substituted it may be substituted by a group R20 as
defined above or by alkyl which is unsubstituted or
substituted by a group R20 as defined above. PI3
Kinase Inhibitor Compounds The present invention
provides fused pyrimidines which are 4-morpholino
thienopyrimidine and furanopyrimidine compounds, and
pharmaceutically acceptable salts thereof, that are
potentially useful in the treatment of diseases,
conditions and/or disorders modulated by PI3 kinases.
The compounds may inhibit p i 10 isoforms including
alpha, beta, gamma, and delta as pan inhibitors. The
compounds may be p i 10 isoform selective 



inhibitors by selective inhibition of one of the pi 10
isoforms. More specifically, the present invention
provides a compound which is a fused pyrimidine of
formula Ia or Ib:X is O or S; R1 is a group of
formula: R N" CH, R2 is H, halo or Ci-C6 alkyl R4 and
R5 form, together with the N atom to which they are
attached, a group selected from piperazine,
piperidine, pyrrolidine, oxazolidinone, diazepan and
2,5-diaza-bicyclo[2,2,l]- heptane, which group is
unsubstituted or substituted by
-[(alk)q-NR]r-S(O)2-(alk)q-Z or - C(O)-(alk)q-S(O)2Z
wherein Z is R10 or -NR 11R12 , or by unsubstituted
Ci-C6 alkyl, hydroxyl- C -C6 alkyl, oxo (=O),
-(alk)q-OR, -C(O)-C(R') 2-N(R)2, -C(R)2-C(O)-N(R)2,
-C(O)-(NR)q- (alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR,
-C(O)-Tet or -NR 13R14 ; or one of R4 and R5 is Ci-C6
alkyl, -(alk)q-Heterocyclyl or -(alk)q-OR and the
other is a piperazine, piperidine, pyrrolidine,
sulphonylpyran or -(alk)q-Heterocyclyl group, wherein
said piperazine, piperidine, pyrrolidine,
sulphonylpyran or Heter1/4cyclyl is unsubstituted or
substituted by Ci-C6 alkyl, -(alk)q-OR or -S(O) 2 R10
; R is H or Ci-C6 alkyl which is unsubstituted; each
R' is, independently, H or Ci-C6 alkyl which is
unsubstituted, or the two groups R' form, together
with the C atom to which they are attached, a cyclyl
group; R10 is H, cyclyl, Ci-C6 alkyl which is
unsubstituted or CF ; R1 1 and R12 are each
independently selected from H, C -C6 alkyl which is
unsubstituted and -(alk) q-OR, or R11and R12 together
form, with the N atom to which they are attached, a 5-
or 6-membered saturated N-containing heterocyclic
group containing 0 or 1 additional heteroatoms
selected from O, N and S;R13 and R14 are each
independently selected from Ci-C6 alkyl, -S(O) 2 R10,
and -(alk)q-OR; Tet is a tetrahydrofuranyl or
tetrahydropyranyl group, which group is unsubstituted
or substituted; Heterocyclyl is a 5- or 6-membered
saturated N-contairing heterocyclic group containing 0
or 1 additional heteroatoms selected from O, N and S;
Cyclyl is a C "C , cycloalkyl group; each q is
independently 0 or 1; r is 0 or 1; alk is Ci-Ce
alkylene; and * R3 is selected from: (a) a group of
the following formula: wherein B is a phenyl ring
which is unsubstituted or substituted, and Z is
selected from H, -OR, -SR, CH2OR, -CO2R, CF2OH,
CH(CF3)OH, C(CF3)2OH, -(CH2)qOR, - (CH2)qNR2 ,
-C(O)N(R)2, -NR2, -NRC(O)R, -S(O)1nN(R)2, -OC(O)R,
OC(O)N(R)2, -NRS(O) mR , -NRC(O)N(R)2 CN, halogen and
-NO2, wherein each R is independently selected from H,
Ci-Ce alkyl, C - Cio cycloalkyl and a 5- to
12-membered aryl or heteroaryl group, the group being
unsubstituted or substituted, m is 1 or 2 and q is O,
1 or 2; (b) a heteroaryl group which contains 1, 2, 3
or 4 ring nitrogen atoms and O, 1 or 2 additional
heteroatoms selected from O and S, which group is
monocyclic or bicyclic and which is unsubstituted or
substituted; and (c) a group comprising a benzene ring
which is unsubstituted or substituted and which is
fused to a heteroaryl group as defined above; or a
pharmaceutically acceptable salt thereof; with the
provisos that: (i) when X in formula (Ia) is S, then
R3 is other than an indole or 3- hydroxyphenyl group;
(ii) when X in formula (Ib) is S, then R3 is other
than an indole group;(iii) in formula (Ia) only, when
X is S and R2 is H and R3 is indazol-4-yl, then R4 and
R5 do not form: (i) piperazine which is unsubstituted
or substituted by a group selected from methyl, -S(O)
2Me , -S(O) 2NMe2 , -alk-OH, -alk-OMe, -S(O) 2-alk-
NMe , and -S(0) 2-alk-morpholino; or (ii) piperidine
which is substituted by a group selected from -S(O)
2Me , -C(O)-NR-(alk) q-OR, -NMe-S(O) 2 -Me, methyl, 



piperidine and -NR 13R14 wherein one of R13 and R14 is
-(alk)q-OR. In one embodiment the invention provides a
compound which is a fused pyrimidine of formula (Ia'):
wherein X is O or S; Y is N or -CH-; R2 is H, halo or
Ci-C 6 alkyl; each R' is, independently, H, Ci-Ce
alkyl or hydroxyl- Ci-C alkyl, or two groups R' on the
same carbon atom form an oxo (=O) group; or when Y is
N, two groups R' on different carbon atoms together
form a -CH 2- bridgehead; each R" is, independently, H
or Ci-C alkyl, or two groups R" on the same carbon
atom form an oxo (=O) group; Z is R10 or -(alk) -NR
11R12 ; R10 is H, a C "C cycloalkyl group, alkyl which
is unsubstituted, or CF3; R11 and R12 are each
independently selected from H, Ci-C alkyl which is
unsubstituted and " (alk)q-OR, or R1 and R12 together
form, with the N atom to which they are attached, a 5-
or 6-membered saturated N-containing heterocyclic
group containing 0 or 1 additional heteroatoms
selected from O, N and S; q is 0 or 1;r is 0 or 1; alk
is Ci-Ce alkylene; and R3 is selected from: (a) a
group of the following formula: wherein B is a phenyl
ring which is unsubstituted or substituted and Z is
selected from H, - OR, -SR, CH2OR, -CO2R, CF2OH,
CH(CF3)OH, C(CF3)2OH, -(CH2)qOR, -(CH2)qNR2 , -
C(O)N(R)2, -NR2, -NRC(O)R, -S(O)mN(R)2, -OC(O)R,
OC(O)N(R)2, -NRS(O) mR , -RC(O)N(R)2,CN, halogen and
-NO2, wherein each R is 0 independently selected from
H, Ci-C alkyl, C3 - Cio cycloalkyl and a 5- to
12-membered aryl or heteroaryl group, the group being
unsubstituted or substituted, m is 1 or 2 and q is O,
1 or 2; (b) a heteroaryl group which contains 1, 2, 3
or 4 ring nitrogen atoms and O, 1 or 2 additional
heteroatoms selected from O and S, which group is
monocyclic or 5 bicyclic and which is unsubstituted or
substituted; and (c) a group comprising a benzene ring
which is unsubstituted or substituted and which is
fused to a heteroaryl group as defined above;
pharmaceutically acceptable salt thereof; with the
provisos that: 0 (i) R3 is other than an indole or
3-hydroxyphenyl group when X is S; (ii) Z is other
than a group selected from Me, -(alk)q-NMe2
and"alk-morpholino when the following are satisfied: Y
is N, each of R' and R" is H, R2 is H and R3 is
indazol-4-yl; (iii) Z is other than Me when the
following are satisfied: Y is -CH-, each of R' and 5
R" is H, R2 is H and R3 is indazol-4-yl. In another
embodiment the invention provides a compound which is
fused pyrimidine of formula (Ib'):Z- (alk)qwherein X
is O or S; Y is N or -CH-; R2 is H, halo or Ci-C6
alkyl; each R' is, independently, H, Ci-Ce alkyl or
hydroxy-Ci-C alkyl, or two groups R' on the same
carbon atom form an oxo (=O) group; or when Y is N,
two groups R' on different carbon atoms together form
a -CH 2- bridgehead; each R" is, independently, H or
Ci-C6 alkyl, or two groups R" on the same carbon atom
form an oxo (=O) group; Z is R10 Or-^IkVNR 1 1R12 ;
R10 is H, a C3"C cycloalkyl group, Ci-Ce alkyl which
is unsubstituted, or CF ; R11 and R12 are each
independently selected from H, Ci-C alkyl which is
unsubstituted and (alk)q-OR, or R1 1 and R12 together
form, with the N atom to which they are attached, a 5-
or 6-membered saturated N-containing heterocyclic
group containing 0 or 1 additional heteroatoms
selected from O, N and S; 



