PHARMACEUTI CAL COVPOUNDS Priority of Invention This
application clains priority to United States

wee@vitgilehal Applicati on Nunber 60/ 795, 048 t haPCTVES2007/009884
filed on 26 April 2006. The entire content of this
provi sional application is hereby incorporated herein
by reference. Field of the Invention The present
invention relates to pyrimdine derivatives and their
use as inhibitors of phosphatidylinositol 3-kinase
(PI'3K). Background to the Invention
Phosphati dyli nositol (hereinafter abbreviated as "Pl")
is one of a nunber of phospholipids found in cel
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in cancer cells. PD kinase |nh|b|tors have been
reported (Yaguchi et al (2006)-1dour of the Nat. Cancer
I nst. 98(8):545-556; US 6608056; US 6608053; US
6838457; US 6770641 ; US -6653320; US 6403588; WD
2004017950; US 2004092561; WD 2004007491; WO
2004006916; WD 2003037886; US 2003149074; WO
2003035618; WD 2003034997; US 2003158212; EP 1417976;
US 2004053946; JP 2001247477; JP 08175990; JP
08176070). Wortmanni n anal ogs have PD kinase activity
in mmmals (US 6703414; WD 97/ 15658). Sunnary of the
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(-CH(CH 3)CH2CH(CH3) 2), 3-nethyl -3-pentyl (-C(CH
3)(CH2CH3);,), 2-nethyl-3-pentyl (--11CH CH
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3,3-dinmethyl-2-butyl (-CH(CH 3)C(CH 3)3. When an al kyl
group is substituted it typically bears one or nore
substituents R20 sel ected from hal ogen, al koxy,
carbocyclyl, a 5- or 6-nenbered saturated N containing
heterocycllc group as defined above, OH, SR, CN,
- C(OR S(O1 R and -CONR , wherein
m@%‘i‘h R i Elwrelﬁw%lwﬁfrmf@asw@mumca@ney@twépaapmmmg a
WERBAN Tnbsh ndtvofk hhd i 8, pllhlify O ADSSs Ferfishhia g Hﬁélthod for
grqup,, a hanaIkyI group or a group "al k-N(R
comé%#lﬁggwm% i thg wiyelese communigadonsyatean RS @um 1. The
Wﬁ‘élﬂ@é Remmbdidatibs YsBRAMIP idBhEHRahban yaﬁ%lﬁlt %QFQ witeless

6- menbered saturated N-contalnin eterocycl |

CO@%E’BIC\%HPE teyistrp uH¥s depicted i diignrendl 'FbhakindbenWLAN mesh
ne%ﬁ'bﬁg iﬂu&é@%&%ﬁ?% NeaPhioeh MBY 1 98 datxlﬂf G614t Bne gateway

benzene r|n% and h i's unsubstituté
noggH30; tA mssh tiper dnpsspcirred withs theneshd WEAN.hEh edditjon, each

MAPKDH)is 263 nﬂ?ﬂﬁ%ﬂl Bss (afegign%edeﬂggft@?g §E§iﬁ é h%S each of

N- cont ai ni et erocyclic group as
wigsh iyrbude ac@$8 atither (VinRrZ, InwHBinesm 2 {Bimder |3s dtmb (Timer 4,
t t
rolBshy! itk ralIn &1 i gy
pram:temnmm BSSheorghind @redSTA 140, BAE2 Bantarins zEzss'rAs fmo BSS3
cobBHEH g St A Su SO G0 SN LR PELEPF o e
anyrroupbersoftiFAs 240 alayise mAh@Hli;almxyeB%.oneﬂeﬁably, the STAs 140

el SRR S TR oA RS repecive

B$%s.is Cl-Ce aIkerne for instance G -C al kyl ene.

ferab f C..
083§ ene it T Shatrpitian SEoal iiesay 28] by, 140, MaP
120; MRpYO emmetshtpmyauame pesfobhnlilyg & iethod forkubndigieng tilning in

e i SRR b ahoE Al itann

métmgd?;hinytb@tﬂ&cgib@d eldw, Sﬁ@%hbi&l}jﬂ% ST%I ﬁg ﬁtﬁh§ﬂ1ﬂs}‘a BSS timer
SuUpsSt | e [ P er 1 ned apove.

MSHSRER TP &gﬁ lg“dﬁgg 180341417 a3 shrerr wessmsopay a%%be referred to
asSd rah@hg" oF "farreeding" ﬁi&bﬂg&m{&mqlﬁo_r&@liﬁ?és h3VBSS timer

one or nore double honds. Typicall is C2- ]
TOGHSRER PP, ATk BATIVASTHriLB ST mesSReR éﬁ%)yagfé é‘ﬁa‘a%mgﬁcﬁi}‘r& equivalent

tirdb# ﬁfé)ééagebﬂdibﬁél P ) oﬂ;ﬁI‘ 1800 Y430t§r If‘ﬁ'%&@@ Yre aﬂb NP 190 between
it is typica

titut
g MEP 12 a8 %ﬁezméfﬂb%a'ﬂﬁi 305 thast Foe Wiablastimgy message is
traddaittadioCthel MMMBD tVHEl@H f&rwéﬂdg thé bHhRA1E% Bt Msage

R20_as defi ned above. al kynyl group i's an

°nJﬁ§BB§F?$hP@@ab?3%@5¥i1tuted strai ght or branched
[og&mi n hy g a6ar Bogy %a@'lo%ahl%\éhi%dm%f erf¥nBink’ hPLERthod for

bonds. Typical]ly it is or 1 nsftance
coordipptins jiming jshtheswirelsss ypmnpmsyﬁym systepy B8R pf Figirer. In
stéﬁ@l@@@l‘)ﬁ'lfi@rt%‘ﬂsrhiﬁ 'é%&éstagre @%ﬂa&m*ng ﬁ%@ beadd %gormatmn toa

substltuted by rou efine ove or
MAPIQ20. \Lﬁup@ﬁtlwslawn Ad4p éWmlémmlBSEttmemfmmto its
R20 as defi ned above.. A haloal kyl group is an al kyl
group as defined above, substituted by one or nore
hal ogen atons. It can be a perdal oal kyl group, for
instance trifluoronethyl or perfluorohexyl. A hal ogen
is chlorine, fluorine, bromne or iodine. It is
typically brom ne or iodine. An al koxy group is
typically G -C al koxy, for instance Cl-C4 al koxy, such
as net hoxy, ethoxy, i-propoxy, n-propoxy, t-butoxy,
n- but oxy or s-butoxy. It is unsubstituted or
substituted, for instance by a group R20 as defined
above or by aIkyI mhlch S unsubstltuted or
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above is substituted it is typically substituted by

one or nore substituents, for instance 1, 2 or 3
wGaustnetgents, typically by 1 or 2 substituentBCT/US2007/009884

Typically the substituents are selected from al kyl

whi ch is unsubstituted or substituted, alkoxy which is

unsubstituted or substituted, - NR2, -N(R ")-al k-OR,

-alk-OR, -Oalk-Or, -alk-C(ONR2, -C(ONR2 -alk-Het,

-N(R)- Het, -OHet, -N(R-C(O -al k-OR

roseOhpRE 267 B b5l Fnepn N B PRrariomits the Bss
timert iﬁfbd(nxgaﬁah ko €fre MAP d@)za:a%bkci@%d_ \ﬂitﬁaﬂm d.5- .

- e e t yrate -0 ning , terocyc |1 C rou
08T ger nﬁ‘ﬁemelfﬁoaresews&t Bk e eintozenion frpmghe STA 140
ankd&hed itk Whe GhOsHagwb Ghedts 4'/RpUsdd ﬁﬁieadmeésag%%%wpt 38009 In a

and iC y be fused to a benzene ring, -COOR =~ .
DOl ot et thesRpot ioveatio e MAY 198 gtilizes timer offset
info@&a%idﬁ'tgﬁaldm&%g{h@ eqivalbst @hedaiie SR rAAIMNE Sesh timer or

defi ned above; is a b- or 6-nenbered N-containin

angghenrofnppeg tisughass. duidivienalin the MM 130 may attach additional
MAPSHREE idfhadtigh, Sudhsls thidtéhh Ruled ofts& aritl #0H me @ MGV erset
two groups R are bonded to N they may form together
driff rpate, He theamedified Hmenrmessass- ’éhe eaqrified meessage may be an
tai i . y : -
ox DR AL, REER AL 18P Paf helEA | IE S S iflal mpssage
reggived; fromg dpe RibAt140, Wr aahRyl messagekargtedahy the MAP 120 that

i DR S R OB IS TR, A HeRdothlption glement
(IR ew raltermiafiyebote nevyuifoxmation fiedd, tefyi beddied ébrtheroriginal

ol e BRERRIA EEPU L AR DL 1080 AP et

frame iy dxaimp) e iiedriginalifravheamndSining talyde enkchpstytdderithin a

bsiit b r ou 0_as,defined above or by
méaﬁ%%hﬁ%’@%lﬁ %u%dn %ﬁ %‘?‘? &Sei B HOREWPER P by a group
[063) as dThenMABbLD2@. fofyprdsalthy mobifi@l rhess@pbetoeth network

sat ur at ont.ai pi.n terocyclic qro s defi.ned
i SN BB BhSEpE) S BB AL LR presem
mvvkntnigl, ithe INTMLdstitiytis Ehéi nﬁshqtjbbﬁdli 130 elowat &) ke NM htit may
unsubstituted or substityted, .a sec 5-_or .
a1l et et et B g e g e oG o ehe enosifigd mgssage
is lhieidgmxﬂltalﬂ) thfough &ns_ﬁihch_ﬁodiﬁéﬂ) B%I%i 1Mo ce 311@ iNMl’kgltit_y (stepd540),
et er,oar rou unsubstituted qQr,substitute
thg gah ey op B E AT s pivsd tidiermessage before
forviRizg it-HODNB, nest WP 3D, or@blthe NNIdRLity SRS (step 550).

- CH2) nOR wherein is Hor alky], -NR R wherein,
100371, or ) Ror sATele, woiptiin bt o ke o dhe STAn4big BSs3
trzﬁ:[ﬁnikt)s ﬁ@tmts t(jwt&m@ésgag&f to tih“e Wzms?&ak& vgith ’\I?Rsés:a (depicted

su itute ituted, for instance by Qr a
bY%‘SéP%-%%k - Ehe mr’&béaf)%ﬁea ﬁ{lﬁ PrigHplHeesage Fesqired from
thg'STW 149, dRld REK2ROE to RENM BhEi#) |dheBh 501041 130) via MP4
(dggggggg{ed saturated N-containing heterocyclic group

the dazhed aawsyr P4 is dpsmobgenized MP dd0ethen MP4

mdy fiFwdlcl the 380digkl 1R6Ls8BE H8ceti & Frolid MIAP 2Bt otk GHeH portal
substituted (for instance by R20 as defined above)

130 3madtered. BoweveriENMEhiswnsyarkeonjzedingdvat ploatitises @ different
whi ch is unsubstituted or substituted, hal ogen,
hydroxy, CN, nitro, am no, oxo (=0, and -NR R’
wherein each of R and R' is imdependently H or al kyl.
A heteroaryl group is a heteroaryl group which
contains 1, 2 3 or 4 ring nitrogen atons and O, 1 or 2
addi ti onal heteroatons selected fromQ N and S, which
group isnonocyclic or bicyclic and which is
unsubstituted or substituted. It is typically a 5- to
12- menbered ring. Exanples of a heteroaryl group
i nclude pyrrole, pyrazole, triazole, tetrazole,

i ndazol e, thiazole, isothiazole, oxazole, isooxazole,

~ o



i nhibitors by selective inhibition of one of the pi 10

i soforns. More specifically, the present invention
wW@e@vilziass a conpound which is a fused pyrim di PEI/0§2007/009884

formula la or Ib:Xis Oor S; RL is a group of

formula: RN CH R2is H halo or G-C6 alkyl R4 and

R5 form together with the N atomto which they are

attached, a group sel ected from pi perazine,

pi peridine, pyrrolidine, oxazolidinone, diazepan and

tm%ﬁ]]’g‘ﬁg éﬁ%}? lﬁg &Ye&lh% tll\fpg@gt ;a;rqulﬁvc\a@ Itﬁe ngessage received from

the Mz 120 Piiidrito $o) drding ) - theGhesh $6:Oht {80.K) - S( O) ZZ

[O(%%TESI 2| é%lh%lqgm@glyg%m; I;Ewcglr%él@%g}"ag%rn ?%;]gg?ﬁg;l Ilcta u at is, the

