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DI SEASES APPLI CATI ON DATA 51 This application clains
benefit to US provisional application no. 60/55 1,445
filed March 9, 2004. 1. TECHNI CAL FI ELD Thi s invention
relates to conpounds of fornmula (1) The conpounds of

t he invention inhibit production of cytokines involved

in infl siaqqul mN f SRT
treating di seases ang at hol'ogi cal’ condi t oInIIsE RATE

i nvol ving inflammation DE(I'ERMI:NA“TIGN nf |l ammat ory
di sease. This invention also relates to processes for

preparing these cappauaReUNIY GroTRRaNVEReHON 2l 15
conposi tions conprising these conpounds. 2. BACKGROUND
I NFO?I\/AT[IWpirasmnrinvwdpm sdlates tomxameteTsNa)d mrpiirtlcular to determlnmg a

int rleukjn-1 are i. t, _bi o). oqi

20P B‘H ‘%‘EX Wé‘i@}’ ‘ir’é‘F et ‘g%&%eﬁ{g&viﬁvi:tﬂiﬁa‘?%?? pulse oxfifcter.

cytoki nes which play a role in cytokine nediated

di seases Puilsheximetni is typically msedipaneasurst vasious bload ghemistry

no| 165 €

oS eI b AT Mo 0 egyion o

l nﬁe&ﬁbgl@bﬁﬁ iR gRerid blobdethe nbluamﬁtlﬂdhyxduelslﬁom?ulgdtayyxs sapplying the

important. role in limting and contyrolling pathog enti

i nfesue; apddhe mate of bloed @asqt@%wwor&lw mashﬁﬁmey a patient.

CyMé%éd}Sﬁe ot tl?ésé BhAsRA5RL ﬁ‘% Weh '&c&ngpﬂl‘gﬁ@c[ ?fﬁse of a non-invasive
di seases of autolmmunity such as toxi ock” syn rone

r hmmsmt whidh acdttersi lighs throggherogortibn of the ,paniem’b ¢ise® vetrege blood

i nfl ory bowe sease (Dinarell o, . al., .

| GBS epheod P SIS Eealiiseyes i dbneipBonpEligfa such tssue.

chipo mﬁoﬁit%\f%h%s%ea B VRIOUB Wa Pl Rels hRdfse@ko SAUARE the

much of the pathophysi ol ogy observed. For exanple,

r hanoenteif loodreonstiunent beingsndsswrodres i nvaded with

inflanmmatory cells that result in destruction to

carti| aggnhamghbRagertdzbughAh&tissutis stlected*8De of one or more

I nvest. Med. 43: 28-38). Studies suggest that

i narglengthy thatoe Absesbadhyi the bl@OByn ey emRutaepraggptasive of the amount

h
- odP oK Bl R e B O ARt Bl Riene
angia&?x‘eaiilﬁﬁbuélf’t%sde'ﬁﬂﬁlmab@m ddcord&ﬁceahl,th #RQhatdfig amount of
CoronArtery D' s 122 2):10r7-1 nportant and

acklepd éeinatlﬁeenawetb@ lésusﬁmi éﬁdﬁlafeérh%ﬁwt&n diop greasuring blood

LTI B3 ok ESAPOLD RBAEFHEION: Sy v

t oadaptddite gereratetliptit ofdt Ileafsirm dlﬁ‘emawaﬂ'd}iﬁzglhsamﬂ withl b.
A nunber of " anti-cyt ki ther |e are currently i

I N
¢! Phftedateqiors spnsitiverte b S agsoadange Jyitykngwn
m&eﬁilg{i@sl foﬁﬂkamﬂg beo‘HQﬁSIEéil ﬁﬂﬁhﬁbﬂ TNFa in a nunber
aut ol nmune di seases (Heath, P., CDP571 An
Engi neer Human . -TNF t,i hod n .
ondont ok?ﬂ@%ﬂogglsﬁi%‘ie&enm R RS e S portion of
198hé)body sk aé AGhieiCarl & of HRALABN In AhinfalLdndEHuBAs, the tissue of

arthritis Crohn's di sease and ul cerative colitis
( | thepabady mRrEoNs is perfusgéh withddgod adthe Hssug surfessiipreadiy accessible
ﬁ}’% ﬁﬁasn St ack WA., et ah, 1997, Lancet 349:
53 he monocl onal ant i body is thought to
function_by binding to both e TNFa nd fo
menbr ane PatsaEdNor G834 72oNapt i@hﬂﬂéﬂ%& lfi%ésshsgéﬁuluple

s

anti bodi es directed agai nst TNFa; both agents bind to
sol ubl e TNFa, thus reducing Its concentration. One
version of this construct, called Enbrel (Inmunex,
Seattle, WA) recently denonstrated efficacy in a Phase
I1l clinical trial for the treatnment of rheunatoid
arthritis (Brovver et aI 1997 Nature BI ot echnol ogy
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nol ecul e in bone with effects on cells of the
ost eobl ast and osteocl ast |ineage (Evans, et al, 1996,

wa 2608710 ner Res. 11, 300). The pronotion of bet/asmes 07293
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destruction leading to insuWin dependent diabetes

mel litus shows dependence on IL-I Sonme of this damage
may be nedi ated through other effectors such as

prost agl andi ns and thronboxanes. IL- 1 can effect this

pr Qﬁﬁﬁ%r@%at@?ﬂétﬁ@{sﬁ g‘lrélg)uis@?atle %%liéhlaﬁsn tsBiect % léest rate based on

cycl oo- xygenase | I nduci bl e nitric oxi

syernfidencsdewipassesinted Witiddalni Ehe ennfidencellegd$arcRalbulaBatusing
Exp Biol Md. 21 24). 1nhi.pbjt f..cyt okj ne .

or Gt st e et pmiredre el B Bierat PilsS Fate calcutations.
CYAlQOPUERNS S, 920051 2ho W B & 8lTeR ratCRonAoL At €S nfiltiple parallel
has been shown to be increased by cytokines and it is

befiitenpathstte idsatifyibe fesak hserhrase, andoiseva figuiead anerit operation to

i bl i.nf ' M K. O Bani t al,
by SRR P el B ORI {505 50" s’y
Accor di ngl i nhibitors of cytokines such as |IL-I .
woul d be&eﬁ&&wtl@%m@liogy,éhﬂp% segroundi P8 agqspted or rejected

di ' . il _
o IR IS e S b1 B U edtie o os
andregbéray) andeakio cdR/IBel | as synptons o f inflammation

and cardi ovascul ar di sease. El evation of several

cyt oki neg, hagcl1&e hedeTBD To il Riked By 14UkiREor ¥ Rignal maximum,

i nfl ammat ory bowel disease (I'BD). A nucosal inbal ance

of follnwed by agloint lof maximurh negdtiva slope ghers @ mininpunp.aThe prosessing

with LBD. | nsuffici.ent .production_qf, enous I L-1r
ey S5 RO watHiRE SR & eBady ERERARRSR &l o
et q@llified 986 thésighBPasRaDeRELhoi s ireshd Y, refhred to as a noise gate.
Al zhei nmer disease is characterized b presence of

t he
beTkis agtpd a5 an phaptize Alteregpecsi th%poip@ngYQVB} was set by fepdhacksfrom a
an Linerqi ' AT i 0 al
SRR OTL R Gl ¥RR I LR R dE PRk el Aol BRARAIR he
Al gliedsies theh acRpedios regjesed bl o' Ikwel3t pravessshiah Mg a filter which
el evation of IL-I (Holden, et al, 1995, Md . .
Hydst3Ptsde shanging sigipdy by gompariagithg amplitnde, peripg and ratio-of-ratios
0 . E ! fici Vi L l
bzggr} [ gen%cdl @ilgdﬂpllﬁe?ragmgﬁ%%g e‘g‘ﬁtes%gras}éer g(??é}r?gm)p t'o fanew
acmulee torthd meambDvalues\ie athsstarg buffet, tlem detertnivengliffthe ddference is