q is 0 or 1; r is 0 or 1; alk is Ci-C alkylene; and R3
is selected from: (a) a group of the following
formula: wherein B is a phenyl ring which is
unsubstituted or substituted and Z is selected from H,
- OR, -SR, CH2OR, -CO2R, CF2OH, CH(CF3)OH, C(CF )2OH,
-(CH2)qOR, -(CH2)qNR2 , - C(O)N(R)2 -NR2, -NRC(O)R,
-S(O) 111N(R)2, -OC(O)R,OC(O)N(R)2, -NRS(O) mR ,
-RC(O)N(R)2,CN, halogen and -NO2, wherein each R is
independently selected from H, Ci-C alkyl, C - Cio
cycloalkyl and a 5- to 12-membered aryl or heteroaryl
group, the group being unsubstituted or substituted, m
is 1 or 2 and q is O, 1 or 2; (b) a heteroaryl group
which contains 1, 2, 3 or 4 ring nitrogen atoms and 0,
1 or 2 additional heteroatoms selected from O and S,
which group is monocyclic or bicyclic and which is
unsubstituted or substituted; and (c) a group
comprising a benzene ring which is unsubstituted or
substituted and which is fused to a heteroaryl group
as defined above; or a pharmaceutically acceptable
salt thereof. In a yet further embodiment the
invention provides a compound which is a fused
pyrimidine of formula (Ia") or (Ib"): wherein X is O
or S; R2 is H, halo or Ci-C6 alkyl; R4 is Ci-C6
alkyl,-(alk)q-Heterocyclyl, or -(alk) q-OR;R5 is a
piperazine, piperidine, pyrrolidine, sulphonylpyran or
-(alk) q-Heterocyclyl group, wherein said piperazine,
piperidine, pyrrolidine, sulphonylpyran or
Heterocyclyl is unsubstituted or substituted by Cr C6
alkyl, -(alk)q-OR Or-S(O)2R10 ; R is H, Ci-C alkyl
which is unsubstituted; R10 is H, a C3 - C6 cycloalkyl
group, Ci-C6 alkyl which is unsubstituted, or CF ;
Heterocyclyl is a 5- or 6-membered saturated
N-containing heterocyclic group containing 0 or 1
additional heteroatoms selected from O, N and S; q is
0 or 1; alk is Ci-C alkylene; and R3 is selected from:
(a) a group of the following formula: wherein B is a
phenyl ring which is unsubstituted or substituted and
Z is selected from H, - OR, -SR, CH2OR, -CO2R, CF2OH,
CH(CF3)OH, C(CF3)2OH, -(CH2)qOR, -(CH2)qNR2 , -
C(O)N(R)2, -NR2, -NRC(O)R, -S(O)1nN(R)2, -OC(O)R,
OC(O)N(R)2, -NRS(O) mR , -RC(O)N(R)2, CN, halogen and
-NO2, wherein each R is independently selected from H,
C -C alkyl, C - Cio cycloalkyl and a 5- to 12-membered
aryl or heteroaryl group, the group being
unsubstituted or substituted, m is 1 or 2 and q is O,
1 or 2; (b) a heteroaryl group which contains 1, 2, 3
or 4 ring nitrogen atoms and O, 1 or 2 additional
heteroatoms selected from O and S, which group is
monocyclic or bicyclic and which is unsubstituted or
substituted; and (c) a group comprising a benzene ring
which is unsubstituted or substituted and which is
fused to a heteroaryl group as defined above; or a
pharmaceutically acceptable salt thereof; with the
provisos that: (i) when X in formula (Ia) is S, then
R3 is other than an indole or 3- hydroxyphenyl group;
and (ii) when X in formula (Ib) is S, then R3 is other
than an indole group.In R1, the groups R4 and R5
typically form, together with the N atom to which they
are attached, a group selected from piperidine,
piperazine, pyrrolidine, oxazolidinone, diazepan and
2,5-diaza-bicyclo[2,2,l]-heptane. Typically the group
formed by R4 and R5 is piperidine, piperazine or
pyrrolidine. The group formed by R4 and R5 with the N
atom is unsubstituted or substituted by -[(alk)
q-NR]rS(O) 2-(alk)q-Z or by unsubstituted Ci-C 6
alkyl, oxo (=O), -(alk)q-OR , -C(O)- C(R)2-N(R)2,
-C(R)2-C(O)-N(R) 2, -C(O)-(NR) q-(alk)q-OR,
-C(O)-cyclyl -C(O)R, - C(O)OR, or -NR 13R14 . 



