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NOVEL KETOAM DES W TH CYCLIC P4'S AS | NHI BI TORS OF NS3
SERI NE PROTEASE OF HEPATITIS C VIRUS Field of the

WO pwengi2eoh The present invention relates to NnORE/US2005/005934
hepatitis C virus ("HCV') protease inhibitors,
phar maceuti cal conpositions containing one or nore
such inhibitors, nethods of preparing such inhibitors
and met hods of using such inhibitors to treat
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pat ent application Serial Nunmber 60/548,506 filed
February 27, 2004. Background of the Invention

Hepatitis C virBadKENDUND OK FHEIBIVENTION! e- st randed
RNA virus that has been inplicated as the major

[00034 usHiei preseapiayventian ielatesAp oxigrel@s Haddn mlrt@utmog waveform

I bl ood- associ at ed NANBH ( BB- NANBH)
dwpf? %£&¥ﬁ$é%%§%$%nal Pat ent Application Publication No.

WO 89/ 04669 and European Patent Appl.ication
[0003];p] Budser oxdmeigy 1s tgmcggsiu;_eg}ég meggNgMagiQusthlogdhchemistry characteristics
[ 0 I

il OHO GERed o0 M YR KR Sahacih DL OB n i lood, the
volume efindiMBMpl blded pﬁlsiitﬁ'ﬂmsuﬁplﬂng ithieusss iR}l the rate of blood pulsations

c tonegaIOV|rus ei n-Barr virus, (EBV), . a
corrmorl 138 te P%I@@ﬁ@m? Raticy}. Mf syrergert of these ﬁlzﬂa%r&\%stws Bas been
accc&@%ﬂ&i by MR8t - mwvéogehg(ﬁ tﬁbH §J&9cgl‘s5h chPRESIBH ¥porfibn of the

protease necessary for po ypept i proceSS|ng and
patienit's ailssueeqdldr«z hloiod petfases ledissug @nd photedlectricalle senaewithe absorption of

expr ee, €.d.n.. opatent No .5 712,145
gL . TR ey LR el Yol SRHAGETe 1 tion used to
calcGRRY Bé Hﬁouﬁﬂ@ﬁléd@c@%ﬂ&t%@fﬂ@rﬂéﬁ%uﬂe@ the carboxy

term nus, a nucl eocapsid protein (C, envel ope

[00(%5 'J:r} ﬂggh% F%‘éit%n tEt\g)ugg % tf;’sgl\l/ 0 glelg%t?crl] tcié%gf; én%roarl more wavelengths

that RPLARXILBR L ke 80k Hrarpirat ek fepr@eﬁt@deaobme anwuﬁmme Blowd
1893 nucl eoti des of the genone, and

consfitusnf preserd diierhdood. ahhepmqunt ﬁ%ﬁwmlé%bglﬁgzﬁtqqed through the tissue

will %mﬂf]lg%g%c%}gm%fe Q‘P{hg;éh%%ﬂ%\ﬁgé%ge élé)%tﬁ%x%&géemdﬂ]ome t1ssue and the

relateli ¢ight gbsoiphiva. B6r tessuping biod.oxyhen NS, aarchtseasoes have typ1cally been
consi der

proAeaYiNh PRI SO RIS (@ SERRSHE B EbOLAIFIS o Siterent

s T o L e E S

withdejownhecimques formessuring pload okygensaticatimse, t PA and
PSA. The HCV NS3 serine protease is responsible for
[OO%Othhﬁl—ﬁfvw},l@@ séh%ﬁé F?ﬁﬂﬁdedcfev(o@é’ tHaRERIRERE & a b&i®ion of the
/ NS4b /' NS5a and NS5a/ NS5b j uncti ons
bodprstch &s  fingery TEPO 08 il sealpo in ggn@lsaanddglrﬁa@a,rthq tissie of these body

porfieg it Wil B i RerRis (a4 s AR Tgo i Sensor

antiviral chenotherapy. The inventive conpounds can
[00054 hi Bxilse aximpteps afterqgecessing theenwr date and¢alcuiating jegygen saturation,

presﬁlét(%ﬁ%sirslf'orrget?gn Qeap(%éél%% Itn%oﬁ'le r;ﬁ%f(om R0} t%) 91% 48rablelto display