T R
!rhuéﬂdg%ﬂqwiﬁ{\ﬁe aRieb Wriihd AP bl‘ﬂ@éj. THE RGEIB %g&d%ﬁsaéctéﬁ zfseclﬁsa%aptive

estructive process associated with periodonta

di samdpass fitgr Bithdertet-requericy radjbdrawidth (odnfldlende limhits) being
TNF s 995 alDi s. 66). Proinflamuatory
cy?d(?&{éﬁ\é’g’ #S%Féﬂglggmm%ogw (ffl_t%? ﬁEerar e al so inportant

nmedi ators of septic shock and associ at ed

3 ar di opuNnzi¥hr Thedy-200 iproyed Oaﬂm}_é'lr)@§bli0f3 irconld llw synchronized
O SRS BT AT, RO LA eb gion o

S egpensde €rbasdlinkishift bdwednottio dnleaif \wepuriigrthe pale Maxnum and
| evel s and septic conplications (Terregino et al., .
2ORETmARh, Therin20 ingbened o¥sr igning e ascall. suchisin boxear

TSI P A g
1 . . D, . ' [ [ .
1995 At oS i B SEESA e SRR e

30 CadiShdyRMC HorEart iREAMic ubR|thd m8sn bmwﬁgles, where N is set by

expressi on have been noted for each of the above
conditions (Loffreda, et al, 1998, FASEB J. 12, 57).
It has been proposed that elevated | evels of TNFa are
involved in other eating related di sorders such as
anorexia and bulim a nervosa. Pathophysi ol ogi ca
paral l el s are drawn between anorexi a nervosa and
cancer cachexia (Holden, et al, 1996, Med Hypot heses

Y —— . pp— - 1 ~A A



Hypertension, 31, 643). IL-1 has a role in the
expression of i NOS and therefore may al so have a role

wo eooshg7ipat hogenesi s of hypertensi on (Singh etPel/PsS2005/007293
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1996, Aner. J. Hypertensiom 9, 867). IL-1 has also
been shown to induce uveitis in rats which could be
inhibited with IL-1 bl ockers. (Xuan et al., 1998, J.
Ccul ar Pharmacol . andTher., 14, 31). Cytokines

i

LSRR b D) PR U0 AR . v

bl sastpdes(dde magﬁd intbaBshoNcaufikier whiikeshe cﬂd):st %I)plesl are Idropped. The
for the devel o nent

O eneangthAND 4 P Rrsek Bred s e poise Bgegold abpdil

S eﬁﬁhﬁmﬁﬁﬁulmn@l&sﬁm%u&eeml éﬁseﬂblle;ﬁvmg xgctmkry 's1idét’) fer then
an anti- IL-1 nonocl onal anti body

epprcdm:ﬁ eovmighiphaverageiof thepievasanplessangghe powidus ensesble-averaged
f r%mq?iprf)mkorglg (Pklpsg lﬂerlﬂ%& S%D%ermaf Iée staing%ets]a}e tthfi‘&)gssgg EOaEII nlggnch" state

rndi he” Cr

| nmathifh @il a hdisd gite Nike dlie W09, Mlﬁt@rptﬂat(dﬂ fegmire shd@éd to the N-
1998 Cin Exp Pharmacol Physiol. 25 A variety
of 1Q0aresashee comemfaterf@r qlmpgea in the bqsefnee lsm Sinceghe minimum and
|

nrln el\f}'fep?n B&%r gtlcdﬂ"f@reﬂpﬁ’lﬁg?, g%ﬁ%ﬁeéagggﬁ%hﬁ@m'a? rfbfr@arsg of 4QELhse the
hymﬁnmatrﬁdndl rio$ theanakimmuhi, bplieesadacri ne and enzyne
responses (Beisel, 1995, AmJCin Nutr. 62, 813). The
pr oduct | e @fpldR%e: Pagid i QA REQIN ganldTe- N6, mﬂétﬂisWELLCOR’
follows trauma or pat hogenic organlsn1|nva5|on ah
prtoadefdadofomttier yrocass ok am&m@wlpj%ﬁomomlsplam&se&mgatmr to form
vari ety of d1 e?ﬁe st ates %PS cor el tes mhth in uxh
of @ FRILRGSTp RIISE: RIS HraserLss alsp ﬂW‘é‘W Btregle aﬁfr&?’&?g
Bl Qg Hirdk%h ‘qng%é?’@ BV eR? tPMaIkthE stk of eldvfulstenonstrated a
role for in the neutrophil associated tissue
injury in acute inflanmati on (Harada et al, 1996,
Mol ecul ar Medi ci ne Today 2, 482). Therefore, an
i nhibitor of |L-BRIERSUMMARYOF mEmNVENTION t he
treatment of di seases nediated predom nantly b
neut r ophhe PEesI inientien e HicPXApeienvhicH derqﬁmg}eé gdgiple heart
al s, #ld safélc{s%\édtvo&ntt " @&g%‘h' thie InRRIc3BY on #2)% Bg)heart rate
injury, respil ra ory distress syndro
mJédlmﬂ)dtﬂ)n@r Aarimary llnegd't sate calcldatjort method lﬂ’mlectladum&l is used unless

Ionerujone hritis, mat oses Wi th_acute |nflannatory
c o’ﬁ%a%‘ﬁ?éﬁﬁ ydi %&ﬂ‘@%‘?ﬂaﬁ"eﬁﬁ’tﬁmﬁ@hﬂ%’ Ghecags anplfpIpativg fte |

NeLYQUiSicANS bEMaBle Al 4ShsRd ilgaRdi al ysi's, | eukopherisis,

granul ocyte transfusion aSSOC|ated syndrones and

o7 oduct | STORSTERUSHATEN. (e GFRrL AR Bl ol O does not use

Pr &k mBRav¥rabbd &avémin@ RvKiRStHE hiferhative)HER#t @48 Chleulation does use
i | nesses such as acute rhinitis (Wnther et al, 1998,

AmanjerRerblgiaveraged wayeform.hEhe alfeseativedieat sate aaleulatioristused if the
by LL-8 ch f
b RS Y SRR AR B o

proi nfl ammat ory cytokine IL-6 has been |an|cated with
the acute phase response. IL-6 is a growh factor in a
nunber in oncol [ [ [ Ple

myel oma and relggg Pﬁgg%§?§2ﬁ$(gﬁtgg§g?%s reon, et
al, 1998F1gCﬂJ fig & blockdiagtranmof an diemetry lspgem Sncorgdtating dn
has al shown.to be an inportant nedi ator of

i n¥ R Wﬁﬁ' ths P¥EMihe central nervous system

El evated |l evels of IL-6 are found in severa
neur ol ogi cal di sorders including Al DS denentia

conpl ex, Al zheimer's disease, nmultiple sclerosis,
system c | upus erythematosus, CNS trauma and viral and
bacterial neningitis (Guol, et al, 1997, Mol ecul ar
Neur obi ol ogy 15: 307). IL-6 also plays a significant
role in osteoporosis. In nurine nodels it has been
shown to effect bone resorptlon and to i nduce

__________ L, ' PR r— -~ 1 a



l ungs. Invol ved cytokines include GW CSF anongst
others (Lee, 1998, J i? Coll Physicians Lond 32, 56).
wo ndosngao®N g (I FN g) has been inplicated in ap@mok®ns/007293
of diseases. It has been associated with increased
col | agen deposition that is a centra
hi st opat hol ogi cal feature of graftversus- host disease
(Parkman, 1998, Curr Opin Hematoh 5, 22). Foll ow ng
ki dney t ran9nt 8 al3kdn? Bf the sBAWhRProBsing bRIROSEE Mimbter
acute myelogenous | eukem a. Retrospective anal ysis of
peinchidirgdn drhlslimentiofidhepresentinventanh. el evat ed | evel s of
GVCSF and | FN g. These el evated | evels coincided with
arise |i ml{@ns Rkt dhgRad offtid _)ﬁlls‘eqla{e caRultitioh BubdyStentt
ah, 1995 euk Lynphoma. 19, 1 The devel oprent of
|nsuI i ndependent di abetes (Type 1) can be correl ated
with the accunul ation in pancreatic islet cells of
5T-cells pr odu@HTlgf\IlUBEb DESGNIBIITM)NOSF THE INWENBZ®N J
Aut oi mmun, 3) along with TNF, IL-2 and
| L-6 | eadi§ d UH%Sfa&‘étaP\?ﬁthOéHn‘HF Ofrﬁ%?xmﬁbi@?@t Inqorpeiptiag the