MAP be )ﬂa cen@(a@mﬁﬁ%giesga ﬁh% the&h EPWELAN; iﬂp’l_ﬁ& the mesh
% (al k) g- yelyl, -Q(QR -C(O

tim ‘aluml Rthe gpuivatent BSY me?revaifle KX a4tRebrihe; %qtm’aleef BSS

tmﬁ’éllﬂ)ﬁlue t6 3hk }xfbséﬁéee raeM Q&Maz‘arthb(xﬁb@ag‘egﬁ t%%et $'BA 140. The

other is a I pérazi ne, peri di ne, [JI‘I‘OI |ne

MAE 18R engy a}ﬁoaﬁn@rate(aanw qn%ﬁﬁs? based gn the mesh timer walye and

for%ﬁirg iPtPhagTReI4(01 peri dine, pyrrolidine,
ul phonyl pyran or Heter1/4cyclyl is unsubstituted or

lo%%st i t uFEmrp P 8 aroexerpplpry signal idiegrapn §00-of@FTA, MAP, MP
and IBeél‘? 5&"%[ g%fg% Iéyl!ﬁefg‘?i(f:fbr'cao@ég‘%%ﬁﬂﬁt% in €RE Wireless

comnsubmﬁlm ﬁl&ﬂtenb?()Q ofFigwee @rmmpgozﬂanf:@wnﬁh m@éueh embodiment

ofﬁ’ﬂet eéékg;lxgv t’l@ yﬁ% %@&@J&&Eﬁﬁ %ﬁl&?ﬁhf(&tﬁy &h¥lh portal

13thumsm1tw&t é:dnmg @Ressamtc&tmm zzar(éleac fhe NM entity may

c ﬂa%gﬁﬂ {E% {tim& (f%q(‘gvfr%m& th ou% fﬁl l@ﬁ%—iﬁm ttg.goe . 2 wired

corungctionyi drhabi ecoNﬂanatmn othetreath ﬂﬂ‘w tearesnat tede bieingantessage
cor?trmgs H%Q%%a‘i“?essf%t %n.l% nt ai ni ng heterocyclic

group contar ni ng o “1addi't i onal het er oat oms
[OQBS] ect edThe MADP, 12 famzlaﬁsFthB tanithgRhdssmpes éaith associated STAs

nd dentl se .ed fromd - I | R10 .
14D TR Stk b tifok Sltke (Redl; Mhia VAR ho Torias his
tirhigigr ﬁmsslaigep maﬁpéctgbonmwmmemxpsméﬁom 108 Udeshiildibgdof the

or substltu }—f i s..a qC 6- nenber ed
mispEF QoS RE BOK AT A Er SR HRE 2ol U contal ming O
{0889]11 addiThe anash ﬂbﬁa‘lﬂeaitfmﬁsnﬁ&l &ﬁ;ir%nfdtibﬁls@'ndﬂtﬁﬂib HAP 120

c is aC ycl oal rooup; each
(6§05 T inShrton Sighal, 0% poftingRigfhil éRie s dntions for the MAP
129|ok $TANBL0 11epdrtRt sometthathRavils BBS ﬁ:&-)shanﬂﬁiglfdﬁs@f values or

e fall.owng faornul.a; wherejin B
abyitis R8st BBl he RO eRHT itia b FRE e Sifsets for all
MAPk ex2eth fthesystem GRith- fd3peét-tdithe -I]XL Bntity- 2@be base. If the

mstg%%)\:%%s%_'t CFS) %%%hgthWaﬁm instruction

mé&‘xﬁ %) Mé%’?A 1'4“'?@@@ AtRabsolMRERAAY RightGheclula |aQ;ﬁﬁﬁng§%@erence

wherein each R is independentl y sel ected from

ob@m@ from ap expernatisgurcee poch #5/7 SheRpl positiqning system (G?S)

[0d4b e "’DeTﬁé A 40 &eﬁ&‘t@ E&%hé'vagﬁéﬁlﬂ) t}IeJIﬁA‘P W(é?ffﬂ)ﬁﬁhd the
unsubstituted or substituted, mis or 2 and

IS
MAP gepgrts tiping values bmthe mgslpertah 1%%(%%92{ mchgilag the S?A 140
refértéd ﬁnaglgrwémgae M&ﬁiﬁg@n %Qne%epanfr RO Fr@ARbed message
eteroatoms selected fromO and S, which group Is
nmonocyclic or bicyclic and whigch is unsubstituted or
substituted; and (c) a group conprising a benzene ring
whi ch 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 fornmula (la) 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 |ndole group; (|||) |n fornula (Ia) only, when

- ~ ~ A




pi peridine and -NR 13R14 wherein one of R13 and R14 is

-(alk)g-OR I n one enbodi nent the invention provides a
W@ oo9po2mes whi ch is a fused pyrimdine of fornnuP@r/$m07)/009884

wherein Xis Oor S; Yis Nor -CH; R2is H halo or

C-C6 alkyl; each R is, independently, H G -Ce

al kyl or hydroxyl- G -C alkyl, or two groups R on the

same carbon atom form an oxo (=0 group; or when Y is

N, two groups R on different carbon atons together

form a bri dgehead;, each R’ ependent Ly, . H ..

confpiging Eimop sralits 1S taogEt A Serntiot deuicen i ostination
devilca thp rey aést Bx6m( £He) NOI @hmty Zhe TuRildhtfinefl aiﬂ*s)st bvaeen the
mesgagh St P b T Gpaes SoSuaatian doried b ien the et oot
to itpaesIatel 9tdived Q;Iuﬁ@i' e&lﬁé@ Thid a6l efuivaleflt tidhvhkie for the

unsubstituted and " )g-OR, or and R12 together

e?"é?ﬂ?%\ndt?ﬁ‘c%@cﬂll%ﬂ??-‘@ which they are attached, a 5-

(004 116- Menpenad BALAK @&&ﬁpi%ﬁ%rﬂéﬁdl%ﬂﬁmhﬁto%@mm@ MAP 120,
ér oup contai ning addi t1 onal et er oat ons

die @pédnﬁslbmr@al wng agmgthnd for poqrdinpting imiggn the
witdle§d ebRrAlAYAGHSE syt B0l §f Bighu® 12 Gn  {RBEddtb V@lth another
of the follow ng formula wherein Bis a p heny|
nﬁ:ngmmt efithespresenbinvientiond or subst ituted and Z is

[O@Pi(] g&g)edgl—lﬁ r %{B C%xjes dg? exgéi@ nteéHz a@FZi% transmits a

sygglgoniAtion mssage tREFO ) (ﬁh@)qynchromzatwn

méfagt Thlker 5 E%% ﬁﬁﬁﬁ%@%%?é el Bt whor

nebivord,-of aasidbyset ofne MIT=0l 13 VARKIAZ0, and S A5s 14Q in the network.

o T St o U R og 8 3510 R 181380 an
thé SFIA 240 & charohites disainle bgrse imp andrird ancowitdi the sypcBrorfzation
m%rsfiée g},_,%qg nitrogen atons and O, 1 or 2 additional

eter

s selected fromO and S, which group is
[OOAB]ocycI [ this Smbhhoys| 2lt deviceahirc the ssyutmnbsm tmapde:mhange

GREHE BBl bl SRRSO LR JoRPERRF 50O ime
trdned atdoh Giacd ihledimaryferema@uip kaewde:ﬁ landds tiesame for all The NM
h I [t. th f t
oS (FESB Reria. 14D (ereRichly pRpF e oo AtiYopkdp minimize
time bysk evtyphdu/to @imebpswdelft ¢ éahPoirt in)the€ netwoild) preferably by

ra Pl HEBET - GV R B E AR TERTALs. ) I8 o Additiony. ta, the

~ synshi‘d,mmdh qhedsaganéborllinasing tiRings vihaRdiRdnessages such as

i ndazol - s (Q I s,other thap Me. when the
me SRR et oF tarb bp ke iR 197eRE core@RP. SYEh B IPria 2l MEs 110 or
STs lﬁotbsﬁ?chﬁﬁddeaﬁdhggamm@glm 4-yl . Indac\ﬁt her
odi negt t i nventi.p es npoun [

OFEERA py itk AR SRLPERAERROL Hh Proscat Rgripe & SLAtD STA
tuhSr @(&fan%e 1§(u|s§d Ibhaxr is-Hased oB% t1§1d‘bff§é@ lvahoé IR thQGmethod the
; each R ig, ae‘fenden -Ce al ky] or
deﬁV&F‘B‘?? deyice foy mrwas Wssep tP@ntaHl%%@eggﬁléles exchanges
tiraah AN infoPMak HhMdacEly Owli HOEhE T Sdilkce WTANGMich | oti ated the

roups R on different carbagn atops together
fora?vm@% domegsagsy e gy tinsingninfermation \gxehange freyld %tabhsh the
cubterftd tRIrk ¥ifsetOhetWhed)’ HRee Find® NadsifmatRRE SPADONIAY Gffriable
forman oxo (=0 group; Zis RIO O-~IkVNR 1 1R12 ;
R10 is H, a C3"C cycl oal kyl grgup, G -Ce al kyl which
IS unsubstituted, or CF ; Rll1l and Rl12 are each
i ndependently selected fromH, C-C alkyl which is
unsubstituted and (alk)g-OR, or RL 1 and R12 together
form with the Natomto which they are attached, a 5-
or 6-nenbered saturated N-containing heterocyclic
group containing O or 1 additional heteroatons
selected fromO N and S;




qis Oor 1; r is 0 or 1; alk is C-C alkylene; and R3

IS selectedfrom (a) a group of the follow ng
w0 ooomtAss wherein B is a phenyl ring which i s PCT/US2007/009884

unsubstituted or substituted and Z is selected fromH,

- OR -SR CH2OR -CX2R, CF20H, CH(CF3)OH, C(CF )20H,

-(CH2)gOR, -(CH2)gNR2 , - C(ON(R 2 -NR2, -NRC(O R,

-S(O 11IN(R) 2, -OC(OR OCC(ONR 2, -NRS(O nR ,

-RC(O N(R) 2, CN, hal ogen and -NO2, wherein each Ris

|nde end sel ct ed from G - C al kyl, - G
PRSI G oah GG b 6o S Beross i ghesh Feam ghe source
degicedpthd aestﬁiaﬁtm clwlag Aﬂfé&ﬂbﬁmwtmlﬁ.@r Sﬁb&tﬁxfdd’hﬁ@mnmould

1. or and g is,O 1 or 2; a heteroaryl oup
be\M??F%‘I’i‘eé&d’tté’P’l‘?sSt&mP?‘g any, PV%ltrWh’gLﬁﬁ £HagH: ﬁns%ﬁlr% %deeble by
boﬂh ﬁie godéiahidRatinAEbA rd@a{cegs 115 8h€ ek £fpld, @M d2tafthl Beacon or

roup i s nmonocyclic or bicyclic and which is

antmat ittingsesageyeay tbgreeeivethd (c) a group
[0GEBIP! | S| THeRiRRNERNRiNiddD e@TA 340 Muesidd Ni12410 and mesh

substituted and which is fused to a het eroaryl grou

pogtal d30; ey egsyyaria dayer BHE2heE davercdl (Lp) Searaps. ot @eﬁ as via
nef@bik tﬁ%ﬁﬁgémehﬂ ﬁrdﬁ&golg ugﬁ&xe lagf @@Mﬁeweﬂ bP and the like.