Alternatively, one of R4 and R5 is Ci-C alkyl, -(alk)
q-Heterocyclyl or -(alk)q-OR and the other is a
piperazine, piperidine, pyrrolidine, sylphonylpyran or
-(alk)q-Heterocyclyl group, wherein said piperazine,
piperidine, pyrrolidine, sulphonylpyran or
Heterocyclyl group is unsubstituted or substituted by
Ci-C alkyl, -(alk)q-OR or -S(O) R10 . Examples of
Heterocyclyl include piperidine, for instance
piperidin-1-yl, piperidin-2- yl, piperidin-3-yl or
piperidin-4-yl, in particular pipeiidin-4-yl;
morpholine; and pyrrolidine, for instance
pyrrolidin-2-yl or pyrrolidin-3-yl, groups. Examples
of-[(alk) q-NR]r-S(O)2-(alk)q-Z include -S(O)2R10 ,
-S(O) 2-(alk)q-NR11R12 and -(alk)q -NR-S(O) 2 R10 .
Examples of -S(O)2R10 include -S(O) 2Me and -S(O)2-
cyclopropyl. Examples of -C(O)-(alk) q-S(O)2Z include
-C(O)-CH 2 -S(O) 2Me, -C(O)-CHMe - S(O)2Me and
-C(O)-C(Me) 2-S(O) 2Me. R10 is typically H, methyl,
propyl (either n-propyl or i-propyl), or CF3. Examples
of -S(O) 2-(alk)q-NR 1R12 include -S(O) 2-N(Me)2,
-S(O) 2-NHMe, -S(O) 2- N(Me)(CH 2CH2OMe), -S(O)
2-N(Me)(CH 2CH2OH), Examples of -(alk)q-NR-S(O)2 R10
include -CH2NH(SO2Me), -CH2N(Me)(SO2Me), -NH-SO2Me and
-N(Me)(SO2Me). Examples of -(alk)q-OR include -OH,
-OMe, -CH2OH, -CH2OMe,-CH2CH2OMe, -CH2CH2OH,
-CH2CH2CH2OMe and -CH2CH2CH2OH. Examples of -C(O)-C(R'
^-N(R) 2 include -C(O)-CH2-N(Me)2, -C(O)-CH2-NHMe,
-C(O)-CH2-NH2 -C(O)-CHMe-N(Me)2, -C(O)-CHMe-NHMe,
-C(O)-CHMe-NH2 -C(O)-C(Me)2-N(Me)2, -C(O)-C(Me)2-NHMe
, -C(O)-C(Me)2-NH2, -C(O)-C(Me)2-NH2, 7 -C(O)- C-NH2
V7 C(O) C NMe2 Examples of -C(R)2-C(O)-N(R)2 include
-C(Me) 2-C(O)-NH2, -CH 2-C(O)-NH2, -CHMe-C(O)-NH 2,
-C(Me) 2-C(O)-NHMe,-CH 2-C(O)-NHMe, -CHMe-C(O)-NHMe
,-C(Me) 2-C(O)-N(Me)2,-CH 2-C(O)-N(Me), and
-CHMe-C(O)-N(Me) 2 Examples of -C(O)-(NR)q-(alk)q-OR
when each q is 1 include -C(O)-N(Me)-CH2- OMe,
-C(O)-N(Me)-CH2-OH, -C(O)-NH-CH2-OH, and
-C(O)-NH-CH2-OMe. Examples of -C(O)-(NR)q-(alk)q-OR
when one q is 0 and the other q is 1 include -
C(O)-CH2-OMe, -C(O)-CH(Me)-OMe, -C(O)-C(Me) 2-OMe,
-C(O)-CH2-OH, -C(O)- CH(Me)-OH, -C(O)-C(Me) 2-OH and
-C(O)-CH(Me)-OMe. Examples of"C(O)-cyclyl include
-C(O)-(cyclopropyl). Examples of -C(O)R include
-C(O)H, -C(O)Me, -C(O)Et, and -C(O)-C(CH 3) . Examples
of -C(O)OR include -C(O)OH, -C(O)OMe, -C(O)OEt, and In
the definition (a) for R3 the phenyl ring B is
unsubstituted (apart from group Z) or substituted.
When it is unsubstituted the group Z is the sole
substituent. Z may be at the 2-, 3-, 4-, 5- or 6-
position on the phenyl ring. Typically it is at the
2-, 3- or 4- position, more typically at the 3- or 4-
position. Z is most typically other than H, such that
moiety -BZ is a substituted phenyl ring. Specific
examples of the group Z include -OH, -CH2OH, F, Cl, 1-
hydroxyethyl, -NHS(O)2Me, -NC(O)Me,-S(O)2NH2Me and
-C(O)Me. When the phenyl ring B is substituted it
typically comprises, in addition to group Z, one or
more substituents selected from halo, alkyl, alkenyl,
alkynyl, CN, NO2 , OR', SR', NR' 2 C(O)R', SOR', SO2
R', SO2NR' 2 , NC(O)R' and CO2 R', wherein each R' is
independently H or Ci-C alkyl. In definition (b) for
R3 the heteroaryl group is unsubstituted or
substituted. It is typically selected from indazole,
indole, pyridine, pyrimidine, benzimidazole,
quinoline, isoquinoline, imidazole and pyrazole, each
of which is linked via any available ring C or N atom.
For instance, an indazole group may be linked as
indazol-4-yl, indazol-5-yl or indazol- 6-yl.
Pyrimidine may be linked as pyrimidin-1-yl,
pyrimidine-2-yl, pyrimidin-3-yl or pyrimidin-4-yl.
Pyridine may be linked as pyridin-1-yl, pyridine-2-yl,
pyridine-3-yl or pyridine-4-yl. Benzimidazole may be
linked via N as benzimidazol-1-yl. Quinoline may be
linked as quinolin-3-yl or quinolin-4-yl. Isoquinoline
may be linked as isoquinolin-3-yl or isoquinolin-4-yl.
Imidazole may be linked via N as imidazol-1-yl 



If the heteroaryl group is substituted it may be
substituted by one or more substituents selected from
a group Z, R20 as defined above, alkyl which is
unsubstituted or substituted by a R20 as defined
above, any group specified above as an additional
substituent on the phenyl ring B, and an oxo group
(=O). Typically, if substituted, the heteroaryl group
is substituted by OH, OMe, NH2 NMe2 , F or Cl. In one
embodiment the heteroaryl group is unsubstituted. In
definition (c) for R3 the benzene ring is
unsubstituted or substituted. If it is substituted it
may be substituted by one or more substituents
selected from a group Z , R20 as defined above, alkyl
which is unsubstituted or substituted by R20 as
defined above, and any of the groups specified above
as an additional substituent on the phenyl ring B. The
heteroaryl group to which the benzene ring is fused is
itself unsubstituted or substituted, for instance by a
group Z , R20 or alkyl which is unsubstituted or
substituted by a group R20 as defined above; by any
group specified above as an option for an additional
substituent on the phenyl ring B; or by an oxo group
(=O). In one embodiment both the benzene ring and the
heteroaryl group are unsubstituted. Groups included in
definitions (b) and (c) for R3 as defined above
include the following structures:1 i 1 ii 1iii 1 iv 2
iv 2 v3 vii 3 viii 3 ix 4 i 5 i 5 Ii6 v wherein each
R10 is independently selected from H, Ci-C6 alkyl. C
-C alkoxy, Ci-C acyl, - C(O)NR'R", -S(O),NR'R", aryl,
heteroaryl, sulphonyl and halogen, wherein R' and R"
are each independently H or Ci-C alkyl and t is 1 or
2; each R1 1 is independently selected from -OR 10 and
-N(R 10 )2, wherein R10 is as defined above; each R12
is independently H, F or CF3; each W is independently
selected from CR10 and N, wherein R10 is as defined
above; and W is selected from O, S and NR12 wherein
R12 is as defined above. Typical examples of R3
includewherein P is selected from H, -OR, -NR2 , -CN,
halo and Ci-C6 alkyl. Typically in compounds of the
invention, R3 takes definition (a) or (b) as defined
above. In one aspect the invention provides a compound
which is a fused pyrimidine of formula (Ia'") or
(Ib'"): wherein R2, R3,X, Y, Z, R' and R" are as
defined above for formulae (Ia') and (Ib'); or a
pharmaceutically acceptable salt thereof;with the
provisos that, in formula (Ia'") only: (i) R3 is other
than an indole or 3-hydroxyphenyl group when X is S;
(ii) Z is other than a group selected from Me,
-(alk)q-NMe2 and -alk-morpholino when the following
are satisfied: Y is N, each of R' and R" is H, R2 is H
and R3 is indazol-4-yl; and (iii) Z is other than Me
when the following are satisfied: Y is -CH-, each of
R' and R" is H, R2 is H and R3 is indazol-4-yl. In one
aspect the invention provides a compound which is a
fused pyrimidine of formula (Ia) or (Ib): wherein X is
O or S; R1 is a group of formula: R CH2 R2 is H, halo
or Ci-C6 alkyl R4 and R5 form, together with the N
atom to which they are attached, a group selected from
piperazine, piperidine, pyrrolidine, oxazolidinone,
diazepan and 2,5-diaza-bicyclo[2,2,l]- heptane, which
group is unsubstituted or substituted by
-[(alk)q-NR]r-S(O)2-(alk)q-Z or -C(O)-(alk) q-S(O)2Z
wherein Z is R10 or -NR 11R12 , or by unsubstituted
Ci-C6 alkyl, hydroxyl-C -C6 alkyl, oxo (=O),
-(alk)q-OR, -C(O)-C(R ^-N(R) 2, -C(R)2-C(O)-N(R)2, -
C(O)-(NR)q-(alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR,
-C(O)-Tet or -NR 13R14 , with the proviso that, in
formula (Ia) only, when X is S and R2 is H and R3 is 