PI%Eerft A RGHAE VRS ?tpsg}e 76 ifiudes ?éaﬂeﬂﬁ ihfardel iE]?fs%ﬁaal hotadetector.

vous systemTfo I seases such as nmultiple sclerosis
( Mbhesaratk dinnéctedheaicatle ddnph b(aar(l Ner {iBibdeve airrent B3Bovided by an

rol, 340),,. Atheroscl erotic Si ons resu
or LEPRVedniéaes T Nohe etk e g mes B R e s Bispied o an
10 nf Q’rlﬁte'rﬁee 18/8Ne ﬁ@&ﬁd’ﬁh%lthé@%ﬁ@th@ﬁ toiflcﬁzﬁQO Brsfﬁ'?%;@ieltarinterface

these lesions, mainly Tcells and macrophages
c el mcprpodaling theaprgeerm mntl@l oThqocmputfdf aigmerdalip mterface 20is

o b Mierofnt s 24 tonriPelplditn T ARG AN P8 Rtcoler

Pr op RIS flag meM6Bt for @E)rdéﬂzﬁn samrmmtbmnmaxwtoa aata The
snmooth nuscle cells resulting _in the atherosclerotic

| eBli0§¢B§01( demigeluona contadler chip 34 eprnesipddp aflash mgynory 26. Finally,
o%i( %g i t?de? Gh al an ?zﬁ:% \;URJ}'A d%%éf &e{l b?zzt%w?xrin Itl@%e sof, 101is

fofl OW N ["enge W venom

19@rbvideld] ™ @p@raldl’msﬂ@l recdi®8s th3 $P)cesstd anbhﬁdtt&ﬁﬁ aswvekbﬁs feceiving
nunber of cytokines, including IFN g has been shown to

15

i nah axpdes fflélllqldwarl@leé; der prpridiy 1@ tivity
reaction thus indicating a role for IFN g in atopic
der mat i t DesighAnpimedrgvEhd desizh dithe Ar9&Rt invBntich Bentemded|to deal

137, .195). Hi stop t hoJ ogi ¢ and i munohi, st o
st w#éwmtee naeﬁf Lm hics axcdueaspreq atlétlsqs"ép?ste&mme filter
20 Ml E&éﬂ@ﬂﬁ@m@?&eQﬁlﬁ%@ﬁlﬁﬂnhf%:&t&f @pdeaetm&tw@methysmograph
cytoKin s observed indicating a role in th
di eemsse, (snhﬂmstfmquchﬁs iein the range 9?@ hpmag hFarbrate)pshdpe (is it
57, 501)., The jnpor.tance of free. radical.species jn
{ el AREat RSD: Sk 18 St b RnidR §Es o the Nellcor
bemoescte@&tueahﬁ the bhbRgrBhAd 6fGhRappRcatA! TS hewlRiRtiBHANds a
is activated in response to infection with certain
v. numb@ afidifferprt feattmes andmaritiops, shel asthausoeiiwoansunble gveragers

EN t al, 1998, Proc Soc Exp
25 edﬂjll% l%A%(e%]t E%F?tﬁn s, chronically infect ed W th
hepat itis B virus can devel op CI rrhosi ? ) )
hepat ocelat@iksof é@r%?lﬁtﬁ‘iﬁ“e esheWh shibe dhiasr EH% ndhis design

re |
by Atk Bt e SSKch SAURAGH g%ﬁﬁtﬁiﬁfﬁ?ﬁ%‘*ﬁ% FERFged
TNEeparmiely[be]bv\(dn sari, et al, 1995, Springer Senin

| munopat hol 17, 261). | FN g can selectively inhibit
cyt oki nefi @%ﬂgeﬂs&%eoﬁemmﬁbﬂn- I't appears to do
this via the rnternediacy of nitric oxide (NO which
is an inportant regul atory nol ecul e in bone

renodel i ng. NO may be involved as a nedi ator of bone
di sease for such diseases as: rheumatoid arthritis,
tunor associ ated osteol ysis and post nenopausal

ost eoporosis (Evans, et al, 1996, J Bone M ner Res.
11, 300). Studies with gene deficient mce have
dermnstrat ed that the IL- 12 dependent product| on of

' e L )




hyper gl yci nem a, hydroxybutyric am noaciduria, sulfite

oxi dase deficiency, conbined systens di sease, |ead
weemspsmbopat hy, Tourett's syndrome, hepatic PCT/US2005/007293

encephal opat hy, drug addi cti on, drug tol erance, drug

dependency, depression, anxiety and schizophrenia. WO

02/ 32862 di scl oses that inhibitors of pro-inflammtory

cytokines including TNFa are allegedly useful for

treating A@%ﬁ%ﬁ?%dﬁ% Crﬂéﬁlélﬁmfe'd%d R sf ﬁlslay@&celved and

caused by imnhalation of snoke Such as cigarette snoke.
TNEeaoaditigoed ittbis blackdyd) ehingthal ¢ dervaivelto getrid bigbaseline

.n?fr e pes TR i T PSRt g g by adpC value to

?ie@éﬁz@ thelrati® eTHe S8R on o thd Sigadl G dMIhiUsibsystem is to emphasize
| ammat ory di seases including Behcet's disease,

5 uvthethlehea Frequanieies deat aecus pohgyiumangletismaesanh; anddo giignuate low

gg\?e%cfeg wﬁltc %Y%a?tf flfgﬂgﬁ%‘%% ggﬁgéfﬂ'é%ﬂ o ?:‘Exg %@l egndmomng

Se @ubs?tﬂérﬁ)seleaiﬁ @ts Tibter Wﬁd%htk (wids @r padréwdynd) tayal @énhardware
role 1n B.burgdorferi-elicited infamati on and may be

us elagpcteristics é’gmlﬂ‘@i duringdpivalizationnduced by the Lyme

di sease agent. Anguita, J. et. al., The Journal of

| mmunol ogy, R -1dgitie&bied a3 TR sighalspounds whi ch

nodul ate rel ease of one or nore of the aforenentioned

10 | nfl ammat ory ogyheki Pl%%r&&@se@%&'ﬁ&ﬁﬂm%ﬂa& reating

di seases assocl at ed wi'th release of these cytoki nes.

For exa afion UQFE? gﬂar %?Fsﬁtgﬁe(dl %18

conmpounds™ v v
Cy liktiZe8 ré@ﬁi@l‘l@ﬂgﬁl§ﬁ@%ﬁﬁudéﬂ@o 91% BERR 1o meﬁﬁfyqﬁﬂ@s and qualify
anot’her class of urea conpounds which are useful

anttiem asflikelshartasial pulgesn lhis ndonopgpg e re- dlained aievrs! mtyamd is

AL R e T s

15 di Slfdﬁ)@%ﬁ@ ﬁegxydncy raetsis vk dotidintthe NeHEatINI100t A@dhpuigo fi38block is
i nase dj seases, Conpounds active agai nst

8. MAP
k| Heerage prlse perid @%‘éfbtlﬂ‘:kfl?)r This dwaqtiog ivamilgne 4319 k00, which

5 ’ @%g% Béd]%s " ﬁg@%‘i 1'ﬁ?§t St I\&hg gﬁl@ %.?”proépuﬁﬁ&icat%pthe degree

- hef atloayala andindisidudlypudsd quabty. corrpounds whi ch are

descri bed as being useful for treating

hyper chol est I [

D) Toubsti fut P 1S PR B B0 o MR enals @ gy period, )
20 di EovpsssdVaveftisisHaom thddeow Bis9Be1763; 6, 319, 921;