I nvention provides a conpound which is fused
Addutipnglly.nanye MPo A | that raay bgralppg the mﬁ&%bﬁv»@qnstb@ signal
soﬁfcfgana%hé Eléﬂzall_gt@éet?%%;i/%xg 1{1@@%{#&4@( {gakr;%%aﬁ%%%'giﬁlgdigte routing
of pheysigna Sn@escpllbpérl di ne, pyrrolidine, sulphonylpyran or
0046 k) AARIELEAKE L S8A84R0 sl?iﬁb 32Pd 10b P& PEleBR portals

pi peridine, pyrr I ne, sul phon ran” or
13Petayomnobhde aj data’umabstontmnmg (t:he snmsatwmtséaltttg/ ofCth€@iming

e A PR b B oy i g,

setjing) maﬁbe @Gimagkd! lremfotelly eitharnidurbagh thit erl thoougBFL3 s1gna1ing

Heteroc ered saturate .
Bt e SRS, By BherdidiRo davicen Lan o sofigyred to contain
-dabaloh sel értaieshehizhotherdesieb€ i ¢he fncbWoil, dY WwhithSythgr ic6mmon
re%n éa|kISCI C% %i/\ﬁ(‘ent and.R3 is selected from

g dﬂ?ﬁ’pm@?lfwof’ Y Ih‘g 8§ ﬁ‘ETI a: wherein Bis a
[0®¢1Hnyl I iAhotighCthel fatun®y aid éldhﬁsdlt@ bf $hid Blrédentt Glvetition are

%Ct o el %qboquéf Htﬁartl mﬁqjﬁég%%opgi%c feature
or @l@lbfn‘?):&n beNithd albRe(Watiout S tHEN B fires @adQ1Bments of the

%&QJ\' ‘%(/HE%?‘@HP Rséf? fi“%"‘i‘%f&%ﬂéﬂ%ﬁ Nz ’@gag(gl%g a?gﬁtmes

an@d elanahks/bf tHe preSért igyehfiah kSﬂhe&ﬁdﬂﬂ)dE orfowl éh A BFsAded in
ar or .heteroaryl gr ou% the group being

thi, e AR PO Y émBted i 3 Campter pyagra; sofiyare, or
ﬁrin«aareZ taﬁgl)bljl &abediear agchH%dquf-Qéhwé %tBfage 1fedidm for

ia nitrqogen atons and 1 or 2 additiopnal

exﬁ%lfté% Y 8/8SNeEA I RUTBOST GORRWERE AF2 BToGRRFe HFasnBles of computer-

reARAKIE ¥EoriaGe Qﬁetﬁhﬁa\é%b&d@ Rrelicnlly hfertSUBRTING, U £GdBMm access
substituted; and (c) a group conprising a benzene ri ng

memrpEh (RAMh st gseister «Rche BOWOLYs HRBioRANCH| TRmogy devices,

m&%&&ﬁ: hfedia RELRTR5mtbr %da&sﬁefadaegexgme agxﬁsa magneto-

maceutical 'y acceptable salt there
opﬁcebnm@sa,tafai opfiral mpdia sachras GPBOM disls, andgligitabpersatile
didld VB %jﬁer than an indole or 3- hydroxyphenyl group;
and (11) when X in formula (Ib) is S, then R3 is other
than an indole group.ln Rl, tRhg.groups R4 and RS .
typically form together vvith the N atomto which they
are attached, a group sel ected from pi peridi ne,
pi perazine, pyrrolidine, oxazolidinone, diazepan and
2,5-di aza-bicyclo[2,2,]1]-heptane. Typically the group
formed by R4 and R5 is piperidine, piperazine or
pyrrolidine. The group formed by R4 and RS with the N
atomis unsubstituted or substituted by -[(al k)
q- NR]rS(O) 2 (aI k)q z or by unsubstltuted GC-C6

lllll P~ P\ ~ R 17 =\

[=H




Alternatively, one of R4 and R5 is G -C al kyl, -(alk)

g- Het erocyclyl or -(alk)g-OR and the other is a
w@er@enzmsne, piperidine, pyrrolidine, sylphonyP@yUszwon009884

- (al k) g- Het erocycl yl group, wherein said piperazine,

pi peridine, pyrrolidine, sulphonylpyran or

Het erocyclyl group is unsubstituted or substituted by

C-Calkyl, -(alk)g-OR or -S(O R10 . Exanpl es of

Het er ocycl yl i ncl ude plperldlne for instance

OB & Skl PR3 Bl Al endhr s

praeessptph specialpuikpoyé pedceskionea céxorentﬁs:taapmessor, a d1g1ta1 signal

B0 e ot o S
assoaa@)orﬁw{tm %Dsmié,lil&n&ﬂdler( ﬁhﬁbﬁbcoﬂﬁoﬁéﬁ))Aﬁlﬁ&ﬁon Specific

Inte Biﬁw}ms (%g?#éﬁéﬁge@f%llo%? ?) 5}2 Ngé?‘gj}?il?‘ﬁ’% G'gcuits,

any Gﬂ@r 2f inteBratelircusi (@), Qﬂ%ra&a@)agﬁ@c}ﬁﬁd
Me) 2-S(Q 2Me., R10 is typically H nethyl

[0%%5) oyl (RiPraessoR By asgriatien with spfyyare aaymseéﬁarﬂmp@gnent
a rQ(‘ilo‘fﬁ@e @?Ar@:@i\@?fo}%g ih )9.‘(%1'1‘6&%% ﬁ@l@)smgt ﬂ'\eycéﬁ')e Znit (WTRU),

HS%W@ IZENZW aéx'awl statigh, w@mnyﬁmhcsm@lemw@’ or

H n;
jr']ﬁs%'d:% (@#@f\' (’%X% HNglﬁetg %%N%g/ﬁ%(s)(eéc%qwg? Agnﬁﬂ'%@%@ﬁ @b&ules,

1mp]gggente¢|4g dwame @awsl/o @socepmera, a v1cieo camera
modg[gg)ﬁlzz | %/Fugg C( i sz)l 561%‘[‘%({1801? &éwc&( ) s;ga%er a
mic = neHa- WS{U&?QLW%}J\%QN I\ﬂa% ) ﬁ %?:?%?@j%e@rd a
Bla e ( q rystal
disyla it @gauicélglgl(t%igmté%)@)dlmmLEm Higgday unit,

a Cﬁ%%%g%lu%ﬂ:él%' %Hégedig:}léy Sﬁ %v1%am%eg§%gmm Internet
browge(rVend/2r @h@)wikeldss Mcalhi<h Bit@)ork(NE)ANamabdule.

-CHVe-C(O) -N(Me) 2 Exanmples of -C(O-(NR)g-(al k)g-OR

when each g is 1 include -C(O-N(M)-CH2- QOwe,
[0050( O) - N( Edbodifdefits - C(O) - NH- CH2- OH, and

- (O - NH CH2- Ove. Exanples of -C(O-(NR)g-(alk)qg-OR

when one q is 0 and the other g is 1 include -

C( OL- CH2EOde wirdle<s) e@hifdvimjieddidn sylied) 1ﬁ¢1kﬂ)nﬁ-a(lﬂa,tmn (STA)

mcl%xdg %%% )Séﬁxlég Oe)éx(g%() NS&%!%, W%&x&%ﬁm& ﬁVé 18 énes‘iil access

poirE(WAR) wol apresipprl manageplens (WM)-«6 By R hereinuide MAP and NM

enff? ScTugen il e €1 ool iR SR i e e and | 1

the definition (a) for R3 the phenyl ring Bis

unsybst i ted rt .from grou ubstit ut ed.

et 1o TaeqmiBB o, et Forderh pobrBiie o sTA
traaishsitiihy ermsszuﬁag/ubenahum fnedsagSto ad- MAP: or 6-

position on the phenyl ring. Typically it is at the

2-, 3- or 4- position, nore typically at the 3- or 4-

pos B% io nzézﬁetﬁodm§ in :aﬁp' ;crahéddng tdiﬂﬁodlﬁféﬁt glvhm]gh atlB8S timer
ety is a substi en r|ng pecific
mfgo BJmptsagRdn ﬁa%gsﬁspgﬁ gi -CH2OH, F, O, 1-
hydroxyet hyl, - NHS(O 2Me, NC(O)I\/E S(O)2NH2I\/E and
-C(O Me. Wien the phenyl ring Bis substituted it
typically conprises, in addititn to group Z, one or
nore substituents selected from hal o, al kyl, al kenyl,
alkynyl, CN, N2 , OR, SR, NR 2 C(OR, SOR, SO2
R, S2NR 2, NC(COR and CO2 R, wherein each R is
i ndependently Hor G -C alkyl. In definition (b) for
R3 the heteroaryl group is unsubstituted or
substituted. It is typically selected fromindazol e,
i ndol e, pyridine, pyrimdine, benzimdazole,
qui nol i ne, isoquinoline, imdazole and pyrazol e, each

.




If the heteroaryl group is substituted it may be
substituted by one or nore substituents selected from
w@2@roepsy, R20 as defined above, al kyl which PGI/US2007/009884

unsubstituted or substituted by a R20 as defi ned

above, any group specified above as an additiona
substituent on the phenyl ring B, and an oxo group

(=O . Typically, if substituted, the heteroaryl group

is substituted by OH Owve, NH2 Nwe2 , F or d. In one

nbodi mept e ;heteroaryl oup i nsubs In.
Gof fni 1 Brfmp P orep Y HeecH U BEbpA s Further Comprising an
an&u&giﬁﬂgla BHSotimey b foirinaltidth mbésagle drsl mubﬁyidgwmdneésage.
may be substituted by one or nore substituents
selected froma group Z, R20 as defined above, al kyl

whi gh | sAunetHyatdd fl Dk pfecsai@;gtéxhy&cﬁ%&u fidhéScomprising an
ef i ned above, and _any of &Goups .Specified above

ngaﬁaﬁl%éeg?ﬁagéﬁ?aa Mhentitenyl ring B. The

heteroaryl group to which the benzene ring is fused is

itself unsubstltuted or substituted, for instance by a

grofip z A methograsimany pracefingepbedimant; furkheryomprising an
Mﬁpkbaldlﬂmﬁgagy c?%leéleﬂptﬁ?&va%edefl ned above; by any

group specified above as an option for an additiona

substituent on the phenyl ring B; or by an oxo group

(=Oy, | nAGREHRIIPANINERY pRUkRidd EnBSTREIR, fdrveﬂela&qnﬁﬁ&ng an

heteroaryl rou are unsubstltuted C}oups i ncluded 1 n
MAPBfrenlacingha imed vadye path mealeylaterliequavalemt timer value.

i ncl ude the fO||OMAng structures:1 i 1 ii iii 1iv 2

iv 2 v3vii 3viii 3ix4i 5i 51i6 v wherein each

RLO8i s i Adupthrdert injamepeeredingf erohedimegit-wdéergik ph eq@ivalent

AR R I
tuﬁ%tvgirdgg)ré%fﬂc gdﬁ%)r%le? oant%]% P%en \Mx?&er ein R angr)lf\"

are each |ndependently Hor G-Calkyl and t is 1 or

2; ach e r Q

AN D0 St Al R B} B B ens bl o S tent
time vahxiaape:amaﬂeyl 1hl teﬁnemf@ﬁﬁesleaderw i s independently

sel ected from CRLO and N, wherein R10 is as defined

above; and Wis selected fromO, S and NR12 wherein

R12 1Ds a4 xethakds dbhangy. pr'éy(pdmglenﬂxmhnieas ffrti® comprising a

i pABFNED Baveed Sn SNCHRS Ad O Mapcte SORC hg

i nvention, R3 takes deflnltlon (a) or (b) as defined

abo In on pect_the invention a,compoun
bt O 1 5, BR3P o 0 e P tipteRt. R
foz(vbzh'ds)a motiifiedl meRhgeR3, a8 N¥I edtitiRthughRt lasst @s MP.
defi ned above for fornmulae (la") and (Ib'"); or a
pharmaceutically acceptable salt thereof;with the
pr 0\R2s0s Al htthod Bsfiarday prédeding etibodiméni) wRréin @b IMP is a
q?n an i | e or 3-hydroxyphenyl group when X is S;
Sype ther than a group selected from M,
(alk)q NMe2 and - al k- nDrphoIino when the foll ow ng

are satisfie Y is N each s H.R is

and 188 | g}é%ﬁsacn;ﬂny Iamaef? g mbodigiat rehereim AP 15 an
undgehioRezddoMipowi ng are satisfied: Y is -CH, each of