indazol-4-yl, said group is other than (i) piperazine
which is unsubstituted or substituted by a group
selected from methyl, -S(O) 2Me , -S(O) 2NMe2 ,
-alk-OH, -alk-OMe, -S(O) 2-alkNMe ,
and"S(O)2-alk-morpholino; and (ii) piperidine which is
substituted by a group selected from -S(O) 2Me ,
-C(O)-NR-(alk)q-OR, -NMe-S(O) 2 -Me, methyl,
piperidine and - NR13R14 wherein one of R13 and R14 is
-(alk)q-OR; or one of R4 and R5 is C1-C alkyl,
-(alk)q-Heterocyclyl or -(alk)q-OR and the other is a
piperazine, piperidine, pyrrolidine, sulphonylpyran or
-(alk)q-Heterocyclyl group, wherein said piperazine,
piperidine, pyrrolidine, sulphonylpyran or
Heterocyclyl is unsubstituted or substituted by Ci-C6
alkyl, -(alk)q-OR Or-S(O) 2 R10 ; R is H or Ci-Ce
alkyl which is unsubstituted; each R' is,
independently, H or Ci-C alkyl which is unsubstituted,
or the two groups R' form, together with the C atom to
which they are attached, a cyclyl group; R10 is H,
Ci-C6 alkyl which is unsubstituted or CF3; R1 1 and
R12 are each independently selected from H, Ci-C alkyl
which is unsubstituted and -(alk) q-OR, or R1' and R12
together form, with the N atom to which they are
attached, a 5- or 6-membered saturated N-containing
heterocyclic group containing 0 or 1 additional
heteroatoms selected from O, N and S; R13 and R14 are
each independently selected from Ci-C6 alkyl, -S(O) 2
R10 , and -(alk)q-OR; Tet is a tetrahydrofuranyl or
tetrahydropyranyl group, which group is unsubstituted
or substituted; Heterocyclyl is a 5- or 6-membered
saturated N-containing heterocyclic group containing 0
or 1 additional heteroatoms selected from O, N and S;
Cyclyl is a C3 - C cycloalkyl group; each q is
independently 0 or 1; r is 0 or 1; alk is C1-C6
alkylene; and R3 is selected from: (a) a group of the
following formula: wherein B is a phenyl ring which is
unsubstituted or substituted and Z is selected from H,
-OR, -SR, CH2OR, -CO2R, CF2OH, CH(CF3)OH, C(CF3)2OH,
-(CH2)qOR, -(CH2)qNR2 ,-C(O)N(R)2, -NR2, -NRC(O)R,
-S(O)1nN(R)2, -OC(O)R, OC(O)N(R)2, -NRS(O) 1nR , -
NRC(O)N(R) , CN, halogen and -NO2, wherein each R is
independently selected from H, Ci- C alkyl, C3 - C10
cycloalkyl and a 5- to 12-membered aryl or heteroaryl
group, the group being unsubstituted or substituted, m
is 1 or 2 and q is O, 1 or 2; (b) a heteroaryl group
which contains 1, 2, 3 or 4 ring nitrogen atoms and 0,
1 or 2 additional heteroatoms selected from O and S,
which group is monocyclic or bicyclic and which is
unsubstituted or substituted; and (c) a group
comprising a benzene ring which is unsubstituted or
substituted and which is fused to a heteroaryl group
as defined above; or a pharmaceutically acceptable
salt thereof; with the provisos that: (i) when X in
formula (Ia) is S, then R3 is other than an indole or
3- hydroxyphenyl group; and (ii) when X in formula
(Ib) is S, then R3 is other than an indole group. In
one aspect the invention provides a compound which is
a fused pyrimidine of formula (Ia') wherein X is O or
S; Y is N or -CH-; R2 is H, halo or Ci-C6 alkyl; each
R' is, independently, H, Ci-C alkyl or hydroxyl- Ci-Ce
alkyl, or two groups R' on the same carbon atom form
an oxo (=O) group; or when Y is N, two groups R' on
different carbon atoms together form a -CH -
bridgehead;each R" is, independently, H or C]-C alkyl,
or two groups R" on the same carbon atom form an oxo
(=O) group; Z is R10 or -(alkVNR 11R12 ; R10 is H,
Ci-C6 alkyl which is unsubstituted, or CF3; R1' and
R12 are each independently selected from H, Ci-C alkyl
which is unsubstituted and (alk)q-OR, or R11 and R12
together form, with the N atom to which they are
attached, a 5- or 6-membered saturated N-containing
heterocyclic group containing 0 or 1 additional 



heteroatoms selected from O, N and S; q is 0 or 1; alk
is Ci-C alkylene; and and R3 is selected from: (a) a
group of the following formula: wherein B is a phenyl
ring which is unsubstituted or substituted and Z is
selected from H, -OR, -SR, CH2OR, -CO2R, CF2OH,
CH(CF3)OH, C(CF3 OH, -(CH2)qOR, -(CH2)qNR2 -C(O)N(R)2,
-NR2, -NRC(O)R, -S(O)1nN(R)2, -OC(O)R, OC(O)N(R)2,
-NRS(O) mR , - NRC(O)N(R) , CN, halogen and -NO ,
wherein each R is independently selected from H, C - C
alkyl, C - Cio cycloalkyl and a 5- to 12-membered aryl
or heteroaryl group, the group being unsubstituted or
substituted, m is 1 or 2 and q is O, 1 or 2; (b) a
heteroaryl group which contains 1, 2, 3 or 4 ring
nitrogen atoms and O, 1 or 2 additional heteroatoms
selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted;
and (c) a group comprising a benzene ring which is
unsubstituted or substituted and which is fused to a
heteroaryl group as defined above; or a
pharmaceutically acceptable salt thereof; with the
provisos that: (i) R3 is other than an indole or
3-hydroxyphenyl group when X is S; (ii) Z is other
than a group selected from Me, -(alk)q-NMe2 and
"alk-morpholino when the following are satisfied: Y is
N, each of R' and R" is H, R2 is H and R3 is
indazol-4-yl;(iii) Z is other than Me when the
following are satisfied: Y is -CH-, each of R' and R"
is H, R2 is H and R3 is indazol-4-yl. In one aspect
the invention provides a compound which is fused
pyrimidine of formula (Ib'): Z- (alk)q - wherein X is
O or S; Y is N or -CH-; R2 is H, halo or C1-C6 alkyl;
each R' is, independently, H, Ci-C alkyl or
hydroxy-Ci-C6 alkyl, or two groups R' on the same
carbon atom form an oxo (=O) group; or when Y is N,
two groups R' on different carbon atoms together form
a -CH 2- bridgehead; each R" is, independently, H or
Ci-C alkyl, or two groups R" on the same carbon atom
form an oxo (=O) group; Z is R10 or-(alk) q-NRu R12 ;
R10 is H, Ci-C6 alkyl which is unsubstituted, or CF3;
R1' and R12 are each independently selected from H,
Ci-C alkyl which is unsubstituted and (alk)q-OR, or
R11 and R12 together form, with the N atom to which
they are attached, a 5- or 6-membered saturated
N-containing heterocyclic group containing 0 or 1
additional heteroatoms selected from O, N and S; q is
0 or 1; alk is Ci-C6 alkylene; and and R3 is selected
from: (a) a group of the following formula:wherein B
is a phenyl ring which is unsubstituted or substituted
and Z is selected from H, -OR, -SR, CH2OR, -CO2R,
CF2OH, CH(CF3)OH, C(CF )2OH, -(CH2)qOR, -(CH2)qNR2
-C(O)N(R)2, -NR2, -NRC(O)R, -S(O)1nN(R)2, -OC(O)R,
OC(O)N(R)2, -NRS(O) mR , - NRC(O)N(R)2 CN, halogen and
-NO , wherein each R is independently selected from H,
Ci- C6 alkyl, C3 - C10 cycloalkyl and a 5- to
12-membered aryl or heteroaryl group, the group being
unsubstituted or substituted, m is 1 or 2 and q is O,
1 or 2; (b) a heteroaryl group which contains 1, 2, 3
or 4 ring nitrogen atoms and O, 1 or 2 additional
heteroatoms selected from O and S, which group is
monocyclic or bicyclic and which is unsubstituted or
substituted; and (c) a group comprising a benzene ring
which is unsubstituted or substituted and which is
fused to a heteroaryl group as defined above; or a
pharmaceutically acceptable salt thereof. In one
aspect the invention provides a compound which is a
fused pyrimidine of formula (Ia") or (Ib"): 