een ermne a prote

the SARILOXAvBIGra] Wsebl. Kb eRahyIpUS Pdent Nb. @188;47@%@#5 4 $ignal for a
the serjine protease actjvit NS3.  Aut ocl eavage of

dispigyaefgstingdaewpyeferm. oHSkﬁ?tqnﬁgIOr\@éﬁﬂéZh alsg disqussss & prayeform
occurs intranolecularly (le., cis) while the other
cl eavage sites are processed internolecularly (i.e.,
trans). Analysis of the natural cleavage sites for HCV
prot ease reveal ed the presence of cysteine at Pl and
serine at PV and that these residues are strictly
conserved in the NS4a/ NS4b, NS4b/ NS5a and NS5a/ NS5b
Junctlons The NSS/NS4a Junctlon contalns a threonlne

o, o o o o o, [r— — ~ — T
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98/ 14181 ), certain peptides and peptide anal ogs (see,

I nternational Patent Application Publication No. WO
wO0E/P$297 Landro et al. (1997) Bi ochem 36: 93HOF/9S2085/005934

Ingallinella et aL (1998) Bi ochem 37:8906-8914,

LI'i nas- Brunet elal. (1998) Bioorg. Med. Chem Lett.

i, BRIt AhE Sy R SRR BN 2, PR LGSR A G ponsiructed or the
diﬁ)ﬁ 1 1459-11468, inhibitors affinity selected from
urran pancreatic secretory trypsin inhibitor

0TS PSR E0e HRECL B0 BB B TBRUicE! avt
trRd Rl o b ' OTBE AnAdE biRpety afd et

OOy xSt P g TR0 B0 O o such HAfphbds e

syReiroaped? pipsingtrenetty (¢ &l Bk mudti-parametqr nogrtoryas well as for a

R gy A b SRR B B PR prcesin

cirdii&g]| LSachré dRanaBigaiiial @ clozd ay 8 10 Jlie tuaNoatisib eavedrm.
1998)). Reference is also made to the PCT

i ' . , ' . ' .
O, g8 RO AR S5 cesing s
thfo224i9g takews bbns ek, Mad/thi8thekdHa] providddfid delayedlsnd Rotal-time.

AG ; and WD 99/07734, published February 18, 1999
(Boehri nger | ngel heim Canada Ltd.). HCV has been
inplicated in cirrhosis of the liver and in induction
of hepat ocel | ul BRIEESTUMMARY TFeTIIEdYVIINEIGNr

oY “Thcayient e Ehn ar8ider & mafbos ot PPbargrof Rutpbovinths a substantially
redngy ref)féﬁé'fﬁatﬁfn Jﬁﬁ%hfogsr#tb‘%niaﬁoh Rea bRgHoLEiC mg&{m: Yhe waveform

h
or rem ssion associ at ec th HCV infection” Curfent
signal faor ek ssas@rds gonvested itiadighgbtosmr VA delfa-sigme maduiageris used as a

. years .post ci.rrhosis, di si.s. Patjents dj agnos
sinfyle g kdo poalge COBedte (R CH e B UM et by HiofBled through a
sithI¥ Bardwiato/BHter Q8 kiven\ani Rl o€ sighal i né ¥ reah8meawhich can be used
those with |ocalized unresectabl e hepatocell ul ar
forcotheriinvwendatsy synehfanjzatipa.dispday. ¢ioval rate of |ess than
1% Reference is made to WD 00/59929 (US 6, 608, 027,
[00993 dFitedhvddoiehallogen wargkhao be céiaradd jntb dikital form, and supplied to
Publ i shed .Cct.gber 12, 2000) whi ch di sc] oses peptide L.
thegitmzg, mWle S allawine fasheORY PR bariciaty BATdak AHgT jaitial processing in
h i .. / . - . ..
sof BETT pirtEyial Tor AW Eimelee ral AR ARG software, th digita
IR isignabdandre obfaihdd\a fidBSEhipsaftveas demddudatopy bntbeforedchomadh slower
herzj n has the fornul a:ﬂlggference i S a{aio made t oW,
sofipre dilchng PECSE USSR e PR NP £Focsss tersalafiofeetyech sypigyion.
10, 711-713, which describes the preparation of
[003d} t dhonaembediowent,des first-patht the digiteksi gired ispraréssed huaka second path

ontainin 1yl ~and hyl., functionalities. Referepce
opfiE s ied WAy RO o tee" Y HE PN BBl pd B Pt Palh pcks offthe
sighAGfinh&lidte 1k affet RS cinvBhéSRRAdIERRAIUAN ¥nd dema@ffd WRbIChpulse

di scl oses peptide derivatives of the fornula: where
oxiniesery an [osignalliepases forthe analogreauiputtisealsa it tapically has less noise.