6, 297,381 and 6, 358, 945. The conpounds in the patents

are al | eged Uatﬂi@ssscq?eegf&lofﬁﬁhﬁm (BYpul3é dnyplRide v?efrﬁtlons (3)

t her ef ore usef ul reati ng di seases associated wt

i nindavidualipylse qualiy @) Rulge beem npidigetion, pporuekfiechpulse periods and
prl nci pl e that inhibition of cytokine production wll
be®aneficial in the treatnment of cyt oki ne medi at ed

di seases. Therefore a need exists for small np| ecul e
i nhi bi t ois €enpute SignahQualiy Metrcs B&lé&lq%@ﬁteamqem%aﬂse shape

2 38 ARG P PSS o o

t hearpabilitg] gidefréquancyi content telaivead polge cdté.ne producti on
with snall nolecule conmpounds will be beneficial in

the treat ”eninﬁ'ﬁfts ?5 QMG Qiz%@?&iearﬁltlﬁts@énalst (2)§iegree of arrhythmia,
therefore an object of t e invention to provid

cofmsldvider) polse fqualrm,l rulgel amplitudesvagiation (ﬁ@fe-pbacesﬁﬁd ofd anddR
I nyent.i o de met hods for treating cytokine
rreallgﬁ?lé’o(qb?vee sgrpgng it hol ogi cal conditions

i nvol ving inflammtion such as chronic inflammtory

di sease, using the novel conpounds of the invention.

It is yet a further object of the invention to provide
pharmaceuti cal conpositions and processes of

preparation of the above-nenti oned novel conpounds.
DETAI LED DESCRI PTI (]\I (]: THE I NVENTI (]\I In the br oadest

Y T o Y a1




7cycl oal kyl, d -6 al koxy, C3-5cycl oal koxy, -5

al kyl d -5 al koxy, hydroxy, hydroxy d -5 al kyl, and
wa@eiososTapt i onal |y nono- or di-substituted by QreBukiog$007293

aryl or aryl Cl-5 alkyl; each of the aforenentioned

where possible are optionally partially or fully

hal ogenated or are optionally further substituted with

Cl1- 3 al kyl, aI kyI suI fonyl am no, al koxyl, am no,

al kyl'am no, addyald Qﬁé@mbl@%&bra%’lhé ﬁﬁexosﬁrelghts ()

nitrile; each |s cho n from Cl-6

cyoietrads kg1l seesarofbdstengoroGX) |1\{mallallgederbslro¢esseddN¢yy¢fdmls;{4) percent

aIk Id d optionally partially or fully hal ogenat ed,

3@5 “aroyl, Cl-4 al koxy, d-5alkylS(O m, each

rray opti onaI 'y be partially or fully hal ogenat ed
hal ogen, E1AReragaBulseBeriads, ﬂmsmwmaéwhﬁ avgrage Rserperiod

RC.l S hydrogen or Cl-5 alkyl; D, A and B
> [ nﬁggjt?lggsgggr]%u{l%%) are each independent I y chosen
fromN or CH wherein the hydrogen atomis optionally
repl aced by hB’,‘“ﬂﬁeQua}lg‘leﬁpﬁéFQ% edsaAnd@ger nhet er oaryl
ring wherein Het is optionally substituted by one to
three R5; m Omtptsl- Averggelpulse menioden from d -10 al kyl
and C3-7cycl oal kyl each optionally substituted by Rb;

R3, R4, RG, [RBWRRIFiRS: a{dearea%w AN %ngéc&e Bﬁlhmgshss filters and
a (0).4

from hydrogen, "hal ogen, - %
aI rysermiblesavaragos the signat @)whthmyd by iocm‘\,@nd Inlagmalmed &pribask C, for

10 hgr%y?seétegge&%@?ﬁongg Ifél“\last/)eslé{gg %Ior?tﬂthgoxv % al K dbtermi’hed by the
NS PMetrfes QlocRC. TR &AAT B&)lﬂr dfdemble averaged (thls attenuates
N(Ra) 2- (CH2) i -2--(CR7R8) n - O(CR 7R8)
- Cfrgueggierothrethan tapse o@@r(:s@zemg; pul%rat@arq 1@( Igrmonics), with the

oo SR Fretashd PRy Ao gAY SR R Bock C. Less

hy eleighy is a*é&‘lgﬁéﬂ' ifi tHe dignalis flaggedas d¥graded aMdre weiihe iseakighed if the
or heterqcyclyl each optionally substituted by Ra ; R3
15 anagmi inflacged @p arrhn@g%b@ﬁwe}ﬁném@éﬁmasmgwaw&@@fppnate during

Eﬁhn@}’ﬁyc ar o%{(/ig?&ya% Bx%cgég E% %ﬁp a%lg 'ﬁ{t %‘ﬁﬁlyth gﬁ% fltering weights.

he‘lfhe ﬁttymhgets delnlyed agprgkimately ofe seiceundip, alKiizv the aiglnyll theétrios to be
Cé al kyl am no, Cl1-5 di al kyl am no, aryl am no,

ar?‘}c‘éi fiz§tiy| ami no, diaryl anino, Cl-5 acyl, Cl-5

al koxycar bonyl, Cl1-5 acyl oxy, Cl-5 acylam no, each of

t he af or dineridticrnisd camtenuopsly dnraablsy weights. df bamples dnginjotsto be

hal oge ted I sen.fr Cl: 5 .
20 R RGO ey P IR EAS PP gBlred Qmples gt t zer0
- Cn thé WeishddiThvetdge] A, thehew Gzhxﬁ%@@ﬁﬁé sl ys“euehrough the code.
het erocycl e or heteroaryl for 3 and Is optionally

s uEbtsubﬂWettaclsgztm repof theigpaks ty accmwl@tge amgpntpfdilrps (sum of
ggfjet éods% ife3'an 2 an ?15},} ﬂ?rg%g%ﬁ@r JO9 h(ﬁﬁ‘lal suﬁ%ﬂ%te%ﬁgged (if good

enpﬁldetmnén't tdeﬁrdeteafee for awtiidpd conpounds of the
formula (1) as described above and V\herei n of the

25 crosen 1 1 om KPFOUTRPRRRE i R o I gl () reraec

oppulseipdriod, E3)ldetvipass felcer bgelg?h)s alﬂkns&nbhdﬁpmgmgrﬁltey weights, (4)

ch from)| ydr n Cl 6 al koxy Cl-6
o1 BO wgpers i SR s 1B Rodamen it Zes RS P Ay
phenyl sul fonyl, d-5 alkyl S(Om and C3-7 cycl oal kyl
optional ly s@@mut&mléﬁltwdmd@danmgnale@hgaz wher e
possi ble nmay be optionally partially or fully

hal ogenated; Rl is chosen fromH -6 alkyl, O-5
alkylS(Om, J-S(O mN(Rc)-, d-5 al koxyl, d- 5
alkylthiol , NH2-C(O-(CH2),,- (RO 2N d -6 al kyl,

d -5acyl NH-, -NH2, -NO2, heteroaryl chosen from
pyrazol e, triazole, imdazole and tetrazole, and
nitrile; ring d is a 5-6 menbered heterocyclic ring
such that rlngs c and d fuse to formthe foIIovv| ng: '

s s o o ~A ~ o




or Ra and Rb are chosen from heterocycle chosen from
pyrrolidinyl, pyrrolinyl, norpholinyl,

wo kaosogmipdhol i nyl , thionorpholinyl sul foxide, PCT/US2005/007293
t hi onor phol i nyl sul fone, didxal anyl, piperidinyl,
pi perazinyl, honopi perazinyl, tetrahydrofuranyl,
tetrahydr opyranyl, tetrahydrofuranyl, 1, 3-di oxol anone,
1, 3-di oxanone, 1, 4-di oxanyl, piperidinonyl,

t et r ahy drp0 gt SR ed WZ\'/erfd)ﬂi O¥trelaBSN Bl?d@ﬁlmﬂla%n&vera in
sul fide, pentamethylene sulfoxide, pentanethyle S

sulWeight - t lemsesmenmgd raefeic siphilar de that useddmshey| d N200 described

cngah PR B Ry A GR e 81 He i conteoied by

t hirRzetiy bf-rdtids &dhﬁﬁ:@' Yhe eff@dtoR A0S Yariabld-ve7At filtering is that the
pyrrolyl, imdazol pyridinyl, pyrimdinyl,