R and R" is H R2is Hand R3 is indazol-4-yl. In one

aspect the invention provides a conpound which is a

fused pyrimdine of formula (la) or (Ib): wherein X is

Oor S; RLis agroup of formula: RCH2 R2 is H, halo

or G-C6 alkyl R4 and RS formu2together with the N

atomto which they are attached, a group selected from

pi perazi ne, piperidine, pyrrolidine, oxazolidinone,

di azepan and 2, 5-di aza-bicyclo[2,2,]]- heptane, which

group i s unsubstituted or substituted by

-[(alk)g-NR]r-S(0O 2-(alk)g-Z or -C(O-(alk) g-S(O 2z

wherein Z is R10 or -NR 11R12 , or by unsubstituted

G -C6 al kyl, hydroxyl-C -GC6 al kyl, oxo (=0,

-(alk)g-OR - O-CR"NR 2, C(R)2 AO-NR) 2, -

T P\ N




i ndazol -4-yl, said group is other than (i) piperazine

which is unsubstituted or substituted by a group
waedoearass from nmethyl, -S(O 2Me , -S(O 2NMVe2PCT/US2007/009884

-al k-OH, -alk-Owe, -S(O 2-al kNwe |,

and" S(O) 2- al k- nmor phol i no; and (ii) piperidine which is

substituted by a group selected from-S(O 2Mme ,

-C(O-NR(alk)g-OrR, -NMe-S(O 2 -Me, nethyl,

pi peridine and - NRL13R14 wherein one of R13 and R14 is

-(al -OR ar one.of R4 and. R5 | 1-C alk ..
(o) & g i 2y Prtaling eroBodiRent febhér. comprising an
ungypelimaiied MP p&eivingen npdified inthgsage aumdpfietiydipyodityliig the

-(.al k) g- Het erocycl yl grqup,. wherein_sai.d piperazine,
modiBertkikanass ByioY 5o FenRstiE it n G N By Palivr

Het erocyclyl is unsubstituted or substituted by C -C6
al kyl_, -(al k) -éROr,-S(O) 2 RIQ; Ris Hor C-Ce
al k§f5~ wht Hn‘?tg° s bR ¢ 13 (REgeeddng prpbodigent wherein an MAP
attdHed MAIP Rirh¥r infbhatibn o 8l KIS tMheCifbimatash BSdskigd ed,

or the two groups R form together with the C atomto

whi ch they are attached, a cyclyl group; R10 is H,

G - g8, al Rynethd Bsiin AP pRedelint 8thtoRirhERS Whbrdin?NAP timer
. R12 are each independently selected fromH, G -C al kyl
infgrmakionsinglyies armesh Smemefisetal k) g-OR, or Rl' and R12

together form with the Natomto which they are

attached, a 5- or 6-nenbered saturated N-containin

het dfocy &l methedas iaormuipneseding embpdiment wheapin timer
; ts I ; R13 and R14 are
m@?%“ﬁ‘&?ﬁ‘d%g?n gr?te,%gg bRy Beifats, K kyl, -S(O 2

R10 , and -(alk)g-OR, Tet is a tetrahydrofuranyl or

t et rahydno I 0 ] r s EEout .

o aabat Pt MLASY asPEOUlly pithlind ffediimelP B f Bibaified
message a8 an extaauietl BIF bignércinformeatidn megsagy cont ai ni ng 0

or 1 additional heteroatons selected fromQO N and S;

Cyclyl is a C3 - C cycloal kyl group; each q is

i nddPenddntdegh@d as i any ipre@ding Emladdiment Gth&fin a modified

| ky] ene; d i elected from (a) a group of the
m%éf‘%%&é]%éwﬁﬁo}’ﬁﬁ?%?a%ﬁﬁ&egﬁﬁg% is a phenyl ring which is

unsubstituted or substituted and Z is selected fromH,

(550 50 T G0 S Al AR e o
MAB(r6pdinit{d 2nesh@fe)r fres®Bg®) N(R) 2, -NRS(O) 1nR , -

NRC(O N(R) , CN, hal ogen and -NO2, wherein each Ris

i ndependently selected fromH, C- Calkyl, C3 - Cl0

cycl2aal kK matlbdoadin hny hledsdifeé@Blodinydnt) fulthbLédapiking an

oup.. thea%roul?tbei ng unsubstituted or substituted, m
podifyive g pesh tomey MESERES. () a heteroaryl group

which contains 1, 2, 3 or 4 ring nitrogen atons and O,

1 or,.,2 additi,onal heteroato sel ected frgm O and S, .

whi G- gr O BeHION B B ghY Peecaing Spppiicuety MiBEReqraptising an
MAPSfobshididg @0mediffddonbiddgead a SDA. (C) a group

conprising a benzene ring which is unsubstituted or

substituted and which is fused to a heteroaryl group

as @gf i NadnRRYE asOin anpHerREAR! dEBbdihedtl BRHBB} Gomprising
d?ig‘:‘t t hereof; wth thegorowsos that: (i) when X in
adiaar tjog elemept (iR Jojasmgdifigd mgssR&en i ndol e 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 prowviides a conpound which is

a fused pyrimdine of fornmula (la') wherein Xis O or

S; Yis Nor -CH; R2is H halo or CG-C6 al kyl; each

R is, independently, H G -C alkyl or hydroxyl- G -Ce

al kyl, or two groups R on the same carbon atomform

an oxo (=0 group; or when Yis N, two groups R on

di fferent carbon atons together forma -CH -

bri dgehead; each R' is, independently, Hor C]-C alkyl,

or two groups R' on the sanme carbon atom form an oxo

- ~A N o IR I A A PFNA I~ ~—~A N "




heteroatons selected fromO Nand S; gis 0 or 1; alk

is CG-C alkylene; and and R3 is selected from (a) a
w@e@ap2ssthe foll ow ng forrmula: wherein B i s BCPOS2U9T/009884

ring which is unsubstituted or substituted and Z is

selected fromH -OR -SR CHZOR -CO2R, CF2CH

CH(CF3)OH, C(CF3 OH, -(CH2)qOR, -(CH2)gNR2 -C(O N(R) 2,

-NR2, -NRC(OR, -S(O1InN(R)2, -CC(OR OC(ONR) 2,

-NRS(O nmR, - NRC(ONR , CN, halogen and -NO ,

whepein each R js i.ndependently selecfed fromH C - C.

Al kg, A methpd. 35 By Praseding emRaimentye it & cognpFising
indidihgt Ltiadiraldé dutid arl Sgcapsalatitiefragnd/nsubsti tuted or

substituted, mis 1 or 2 and gis O 1 or 2; (b) a

het eroaryl group which contains 1, 2, 3 or 4 ring

ni t pegenAaheffbdaidin@nylpRicedingtsth b iRfdntN Rl Eh &R Prising an

elected fromO and, S, which_group is_mnocyclic or
jenfity itrangraitting am instinetiopsignalite aoMARIbst i t ut ed:

and (c) a group conprising a benzene ring which is

unsubstituted or substituted and which_is fused to a

het éfoar The gngthrdy of rapbeditnent o2 wherein an instruction signal
mﬂﬁ&g@gm&ﬁﬁglm&ﬁ%&m% oﬁﬁig{ of eGSO Al N the

provisos that: (i) I's other than an indole or

3- hydroxyphenyl group when Xis S; (ii) Z is other

t haprya ¢ I 5 SRRt ‘s

"al E?'no_r%ﬁglg?% ﬁ?ﬁ%’ﬁ%@%ﬁgﬁ‘%‘g& are Ils?!élt stied Xiss 2t
MAP repetting timingyalyes toan-NMrentisy.H and R3 i s

i ndazol -4-yl;(iii) Zis other than Me when the

following are satisfied: Yis -CH, each of R and R

i s BB. RRAIimethalns WGanys prevdding embgdiment, fiirthersepagprising an

MAPTHHANE' BRbBEPVANIES R RGURRAIAAD diidd Yilucs without
madificat®n.Y is Nor -CH; R2is H halo or Cl1-C6 al kyl;
each R is, independently, H G -C al kyl or

hydroxy-C -C6 al kyl, or two groups R on the sane
car BOn aAomeflordnasaim axppfecellingr @upodiotenthfnrtiern @ndprising an-

[ s.R .on. different rbon _at t oget her form
Nl S R B R S bR (COT1 VT o

G -C alkyl, or two groups R' on the sane carbon atom

forghan Qxo (=0Q) group; Z i,s R1Q, or.-(alk -.NRu L.

R30S " X Betteash BHP prscen e ot thefkin A, A goceives
tinkhg vaildeRfirdmpdie NM ehtitp deddoeatdstheeiadigehlheoo difirst STA.

G -C al kyl which is unsubstituted and (al k) g-OR, or

R11 and R12 together form with the N atomto which

t heglar eAahbtltdiess irfaRy poécelidaiabbdioh &t whaite®tl MAP receives

. N-contai n.ng h ocyclic ar contai ning, 0 or .
R YA GRA oM b STn B oS EHEE CLR HREIE VAIRE e SYMprtisy
Oor 1; alk is G-C6 al kylene; and and R3 is sel ected
frogy (a) a group of the fol)ow ng formyl a: wherein B .

S B phohyPeficisd e PesGiiR b bouietit S HT bR e an
MARGoRy 26 £ heGhetuttion siinad €Ra HeRSTAROR, - CCA2R,

CF20H, CH(CF3)OH, C(CF )20H, -(CH2)gOR - (CH2)gNR2

-QONR2, -NR2, -NR((OR -S(O1nN(R2, -O(OR,

OC( 83 N( RAZmet NS4 £in BRy. precditel @niddigeal) AR QIR A Iéng a

-NO , wherein each R_is 1 ndependently selected fromH,
firgy STAgeppring timing valvesinan { and a 5- to

12-nmenbered aryl or heteroaryl group, the group being
. unsubstituted or substituted, mis 1 or 2 and q is O

1 or 2; (b) a heteroaryl groupgwhich contains 1, 2, 3

or 4 ring nitrogen atons and O, 1 or 2 additiona

het er oat ons sel ected from O and S, which group is

nmonocyclic or bicyclic and which is unsubstituted or

substituted; and (c) a group conprising a benzene ring

whi ch 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 conpound which is a

o r




wherein Xis Oor S;R2 is H halo or CG-C6 alkyl; R4

is CG-C6 alkyl, -(alk)qg-Heterocyclyl, or -(alk) g-OR
WQR200742A8PI per azi ne, piperidine, pyrrolidine, PCT/US2007/009884

sul phonyl pyran or " (al k) g- Het erocycl yl group, wherein

sai d pi perazine, piperidine, pyrrolidine,

sul phonyl pyran or Heterocyclyl group is unsubstituted

or substituted by C-C6 al kyl, -(alk)g-OR O-S(0 2R1°;

Ris H G-Calkyl which is unsubstituted R10 is H,

G-Gf a tituted.,.