illustrative conmpound of that series is:Reference is
[0130 IHRHe cinbVEInAL, ARbdeitalsghi fHodalatdBIELHEIMPRE modulator which

| ngel hei m Li m ted; Published February 24, 2000) which
operpiss o dhesdigitized wersigaof thet Wanstorst. Theedeligrsigmamogplatas provides a
sngfik B it TRRLRALS e S ERARERCHler and them to the
displayp made to U S. 6,608,027 (Boehringer |ngel heim

Canada) which di scl oses NS3 protease inhibitors of the

type: wherein the various noieties are defined

therein. Current therapies fop hepatitis C include

interferon- a (I NFa) and conbination therapy with

ribavirin and interferon. See, e.g., Berenmguer et al.

(1998) Proc. Assoc. Am Physicians 110(2):98-112.

These therapies suffer froma | ow sustai ned response

. - o I Y ~ Y
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2002, disclose various types of peptides and/or other
conpounds as NS-3 serine protease inhibitors of

wheansss C virus. The di scl osures of those PCT/US2005/005934
applications are incorporated herein by reference
thereto. There is a need for new treatnents and

[Oﬂm r apdresfuftbér uddtstantiBgtdfee nafiveaad advamtapes df fierinvention, reference
npounds useful in the treatnent or preventjon or

shfal#é Ibe arade ito Fhedpligmmasiesrption $3kep o ﬁ%nJBl?CtWéﬁ’#Eh theqcgompanying
(kggﬁgg Is a need for nethods of treatnent or prevention
nelioration of one or nore synptons of hepatitis
C. There is a need for nethods for nodul ating the
activity of serine proteases, particularly the HCV
NS3/ NS4a serin tﬁggﬁyp FOSRRA provi ded
herein. There ?gmgpnee Tﬁ%@?ﬂigg:of ngggﬁ§§lng t he
[0¢i3dc ddigi hiy adflodkhdiagiah glanygxepétediacoporaging hiee presgnd imatstion.
provi ded herein. Summary of the Invention In its many

[omrﬁ?ootrlgemssd bl&!kedl%ﬁﬁlecﬁta privY GRtdiReBit BErRehei8EnR aR @¥&bg output signal.

cl ass of |nh|b|tors of the HCV protease,

ol TG0 BRSPS edh s ot ARuPRE (3 el Rafindon anatog

oufpik Qighzﬂtab&ﬁ&l ?Q&H{d;ﬁbﬂaﬂt PRent@n. more such conpounds,
and nethods of treatnent or prevention of HCV or

[Olﬂlrgg ri)l&fk 4 %ra%rof;{ﬁégorf@éagé gﬁltas yl%lou 1 u?fftor accordmg to an

enfmaen@uehthfe(prmlhtahvm@n. Al so provided are rret hods of
nndulating the interaction of an HCV pol ypeptide wth
t [
g dﬁﬂt emrc&ﬂ‘a% %ﬁ%&ﬂg@@g@g? ﬁ%‘éﬁdp&?ér Oﬁbrhlter according to
anaﬁﬂ)bdmteptafﬁepr&éﬁrmeﬂtloﬁhe present invention
di scl oses conpounds having the general structure shown
0013] SUHiY {473 nlqubﬁaﬁq E&@ﬁa{vﬁaggh%ﬁl d Soddrding t
[ (R!S I{I%9R1C?, < ROR10 0nWher ein Rgc%ar%%11 Occar%n%oan
emmbénkmnefmﬁp&wﬁﬂenemﬁmneach bei ng i ndependently
sel ected fromthe group consisting of H alkyl-

al kenyl -, al kynyl -, aryI , heteroalkyl , heteroeryl-
cycl oal kyl -, heterocycl | al k , and
heteroarylalE&ﬂﬁﬂhEﬁhBE Ol Eﬂé@ﬁVﬁﬂ$ﬂiﬂferent