wherein X is O or S;R2 is H, halo or Ci-C6 alkyl; R4
is Ci-C6 alkyl, -(alk)q-Heterocyclyl, or -(alk) q-OR;
R5 is a piperazine, piperidine, pyrrolidine,
sulphonylpyran or"(alk)q-Heterocyclyl group, wherein
said piperazine, piperidine, pyrrolidine,
sulphonylpyran or Heterocyclyl group is unsubstituted
or substituted by Ci-C6 alkyl, -(alk)q-OR Or-S(O)2R1°;
R is H, Ci-C alkyl which is unsubstituted; R10 is H,
Ci-C 6 alkyl which is unsubstituted, or CF3;
Heterocyclyl is a 5- or 6-membered saturated
N-containing heterocyclic group containing 0 or 1
additional heteroatoms selected from O, N and S; q is
Oor l ; alk is Ci-C6 alkylene; and and R3 is selected
from: (a) a group of the following formula: wherein B
is a phenyl ring which is unsubstituted or substituted
and Z is selected from H, -OR, -SR, CH2OR, -CO2R,
CF2OH, CH(CF3)OH, C(CF3)2OH, -(CH2)qOR, -(CH2)qNR2 ,
-C(O)N(R)2, -NR2, -NRC(O)R, -S(O)1nN(R)2, -OC(O)R,
OC(O)N(R)2, -NRS(O) mR , - NRC(O)N(R) 2, CN, halogen
and -NO2, wherein each R is independently selected
from H, Ci- C6 alkyl, C3 - C10 cycloalkyl and a 5- to
12-membered aryl or heteroaryl group, the group being
unsubstituted or substituted, m is 1 or 2 and q is O,
1 or 2; (b) a heteroaryl group which contains 1, 2, 3
or 4 ring nitrogen atoms and O, 1 or 2 additional
heteroatoms selected from O and S, which group is
monocyclic or bicyclic and which is unsubstituted or
substituted; and (c) a group comprising a benzene ring
which is unsubstituted or substituted and which is
fused to a heteroaryl group as defined above; or a
pharmaceutically acceptable salt thereof; with the
provisos that: (i) when X in formula (Ia") is S, then
R3 is other than an indole or 3- hydroxyphenyl group;
and (ii) when X in formula (Ib") is S, then R3 is
other than an indole group.Specific examples of
compounds of the invention include: Table Ia[0001]
METHOD AND APPARATUS FOR COORDINATING TIMING IN A
WIRELESS LOCAL AREANETWORK [0002] FIELD OF INVENTION
[0003] The present invention is related to timing in a
wireless local area network (WLAN). More particularly,
the present invention is related toa method and
apparatus for coordinating timing in a WLAN. [0004]
BACKGROUND [0005] The 802.11s standard provides a
means to form a mesh wireless backhaul with 802.11
wireless local area network (WLAN) technology. Mesh
networks are also known as multi-hop networks, since
packets might be relayed more than once in order to
reach their destination. This provides a different
paradigm as compared to the original WLAN standard,
which addressed only star topologies for stations
(STAs) to be connected to an access point (AP)
effectively using single hop communications through a
basic service set (BSS). The original WLAN paradigm
may also be referred to as "infra-structure mode."
[0006] The 802.11s standard, though, only addresses
the scenario where the network-side nodes form a mesh
network, and where WLAN mesh operation in the backhaul
is transparent to all STAs. This means that, similar
to legacy 802.11 WLAN networks, STAs still connect to
an AP through a BSS. A meshcapable AP, referred to as
a mesh AP (MAP), interfaces on its "backhaul" side to
other mesh points (MPs), which forward and route
traffic through the WLAN backhaul mesh to its
destination. The destination can be either a mesh
portal which may connect the wireless mesh segment to
a wired LAN segment, or it can be another MAP attached
to the mesh network. In this manner, legacy STAs can
operate in WLAN mesh-enabled backhaul networks.
Essentially, an MAP functions similarly to a typical
AP to serve STAs in its BSS and as a wireless bridge,
or MP, toreceive, forward and route packets through
the backhaul mesh.[0007] In existing art 802.
11technology, STAs synchronize with the AP by
adjusting their internal timers to the beacon frame
sent in regular intervals by 



the AP. The AP therefore constitutes the timing
reference for all STAsin its BSS. This communication
process between STAs and the AP in the BSS is
completely independent of the mesh, and therefore STAs
are typically not aware of the presence of a mesh
network in the backhaul. [0008] The BSS, through the
AP, synchronizes all STAsto a common clock and timer
through the use of the beacon frames. This commonBSS
timer value is often used as a timestamp or reference
time interval by STAs when reporting events and
measurements to the AP or by the AP when applying
actions t o change radio settings in the STAsor the
BSS. Some of these actions and features are provided
in the IEEE 802.Hh, k and v amendments. For example,
all of the measurements used for DFS and regulatory
radar avoidance, such as Basic Request, CCARequest,
RPI Histogram Request, and the like, specify a start
time for each measurement. All 802.11 measurement
reports, such as RPI Histogram Report, Beacon Report,
Channel Load Report, and the like, include an actual
start time information element (IE) and a measurement
duration IE so that the report recipient may know when
the measurement was made. [0009] Similarly, mesh nodes
forming the mesh network may synchronize among
themselves using a common clock. When MPs work with a
common clock, they are referred to as synchronizing
MPs. When the "Synchronized with peer MP" bit in the
"Synchronization Capability" field of the WLAN Mesh
Capability element is set to 1, it indicates that the
MP is currently a synchronizing MP. The timer used by
the AP in the BSS and the timers used in the mesh are
not necessarily the same. Therefore, as currently
proposed, the 802.11s draft amendment includes a
mechanism where a synchronizing MAPcommunicates its
timer offset (that is, BSS clock compared t o mesh
clock) at least to its tier-1 neighbor nodes to
circumvent limitations for the MAPwhen coinmunicating
with its tier-1 neighbors. This information is
included in the beacon timing element. The beacon
timing element is used by a synchronizing MP to
advertise an offset between its self TSF and the Mesh
TSF, and to advertise the beacon timinginformation of
zero or more of its MP neighbors. [0010] Figure 1
shows a wireless communication system 100 containing a
WLAN mesh network and a plurality of BSSs. The WLAN
mesh network includes a plurality of MAPs 120, mesh
nodes (MPs) 110, and at least one gateway node 130. A
mesh timer is associated with the mesh WLAN. In
addition, each MAP 120 is also part of a BSS
(designated BSSl, BSS2, BSS3, and BSS4), each of which
include a BSS timer (Timer 1, Timer 2, Timer 3, and
Timer 4, respectively). The BSSs also may include STAs
140. In the present example, BSSl contains one STA
140, BSS2 contains no STAs 140, BSS3 contains two STAs
140, and BSS4 contains one STA 140. It should be noted
that any number of STAs 140 may be included in any
BSS. The STAs 140 are in wireless communication with
their associated MAP 120 of their BSS. [0011]
Currently, there is nomechanism where a timing value
reported by a STA in its BSS to the associated MAP and
forwarded to a network-based Network Manager (NM) is
translated into a timing value that is also meaningful
to the remote NM. Because the remote NMis not
knowledgeable about the BSS timing values used by the
STAs when connected through a mesh, unless the NM is
residing on one of the tier-1 mesh neighbors, the NM
is unable to utilize the timing information. [0012]
Accordingly, this limits the usefulness of existing
signaling procedures when collecting radio
measurements from STAs or when trying to coordinate
changes in radio settings through the AP for STAs in
the BSS. Effectively, this limits implementation of
such radio measurement or radio management
functionality t o the AP itself. Additionally, in
wired WLAN backhaul networks, the most prominent
implementations favor centralized network management
functionality for both cost and performance reasons.
[0013] Therefore, it would be advantageous totranslate
BSS timing values into mesh timing values in order to
enable implementation of network management
functionality through 802.11s-enabled WLAN mesh
backhauls.[0014] SUMMARY [0015] The present invention
is related to a method and apparatus for 