Het e%r ocy (“jk &{etﬂ@d &0 %é' g.n? ngce%r%% ?}n%o I|’t qusrem timing values
lnblud@rﬂ&‘smers@ﬂmumgoﬁ”geﬂvalugs oup containing 0 or 1

addi ti onal heteroatons selected fromO Nand S; qis

Cor | ; alk is G-C6 al kylene; and and R3 is sel ected

fr or85. ( aA meghmil ps i ahhprécidinmemndpotinnend whevdifttihihgbralues
mﬁ‘(ﬁlaf% eﬂé !;‘% whi ch is unsubstituted or substituted

a SEERYEt%d fromH, -OR -SR CH2OR -O®R,

CF2(]—| CH(CF3) OH, C(CF3)20H, -(CH2)gOR -(CH2)gNR2 ,

OR -S(O 1nNR) 2, OR

CXZ( gGN( R)Azmet%l%eé)m% I)n'ec (@)IN("Fém)?nt %%I% gﬁ%arising a
fikd STANGAnsuiigigt 8 reazhgRtd & sedvirpaation | y sel ected

fromH C- C6 alkyl, C3 - Cl0 cycloal kyl and a 5- to

12-menbered aryl or heteroaryl group, the group being

uns Brst i tAUixﬂdh@cl a8 Uh Syt prlcREdin® dribdditfent, ﬁﬁ@h@: éoi‘nﬁnsmg a

‘54 % a_heteroaryl. grou Whl ch contains

Sea?n S MQQH?W%% RuLres t hetgyeen aa@’cfltﬁT@n%ﬂPd ine second

STt eroat ons sel ected fromO and S, which group is
nonocyclic or bicyclic and which is unsubstituted or
substituted; and (c) a group conprising a benzene ring
whi @, i SAU&%%M ad i&!ttﬁgr PHecstibs teh{meﬁp@h%élﬁ% 3t STAisin
fused to a heteroar group as defined above; or a

a Bt BRR andiacsaepyd ptiata seconatBS$er eof ; with the
provisos that: (i) when X in formula (l1a") is S then
R3 is other than an indole or 3- hydroxyphenyl group;
and 38 i ) Aumehbod apin anyrpreceding ymbodignents Sarthgr camprising an

N e R o R st s HETEMA B g phuratieyof

MPBETHOD AND APPARATUS FOR COORDI NATI NG TI M NG IN A
W RELESS LOCAL AREANETWORK [ 0002] FI ELD OF | NVENTI ON
[ 0003] The present invention is related to timng in a
wi r éi0ess A oowithed e asndpworrky (!Atdd&)lmgvbembpdrmenml whleyein a

. . . hod
y}xgﬁro%[u gcﬂ'{[ meIVE :i%l?:l[]{la(% ﬁﬁ)rﬁta%%nt Ral me%\t% I%Feﬁ%%] clock.

par at or ¢ trmng in a
BACKGRCIJND [ 0005] The 802 11s st andard provi des a

toAfor A $ ckhau
WI r el éss %c gj}'gdag%g$ﬁ}é$’ tﬁgér}%%('ﬁ%o? ?f\# %‘Htger ﬁ?é%ﬂnsmg an
MA® faowhsdingdhelsynchuoizatas mekidgento ;itmﬁsomaltsd SgiAnce
packets m ght be relayed nore than once in order to
reach their destination. This provides a different

par d@i gmAamietivbas atlahp pidveding ginbadin¥\fetthseeqdprising an

SRS L U R TP Sy e s s

acedidaaiceé witly a ghelgronifgion ﬂm@psmm*rum cations through a
basi c service set (BSS). The original W.AN paradi gm
may al so be referred to as "infra-structure node."

[ 0006] The 802. 11s standard, though, only addresses
the scenario where the network-side nodes forma nesh
net wor k, and where W.LAN nesh -dperation in the backhau
is transparent to all STAs. This neans that, simlar
to |l egacy 802.11 W.AN networks, STAs still connect to
an AP through a BSS. A neshcapable AP, referred to as
a mesh AP (MAP), interfaces on its "backhaul" side to
ot her mesh points (MPs), which forward and route
traffic through the WLAN backhaul nmesh to its
destination. The destination can be either a nesh
portal mhlch ~may connect the mnreless nesh segnment to

TY T



the AP. The AP therefore constitutes the timng

reference for all STAsin its BSS. This comuni cation
w@e@casashet ween STAs and the AP in the BSS i sPCT/US2007/009884

conpl etely i ndependent of the nesh, and therefore STAs

are typically not aware of the presence of a nesh

network in the backhaul. [0008] The BSS, through the

AP, synchroni zes all STAsto a common cl ock and timer

through the use of the beacon frames. This comonBSS

value j.s .often used a ta r yeference
{1 o1 e edtog AR e o s PR P Rt oo prising an
NMeasitgr ermzhtitting hesPitlebnRitivAenéd2apb enad DA Piadd a plurality
ions t o change radio settings in the STAsor the
of ¥dS. Sone of these actions and features are provided
in the | EEE 802. Hh, k and v anmendnents. For exanple,
all of the neasurenents used for DFS and regul atory
radé&ft: avdlAE confignrsd tgaperform 7 gaethodragRin anst preceding
ent¥3RiEkLSE.09r am Request, and the |like, specify a start
time for each nmeasurenent. Al 802.11 neasurenent
reports, such as RPlI Histogram Report, Beacon Report,
Chapgel faadReF dmbdiithehl 24! Fibher éb‘iﬁdﬁ&fiﬁngfh AlbHAL.
start. time information el ement (IE) and a nBasurenent
duration |IE so that the report reC|p|ent may know when
t hesgrasuLENRb Mo HRYGE M&eﬁtﬁhaﬁ YurtTR: ol fsing a
form ng the mesh network may synchroni ze anong
tragsapigéaryves usi ng a common clock. When MPs work with a
comon cl ock, they are referred to as synchroni zi ng
MPs. \When t he "Synchroni zed with peer MP'" bit in the
" Sy A€hr oAnzMAR @sGapaby lof tepibddinlent #4466 futthidrMostprising a
[ [ | pdi cat.es that the
P r%%@&? %(I:lu"fr r enk“]8 %@{on &1 r olnécgu;er ak}g.é ‘tﬂ“%é‘ S %r used by
the AP in the BSS and the tlners used in the mesh are

not ,gece the s Lefore, Urren ntly
pr opgsedﬁwgﬁ 15_1131? dr a?]fa arren%nr%n"flia no‘Y MFEL g processor is
confeginadi torrevdiee @ BSS pinbér orforhatjod/BResageini cates its
timer offset (that is, BSS clock conpared t o nesh
clock) at least to its tier-1 neighbor nodes to
ci r dnveAn MAFP tatat1homsy 6Dembbeindiehibn4 8 avlgrein agpriobgssor is
hbors.. This information is

%%‘I"i?i’ﬁe% Iitnl ‘tﬁhé %g’(ﬁe’t ’inmrr‘i'@afé?réﬁbqﬁ‘{sagerhe beacon

timng elenment is used by a synchronizing MP to

advertis fset between, i self T nd the Mesh
TSF%B ndit@lo%gééﬁmsw eeéaé’aﬂelttsr%gg AYRATRER AdRFopgssor is
cofig@redr toforeard ainksdilEd RedsgRSHOtS an NNty gure 1

shows a wirel ess comuni cation system 100 contai ning a
W.AN nmesh network and a plurality of BSSs. The W.AN

mesB1net war MAMek UdesnypoPbiballirthontef44MBFsvHein cessor is

nodes 110, gnd at | east one gateway_ node 130. A
foptbey C?%l)eﬂsto Feecdve A ACHToNZAten MesPAER R qm NI entity.

addi tion, each MAP 120 is also part of a BSS

(deS|gnated BSSI, BSS2, BSS3, _and 8884% each of which

i ncPade ATRMAR pgdp any phembodimensis 44-5%whgrein agprgcessor is

fu%hae borfliguredR6 Sihitilohize AW ABSES 2 RbilariBRWwitR &l s%@m%%ﬁatmn

In the present exanple, BSSI contains one
n“¥§8$eBSSZ contai ns no STAs 140, BSS3 contai ns tmo STAs
140, and BSS4 contains one STA 140. It should be noted
that any nunber of STAs 140 nay be included in any
BSS. The STAs 140 are in wirehgss conmmunication wth
their associated MAP 120 of their BSS. [0011]
Currently, there is nomechani smwhere a timng val ue
reported by a STAin its BSS to the associ ated MAP and
forwarded to a network-based Network Manager (NM is
translated into a timng value that is al so neani ngf ul
to the renote NM Because the renote NM s not
know edgeabl e about the BSS tim ng val ues used by the
STAs mhen connected through a nesh unless the NM |s
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coordinating timng in a wireless conmuni cati on system
that includes a (STA) including a basic service set

W@ BBF2t8fer i n conmuni cati on with a mesh acceBGT/psiont/009884
(MAP), and a network managenent (NM entity wherein
the MAPand NM entity include a nesh tinmer. The STA
transmts a BSS tiner information nessage tothe
MAP, wherein the BSS tiner information nmessage includes
a BSS tinmer value. The MAP receives the BSS tiner

i nf natlo sage and £s the VAP

f or \%gr dsAtnhe hodr fq neggré%od’t%el%tﬁ ﬁgﬁ’i’a‘?‘% inl [aoffﬁ’g ssor is
fuﬁEbEchmb@TtmoEﬁaﬂ-lEa W&Eﬁzbﬁﬁﬂ?hs@ﬁ@ge to a STA in

det ai.l ed und iﬁa lgg of the invention may be had

CORFIRIERRoR scription of a preferred
enbodlnent, given by way of exanple and to be

i atngs AR 3= 1PCtrus o ppisnarie 0 AVURKER Boocessor is

fummmghemo&mbem aGhbdieH riﬂe@aya 6 la@SNM @68ty Bi@Righ an
Eetm%gg AN) nesh network and a plurality of basic
s (BSSs); [0019] Figure 2 is a functiona
bl ock diagram of a wireless transnmit/receive unit
(WIRU) configured to coordlnate timng in the W.AN .
mesR®net fr agiig gy of pmbadivpents tds54ivherej a processor is
fuRth@$ eoHfig i \eathicAloul h {040 boiivE1ne tEng RaNR. @ Wi rel ess
communi cat i on systen1conta|n|ng a WLANmesh networ k and
a plurality BSSs performing a method for coordinating
t i M5Bg | Al A IMak §hesSy 6PERIBARAEAINUAYS5 LWPRRin i Sk&sor is
[0021] Figure 4 is an exenplary signal dlagran1o a
fugtihs enfigurpd)to equivplgpt ime ‘ﬁéﬂﬂ is t;ﬁmi; upore e meshtimer.
(MP) and nesh portal performng a nethod for
coordinating timng in the wirel ess conmunication
sys®dm of\an@eR @s3n E[uuogﬁjambpgm@is 4435§ Wheyeini azgnogessor is
r
fuftheb P S elil fodtit i Sod RN 408 &l RMEER Y dilfreport
B3$5-tnash témiing aﬁ‘seé:m}pesatwtm Ighhentdtsagr am of a STA,
MAP, MP and nesh portal perform ng a method.for
coordinating timng in the wirel esscomuni cation
sysH8m oAnFMAR @s3p any af embddincentsi 44:5Avdidrein a processor is

d
u%:mg gcjgﬁ? %58 g(!rqr)\/;vagrltigzﬁgilns&wc\ﬁeor}fsll al 4 %? /&Llol%ﬁél.-%{}gﬁ?r STA.