5py rqilpr(pfyqatlo:mhapg@ (m//ly as pgtrfgcﬁymcre@m Mapg% quickly as artifact
in nz
begg% 'chslese n lile §u%]sufsﬂeéﬁ?ilnny ’o rg%foﬁgé;‘é%fi%gy f 1lpe?1lﬁé 4 H{e%glj. Mlode targets
naﬁiﬂb@/ﬁlbﬁlicmm setoidisz Thy iargdt m'ga?scﬂ sdconds in Normal Mode. In Fast
pyrazol o[ 3, 4- b]pyr|n1d|n¥ , purin
py quieo{hsz mynig) Yy Weighting o Hgﬁrcgﬁrsmo\[aéuw chippgghat gihigher level. In
t u y 3
B az 4 tfﬂ 4 Ewﬁo?i@@ﬂgll% ﬁgilé?é\gﬁé ?lllee{jllrl]&gég% %ﬂg ro}f ll'E’ltIOS calculation if there
10 hetsaromse)mb&enoandhehfghamglht if o néiac Brpotedeht.i s optional ly
substituted by am no, Cl-3 al kyl, hal ogen or hydroxy;
and X is O |dfpuyel(13ARERE Erec?afﬂ?lcﬁt s rb%?:e(ﬁf:ﬁlbra’aon
provi ded conpounds of the fornula as describ
i mmeafficients)(3arspensa mbdet{ases SWCAlsetllngQ chosen from (i)
and (ii); RS is: a) Ra-ORa, -S(OmRa, -N(Ra)2 , N(R
a) 2- (CH2) 1- 20ut & WeiBa for (46870 & htloNeal lati
- CR7R8) n- Ra ;updNHES F%?%%)m5?§5§ R, CX%» (XC%gon

Z:(R%g RIH( ,9%{6 -)%t@%s%d@?%tﬂ__\ps;mge%ncﬁg%ﬁjthm with

15t hﬂued@ﬁbﬁﬁ%%ﬂ"ﬁﬂpﬁﬂseﬁdihte;ta@dbsﬁicb ofifaéids.by C1-3 al kyl
hal ogen or hydroxyl, and wherein n is 1-3 In yet

anot her enbogl , o)
the formul a EH (lélégg{ag%@%&l@ﬁf’ | at e ?Qgﬁ%gggn%fﬁmms

wherein Ar 1 s Arl.is cyclobutyl, phenyl,
napht hyl , tePM rWﬁ Phyl . indanyl and indenyl each
substituted with one R1, one Rx, and one R2 group; Rl

is nitrillk, Mﬁmﬂz&uﬂt_ﬁacyl NH, J-S(O m N(Rc) -
where J is A-10 alkyl, or Rlis R2 IS i ndependently

chosen f B2MIQGwRsaFikeyt and@ns@m&le‘&é(‘i/e%_@g aBlock EJ ho® pass filters and
al koxy and C3-6 cycloal kyl optionally substituted

b
20 g emsepiblaaveragey the signgl eppditionad by binskn for the pylse rate u‘iepyﬁcatlon

ha e

R Sy B8 90l e A e ARSI R Mok C. e
cheigral i ﬁl@dﬁbﬂi&dfbdtg@&rmd (this attenhudies ﬁeqlleﬁclth&rtﬁathose of

are each |ngependently chosen fron1hydro en

aI Kyjgrestegarzihe prise Bt gdiEs barmppigs), wathythe elefmbleaqvmswg filter

TN e i
25 Clsignaldy flagged a@ﬂe@adﬂﬂy | Mmermelglmls Bssignieq liftthy lsgmllns) flagged as
hydr nitro

SR Ty nEaR ORGP g BE ARy i R TR are

t hpRIEBIsBd Qé;iafh)(ély ‘Thé PFRER NI Biocﬁ ‘1’4 ciél’ei‘_;’eﬂ%pprommately one second

t hi onor phol'i ny! one, pipe i nyl, piperazinyl,
hoteogdlgvethg signgl mefpllcp@rb@&%ﬁ@wd firset r ahydr opyri m donyl
aziridinyl, isoxazolyl, oxazolyl, thiazolyl,

thiadiazolyl, tetrazolyl, pyrazolyl, pyrronI,

i m dazolyl, pyridinyl, pyrimdinyl, pyrazinyl and
pyri dazinyl ; wherein each aryl, heterocycle or
heteroaryl for Ra and Rb is optionally substituted by
am no, -3 al kyl, halogen or hydroxy.In yet stil

anot her enbodi nent, there are provi ded conpounds of
the fornula (I) as descrlbed |nned|ately above and

- o~ N\ N A o



t hi onor phol i nyl sul fone, piperazinyl, honopiperazinyl,

pyrrolidinyl, piperidinyl, piperidinonyl, pyridinyl,
w@yoososdonyl , pyrazinyl and pyridazi nyl wherei PCEES1005/007293

phenyl, heterocycle or hetetoaryl for Ra is optionally

substituted by am no, Cl-3 al kyl, hal ogen or

hydr oxy. |l n yet another enbodi nent, there are provided

compounds of the formula (1) as described i medi ately

above an ' i r =

Tyl AT TR e o kg RSablE RGN F Biolg g ot to be

al kmsenble-ibemgded, tham the, waightthgabkthegmévioys filter&d samples is set to zero

ach B Pt Biake SR 1Re nf Kl oR o psftessiiuy ek the code
- Cirifis @bk thick$helage 6P @RQEnAP! A6 @tdumillate® @At fMllering (sum of
pi perazi nyl, honopi perazinyl, pyrrolidinyl and )

5 pyraspensy timgsend delapsiptpregessips); aid aagatilteviglrbe flagged (if good
het er [ [ ' l'y substituted by am no,
cp G aln! e Bk RaTAMRY, ¥ TVt anot her

enbodi nent, there are provided conmpgounds of the .
formula (1) Hputfedd) Psatosssprdaed and IR sighals, @haverpgs il period,

of V1. f . .S = . .
o ChASgb it vidast EnfRRBIC TG Bicigtl, B COrggers, i
hahwglable, () 1R fahdamental Hyprlzava¢rossihg Raggers. - CF3,
-CH2-CF3, aryl, -S(Ora -Ra ,-NH(CR7R8)n-Ra or -(CR
7R8) n- N(Ra) 2 on i lr¥d SR di a-3

03 kyl . hal oggﬁ’ﬁgﬂs g@?ﬂ?g%h rd ) i%é@c%g)%g,e
m():$ S%]OCI( IO y Filtered % et 1C2 'I :_-; ; c?a?i r' E['é?sirlggﬁ{;i’p?ntiﬁes and
PY ARy buls&perRod¥dm &e filtedédwhviTomes, ad i$ ARUROare used only when
C3-6cyl coal kyl, A-5 alkyl and C -3 al koxy wherein
ea@huéhéﬁyﬂﬂwhﬁﬁbbbbbﬁ&éle for Rais optionally
substituted by am no, d -3 al kyl, hal ogen or
hydr oxyl . Theldpatd QW filjerad eedoaralf IR si@thl candarge @) hserade pulse
Het conbined with , and wherein Ar 1, X, R3, R4 of the

15 £ operida (Pihardyyase J3 og apise 8801, () Aad ofwenepTs the first
seven enbodi nents provi ded herei nabove and wherein: V
IS' Mi) HeOutmitd 4 qyalifed pulse peridels and age.or vii) Het is
The follow ng are representative conpounds of the
i nventi o Wiefde Palke PRrifBIHdACAQN Stk Palsk Ratd ETIIS BRIcR lcalculates
schenmes and WOr ki ng exanpl es below. Table | PULSE
OXthepTiER rte Ald AVEFERINATSE MEORT- RATE DETERM NATI ON
BACKGROUND CF THE | NVENTI ON The present invention
rel ates to Okipue{-engaliftlPuise pbaséds sidlage t 0 det erm ning
a pulse rate by nultiple necﬁanisns in a detected