coordinating timing in a wireless communication system
that includes a (STA) including a basic service set
(BSS) timer in communication with a mesh access point
(MAP), and a network management (NM) entity wherein
the MAPand NM entity include a mesh timer. The STA
transmits a BSS timer information message tothe
MAP,wherein the BSS timer information message includes
a BSS timer value. The MAP receives the BSS timer
information message and modifies the message. The MAP
forwards the modified message to the NMentity. [0016]
BRIEF DESCRIPTION OF THE DRAWINGS [0017] Amore
detailed understanding of the invention may be had
from the following description of a preferred
embodiment, given by way of example and to be
understood in conjunction with the accompanying
drawings wherein: [0018] Figure 1 shows a wireless
communication system containing a wireless local area
network (WLAN) mesh network and a plurality of basic
service sets (BSSs); [0019] Figure 2 is a functional
block diagram of a wireless transmit/receive unit
(WTRU) configured to coordinate timing in the WLAN
mesh network of Figure 1 in accordance with the
present invention; [0020] Figure 3 shows a wireless
communication system containing a WLANmesh network and
a plurality BSSs performing a method for coordinating
timing in the wireless communication system of Figure
1; [0021] Figure 4 is an exemplary signal diagram of a
station (STA), mesh access point (MAP), mesh point
(MP) and mesh portal performing a method for
coordinating timing in the wireless communication
system of Figure 3; [0022] Figure 5 is a flow diagram
of performing a method for coordinating timing in the
wireless communication system of Figure 3; [0023]
Figure 6 is an exemplary signal diagram of a STA,
MAP,MP and mesh portal performing a method for
coordinating timing in the wirelesscommunication
system of Figure 3, in accordance with another
embodiment of the present invention; and [0024] Figure
7 is an exemplary signal diagram of a STA, MAP,MP and
mesh portal performing a method for coordinating
timing in the wireless communication system of Figure
3, in accordance with another embodiment of the
present invention. [0025] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0026] When referred to
hereafter, the terminology "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
terminology "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. [0027] The
present invention is directed t o a method and
apparatus for coordinating timing in wireless local
area networks (WLANs). [0028] Figure 2 is a functional
block diagram of a WTRU 200 configured to coordinate
timing in the WLANmesh network of Figure 1 in
accordance with the present invention. The WTRU 200
may function as any of the devices depicted in Figure
1, including, but not limited to, the mesh access
point (MAP) 120, stations (STAs) 140, mesh points
(MPs) 110, and the gateway node 130. [0029] In
addition tothe components that may be found in a
typical WTRU, the WTRU 200 includes a processor 215, a
receiver 216, a transmitter 217, and an antenna 218.
The processor 215 is configured t o coordinate timing
in the WLAN in accordance with the present invention.
The receiver 216 and the transmitter 217 are in
communication with the processor 215. The antenna 218
is in communication with both the receiver 216 and the
transmitter 217 to facilitate the transmission and
reception of wireless data.[0030] Figure 3 shows a
wireless communication system 300 containing a WLAN
mesh network and a plurality of BSSs performing a
method for coordinating timing in the wireless
communication system of Figure 1. The wireless
communication system 300 is substantially similar to
the wireless 



communication system 100 depicted in Figure 1. That
is, the WLAN mesh network includes a plurality of MAPs
120, MPs 110, and at least one gateway node 130. A
mesh timer is associated with the mesh WLAN. In
addition, each MAP 120 is also part of a BSS
(designated BSSl, BSS2, BSS2, and BSS4), each of which
include a BSS timer (Timer 1, Timer 2, Timer 3, and
Timer 4, respectively). The BSSs also may include STAs
140. Again, although in the present example, BSSl
contains one STA140, BSS2 contains no STAs 140, BSS3
contains two STAs 140, and BSS4 contains one STA 140,
it should be noted that any number of STAs 140 may be
included in any BSS. Preferably, the STAs 140 are in
wireless communication with their associated MAP 120
of their respective BSSs. [0031] Figure 4 is an
exemplary signal diagram 400 of a STA 140, MAP 120,MP
110 and mesh portal 130 performing a method for
coordinating timing in the wireless communication
system 300 of Figure 3. Although a more detailed
method will be described below, in general, the STA
140 transmits a BSS timer message to the MAP 120
(410). The BSS timer message may also be referred to
as a "timing" or "timestamp" message. The MAP 120
modifies the BSS timer message to an equivalent timer
message (420) and transmits the equivalent timer
message to the mesh portal 130 (430). If there are any
MPs 110 between the MAP 120 and the mesh portal 130,
then the equivalent timer message is transmitted to
the MP 110 (435), which forwards the equivalent timer
message on to the mesh portal 130 (436). [0032] Figure
5 is a flow diagram 500 of performing a method for
coordinating timing in the wireless communication
system 300 of Figure 3. In step 510, a STA 140
transmits a message containing BSS timer information
to a MAP 120. In particular, the STA 140 transmits the
BSS timer information to itsrespective MAP 120. For
example, the STA 140 in BSS 1 transmits the BSS timer
information to the MAP 120 associated with BSS 1.
[0033] The MAP 120 receives the BSS timer information
fromthe STA140 and modifies the message t o create a
modified timer message (step 520). In a preferred
embodiment of the present invention, the MAP 120
utilizes timer offset information to calculate the
equivalent time value in terms of the mesh timer or
another reference timebase. Additionally, the MAP 120
may attach additional MAP timer information, such as
the mesh timer offset and the mesh timer offset drift
rate, to the modified timer message. The modified
message may be an extended message created by the MAP
120 based on the original message received from the
STA 140, or a new message created by the MAP 120 that
includes the information received from the STA 140.
Anew information element (IE) or, alternatively, a new
information field, may be added t o the original
message. The equivalent timer value may also be
included into an encapsulating frame. For example, the
original frame and timing may be encapsulated within a
mesh frame which could include the new timing
information. [0034] The MAP 120 forwards the modified
message to a network management (NM) entity (step
530). In a preferred embodiment of the present
invention, the NM entity is the mesh portal 130.
However, the NMentity may also exist in other devices
besides the mesh portal 130. If the modified message
is being routed through unsynchronized MPs 110 to the
NM entity (step 540), then each unsynchronized MP 110
modifies the received timer message before forwarding
it to the next MP 110 or to the NM entity, in the hop
(step 550). [0035] For example, referring back to
Figure 3, the STA 140 in BSS3 transmits its BSS timer
message tothe MAP 120 associated with BSS3 (depicted
by the solid arrow). The MAP 120 modifies the original
message received from the STA 140, and forwards it to
the NM entity (mesh portal 130) via MP4 (depicted by
the dashed arrows). If MP4 is a synchronized MP 110,
then MP4 may forward the modified message received
from MAP 120 to the mesh portal 130 unaltered.
However, if MP4 is unsynchronized in that it utilizes
a differenttimebase than the mesh WLAN, then MP4
modifies the message received from the MAP 120 prior
to forwarding it to the mesh portal 130. [0036]
Additionally, the reverse operation is also possible.
That is, the MAP 120 may receive a timing message from
the mesh WLAN, replace the mesh 



timer value with the equivalent BSS timer value or
attach the equivalent BSS timer value to the message,
then forward the message on to the STA 140. The MAP
120 may also generate a new message based on the mesh
timer value and forward it t o the STA 140. [0037]
Figure 6 is an exemplary signal diagram 600 of a STA,
MAP,MP and mesh portal performing a method for
coordinating timing in the wireless communication
system 300 of Figure 3, in accordance with another
embodiment of the present invention. In the present
embodiment, the NMentity (mesh portal 130) transmits a
timing message to the MAP 120 (610). The NM entity may
communicate with the MAP 120 wireless, through an MP
110, through a wired connection, or any combination
thereof. The transmitted timing message contains timer
values for the STAs 140. [0038] The MAP 120 forwards
the timing messages to its associated STAs 140 without
modifying the timing message (620). The MAP 120
forwards this timing message irrespective of whether
encapsulation or re-building of the message occurs at
any intermediate forwarding points. {0039] The mesh
portal 130 transmits an instruction signal tothe MAP
120 (630). The instruction signal, or polling signal,
contains instructions for the MAP 120 of STA 140
toreport at some time intervals BSS-mesh tuning
offsetvalues or absolute timing values tofacilitate
the NMentity in deriving timer offsets for all MAPs
120 in the system with respect to the NM entity time
base. If the instructions are intended for the STA
140, the MAP 120 forwards the instruction signal tothe
STA 140 (640). An absolute timing might include a
timing reference obtained from an external source,
such as a global positioning system (GPS). [0040] The
STA 140 reports timing values to the MAP 120 (650),
and the MAP reports timing values to the mesh portal
130 (660), including the STA 140 reported timing
values. Accordingly, whenever any mesh forwarded
messagecontaining timer values is received at any
destination device, the destination device may request
from the NM entity the current timer offset between
the message source and the message destination device,
and utilize the timer offset to translate received
timer values into an equivalent timer value for the
destination devices local time base. [0041] Figure 7
is an exemplary signal diagram of a STA 140, MAP 120,
MP 110 and mesh portal 130 performing a method for
coordinating timing in the wireless communication
system 300 of Figure 3, in accordance with another
embodiment of the present invention. [0042] In the
present example, the mesh portal 130 transmits a
synchronization message toMP 110 and MAP 120 (710).
The synchronization message includes a common
reference clock to be used by either the whole
network, or a subset of the MPs 110, MAPs 120, and
STAs 140 in the network. The MAP 120 forwards the
synchronization message to the STA 140 (720) and the
STA 140 synchronizes its time base in accordance with
the synchronization message (730). [0043] In this
manner, all devices in the system 300 may exchange
messages containing timing information without
performing any time translation, since the time
reference is known to and is the same for all. TheNM
entity (mesh portal 130) periodically resynchronizes
the network to minimize time base errors due to time
base drift at each point in the network, preferably by
transmitting another synchronization message. In
addition to the synchronization message coordinating
timing values in messages such as measurements, it can
be used in a larger context, such as forcing all MPs
110 or STAs 140 to synchronize to the same timer.
[0044] In another embodiment of the present invention,
a STA to STA timer exchange is used that is based on a
time offset value. In this method, the destination
device for a forwarded message that contains timer
values exchanges timebase information directly with
the source STA which originated the forwarded message.
The timing information exchange would establish the
current tier offset between source and destination
STA. The variablepropagation delays would be accounted
for across the mesh from the source device tothe
destination device. Alternatively, the timer offset
information could 