mesh port al perfornlng a method for coordlnatlng

Um g in.t.h ess ni cat i system of FEi gure.
5 B8 o B SR abel Rouf TP AR B o B P thol im any
ofpnﬁwdnhenannslon. [ 0025] DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0026] Wen referred to
hereafter, the term nology "wreless transmt/receive
uni 60( W'RHe'IG sfedmible@dindeuit 505 further ésthpridingtn fedeiies.
equi prent (UE), a nobile station, a fixed or nobile
subscriber unit, a pager, a cellular telephone, a
per sanal Aghi gCt ad iaSshpladnémb&ihentd FPBYUFEFtheP coBiPtising a
ir otherggype of user device capable of operating in a
s enV|ronnent When referred to hereafter, the
term nol ogy "base station” includes but is not limted
o Node-B, a site control]|e access point (AP),
%ﬁ ?weFCt 3% dnofny ffesphe lnﬂgefﬁe 61 fpebee cgmprising a
pramrs@t ﬂnrug)mﬁumatfoei #ih BRebQsERhd thd Sdblsnlibr.
present invention is directed t o a nethod and
apparatus for coordinating ti-afhg in wreless |oca
area networks (W.LANs). [0028] Figure 2 is a functiona
bl ock di agram of a WIRU 200 configured to coordi nate
timng in the W.ANmesh network of Figure 1 in
accordance with the present invention. The WIRU 200
may function as any of the devices depicted in Figure
1, including, but not limted to, the nesh access
poi nt (MAP) 120, stations (STAs) 140, nesh points
(NPS) 110 and the gatemay node 130 [0029] In
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comuni cation system 100 depicted in Figure 1. That
is, the WLAN nesh network includes a plurality of MAPs
wa22ey1vags 110, and at | east one gateway node 1BOT/U$2007/009884
mesh tinmer is associated with the mesh WLAN. I n
addi tion, each MAP 120 is al so part of a BSS
(designated BSSI, BSS2, BSS2, and BSS4), each of which
include a BSS tiner (Tinmer 1, Timer 2, Timer 3, and
Timer 4, respectively). The BSSs al so may include STAs
140. Again, although in the present exanple, BSS
cont ai ns one STA140, BSS2 contains no STAs 140, BSS3
contées. nSdAn/\ﬂb CSa'd\Sn]zﬁ%{ oﬂrédllﬁaﬂmgﬁfmsfaiﬂsﬁmemoﬁ'ré\ lirﬁagessor is
e. not that any nupber o TAs 140 may be
COPﬁgPﬂ%‘t yeqelyR A §%§ t“ﬁre’éf IPALONIAESSagRs 140 are in
wi rel ess communi cation with their associated MAP 120
of t e|r respective BSS [[0031] Figure 4 is an
exe s@nﬁt ip; apyr 2 eathydimentss 268 whegpin 2 mroggssor is
coﬂiﬁ@u?é’lﬂtd@%ﬁﬁinBSB t#dBr RAGFALALASn&sABLNod for
coordinating timng in the wirel ess conmunication
system 300 of Figure 3. Although a nore detailed

met lepd WA 10Ca8l§8 CdiP o bl dAi¥nehts §O1EA a}heréﬁea%cessor is
140 transpmts a BSS_tinmer nessage to the MAP

Pﬁ%{‘? teforpard g Iﬁé‘i’-‘ﬁ?éég%@égﬁﬁ?/ ag NM entityef er r ed to
as a "timng" or "tinestanp" nessage. The MAP 120
modi fies the BSS timer nessage to an equiyvalent tiner
nmes$ge AET apinjany efpabadiments 3465 wilezein a presessor is further
coRBESALE JBah: t any
MPS 110h%§?&£§n thehﬁ%%&%%8&§%§£é%eh#€%hnégﬁgéﬁﬁﬁéo,
then the equivalent tinmer nessage is transmtted to

t he 1 I
rmecage. or 1S By i RtBh - DR Al Dbedpb R arther
COBﬁES}I'%d tiol symcliiandgecan BRAP of aqoerdanceivith asyrehinomgiz fmon message.
coordinating timng in the wirel ess conmunication
system 300 of Figure 3. In step 510, a STA 140
trafdai t & AmEC sage mnbﬁ'enibngixﬂéﬁst 59617 whéreinmat pmigessor is
ular, the STA 140 trans
e, Mhdida 10 RRERA o bl 0on” ipideRg Ny 'S in
coaxaupkanonhewﬁfheldaPtn BSS 1 transnmits the BSS tiner
information to the MAP 120 associated with BSS 1.
[ 0033] The MAP 120 receives the BSS tiner informtion
froohe ARNIZAAs nsinyrofbiniheBmiehes 3868 ad@réinG Sifoeéiser & further

difi ssage.{siep 520 In a preferred
o Rt IR LBt os pREGIGT TRYBAEE ot 2PV ijmentsn through an
intdrnbédigie MiPher of fset information to cal culate the
equi valent time value in ternms of the nesh tinmer or
anot her reference tinebase. Additionally, the MAP 120
nay 78t t agn ECids irl ampbf difdditnehts 5PEDWIRFEIA probsRoRE further

r offset.and the mesh tinmer offset drift
°°“§§8re‘f€° ‘t"ﬂ ?’Flegﬂ“ﬁq‘ﬁ‘etr times@al®  The nodified
message may be an extended message created by the MAP

120 aseggf the origj nal nessa e recelved fromthe
STA /140 a5 AR dimgnttad B9 hezeimerprogessphigfurther
cohfightides ddifivalRho iR v alielis bakyE dptut eHe b h IR 40.
Anew information element (1E) or, alternatively, a new
information field, may be added t o the origina
nessage. The equivalent timer value may al so be
i ncluded into an encapsul ating franme. For exanple, the
original frame and tim ng may.jBe encapsul ated within a
mesh frame which could include the new tim ng
i nformati on. [0034] The MAP 120 forwards the nDdlfled
{ message to a network managenent (NM entity (step
530). In a preferred enbodi nent of the present
invention, the NMentity is the nmesh portal 130.
However, the NMentity may al so exist in other devices
besi des the nmesh portal 130. If the nodified nessage
|s belng routed t hr ough unsynchronlzed NPS 110 to the




timer value with the equivalent BSS tinmer val ue or
attach the equivalent BSS tiner value to the nessage,
wo ben/1tassvar d t he nessage on to the STA 140. TPeT/N¥d807/009884

120 may al so generate a new nessage based on the nesh
timer value and forward it t o the STA 140. [0037]

Figure 6 is an exenplary signal diagram 600 of a STA,
MAP, MP and nesh portal perform ng a method for
coordinating timng in the wireless communication

Sys . ACC e.w t.n anot he
o oAt Bt =t e oo i ACER PR TE Sl Pk Bhy s further
coeﬁbutbdmtecetvleeaﬁ\mnmdt;pn( sigsdl fromt @ NI @Gntity anshrdperaBSS-

i4M.ng_nessage to th 120.. (610). The NMentity may
m%%hn{mmmgipgé)?%e e @eﬁﬁ%wl‘ifﬁ‘g Teless, through an M
110, through a wred connection or any conbi nati on
t her, The transm imn e contains ti
val s A RREREbherBboditpsas SHTTE NPgs T FFoRAT S further
cohﬂgutecmcr@maﬁ@ taemstfudtion AgsaCraintcth NMentit§ twial SOAL
nmodi fying the tim ng message, (620). The MAP 120
forwards this timng nessage irrespective of whether
encapsul ation or re-building of the message occurs at
any internmedi ate forwarding points. {0039] The nesh
portal 130 transmts an instruction signal tothe MAP
120 (630). The instruction signal, or polling signal,
contains instructions for the MAP 120 of STA 140
toreport at sone tine intervals BSS-nesh tuning
of fsetval ues or absolute timng values tofacilitate
the NMentity in deriving timer offsets for all MAPs
120 in the systemw th respect to the NMentity tine
base. If the instructions are intended for the STA
140, the MAP 120 forwards the instruction signal tothe
STA 140 (640). An absolute timng m ght include a
timng reference obtained froman external source,
such as a gl obal positioning system (GPS). [0040] The
STA 140 reports timng values to the MAP 120 (650),
and the MAP reports timng values to the nesh portal
130 (660), including the STA 140 reported tim ng
val ues. Accordi ngly, whenever any nmesh forwarded
nmessagecontaining tinmer values is received at any
destination device, the destination device may request
fromthe NMentity the current tiner offset between
the nessage source and the nessage destination devi ce,
and utilize the timer offset to translate received
timer values into an equivalent tinmer value for the
destination devices |ocal time base. [0041] Figure 7
is an exenplary signal diagramof a STA 140, MAP 120,
MP 110 and nmesh portal 130 perform ng a nmethod for
coordinating timng in the wrel ess conmunication
system 300 of Figure 3, in accordance w th another
enbodi nent of the present invention. [0042] In the
present exanple, the nesh portal 130 transmts a
synchroni zati on nessage toMP 110 and MAP 120 (710).
The synchroni zati on nessage i ncludes a conmon
reference clock to be used by either the whol e
network, or a subset of the MPs 110, MAPs 120, and
STAs 140 in the network. The MAP 120 forwards the
synchroni zati on nessage to the STA 140 (720) and the
STA 140 synchronizes its tinme19ase in accordance with
the synchroni zati on nessage (730). [0043] In this
manner, all devices in the system 300 may exchange
messages containing timng informati on w thout
performng any time translation, since the tine
reference is known to and is the sanme for all. TheNM
entity (mesh portal 130) periodically resynchronizes
the network to minimze tine base errors due to tine
base drlft at each p0|nt |n the netmork preferably by
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be obtained by tinme stanping any event which is

si mul t aneously observabl e by both the source and
wale®viizEass on devi ces. I n one exanpl e, an exterP@l/Uus2007/009884

beacon or an external timng nessage nmay be received.

[0045] The signaling utilized by the STA 140, NAP

120, VP 110, and nesh portal 130 may occur via |layer 2

(L2) or layer 3 (L3) frames, as well as via network

managenent protocols such as SNVWP over |IP and the

li ke. Additionally, any MPELAIMSBhat nay be al ong the

W.htrj’gute .between the signal sources and the signal
éff’ﬁ‘éﬂegr}@ in Figure 6 may provide internediate

routi ng B at Wireldsgnainsmumieatidne dystpeOigfluding ai Bationy(STA)
. the STAs 140, MAPs MPs 0 n :
inchiffing ptastie S i CRHE e e R T OER ARk B ift?d mesh
acdks bbmti(MVA md)g aﬁg;)f ﬂéﬂ%&ﬁ'kﬁﬂalgwm (NMD) emfity wiyeadinltheMAP

i.s_supported . a or switched on, ,This_ s §:00,.:08Y;
and NN, BRGFE RRAIBHS %PeRBr B Fon gRET 4o, ot tifding, the
meth8debinpeisiiganes, such as SNWP. Furthernore, devices

can he cqnfjqgured taq, contajn, databagse entrie '

e aothesEA B riRg adiss SBbF P ERTHH EiSeit flthe MAP,
wH&@%ﬁf ﬁiéCBh ?% itf?&n itIﬁBMnQﬁoﬂ &ml sts@@@ﬂm&ﬁﬁbf s:a[ BSSedmef t@@lﬂ@;

oug e features, and, e nt.s of .the presen

i nvent i ofheMAKe 28¢91508 ighe t]ﬁgg pf’lé‘?eé'r H’efgn&%@&i mespage and
mgdqfﬁﬁéttjlgﬁ;@gag@mdnati ons, each feature or el enent

can be used alone w thout, the of her featuyr .