ﬁﬁgﬁgbgﬁﬂg i ndependent |y selected fromR OR NHR
S2R, and halo; or A and Mare connected to

each other (in other words, A-E-L-Mtaken together)

[0049¢ h Rigak llwﬁéatwrybgdww of 158 PEIMeIFstAN HCPOEAtiRg the present
iR B0 36 hib e p RN 05 SUUMIRIBRSH Thor
comiested bytambieriian ecoard/14. bEDalnfve \carrent i$ pmvmmejrmmp drive

SO K G NCNE N I 1 P
ThE %%& E&fm&ﬁeseﬁs thewr?aﬁwgffﬁ mgfauta/nﬁ@rk&etzeq c{g@(fp?ﬁng the

group coRsi sting of H, kenyl - ,
presmﬁlmednlhyh Thhemtpnmﬂ d{gtha-deltaeimﬂrfacg/ 20 W prpvacglr to a microcontroller 22.

Migrgbilieh 22 incieS bR sy [ i dran i ERYS fashiary Yog data. The
oxﬁﬁ@eﬁlsd AR a ﬁf&oﬁ@@é&@&t&% 3D HREHQINE ﬂa%@mtoﬁa% Finally, a

fornms a four to eight-nenbered heterocyclyl;
clovk |2§ 1smeécaneeln imcm?aqerﬁ@ tb@l digitel ngjibratica indke samset ) is p®v1ded A

syt ARt aR kool 41 T ar R LRty T 4RGN AR goilos signal on

a |13 32 b estolidaP dnmaly: 1&ensi sting of H, Cl-C10 al kyl,
1 C10 ete?gglkyl g%gﬂgﬁg al kenyl, C2-C10

erqal k 0_al kynyl , C2- C10 het er oal kynyl ,
k€§9 gé“?ﬁ%%kfé o] heterocyclyl aryl,

heteroaryl or alternately: (i) ei ther R15 and RL6 can
be connected to each other tosforma four to

ei ght - menber ed cycl oal kyl or %eterocyclyl, or R15 and
R19 are connected to each other to forma five to
elght nenbered cycloalkyl or heterocyclyl _or R15 and

N PN o o N N M oy
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al kylthio, arylthio, am no, am do, alkylam no,

aryl am no, al kyl sul fonyl, arylsul fonyl, sulfonam do,
wa@bdoglos2Bf onam do, aryl sul fonam do, keto, car bPXEUS2005/005934

car bal koxy, carboxam do, al koxycarbonyl am no,

al koxycar bonyl oxy, alkylureido aryl ureido, halo,

O 5 o S0 S0t 1 B B bt s

A SRANNGARAVRtibR s&%ml Iﬁoéesgéﬂrlmaﬁlﬁéﬂ@mwm Qfrent-@lholtage
SI'X, seven or ei menber ed cycl oal kyl , four to

coavgtﬂr(hﬁhﬁé,ra@d teé Bdciibey¢d angl IR sign 8 ﬁhpélmlated ina

or,.,a five.to,ten- he
acfioapaged 1o it AL TRV i € 5P GRinh] o G0N0 st an
anipifiee ¥ORPALADCU L. h@inﬁﬁsl meekelgﬁamqbrcbaamcah&mgna@eeﬁld channel of
such that the noi eté own above in Fornmula | forns

filter 42 aveplifiar 44 agg Py The agalomaRY] I3 obtagied from rhecIBrﬁlgnal at the
. b ?g@jgagd as:One with ordinary skill in the art wll
1“%@;9 that simlar depictions for Forrmula | can

be arrived at when A and M shown above in the noiety:
Df(mocbﬂathWESEﬁ)ﬁ(afedRéhP Pisgat Berentigh e connected to form a

three, four, seven or eight-nenbered cycloal kyl, a
[062W)r Fig. B 'B}ghtfs amemiteydéd eiltertf elneany:sﬂny inventi®mi where demodulation isn't done
. ten-menmbe or a fi otenme

in hakafega Fher in oot TR R AR g vl in hardware, A

s1£1%1 g‘ a@eﬁf &hesrie o@ééﬁéﬁ il Par R4S tlﬂfougi‘ﬁ cﬁl‘i’eﬂtﬁlﬁ-volta e converter
preferred al kenyl or alkynyl is made o