be obtained by time stamping any event which is
simultaneously observable by both the source and
destination devices. In one example, an external
beacon or an external timing message may be received.
[0045] The signaling utilized by the STA 140, MAP
120,MP 110, and mesh portal 130 may occur via layer 2
(L2) or layer 3 (L3) frames, as well as via network
management protocols such as SNMP over IP and the
like. Additionally, any MPs 110 that may be along the
routes between the signal sources and the signal
destinations in Figure 6 may provide intermediate
routing of the signals described. [0046] Additionally,
the STAs 140, MAPs 120, MPs 110, and mesh portals 130
may include a database containing the operation status
of the timing coordination feature, if this capability
is supported and/or switched on. This setting may be
changed remotely either through L2 or through L3
signaling frames, such as SNMP. Furthermore, devices
can be configured to contain database entries which
other devices in the network, or which other common
reference times, may be monitored and tracked. [0047]
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 computerreadable
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,
magnetooptical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).[0048]
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. [0049] 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. [0050] Embodiments 1. In a wireless
communication system including a station (STA)
including a basic service set (BSS) timer, in
communication with a mesh access point (MAP), and a
network management (NM) entity wherein the MAP and NM
entity include a mesh timer, a method for coordinating
timing. 2. The method of embodiment 1, further
comprising a STA transmitting a BSS timer information
message to an MAP. 3. A method as in any preceding
embodiment wherein a BSS timer information message
includes a BSS timer value.4. A method as in any
preceding embodiment, further comprising an MAP
receiving a BSS timer information message and
modifying the message. 5. Amethod as in any preceding
embodiment, further comprising an MAP forwarding a
modified message to an NMentity. 6. A method as in any
preceding embodiment, further comprising an 



MAP calculating an equivalent time value. 7. A method
as in any preceding embodiment, further comprising an
MAP replacing a BSS timer value with a calculated
equivalent timer value. 8. A method as in any
preceding embodiment wherein an equivalent time value
is calculated based on timer offset information. 9. A
method as in any preceding embodiment wherein an
equivalent time value is calculated in terms of a mesh
timer. 10. A method as in any preceding embodiment,
further comprising a mesh point (MP) between an NM
entity and an MAP. 11. A method as in any preceding
embodiment wherein an MAP forwards a modified message
to an NMentity through at least one MP. 12. A method
as in any preceding embodiment wherein an MP is a
synchronized MP. 13. A method as in any preceding
embodiment wherein an MP is an unsynchronized MP.14. A
method as in any preceding embodiment, further
comprising an unsynchronized MP receiving a modified
message and further modifying the modified message
prior to forwarding it to an NMentity. 15. A method as
in any preceding embodiment wherein an MAP attaches
MAP timer information to a BSS timer information
message. 16. A method as in any preceding embodiment
wherein MAP timer information includes a mesh timer
offset. 17. A method as in any preceding embodiment
wherein MAP timer information includes a mesh timer
offset drift rate. 18. A method as in any preceding
embodiment wherein a modified message is an extended
BSS timer information message. 19. A method as in any
preceding embodiment wherein a modified message is a
newly generated message. 20. Amethod as in any
preceding embodiment, further comprising an MAP
receiving a mesh timer message. 21. A method as in any
preceding embodiment, further comprising"an MAP
modifying a mesh timer message. 22. A method as in any
preceding embodiment, further comprising an MAP
forwarding a modified message to a STA. 23. A method
as in any preceding embodiment, further comprising
adding an information element (IE) to a modified
message.24. A method as in any preceding embodiment,
further comprising including a timer value into an
encapsulating frame. 25. A method as in any preceding
embodiment, further comprising an NMentity
transmitting an instruction signal to an MAP. 26. The
method of embodiment 25 wherein an instruction signal
includes instructions directing the reporting of
timing values. 27. A method as in any preceding
embodiment, further comprising an MAP reporting timing
values to an NMentity. 28. A method as in any
preceding embodiment, further comprising an MAP
receiving timing values and forwarding the timing
values without modification. 29. A method as in any
preceding embodiment, further comprising an NMentity
deriving timing offsets for at least one MAP. 30.
Amethod as in any preceding embodiment wherein an
MAPreceives timing values from an NM entity and
forwards the timing values to a first STA. 31. A
method as in any preceding embodiment wherein MAP
receives timing values from a STAand forwards the
timing values to an NM entity. 32. A method as in any
preceding embodiment, further comprising an MAP
forwarding an instruction signal to a first STA. 33. A
method as in any preceding embodiment, further
comprising a first STAreporting timing values to an
MAP.34. A method as in any preceding embodiment
wherein timing values include BSS-mesh timing offset
values. 35. A method as in any preceding embodiment
wherein timing values include absolute values. * 



36. A method as in any preceding embodiment, further
comprising a first STAtransmitting a message to a
second station. 37. A method as in any preceding
embodiment, further comprising a second STArequesting
a current timer offset between a first STAand the
second STA. 38. Amethod as in any preceding embodiment
wherein a first STAis in a first BSS and a second
STAis in a second BSS. 39. Amethod as in any preceding
embodiment, further comprising an NMentity
transmitting a synchronization message to an MAP and a
plurality of MPs. 40. A method as in any preceding
embodiment wherein a synchronization message includes
information relating to a reference clock. 41. A
method as in any preceding embodiment, further
comprising an MAP forwarding the synchronization
message to its associated STA. 42. A method as in any
preceding embodiment, further comprising an MAP, STA
and plurality of MPs synchronizing their respective
time bases in accordance with a synchronization
message.43. Amethod as in any preceding embodiment,
further comprising an NMentity transmitting a
resynchronization message to an MAP and a plurality of
MPs. 44. An MAP configured to perform a method as in
any preceding embodiment. 45. The MAP of embodiment
44, further comprising a receiver. 46. An MAP as in
any of embodiments 44-45, further comprising a
transmitter. 47. An MAP as in any of embodiments
44-46, further comprising a processor in communication
with a receiver and a transmitter. 48. An MAP as in
any of embodiments 44-47 wherein a processor is
configured to receive a BSS timer information message.
49. An MAP as in any of embodiments 44-48 wherein a
processor is configured to modify a BSS timer
information message. 50. An MAP as in any of
embodiments 44-49 wherein a processor is configured to
forward a modified message to an NM entity. 51. An MAP
as in any of embodiments 44-50 wherein a processor is
further configured to receive a synchronization
message from an NMentity. 52. An MAP as in any of
embodiments 44-51 wherein a processor is further
configured to synchronize an MAP in accordance with a
synchronization message.53. An MAP as in any of
embodiments 44-52 wherein a processor is further
configured to forward a synchronization message to a
STA in communication with the MAP. 54. An MAP as in
any of embodiments 44-53 wherein a processor is
further configured to forward a modified message to an
NM entity through an intermediate MP. 55. An MAP as in
any of embodiments 44-54 wherein a processor is
further configured to calculate an equivalent time
value. 56. An MAP as in any of embodiments 44-55
wherein a processor is further configured to
equivalent time value is based upon the mesh timer.
57. An MAP as in any of embodiments 44-56 wherein a
processor is further configured toreceive an
instruction signal from an NMentity and report
BSS-mesh timing offset values to the NMentity. 58. An
MAP as in any of embodiments 44-57 wherein a processor
is further configured toforward the instruction signal
from an NMentity to a STA. 59. An integrated circuit
(IC) configured toperform a method as in any of
embodiments 1-43. 60. The IC of embodiment 59, further
comprising a receiver. 61. An IC as in any of
embodiments 59-60, further comprising a transmitter.
62. An IC as in any of embodiments 59-61, further
comprising a processor in communication with the
receiver and the transmitter.63. An IC as in any of
embodiments 59-62 wherein a processor is 