20 oo cal 1y sl ATalule ey S EREY (0

characteristics including, but not limted to, the
bIood-ox}He t of henoglobin in arteri al
bl ood, the volume of individual blood pulsations
suppl yi nK.t Detetti bsnoas PalsatidnheBloelt K roéeidsasdnpus thetpropmocessed
T T ——
accamk gﬁi@&%rbaé Rl ThRQAbdyIMXASHYEuRS AR PR fktartintal
scatters i1 ght through a portion of the patient's

25 t i sevefomh dn thellinodomain usipg 9 singte-toothsenenb filier which is output to the
phat oel.ect,ri cal | enses the absorption of light in
sugﬂseln?bi%éé’.er%%yfg%ﬁ%nt of light absorbed at various
wavel engths is then used to cal culate the anpunt of
bl ood const i fnpat- G fiHeredeedkanddR signads andqgge, @ anlse ratey
through the tissue is selected to be of one or nore
wavel engt hs that are absorbed by the blood in an
anount representative of the anmpbunt of the bl ood
constituent present in the blood. The anmount of
transmitted |ight scattered through the tissue wll
vary in accordance with the changi ng anount of bl ood
constituent in the tissue and the related Iight




these body portions is perfused with blood and the

tissue surface is readily accessible to the sensor.
w@adoeng=E0No. 6, 083, 172, No. 5,853,364 and No. PBCHEILS2005/007293

1,833 show nul tiple nethods? of cal cul ati ng a pul se

rate in a pulse oxineter, with a "best rate"

nodul ewhi ch arbitrates between the pul se rate

calculations to select a best rate based on confidence

llevel s associopiffls YWERLWS PalbatidiBdratbh AR YaRdd kRIS are
cal cul ated using various netrics to determ ne the

reliabilify of t different pul se rate cal cul ati ons.

Al so, Paggnégﬂ§¥2§?524,63 1 shows a fetal heart rate
monitor that uses nmultiple parallel filter paths to

i dent i fy It HReteetiSensareQff and hoss of Pudse litade r Fhe Bulse Lost and

meglt o tion to Laght t [ n I .
TSt BB ST Do bR b Bhine et

5 ar ¢Hendnsb? Hoff eqribicad The ifigjtent the nputhlses akkas&dicothat quantify
pul se history of the size of pulses, pulse shape

ex pRErad aspectrof ke brhavier of the 4R @né Red yalyes aysr dhglestseyeral seconds.
I [ : ; ' .
LT SBEps S Bherch B i O e Y BB 0810 e

ne §anal/Stakliopet, cithhePulse PiendntionSensbeMaybe ©§6 i Tl wahses of the Signal
dope.in a state npchine referred to,as "mynch. " Eac
ST TAT RS 16 FUEE P r e DiopTeeh 1S g cpabt My b OFF and

10 bekgy¥opOpet se threshold, referred to as a noise gate.
This acted as an adaptive filter since the noise gate
| evel was set by feedback m a subsequent pr ssi ng
step to adapinp("%S 'o@?fng%écﬁtéigrﬁgg? YU ngﬁﬁB? udes.
The pul ses are then accepted or rejected in a "LeveB"
process whi cPuRms aSignalistate insludingseagaroff indicationi ng
signals by conparing the anplitude, period and
rabl Q- .- ' ' Red to IR, with Red and IR
be hﬁe‘i{aée{ai&? thnastdbg Em of ACto DO of a new pul se
to the nean of values in a hjstory buffer, the X )
det er mi nilHg SHpsypicm a¥ieraess gyalidied pu priosfrom e R identification
le LiifidafiEn SRy RENS §t YRSuEBSRERTe pbilGd MSHOLY di
15bu¥§£?“ma§ up%ateg m#&h %ﬁguvalues gg? @ﬁ% neMIpdfggénlng
Theulsewatd process acted as an adaptive bandpass filter
with center-frequency and bandwi dth (confidence
limts) kmerb&ilﬂé{gpilg&ithm donesiagle ih§tondet bEHRISUBYYstéh. The first
the filter. N-200 . The N-200 inproved on the N-100
si nstanpe regeivesinput &9mdhe Bilpe antification an¢Qualifieation instance whose
i n¢l uded Ll tering.  The. N-.20,
| e s sh Psetd o o BieBlCraH e supsrsi, hen
20 t hipvipas®efiRéredEas Hot sigerhble apetagel, BRxhaBiSe bl Avétagiupisubsystem.
The N-200 included other filtering features as_ well,

sudhe secord mytanee pf theiPuise RajgCalpulaomsnbsystem seqepss ingut fom two
va . . (S .
¢S TRy i A2 R S B e e descrived
di gbdvezad aseepnd|iasthiceahadtbeceda@s inplut tHaehas buleh ehsenthipaneesged.
the nmean of N sanples, where N is set byfeedback from

a seque prqcessing step according to the filtered
he3f¥C re averaged into the boxcar

filter, mhile the ol dest sanples are dropped. The
25 boxcar DPandnstanclpf the subsydtetoreseives quabiied pulagrpereads fram two

| h hal d bsal . | d | I.
puraBoesa e bakurE STl MRt AR RO Gt P 5% T gpise race

t hedlclaisiieRed soldlidilinglysie o€ balgne fsolirlde, theprafaay €surce. The
and the previous ensenbl e-averaged sanple from one

puPximeyyalgarithmdepigpatesrihe Pylsgddentifigation and Qupdidication igstgnce that
"munch” state machine and a noise gate, |like the

N-100. An interpolation feature is added to the N- 100
process, to conpensate for changes in the baseline

| evel . Since the m ninum and maxi num occur at

different tines, a changi ng baseline may increase or
decrease the m ni mum and not the maxi num or

o o Mo 11 e o 1 o,




present invention. A sensor 10 includes red and

infrared LEDs and a photodetector. These are connected
whyoosa/ogda e 12 to a board 14. LED drive currenpCT/8S2005/007293

provi ded by an LED drive inoerface 16. The received

photocurrent fromthe sensor is provided to an |-V

interface 18. The IR and red voltages are then

provided to a signa-delta interface 20 incorporating

t haoémwraézce'a\_reve%@éﬂaple.avzﬁge@%%nﬁ; asth@PBmAR) {rce, and

interface 20 is provided to a mcrocontroller 22 which

i ndesighatesahel ather Rulgy Mentofsation end Qoalificapion énstare as the “alternate”

i nclud flash . f
Fofoies o aunfiiy PR e QR MR G4 s RS et PR Yource are
ch 'bﬁ’lg%ediﬂ HRembsadedent pulké AEM tHEﬁﬁﬁ%gf%rdéi Wil reécted. When a

clock 28 is used and an interface to a digital

5 canvalifiedippiseipariodhis rsesiwesh frar thesprimarvisguiee, iNissdyaysatsed to update
hoﬁlte. p%%se[rg&eec'a}f:%thi%ﬁ?an%ﬂ%ﬂ%%@&eﬂt h‘{lhflﬁiregggtis? gerig&;s 5 !theazﬁternate
recei'ving an anal og signal® on a*l'i ne rprovi ding
ans@ired Rembeiip \B¥d ublishe prididringiyce Uhe agfin dje@@é a pbige period.
present invention is intended to deal wth unwanted
noi se. Si (I:mal_ trics are neasured and used to .
det er ni &alqulation of Average bulse Beriad and Lulse;Rate Estimatg o o
that indicate if a pulse is |

ike[y a plefﬁyénngraph or
noi se, Mieh thesubspgeremsss A Ogalifiedi Rulsh Permdgie upflates its average

h h t h is it sh [ k. t
10 PRty DT 4V FbiodE RS abitBebhsed TR GRls wegn 0 Tilek ghen
I Nedhifutbeitd REMe CVBRP froRESSS IPBABAT Thd f8pPRE WS AHAEhOdperation are:
this application. The new desi gn adds a nunber of
di ff erent }.eatui66<d AdndQualified iPolse, Paricch as the use of

two ense e, averagers as glai,med in th resen
i nvention. - D& a"f’ggﬂf’vﬂé‘.“éﬁf{%@@i@f@ "g’rle"éﬁé %f3h 1.0)
the di agran ok thuad(n%n(AU%I_ Peri681 9 WuaBhied | YRS PBYSd), %:h8conds, 2 secon
oxygen saturation, and the pulse rate, which are
15 descrsepmdsseparatel y bel ow. 1. Oxygen Saturation