45tand at filter d, them Bowpplicite, anARC &7 dul scm@v\wr@aa &gmoméatna@earates the

t ht t
redend BESEngF, Thesed sibl B ot mvied R PR 5 R feto pfotper
prédessify ¥io&MowRl tThe Qﬁ@lcglﬁpisfsﬁﬁﬂargfpr@b‘ﬂé@ Hﬁé&@ adTrware Tilter 50 and

conpounds represente Formul'a |, by thensel ves or
ﬁutherqmn@smg nefrsh@ivnh Sinve tbfr sofprase G1tpréns eam qanss esigpidisen time delay,

d her.e n be
RSP UE s B Yo R AR M. 957850
méXR{latet SNEYis&Y A ﬁﬁ‘i?)le Dayfitd]-toehral oCelepet@XBC).aBy weihg a sigma-delta
as for nodulating the activity of hepatltls Cy

medutpr, pheoctO@agrélonmr@c@éﬁtSﬁHQPIﬂ@w ceit bearie BHekLY- nEL%PPéHISPg analog
si m&f eﬁ%ﬁ&rpe 18 Afve AR & assnﬁple%'@ bhdpsyl ation,

reventl on of anelioration can be done wth

the i nventive conpounds s with pharmaceuti cal
Sigpapiskin Maduiaterand Filtgs) %‘E&B‘H‘%@ b@rﬁ%ri si ng such

conmpounds. Wthout being limted to theory, S
[0022)i Rig etlistaltdockt dlegr&lﬁ\bfpardultea@nmydmietor hé OKIELE 3] racNSdmg to an

rot ease...The inven C i.nhibit s
RS Tt triByeria. JnEqnRORRPLPeTY REOs BRI Byofware rmning
onhﬁ%dohtr&léf' 201 Jrese. (1HGM) irpat MiPBRS 5B thdaighide@@ensor signal. Ina
Description In an enbodi ment, the present invention

prdﬁesrctﬂ embgdlummthmﬂﬂ@am the infrazed @B) sigawltas @ppgsed to the red signal. The

1n§'gr|e 1S é‘@?'@%&%@%’ 1g1§t]tg?1c?lﬁre$ Qa%nne? z%l tﬁ% 3‘&\?/ glgﬁagglg?g 4isa
%‘h@.ﬂ r&resRhitias ofidk |d'i‘1¢&eﬁ&ﬂé§?atldﬂ§ 1ﬂ1§)lﬁnﬁtﬁﬁed€t6’@mitdmh6 kecond order
NROR10, and R9 is H, O0is H alkyl, ary

nolisgtsbeping |Eqr| the peindlesigngl. | In@n@p@glqa}qntat]@pk}ggeu@qcyﬂe that implements the
het ryI aryl -al kyl, al kenyl, al kynyl or
d1ﬁjgrte§? F<yl nbodi nent , RlO IS sel ected fromthe
group conS| stl ng of: V 1-4 1- 4 other enbodi nent, R2
s selected fromthe group consisting of the |et| es:
X oHbrénpuban e fient, R3 is selected fromthe group
[ 3\/\,herein R31 is OH or O alkyl; and R32
Yi%gtﬂaf)ﬁ@bg%bﬁé, OOQBu or CCON(HItBu. In an
A @B dindi O axelintermatiitawatiablé23hatstare ldetatfenin bneitematien gy thepext
consi sting of the follow ng noieties: 3land her
enbodi nent, Y is selected fromthe group consisting
of : Y30 and Y31 are selected fromthe group consisting
of : DELTA- SI GVAMODULATORFCOR QJI‘I{-)’UTTI NGANAL OG
REPRESENTATI ONOF PHYSI O_OGI CAL Sl GNAL BACKGR(lJND OF