el ef@nt sthe MA%fWQF%@WBSH{%@sa@F Ltf’reﬁ’ﬁ w&%ﬁy :

conbi nations with or without other features and

el ements of the present inventjon. Tﬁe t hods or. fl| ow
cha2ts pAbeiraeiodpfichainy] sdiegein sfer %’wﬁ‘ﬁﬁ%‘f%‘épnses'

i mpl,gyre mtﬁéjl\%@%@a %fﬁn%ﬁgfé{%ﬁ safdd wans;

aid
firmvare tan 'y enbodied in a conputeyr-readable
st ofelge fbeli MR aepleeing thenBBY Hopngple Fciboé’s calculated
. ocessor. Exanpl es of conputerreadabl e
qul?‘ggragiégﬁﬁre%i‘ﬁarlr‘g&i nclude a read only nenory (ROM, a
random access nenory (RAM, a register, cache nenory,
semondug! 0 r h,C8SwhERHR el efBiaderit! (Hind Svalue is
i nt eé’r;nal lﬂj‘fwha(lar ?%lﬁggs&aﬂgﬁ?equbl e di skgl,['Iﬁ
calagatddepted oal timed offsetandorapatien) nedi a such as CD- ROM
di sks, and digital versatile disks (DVDs).[0048]
Sui tabl e processors include, by way of exanple, a .
genet.al [Rhepmsathpd oofeslodm, 2awhpeeinatheygapiiadent time value is

racessor, a. c ' rocessor, a digital signal
cag?lgég%‘ég}tem@(}?ﬁg%‘%supg*nle?'y of nicroprocessors, one

or nore mcroprocessors in association with a DSP

core, a ntrol, e .m r.al - i Ons ¢
Spe cgf fic Qﬁhﬁ %16 l?%‘f({e(g (%lﬁ:g E"t(i% Q%kgﬁ&vﬁ?elﬁiéﬁfﬂdm&% tnh@ﬁ.mn system
fRtlogr cmplises (deastimreaneslf FRBASMBhetwieen the NMenkity and the
e of integrated circuit (1C), and/or a state

hi ne. [0049] A processor in association wth
software may be used to inplenent a radio frequency

trangceiy, for,use dn.a wrele LAP ' :
uni tS( WIRUY® nbegg"aeoéuﬁq%lﬁ%\#t W?‘FJ%%? ‘ihée rm naF? Easg\[tﬁe modified
ik 8ddeoty theddMemigtytiroughthe at lanst ORABIY. or any host
conputer. The WIRU nay be used in conjunction with

nodul es, inplenented in hardware and/or software, such
as a canera, a video canera nodul e, a videophone, a
speaker phone, a vibration devi-2@, a speaker, a

m cr ophone, a television transceiver, a hands free
headset, a keyboard, a Bluetooth(r) nodule, a

frequency nodul ated (FM radio unit, a liquid crystal

di splay (LCD) display unit, an organic light-emtting

di ode (OLED) display unit, a digital nusic player, a
nmedi a pl ayer, a video gane player nodul e, an |Internet
browser, and/or any wireless |ocal area network (W.AN)
nodul e. [0050] Enbodinents 1. In a wirel ess

o L e
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MAP cal cul ating an equivalent tinme value. 7. A nethod

as in any precedi ng enbodi nent, further conprising an
woB@7neEpBaci ng a BSS tiner value with a cal cul B€EUS2007/009884

equi valent tinmer value. 8. A nethod as in any

precedi ng enbodi nent wherein an equivalent tinme val ue

is calculated based on tiner offset information. 9. A

met hod as in any preceding enbodi nent wherein an

equi valent time value is calculated in terns of a nesh

tier. IWhe AnethioHodf adaiom Gnyhereivethe @tedersdi gaatMP is a

furt her rising a nesh point (MP) between an NM

ﬁFFP a%ﬁ@qgn MAP. 11. A nethod as in any preceding

enbodi ment wherein an MAP forwards a nodified nessage

s € arop ety g Al SRRl ey e’ 7 E s an

unéwﬁﬁhérﬁléclePl\/P 13 A method as in any preceding
enbodi nent wherein an MP is an unsynchroni zed MP. 14. A
met hod as in any precedi ng enbodi nent, further )
congri siTie aletHEByNERN 8| ﬁﬁﬁhéﬁdnméém'gltbe anspoétrosized MP

nessa and, t her nodi,f th S
rocgrios ChommRide BrER fof ST ORRRT o s SoESd filSenge prior
to forwabdindli€ ¢6 the DM Ehedy ent wherein an MAP attaches

MAP timer information to a BSS tinmer information

nessage. 16. A nethod as in any precedi ng enbodi nent

wheg@gi n thém b EREARY | WhRedos | hdeM AP nRttdrhies MMAP timer

offset. 17. A nethod as in any precedi ng enbodi nent
infapraption takbe BSRHimetrigformatint Mestasfes a nesh timer

offset drift rate. 18. A nethod as in any precedlng

enbodi nent wherein a nDdlfled nessa%ﬁﬁéﬁ%@; ext ended ”
BSS14i meThe rmgthast iof rrlaigs sk avhergin et ation
LgetWherein a nodi fied nmessage is a

uuﬁﬁ&ﬁiﬁ%ﬂ%ggg?e nesé%ge 20. Anethod as in any

precedi ng enbodi nent, further conprising an MAP

recghvin | JFel itk SFRGPherein theTMAPGiRsr |idfd¥ation

preggdlng gﬁgﬁgmﬁ%ﬁgeé?ﬂ§ther d%nprlsfng an MAP
1ndnde$9h¢@mmhﬁ@®hroﬁhﬁnhﬂﬁseﬁge 22. A nethod as in any

precedi ng enbodi nent, further conprising an MAP

forwarding a modi fi ed message to a STA. 23. A nethod

as i18. angrhpune@mmgchmddwhemn tihemmoHifiedsaanagsisap extended

0 elenent (IE) to a nodified
B%g %e’ngofmﬁl?r%%esag%s in any precedi ng enbodi nent,

further conprising including a tiner value into an
e”C sul ﬂ{h' ”&Sg AEr ctafn 1WA oﬁif?é&/n@ss&g%disnﬁ newly
Hef conpri sing an ntity

gehremmméssagean instruction signal to an MAP. 26. The

met hod of enbodi nent 25 wherein an instruction signa

includes instructions directing the reporting of

t i m]mg v aHeemetliod of/claien Aofhrdker corapsisimgdbedYlAd:

og ment, .further r|S|n an MAP reporting timng
valé JegﬁvﬂﬁiﬁﬂQQ%é %od as in any

preqeyi ngn&lﬁbﬁﬂgﬁh@&nemlﬁ&emmagelmmg an MAP
rece|V|n t|n1 | ue formar t|n1ng
val s wi ‘ﬂg%gﬁ zit‘ﬁ%cﬂmefﬁage é‘ggas in any

preceding enbodlnent, further conprising an NMentity
deriving timng offsets for at | east one MAP. 30.
Amet hod as in any precedi ng enbodi nent wherein an
MAPr ecei ves timng values froman NMentity and
forwards the timng values to-z-first STA. 31. A

nmet hod as in any precedi ng enbodi nent wherein MAP
receives timng values froma STAand forwards the
timng values to an NMentity. 32. A nethod as in any
precedi ng enbodi nent, further conprising an MAP
f.orwarding an instruction signal to a first STA. 33. A
nmet hod as in any precedi ng enbodi nent, further
conprising a first STAreporting timng values to an
NAP 34 A nethod as. |n any precedlng enbodlnent
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36. A nethod as in any precedi ng enbodi nent, further

conprising a first STAtransmtting a nessage to a
w@emonelrigs ati on. 37. A nethod as in any precedP@muUS2007/009884

enbodi nent, further conprising a second STArequesting

a current tinmer offset between a first STAand the

second STA. 38. Anethod as in any precedi ng enbodi nent

wherein a first STAis in a first BSS and a second

STAis in a second BSS. 39. Anethod as in any preceding

enmbdéi neMhe rhethiolof cladimpl whergin ate b fitrithgr comprises adding an

. kransmtiin chroni zat.i Qn_nessage to an MAP and a
s Lrad}nlnt?}elsgn%@)W&BLeE?@%iﬁgan%@agﬁ. any precedi ng

enbodi ment wherein a synchronizati on nmessage i ncl udes

ot 100 2 SR Ehaith LB EFED ALY PR fogipiises including

the aifpér Galig iato MBntAssasEhgErdhe synchroni zation
message to its associated STA. 42. A nethod as in any
precedi ng enbodi ment, further conprising an MAP, STA
and 18| ur &h iatwirefesdEomeninbitdonh &vston MRIUdihe aRSTW) Vecluding a
ti me bases in accordance with a,synchronization |
baiesentice 2t (BURXHIET Hxcompmamicqtiarceihrymen serese Rpint (MAP),
arddUht Hethw R R Plaba k&G eat) (NWBNEhtiYy tWiahel. the MA®P and NM entity
. resynchroni zation nmessage to_an MAP and a plurality of
inglpge ameshiimarpa mthed fireqordinptipg diming, Hie methedcqmprising:
any (py ecegé ngVeRRAY TBMsmithing 14 iﬂgtgme{/i%ﬁm "&'kthe MAP,

44, further conprising a receiver. 46. An MAP as in
whereinthe insdanstion signal imrludes inssruckioms dirgchigesthe reporting of
tith§ oMol 8ind 47- An MAP as in any of enbodiments

44-46, further _conprising a processor in conmunication

wi t ibh r dkeMaP reperting Vimingivelugs toghe NM ewtityas in

any (of e i AP 44 ' RS gr s

cont Pgur o PP Uil SnBEa5RRARE i timing values
wighoutymopidiragion; andny of enbodi nents 44-48 wherein a

ro SOk, J ' .1 o..0ndi f '

ot i NI 2l i WG B 107 cht BPeast one MaP.

enbodi ments 44-49 wherein a processor is configured to

forward il S to an Wty 51.  An. NAP

as :ﬂ% anf/b hg?gg]; O;%g?frn%%*@q&‘y%m‘ g?{l gina %r Gees dgpingsvalues
frémarthh ¥ Moantitygandefdrvardetied timiag syphodsrtora fiestiSTA.

nmessage froman NMentity. 52. An MAP as in any of

enbodi nents 44-51 wherein a processor is further

conf20gur dthet metlyrcoif claim d Savwhbidn ithe MAPY shasitves Wrhthgavalues

OB £ A Stk Simins i pEa L fre M Ffferc,

configured to forward a synchroni zati on nessage to a

STAj,n C ni cat.i wi th the MAP. 54.. in ..
anyzgf e dPﬁ@WPéQgﬁﬁﬁiiam+&$%?%F¥P&R%ﬂ%§%§ﬁﬂzﬁ§%“”a“bngthe
inftrattien sip tgurfadt BTA. orward a nodi fi ed nessage to an
NM entity through an internediate MP. 55. An MAP as in
any of enbodi nents 44-54 wherein a processor is
furzer qoRfhgthoddfchifdt L fhither ddmpaidingtRHrst BTA reporting
t.value. 56. AE g@g%as in any of enbodi nents 44-55
g Yalyes to the v is further configured to
equi valent tinme value is based upon the nmesh tiner.
57. An MAP as in any of enbodi nents 44-56 wherein a
processor is further configured toreceive an
instruction signal froman NMentity and report
BSS-nesh timng offset val ues.gbo the NMentity. 58. An
MAP as in any of enbodi nents 44-57 wherein a processor
is further configured toforward the instruction signa
froman NMentity to a STA. 59. An integrated circuit
(10 configured toperforma nmethod as in any of
enbodi nents 1-43. 60. The | C of enbodi nent 59, further
conprising a receiver. 61. An IC as in any of
enbodi nents 59-60, further conprising a transmtter
62. An IC as in any of enbodinents 59-61, further

o o o -




configured to receive a BSS tiner information nessage.
64. An IC as in any of enbodi nents 59-63 wherein a
w@e@wcasHss i s configured to nodify a BSS ti merPCT/US2007/009884
i nformati on nessage. 65. An I C as in any of
enbodi nents 59-64 wherein a processor is configured to
forward a nodified nessage to an NMentity. 66. An IC
as in any of enbodi ments 59-65 wherein a processor is
further configured to receive a synchronization
meszge Thamethwd\ietain 18 whereinthe tiraing veluesingfude the BSS-
egﬁodjnqg§§ 59]%% wherein a processor is further
meg TR efggbnchronize an MAPi n accordance with a
synchroni zati on nmessage. 68. A An IC as in any of

enmbodi ts 59-6 er ej r.0 .