Cal cul ati op. i ghal nditioning. - Jfhe diaitized red
and TR si chafldls e (FRERMRE Tt SRt LA FipoREE 03)
this bl ocks by =(hix(1 2KoR@ QMeifkdimidck,ixyati ve to get rid
of baseline shift, (2) low pass filtering with fixed
coef fi ci erftsIf 4ugdPerdgdici 7 Qidmig_Reyiog: DAvgabaréody o *
preserye;. () T Jonyof the Signal
Condie(g{‘ gﬁﬁ%@-@%ﬁs@? %Jr;f‘ﬁi@?gmé‘? "ﬁasi ze the higher

20 frequenci e5 Ifhalg Pesiod, . n0tvg Peritai=Dwiifyd agseaplariedd

to attenuate | ow frequencies in which notion artifact

i s usual | \B-cBAEentO0Lt Y AmhEetp@nal Conditi oni ng
subsystemgselectg jL j Lter cpehficdants.: (wide
narr ow bangé) R(é;;esﬁé éoﬁR ﬁéafA \%grkg @%r@g?eé%g{dﬁégg %ate—Age)
identified during initialization. Inputs - digitized
red andw‘?lﬁfesi gnals Qutputs - Pre-processed red and IR
si gnal sy, B thEpuke ratel esiréspbhdih @NOMEdURLIsE | RerlddOTh BPM
The | ow pass filtered and digitized red and IR signals
25 are pr othedesnbserintidenotps e lpreviousdatified psg. ses, and

dsing ApPaRe Bimel Habafinr wp B in 58pRi 1 | dane
on the b/ ai B8 nudkh& JPuhSiSle fed HRtd fied by exani ning
its anplitude, shape and frequency, just as was done

i n the K4 filber weigitGhatAargets put-second tesporist tiole fostypial adult pulse
average pul se period fromblock D. This function is

si Fi%%ar to the N-100, which changed the upfront
gualification using the pulse rate. The out put

i ndi cates the degree of arrhythm a and i ndi vi dual

pul se quality. Inputs - (1) Pre-processed red and IR
signals, (2) Ave. pulse period, (3) Lowpass Waveforns
fromthe low pass filter. Qutputs - (1) Degree of
arrhythma, (2) pulse anplitude variations, (3)

i ndi vi dual pulse quality, (4) Pulse beep notification,
(5) qualified pul se periods and age. C. Conpute Signal

N o "



wei ght is assigned if the signal is flagged as
degraded. More weight is assigned if the signal is

wo bmggerdoms arr hyt hm ¢ because ensenbl e- aver agP@myUsR05/007293

10

15

20

not appropriate during arriythma. Red and IR are
processed separately, but with the sanme filtering

wei ghts. The filtering is del ayed approxi mnately one
second to allow the signal netrics to be cal cul ated
first. f Rant ﬁ!nsﬁmser m%wwy&hx HathAkere ﬁ@é%@een

| f sanpl es are not € ensenbl e- aver aged, t he
wecaisedutiye fvelues bir:. pDamng;t}&- first fewrpadises,anip Im;geassd sedt 1¢ast 1/

<t Tl igbed ool e el R aefBsem il SRR Bl

the age of the signal - the accunmul ated anount of
f| | terl n§opsasntivd_Quadifiedhisahe nirnber i gorferetiye qualified pulses, and

a res f
o7 80 Wlre B oyl oDl Bt Wlatlfed g RUTRE el Gyt
nofeitibliRd. Both Q’bﬁﬁ&ﬁtﬁ@dQ[t@l@“ daln\d T8 | Qnalifted a(raincremented each
average puls eriad | ow pass .filter weights an
entB&H| Qucdsﬁédaéﬂffgﬁrtpd &y usidi hgkars & ig %lcqé@ei 1 ?%@gfé%ve Qualified

'flsaséf’;frolsz@m \%{mn( ?éulgﬁ(s%ﬁ@?@?ﬁg?@ Opulie erfol'sBtE ?8’2’%‘?*% in use.

(2) age. Estl Fi tered Vﬂveforn1 relati on and

Cal cul at éf hweaiaé M Of V8L e {9ds R SER g?&[’m 452 BRAMGLc average
si e &gh@

abgtflé —ang o oe géé‘rp}l}é%d ﬁm&%grglaagﬁ%hg %E)s to keep the
\/ves@isygtag réspon:tlwetof latg@lulscstocmiw pirioddvabigtionseand large, sustained
ratji o-of -ratios variance. The effect of this

vafhaRgPEn USSRt i | tering is that the ratio-of-ratios
changes slow y as artifact increases and changes

qui ckl y &nceruteiainitidized éas sen-zaaerabigbBgiet 4gg hancremented every

res Ein the Fast Mbde targets an
ag%ﬁ?@?r"m ?Oéngt}é@ﬁéss.p%‘?kg'target age is 5 seconds

in Normal Mbde. In Fast Mdde, the m ni num wei ghting of

t hEontext Biagraml ye is clipped at a higher level. In

ot her words, a | ow weight is assigned to the newest

rati o- of FigaBiioa ccﬁtlemdi@grhmmf itie mﬂmmtei wlcmbitisa spbgyseent. , The

and a hi gh wei ght I ts - ( ,

fi Pybsyem vpdatehis m egﬁg d gﬁ(ﬁ? s % ‘Qugllse ﬁll%]f’)erwd& It

c oeéeé '@aﬁﬁ&é Plls?) PEASRORSR tﬁmﬁerhmr PEREE SonFlelonlyOFkt last
tputs -" averaging weight for ratio=of-ratios

C ateccenlvadl a dfotifiHPulsal . wacatecéfr@atthnr piimary sousat Utrpdates its Rare_Age

caIcuI t ed, usi or, i th the caljhratio .

confpycieat & LA Patied At 1BhirRards Gelel fgsthiystem ses it

(1puhY SR8 Whdapdd fPJgOfT}B%e'nﬁﬁalzz@gﬁptﬁ %llshﬁ@ﬁd&%ﬁem to reinitialize

coefficients. Qutputs - Saturation. . Pulse te

Caitmhf dndrementERate L@qaaztrﬁeﬁhetssbsyam Erisemiyicnt ity Baragigegevery

- k Ezdk S ters and ensenbl e averages the

388 ‘FF&%@% lock A, for the pulse rate

|dent|f|cat|on. The m5|ghts for the Iow pass filter

are determ ned by the Signal Metrics block C. The

signal is also ensenble averaged (this attenuates

frequenci es other than those of interest near the

pul se rate and its harnonics), wth the ensenble

averaging filter weights also determ ned by Signa

Metrics block C. Less weight is assigned if the signal

is flagged as degraded. More weight is assigned if the

signal is flagged as arrhythmc since filtering is not

appropriate during arrhythma. Red and IR are

processed separately. The process of this block is

del ayed approxi mately one second to allow the signa

metrics to be calculated first.The filters use

continuously variable weights. If sanples are not to

be ensenbl e-averaged, then the weighting for the

previous filtered sanples is set to zero in the

ME|ghted aver age, and the neMIsaanes are stil

o I " o



red and IR signal and age from Bl ock A, and pul se rate

and provides an indication of venous pul sation as an
W@i0p087100Thi s subsyst em produces an | R f undamePt®iIS2005/007293

waveformin the tinme domai n2using a single-tooth conb

filter which is output to the Ensenbl e Averagi ng

filters. Inputs - (1) filtered red and IR signals and

age, (2) pulse rate.Qutputs - Venous Pul sation

I ngj [ anmental V. Sensor Of L. Detect

Sew'ﬁ‘ijr oLl ]ﬁg@@[ of Pul se Anplitude - The Pul se

Lost and Sensor O f Detection subsystem uses a

pre-tralned Asuethdd fretdeteomitenga heareratehiotalmssetdxemstensamprising:

is off the patient. .,The inputs to the neural net. ar

ot 11 cs R REINEa e A oG 3 gpist PEGE enad Brinép Syt

of rei®d! R and Red val ues over the |ast several

seconds. Sanples are ignored by many of the oxinmetry

al gor i t Aetemnigingpsseendcheattirate fronea ghige axinwtnytsignal usjag a second
5eitl’éﬁ1r dPul se Present or Sensor Maybe O f. The val ues

of "*hE s gnal State variable are: "Pul se Present,

Di sconnegdluatinglagelidbility,of Said $ist Hvhy bate Gfihg neemdesSpplead to said first