R IFR Fr=1 A 1 FF A/ aAant e - . a



10

15

20

25

30

acconpl i shed by use of a non-invasive sensor which
scatters light through a portion of the patient's

wao p@sog22sher e bl ood perfuses the tissue, and PCT/US2005/005934
phot oel ectrically senses the absorption of light in
such tissue. The amount of |ight absorbed at various
frequencies is then used to cal cul ate the anount of
bl ood constituent being neasured. [0003] The |ight

loapoevetye2@ St hr ough the tissue is selected to be of one
or or&X wire(2h@)hs that are absorbed by the blood in
an @Bt representative of the anmobunt of the bl ood
const A Henthepr esent in the bl ood. The anount of
transm ttyed i ght scattered through the tissue will
varyd.,n accordance with the changing amount of bl ood
cons%ltu L |n the tissue and the related |ight
absor ié For nmeasuri ng bl ood oxygen | evel, such
sen§ h ve typically been provided with a Ilght
souﬁ%e hat is adapted to generate |ight of at |east

end {goPdi f f er ent wavel engt hs, and with photodetectors
sensitive to both of those wavel engths, in accordance

with known technjques for neasur Ioo
i e £ PR SoDIA PR GRCHER SV Tbe: SomePERY isgsds bitsiee
blt@?r\éérﬁ%ﬁtﬁ B@éve?erg% VaRRYEAR S écﬁlaﬁtoﬁﬁé mp%n(;@)‘ the body,

such as a finger, an ear or the scalp. In animls and

humans, the tissue of these body portions is perfused

with blood and the tissue surface is readily

[O@@? esgidtu@pdt Ontiine 53605 eradlPAA8LS P tiRtreach MFhRNIS provided to the
proceSS|n the sensor data and cal cul atin

s §80fia birlurese fiker, sssheisn Fighiat Thisigieriialtsies fesigors 62 and 64 and
S i

cagagl gli'sgéél aél)‘/i%tSh g‘ﬂgsnﬁll%rsagtsv\%\)ljx et %fﬁlt Odqul%t sf‘g’yo X Qg@éﬂt ft%’ﬂﬁgmalo g

foritatoegtbdide. anudiis od Tl@e F0as can Bé proaidetias adispiayp I"I?h)t filter is a passive,

reflecting_the waveform. US Pat ent 85, 471
seqgnd erdes &L fi i Vahew Al e 8 theawap%tepglww ngr?aflldaq?éione by the

refiltered, and then
ho% &%ﬁ?ﬁF%%%e pg%gk%ﬁ%gg}gglay [0006] Nel | cor Puritan

[0(}3%33%&%6 tgppgsfsggselgg@ﬁ&cg ¢ h r es gary 7&onr}vflle ]glgllﬁ?o %meg monitor 74.
Th-erg%néﬂ%lr gs &@ﬁleyissp@oﬁe& ﬁ%ﬂl lﬁ&W(ﬁé‘Pﬂ‘lgPS” poses as

chronizing to ot er instruments (é.g., EKG

[0 it %g%gge t%c} byS %}ﬁet ﬁ,ﬁggll #i2 fot?;} %lr‘egﬁll‘l eﬁ@ﬁhon may be

emibBARWEN BthRF §heBTRIBARY WHhGt/departihy frohﬁthb RSdehBaltdhBracteristics thereof.
anal og signal is close in tine to the actual &Ft|ent

Foyexesfde.rthe delfae@gmp nmdpla@m cepldda of agifforent orgenanaspeygd order.

veformt f1 t
R L T
colfi@irhtiterof the Batiaurdilemdoinldtberuged. - AbdvrdinBhy, the fﬁtdlgM%@\descnptlon is

THE | NVENTI ON [ 0008] The present invention provid
intgndeditn be ibstratiys hP’%ﬂQE &m@ng,;ﬂf e wrpgohths imenton W&lqhyls Set forth in
presentation of an anal og representation
tm{ﬁﬁLthgglgﬁogical signal. The waveform signal from
the sensor is converted into digital form A
del ta-sigma nodul ator is used as a sinple
Digital -to-anal og Converter (ADC). The output can then
be provided through a sinple hardware filter to give
an anal og output signal in nearly real-tinme, which can
be used for other instruments, synchronization,
di splay, etc. [0009] The invention allows a waveform
to be converted into digital form and supplied to the
software, while still allow ng fast conversion back
into hardware after initial prsocessing in software. In
particular, for a pulse oxineter that does
denodul ation in software, the digital IR signal can be
obtained after this software denodul ati on, but before
t he nmuch slomer softmare fllterlng process used as

o, Y a1 S a o, .
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[0018] Fig. 6 is a front view of a nonitor show ng an
anal og di splay according to an enbodi nent of the

w@e@smesa237 nventi on. DETAI LED DESCRI PTI ON OF THECT/US2005/005934
| NVENTI ON Overall System[0019] Fig. 1 illustrates an
enbodi nent of an oxinetry systemincorporating the