configured to receive a BSS timer information message.
64. An IC as in any of embodiments 59-63 wherein a
processor is configured to modify a BSS timer
information message. 65. An IC as in any of
embodiments 59-64 wherein a processor is configured to
forward a modified message to an NM entity. 66. An IC
as in any of embodiments 59-65 wherein a processor is
further configured to receive a synchronization
message from an NMentity. 67. An IC as in any of
embodiments 59-66 wherein a processor is further
configured tosynchronize an MAPin accordance with a
synchronization message. 68. A An IC as in any of
embodiments 59-67 wherein a processor is further
configured to forward a synchronization message to a
STA in communication with the MAP. 69. An IC as in any
of embodiments 59-68 wherein a processor is further
configured to forward a modified message to an NM
entity through an intermediate MP. 70. An IC as in any
of embodiments 59-69 wherein a processor is further
configured to calculate an equivalent time value. 71.
An IC as in any of embodiments 59-70 wherein a
processor is further configured to equivalent time
value is based upon the mesh timer.72. An ICas in any
of embodiments 59-71wherein a processor is further
configured to receive an instruction signal from an NM
entity and report BSSmesh timing offset values to the
NM entity. 73. An ICas in any of embodiments 59-72
wherein a processor is further configured to forward
the instruction signal from an NM entity to a
STA.CLAIMS What is claimed is: 1. In a wireless
communication system including a station (STA)
including a basic service set (BSS) timer, the STAin
communication with a mesh access point (MAP), and a
network management (NM) entity wherein the MAP and NM
entity include a mesh timer, a method for coordinating
timing, the method comprising: (a) the STAtransmitting
a BSS timer information message tothe MAP, wherein the
BSS timer information message includes a BSS timer
value; (b) the MAP receiving the BSS timer information
message and modifying the message; and (c) the MAP
forwarding the modified message to the NM entity. 2.
The method of claim 1 wherein step (b) further
comprises: (d) the MAP calculating an equivalent time
value; and (e) the MAP replacing the BSS timer .value
with the calculated equivalent timer value. 3. The
method of claim 2 wherein the equivalent time value is
calculated based on timer offset information. 4. The
method of claim 2 wherein the equivalent time value is
calculated in terms of the mesh timer. 5. The method
of claim 1wherein the wireless communication system
further comprises at least one mesh point (MP) between
the NM entity and the MAP. 6. The method of claim 5
wherein the MAP forwards the modified message to the
NM entity through the at least one MP.7. The method of
claim 6 wherein the at least one MP is a synchronized
MP. 8. The method of claim 6 wherein the at least one
MP is an unsynchronized MP. 9. The method of claim 8,
further comprising the unsynchronized MP receiving the
modifiedmessage and further modifying the modified
message prior to forwarding it to the NM entity. 10.
The method of claim 1 wherein the MAP attaches MAP
timer information to the BSS timer information
message. 11. The method of claim 10 wherein the MAP
timer information includes the mesh timer offset. 12.
The method of claim 10 wherein the MAP timer
information 



includes the mesh timer offset drift rate. 13. The
method of claim 1wherein the modifiedmessage is an
extended BSS timer information message. 14. The method
of claim 1 wherein the modified message is a newly
generated message. 15. The method of claim 1, further
comprising the MAP: (d) receiving a mesh timer
message; (e) modifying the mesh timer message; and (f)
forwarding the modified message to the STA.16. The
method of claim 1wherein step (b) further comprises
adding an information element (IE) to the modified
message. 17. The method of claim 1wherein step (b)
further comprises including the timer value into an
encapsulating frame. 18. In a wireless communication
system including a (STA)including a basic service set
(BSS) timer in communication with a mesh access point
(MAP), and a network management (NM) entity wherein
the MAP and NM entity include a mesh timer, a method
for coordinating timing, the method comprising: (a)
the NM entity transmitting an instruction signal to
the MAP, wherein the instruction signal includes
instructions directing the reporting of timing values;
and (b) the MAP reporting timing values to the
NMentity; (c) the MAPreceiving timing values and
forwarding the timing values without modification; and
(d) the NMentity deriving timing offsets for the at
least one MAP. 19. The method of claim 18 wherein the
MAP receives timing values from the NMentity and
forwards the timing values to a first STA. 20. The
method of claim 18 wherein the MAP receives timing
values from the STA and forwards the timing values to
the NMentity. 21. The method of claim 18, further
comprisingthe MAPforwarding the instruction signal to
a first STA. 22. The method of claim 21, further
comprising the first STAreporting timing values to the
MAP.23. The method of claim 18 wherein the timing
values include the BSSmesh timing offset values. 24.
The method of claim 18 wherein the tuning values
include absolute values. 25. The method of claim 18,
further comprising: (e) a first STAtransmitting a
message to a second station; and (f) the second
STArequesting the current timer offsetbetween the
first STA and the second STA. 26. The method of claim
25 wherein the first STAis in a first BSS and the
second STAis in a second BSS. 27. In a wireless
communication system including a (STA) including a
basic service set (BSS) timer in communication with a
mesh access point (MAP), a plurality of mesh points
(MPs), and a network management (NM) entity wherein
the MAP and NMentity include a mesh timer, a method
for coordinating timing, the method comprising: (a)
the NMentity transmitting a synchronization message t
othe MAP and the plurality of MPs, wherein the
synchronization message includes information relating
to a reference clock; (b) the MAP forwarding the
synchronization message toits associated STA; and (c)
the MAP, STAand plurality of MPs synchronizing their
respective time bases in accordance with the
synchronization message. 28. The method of claim 27,
further comprising the NM entity transmitting a
resynchronization message to the MAP and the plurality
of MPs. 29. A mesh access point (MAP), comprising:a
receiver; a transmitter; and a processor in
communication with the receiver and the transmitter,
the processor configured to receive a basic service
set (BSS) timer information 



message, modify the BSS timer information message, and
forward the modified message to a network management
(NM) entity. 30. The MAP of claim 29 wherein the
processor is further configuredto receive a
synchronization message from the NMentity and
synchronize the MAP in accordance with the
synchronization message. 31. The MAP of claim 30
wherein the processor is further configured to forward
the synchronization message toa STAin communication
with the MAP. 32. The MAP of claim 29 wherein the
processor is further configured to forward the
modified message to the NMentity through an
intermediate mesh point (MP). 33. The MAP of claim 29
wherein the processor is further configured to
calculate an equivalent time value. 34. The MAP of
claim 33 wherein the equivalent time value is based
upon the mesh timer. 35. The MAPof claim 29 wherein
the processor is further configuredto receive an
instruction signal from the NM entity and report
BSS-mesh timing offset values to the NM entity. 36.
The MAP of claim 35 wherein the processor is further
configured to forward the instruction signal from the
NMentity to the STA.37. An integrated circuit (IC),
comprising: a receiver; a transmitter; and a processor
in comminiication with the receiver and the
transmitter, the processor configured to receive a
basic service set (BSS) timer information message,
modify the BSS timer information message, and forward
the modified message to a network management (NM)
entity. 38. The IC of claim 37 wherein the processor
is further configured to receive a synchronization
message from the NMentity and synchronize the MAP in
accordance with the synchronization message. 39. The
IC of claim 38 wherein the processor is further
configured to forward the synchronization message to a
STAin communication with the MAP. 40. The IC of claim
37 wherein the processor is further configured to
forward the modified message to the NM entity through
an intermediate mesh point (MP). 41. The IC of claim
37 wherein the processor is further configured to
calculate an equivalent time value. 42. The IC of
claim 41wherein the equivalent time value is based
upon the mesh timer. 43. The IC of claim 37 wherein
the processor is further configured to receive an
instruction signal from the NM entity and report
BSS-mesh timing offset values to the NMentity. 44. The
IC of claim. 43 wherein the processor is further
configured to forward the instruction signal from the
NMentity to the STA. 