corft-gur Bt ptpes oftveon & piheRp RS S fhise"y 1S Bitfudo absotute
valQbd in communication with the MAP. 69. An IC as in any

of enbodi nents 59-68 wherein a processor is further

configured to forward a nodi fi ed nessage to an NM

entssy tReuHthad of Alath s ifaitheMomplisivgn | C as in any

of enbodi nent 9- 69 rein_a processor i .t he
conf® gur%g’?toérg t&ﬂ#@&{"ﬁ MEERE 2 ??cr%lavsg dé:lj.;l’ Jﬂd
An {f astridkeasyd STAawhackvimnile dudretd tivher affset between the first
rocessor is _further configured to equivalent tine
SToernd thesergedSIdon the mesh tinmer.72. An ICas in any
of enbodi ments 59- 71wherein a processor is further

configured to receive an instryctjon sj l. from a

ent 26y ahhe mgibed ofdainsdd WRRTHE ti?}? ?'gﬁtt g@%lﬂ& a{}%sfﬁg ¥and
thOM SRR dVA i B aABedderBSEN any of enbodi ments 59-72

wherein a processor is further configured to forward

the instruction signal froman NMentity to a

STASELAI M5, \Wigblcks chihaiuBehtich systetndlulifi€h€STA) including a

conmmuni cation systemincluding a station (STA) ]
basieclendice st BHSitimerin jopamypicatpngyithjafaesh agrestpoing (MAP),

|, Gt | SgetRirRt maNAEdmeAN ANM) entity

a ﬁﬁp%e mr@i%? ﬁagéh%%x?ts?&hﬁl\gé‘,‘ AL 8SFetRIrR maNaFdme

manage W) ‘entity wherein the MAP and NM .
wlaerein the MAR ried N Mrentity inebide amesh Haper amethed firggerdipating
Lim - € rising: (a) the STAtransmtting
tugugggg?F%%§D§EPOS%§%%%E message tothe MAP, wherein the
BSS(a) nethé MM entity transptidng aisyeshrepizagiopgaessage to the MAP
valye: (b).. r SGRbads heyRPRohiARRlon BIAEARE ii8flud
a?@éﬁ%&%@%&%%S‘Gtﬁ%‘ﬁg%‘ts?age; and (c) the MA uees
infonmvatiah redating toedieféredearelockige to the NMentity. 2.

The peth ey i ' i sociated

comPT sodhe FHAP BRI LA ERAbe AR toits noe
STAjaed and (e) the MAP replacing the BSS tinmer .value

with {he ca a ' e s ective

nmet S)d oft erarmn é’%%w%%q% ﬁ{;ﬁ %f:qﬁglﬁg\sjgﬁe‘ﬂ%%? iizrrlég\tgﬁge?%
titrl eiskaiedcdvad ancowithi thersyothuetizitidronessagn. 4. The

met hod of claim2 wherein the equivalent tinme value is

calculated in ternms of the mesh tiner. 5. The nethod .

of s mTivheneilindt bé cainel 2%s fodhen ndopeprisings fhe INM  entity

further conprises at l.east one '

R R PRy SRR st fp b R e o S REIS A P
wherein the MAP forwards the nodified nessage to the
NM entity, through the .a t _one.MP. 7. The et hod of
cl ai4r-6 vﬁé‘?’éﬁ?’ngctcﬁ%s %?mf' é@bﬁc’éﬂ%é@g' a synchroni zed
MP. 8. The nethod of claim®6 wherein the at | east one
MP is an unsynchroni zed MP. 9:23Fhe nethod of claimS8,
further conprising the unsynchroni zed MP receiving the
nodi fi edmessage and further nodifying the nodified
nmessage prior to forwarding it to the NMentity. 10.
The nethod of claim 1l wherein the MAP attaches NMAP
timer information to the BSS tiner information
nmessage. 11. The nmethod of claim 10 wherein the MAP

timer information includes the nesh tiner offset. 12.
The nethpd of claim 10 wherein the MAP ti ner




includes the nmesh tinmer offset drift rate. 13. The
nmet hod of claim lwherein the nodifiednessage is an
w@zaioenzass BSS tiner information nessage. 14. TPeT/Ds10hDeh98s4
of claim1l wherein the nodified nessage is a newy
gener ated nessage. 15. The nethod of claim11, further
conprising the MAP. (d) receiving a nmesh tiner
nessage; (e) nodi fying the nesh tiner nessage; and (f)
forwarding the nodified nessage to the STA 16. The -
net hadceifrex;l ai m 1wherein step (b) further conprises
addi anigforﬁﬁtion element (IE) to the nodified
mesé g%l}sw.enfﬁe nmet hod of claim lwherein step (b)
f ur bhebcasoPin seamumtatitmyitththe yereivey anddbieiransampitter, the

encapsulating frane. .18. Jn.a wrele | cats :
prEee PRy Sotetn RS ARG Es S5 ST RE shffmation
méRaT, thbdEy the BSSwitner tafbimationtrhessagesindifrwsgd e modified

(MAP) , and,a networ k nman t (NM entity wherein
meS3ER AP DRV é‘?ﬂ‘?alg;‘?"?er?ggﬁg@ﬁ%m $h timer, a nethod

for coordinating timng, the nethod conprising: (a)

the N\M entit mtiring an ipstruction signal t

the H0Ap, TasdVAT CHAR R PRSEORcHS srafarct nar gy drigured to
reb&iSk huGhbRni s tidtieBghdelfforh €Ro NIV egtity ahdl symehroniza¢he MAP
~and (b) the MAP reporting timng values to the
inNpgeprdapge With the gynekwpeizatopBesSA8eng val ues and

forwarding the tim ng values w thout nodification; and

(d) the NMentity deriving.tinming offsets f he at

| eagtl- ond: WMAI}{@? claime 30 Ehesef e(ﬂ"ﬁ?ﬂ?ﬁ‘i’é‘s%ﬁ&'ﬂ fonfigured to

| \iZh16n Yidsy@fe fo'0STARR cOMaminicytionvith the MAP.

fo%%fgf/\&/a?%?ythﬁgrélih%ng val u@g;eto a first STA. 20. The

nmet hod of claim 18 wherein the MAP receives timnmng

val ugs f r@m {1 STAn@R 99 Watefltheli8edsstt RFuyilctesntigured to

the NMentity. 21. The nmethod of c¢laim 18, further ..
forwapi Hat mpdibed PmsREmiChiegN M et tigbeh i tgrasdiate mesh
pan{_‘ia(,@t)‘ STA. 22. The method of claim 21, further

conprising the first STAreporting timng values to the

MAP. 23. The method of claim 18 wherein the timng

val ugs i gﬁﬂf {1 tsbr iuvEiter cédfigured to

The ?re'it hgfdlllélo C gf%ﬁ%g%ge{r??%eﬁ?uﬁ%ng val ues B
cdlpglagel anaiguinalert timeajealue25. The net hod of claim 18,

further conprising: (e) a first STAtransmtting a

message to a second station; and (f) the second .

STAr 34iuesThe M ARefclaine 38 wherein the equivelenddimeryalue is based

fir e%géh%nde}he second STA. 26. The nethod of claim
UBSR KA FEH the first STAis in a first BSS and the

second STAis in a second BSS. 27. In a wireless

commypi Cagy, 0 Rr¥SE %’%@twﬁ%& hd SHAbsdoR 6l HALRG: @Bnfigured to

basi C service se i n-communi cation with a

reredve an destsughom signu\Bom she NMantity ard rapoit B&iSmesh timing
S an r k. managenent (NM entity wherein

°%Mﬁe%ﬂ°dwm\%1§t¥'ncl ude a mesh tiner, a nethod

for coordinating timng, the nethod conprising: (a)

t he ntj nsm tii ' '

ot e tnp. e AR Pl fty B IRTRL BRceBld- 100 ERGARR dgured to
foowadriheiiastruotionsiamd drdm the Ned entity todhe STA.el at i ng
to a reference clock; (b) the MAP forwarding the
synchroni zati on nmessage toits associ ated STA; and (c)
the MAP, STAand plurality of MPs synchronizing their
respective tinme bases in accor@énce with the

synchroni zati on nessage. 28. The nethod of claim 27,
further conprising the NMentity transmtting a
resynchroni zati on nessage to the MAP and the plurality
of MPs. 29. A nesh access point (MAP), conprising:a
receiver; a transmtter; and a processor in

conmuni cation with the receiver and the transmtter,

t he processor configured to receive a basic service
set (BSS) timer information




nmessage, nodify the BSS tinmer informati on nessage, and

forward the nodified nessage to a network managenent
w@bivpiensity. 30. The MAP of claim29 wherei n P&IEUS2007/009884

processor is further configuredto receive a

synchroni zati on nessage fromthe Nventity and

synchroni ze the MAP in accordance with the

synchroni zati on nessage. 31. The MAP of claim 30

wherein the processor is further configured to forward

t he &ncHiwintegrated cimsyit(de), compishhg: communi cat i on

Wi th, LR MAP. 32. The MAP of claim 29 wherein the

processor 1s further configured to forward the

nmodi % tragismattemgmnd 0 t he NMentity through an

I nt [ . i Nt ,-(MP). . _The NAP claim2

wher bPRCt R TSR tb b i 3P rdstFy o i Shtinitter, the
progéssor awwefignrad)uio vakeint 4 basicvsdrvive Sat. (HES) Makkrofnformation

i ei e equival ent tine value s based )
ke, ARl P SRl e S A3 moditiea
mesmgertocesstorork manigdeento®INI) giitieglt 0 recei ve an

instruction signal fromthe NMentity and report

BSS-nmesh timng offset values to the NMentity. 36.

The 38\P @hel@iof RIS indicheinlithelh0e6sE80 s hgrthefF bdifigured to
rco.nfi ureﬂ to forward the iniﬁr tion signal fromthe
RS AV R ResseeeFom the SiMeatity abdsvacmoajze the MAP
inceoprdagice gritla the sghotfbnizatiohansesdagber ; and a processor

in commniication with the receiver and the

transmtter, the processor configured to receive a

basi3p. serMheCEC 8€t1aiBE wihefdlh 1haf HrobBdsb s BtRaNEonfigured to
andI the BSS tinmer information nessage, and forward
°f‘ﬁ%r‘ir‘g‘tﬁ PRcHropizatigR megsagatorw £ ingomgumisetipppith the MAP.

entity. 38. The IC of claim 37 wherein the processor

is further configured to receive a synchronization

mes$¥ye fisniG v g’rmaﬁ'i’ herein therpeeessor és furshapeorifigured to
forRafd ﬁ%‘ﬁ%dﬂé@m%@@a&ﬂ&%@%ﬁﬁ@%ﬁéﬁ% intmadifte mesh

ILC of claim 38 wherein the processor 1s further
P%%h&ﬁgbredt()formard t he synchroni zation nessage to a

STAi n comruni cation with the MAP. 40. The I C of claim

37 wherein the processor is further configured to

forvisd tThe Iﬁ)gf tladn Fewbargint thetproceédvpe it furghesheanfigured to
caldhihfl &4 BEGHAIGTRIR ARt (MP). 41. The | C of claim

37 wherein the processor is further configured to

cal cul ate an equivalent tinme value. 42. The |C of

cl aigm 41 £ | . ' e i s _base

port o Eac heletfn LR R tha LB afdhe i S a5 Rgacd upon
theppesly Ymessor is further configured to receive an

instruction signal fromthe NMentity and report

BSS-mesh timng offset values to the NMentity. 44. The

| C ¢f3. c| dhe IC18f vlabmed hwhhreeiprthegascessos if firrther configured to
ref Ok B bRtk doReh WdtBh St WM 5L 0nd rED S HEQ R bimming
offset values to the NM entity.

44. The IC of claim 43 wherein the processor is further configured to
forward the instruction signal from the NM entity to the STA.
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