Wﬁfﬁgﬁgé" ¥@ Zgn A sensor 10 includes red and

i id a photodetector. These are connected
by a cable 12 to a board 14. LED drive current is
provi ded hy anAldrfthell foy epératies haplysidlogiddlendBeR ic¥@Prising:
photocurrent fromthe sensor 1s provided to an |-V

i nt er f acelet@tingpesigngl Gom aragienioneludiag aphysiolpgical waveform;
provi ded S| -del i-nterf. i ncor porating
t he presé%@vgﬁégggﬁgﬁse#%@JQ%E6%@52I%gigna-delta
i nt er f aceapplyingsqid wuveforn toa deld-sipmaoanddubdtde and@ 2.
M croconttrol ler 22 i n?I udes fl.ash nenory for a
program HFENRAR YEHSESY tgPrepdtie an apdos ¥AYRIPER oHlpyh
i ncludes a m croprocessor chip 24 connected to a flash
menory 26, Fi I ' ; : i 3 Ao
interf ac? 30 ?%{ ea{ﬂ %Itchll ?gﬁ&@?l ﬂ}lgetr Pglﬁg P%H ﬁgﬂg%%lg%rrlg iabd digital
foring opsadd ivdeefornd, wegreinatiel deltsisigd?a medalntoe prdchesepsaid easeldrm after
i nc{ or ga%i.on, as well as receiving an anal og signal on
said qepodulgHoR., ¢ ovi ding an anal og di splay. Prior Art
Denodul ati on i n Hardware[ 0020] Fig. 2 shows an exanpl e

of a prig: artTheiniéhéd of QhinIERAEAIA 88d AlednPlsQRrPHhaby a
signal. A si %nal froma patient sensor is processed In

hagdyraggilter qompled dm am oetpet efrmaid deltaciigragmodulataar t er (1 - V)
36, and a filter 37. The red and IR signals are then

denodul ated i . , j.gnal is .

provi ded % hr oup%% a |&rj§1th%:1ﬁ£\2n§§1ere§f §a§f}ijg(?ltatg%gmggwél%at%{rprowdes a
singhgiit butput. 40 to an ADC 41. Simlarly, the IR signal is

provi ded t hrough a second channel of filter 42,

anplifier. 43 and ADC _44. The anal og out put .i.s obtai ned

fromthet R siysihod{or eperatig o Qyimpiercomprising:

Dermodul algbRptidgl sighd! LS ﬁggﬁérﬁ ?ncjfﬁcglﬁgghul%@ ¥&midiB waveform;

[0021] Fig. 3 shows an enbodi nent e presen

i nvent i ononvesting shehwevefatn oro idigitat fodmne i n har dwar e,

rather in software, .so. nal R signal. sinmply.|s .

not avai HSIB‘P%“%V‘*?P&]%@W@. f%gng- gﬂ§|wafv F@ﬁ‘indmﬁa{gg @?{ﬂh{mgnals;
sensor 1 gpil %8 0dsdia rmrs@gﬁdlﬁ' t@%_ﬂ@vare delta-sigma modulator;
current-to-voltage converter 45 and a filter 46, %nﬁen

i s suppl peayidiag apingfodiy serial putpst fraprsaid deldevigida imadokator;
separate . LR signals. The.red sigpal is
thon pr ot FEE SRS GRR PRy g Hafy Pt AR

processi ng not shown. The IR signal is simlarly

provi ded6t hr okgiphgsishigicabi@nitor dpparahly contbrisingt her

processig&.not shown., Since the software filtering can

cause a & Yl fog sereTving o pafient adgnak inglyding aphyselegical
waldt6mhi | ter 50 is converted back into analog form A

sigma-delta nodul ator 51 is used as a sinple

Di gi t al - twamaled-tedighacentater (@ ¥onvertyig wsid vervaform into digital form;

signma-del ta nndulaﬁ%r, th% cQnversi on process is )

sinpl e ahBFCSHOLRCHINE s irgigma modulaar copfigyed Fnpasyert said
waPdf8na kroh{ @Ritah% aﬁ@l%??ortn‘i’, be filtered in a sinple RC

filter 52. "Si gnma-del Ta Modul ator and Filter for Sinple

DAC [ 0022filtei gpupledite am obtput &f shiddplamigiha modelata-fer fiing said
Waqﬁdgéator 51 of Fig. 3 according to an enbodi nent of