Of." Inputs - (1) metrics, (2) front-end servo

sefnteF}WéS and I D Qutputs - Signal state including

sensor - of: :

The subdyng S SEIHEATARL WA FRL rebRsThAiBkt P T RIShGIS

t heeligblesand denti fi cati on and Qualification subsystem

It outputs the average period and the cor.respondi.n
10 oyt So. §HHiRE STRGSHOR RERT (PP AER ARLMERA Lo iHES TAboaid st heart rae
I Ngtapaes|Lf this subsystem The first instance

receives Input fromthe Pulse Identification and
Qual ification instance whose input waveform have been
processed by. the Signal,Conditioning subsystem then
I ovvpasssfi I tgb‘émeﬁlﬁ?ﬁt(&ﬁgﬂmgn@g Icémggﬂ’/:lé%ged, by the
Ensenb| gedM@hAQitha saidisyeieamratt ReusEEIEwhes tAd 6Rtids indicate
the Pul se Rate Cal cul ati on subsystemreceives input

15 f r that 2 most resem polss iofjected- Pul se | dentification and
Qual ification subsystem the one described above and a
second i nstance that receives input that has been
ensenbl 8, averhgatthodalfetdimanwhdreinushiddirRanéthdd Soew e use an

One instance of the subsystemreceives qualified pulse
peenssmble avsragedvayelormesid ﬁr@%%%%ﬁﬂg%q U8 eppgmptie
of H??g}%&é% sgurces to use for its pulse rate
caf Cur&t i on gaséd solely on analysis of only one
20source, the "primary" source. The oxinmetry al gorithm
desi gnat es t Pul se ldentification and.Qual.ification
i nst ancé-tha&gﬁégfmqglefrc ilv‘gﬁeéﬁlg 1 ?g‘ﬁsé&“gsecondheart
ot Kagr wﬁgﬁg gﬁlnggﬁit?ﬁlgg{g i)éon an%ﬁ&df;ﬂl?ffﬁgg?%g ni nlsn ance
as t he teivesginga pilsspaniodaised inguatdté.i ed pul se peri ods.
Qualified pulse periods fromthe alternate source are
only used if the nost recent pulse fromthe primary
25source was r @ MfideeskimWee Whatheétdrinies d hoadt $fte,ROMpRingS
received fromthe primary source, it is always used to
updat e & fiesthaars eate ealeulatar frldgtermmingy firshheart fstefremta pulse
qualified.pul se [ fromthe alternate source from
be|°i‘féjnelﬁrg'esb‘é%1 L?ﬁl?ggﬁésqg%t%d?y source once again rejects
a pul seapedondhearCadt€ tdlailatonforidedraimigea Ricbadh&et tacdfrom a pulse
and Pul se-Rate Estimte Wen the subsystem uses a
Quarimatypigna] psing F’é‘?qoéé}nqﬂi(’déjpdat es its average pul se
period, Avg Period, using a pul se-based,
vari abl e-weight HR filter, then conputes its Rate
out put from Avg Period. The steps for this filtering
operation are: 1. (60 / Dt) / Qualified Pulse Period
2. k =Consecutive Qualified I maxflr, - r -i |, \r,.\
-r\, 2- -3, 1.0 3. x =bound(m n( vg Period, - \ ,
Qual i fied Pul se_Period), A seconds, 2 secom seconds 4.
\ Rate Age > 10 seconds, x =min(x * Rate Age 1 10

S \ — .




Total jQualified is the total nunber of pul ses

gqualified since the subsystemwas reinitialized. Both
w@ooseguto ve Qual ified and Total Qualified arePCT/US2005/007293

incremented each tine a QuaBified Pulse Period is

used, before k is calculated. Consecutive Qualified is

set to zero when a pulse is rejected by the

pul se-period source currently in use. The update

for mul aarf Sfaludeg c@ﬁﬁ%&&i to defferflilRthé r@ﬁﬁﬁﬂﬁ' of Said first heart rate using

geonetric average Avg Periodt and QualifiedJPul se

Pemtinigs amgdisdibe smé fisss anetlpdagndhel ps to keep the

subsyst e%lec o ﬁ%ﬂﬁ%l}rggio uée%r %%r@téﬂe%ﬁ%a% ggl%ﬁkglgurﬁgtgllcg gldicate said

variatid Sty
r afiiSt meInee iFiatisble Sandné Ubedai @dolidhartar-wikdnsaithing®ics indicate
Rate Age_ i s i ncr enent ed every sanpl e, whether or not

5 Rathat said figstbgagratedy pareligbley agram Fig. 3 is a context
di agram of the pulse rate cal cul ati on subsystem The
subsystem updates its Avg_Pe od and Rate outputs from
Qual i fi@d_PuTlsepuPer éxdnster bf claises wQeedin $did seletibisdetermines that
Perro éﬁonwthe AI erngﬁ;ve Peri od S urce onég if it .
] -t gt baadateds NBelinble ied STREIWATATICRE Thal Ratiost Fepgpypulse is

Eﬁ% d |t updates its Rate Age output based on

CUa i Tiedperiod Age. When Rate is updated, the

10 subsystem sets its Pul se RateJUpdated flag. The
Reinitializ t tells t systemto.reinitialize
Tt sel {71 nor BifchecrexmeRg g  meern e AE pEwb i tator
| NgdeS ABNiselah enS¥hle &Gﬁa%dﬁﬁ%eﬁﬂﬂﬁhﬁd S\ SecBad Bedrbrate calculator
initialized. WHAT IS CLAIMED IS: 1. A nethod for
dedass pmamensemhlszaveraged wavefornpul se oxi met er
conprising: determning a first heart rate froma
pul se oxinetry signal using a first nethod;
determining a second heart rate froma pul se oxinmetry
signal using a second nethod; evaluating a reliability
of said first heart rate using netrics applied to said
first nmethod; using said first heart rate when said
nmetrics indicate said first nethod is reliable; and
using said second heart rate when said netrics
indicate that said first heart rate is unreliable. 2.
The nmethod of claim 1l further conprising determ ning
that said first heart rate is unreliable when said
nmetrics indicate that a nost recent pulse is rejected.
3. The nmethod of claim1l wherein said first method
does not use an ensenbl e averaged waveform and said
second net hod does use an ensenbl e averaged wavef orm
4. The method of claim 1l wherein determning a first
and second heart rate each conprise determning a
pul se period, and further conprising: converting a
pul se period used into a rate. 5. A pul se oxineter
whi ch determ nes a heart rate, conprising: a first
heart rate calculator for determning a first heart
rate froma pul se oxinetry signal using a first
nmet hod; a second heart rate cal culator for determ ning
a second heart rate froma pul se oxinmetry signal using
a second net hod; an eval uator configured to determ ne
the reliability of said first heart rate using netrics
applied to said first nmethod; and a sel ector
configured to use said first heart rate when said
metrics indicate said first nethod is reliable, and to
use said second heart rate when said netrics indicate
that said first heart rate is unreliable. 6. The pul se
oxi meter of claim5 wherein said selector determ nes
that said first heart rate is unreliable when said
nmetrics indicate that a nbst recent pulse is rejected.
7. The pul se oxineter of claim5 wherein said first
heart rate cal cul ator does not use an ensenble
averaged maveforn] and sai d second heart rate

I . o I I N | Y