Y$H€ " nvention. This nodul ator is preferably

i npl emented in software running on mcrocontroller 22

of Fig. 1. Aninput on line 52 is the digitized sensor

signal. In a preferred enbodinent this signal is the

infrared (IR) signal as opposgd to the red signal. The

infrared is chosen because it is typically a cl eaner

signal than the red signal. Fig. 4 is a graphica

representation of the difference equations inplenented

to create the second order noise shaping for the

= o o
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i nput 60 of a hardware filter as shown in Fig. 5. This

filter includes resistors 62 and 64 and capacitors 66
w@pwsOR23This filter acts on the digital outpuPCHUMVH 005934

to convert it into analog formto produce an output on

line 70 that can be provided to a display. The filter

is a passive, second order RC filter, without a buffer

on the ouf put. bufferin one by.t host

Syt om bek br e HedHiBSch GPparius S R IEBGuRd g Sga modulator
is 8 OB 2R I QKA tBatroditeaBALSA, ﬁx‘l%@ bﬁy)uﬁﬁlt on a pulse

oxi meter nonitor 74. The S|gnal or this dlsplay IS

provided fromline 70 of FI% . [.0025] As wi |l be

under st odd by Tthesxémeier aparatus of qlznél @pherefhgi¢ fileriga hardware RC
f.ltﬁ?ventlon may be enbodied in other specific forns

‘thout departing fromthe essential characteristics

t hereof. For exanple, the delta-sigm nodul ator could

be of a differfnbxiaiserappdratus aomersing: or der. Sone

filtering could be done In software prjor. to the

har dwar e 4 IPREAOT I5aeVIREfromn & Palint e&wb&ﬂa@rw tlsg premetry

re filter could be used. Accordingly, the

‘mﬁﬁﬁggging description is intended to be illustrative,

but not lanmintiogge-didital benwiepfer obnvdneng sakwaiahrmiito digital form;

is set forth in th |1 ow ng cl ai ns. WHAT | S CLAI MED

IS: L A fIAGESFdre %@gatlng an physi ol ogi cal nonitor

conpri sing: d %tcfe?ﬂddﬂgat@l‘ i%i' %gﬁ}atﬂhg QM qvaRREdrBThto red and IR signals,

i ncludi ng a physi ol ogi cal form converting said
andaveforminto digital form appl yi ng said maveforn1to

del ul d fil
o' pr ovi de-an SSRGS veR Bt it coat e eRe (B S of said red

an§ IRisPnalsflib G (gin@r foR@MHRAEk Sithen dﬁﬁ@gﬂ silsAAlibYpro@icingi Girfadlsingle bit
formof said waveform wherein said delta-sigm

oupmydtul at or processes said waveformafter said

fiitert ng raesie RS Aty BEaRt sl & I B rogylator for

fﬂ@ﬁng@&ﬁuhn@ﬁnﬁﬁld del ta-si gma nodul ator. 4. The net hod
of claim2 wherein said delta-sigma nodul at or - provi des
a single bit output. 5. A nethod for operating an
oxi meter conprising: detecting a signal froma patient
i ncluding a pul se oxinetry waveform converting said
waveforminto digital form denodul ating said digital
formof said waveforminto red and IR signals;
appl ying one of said red and IR signals to a software
del ta-sigma nodul ator; providing a single bit, serial
out put fromsaid delta-sigma nodulator; filtering said
single bit, serial output with a hardware filter. 6.
An physi ol ogi cal nonitor apparatus conprising: an
input for receiving froma patient a signal including
a physi ol ogi cal waveform an anal og-to-digital
converter for converting said waveforminto digital
form a processor including a delta-sigm nodul at or
configured to convert said waveformfromdigital into
analog form a filter coupled to an output of said
del ta-si gma nodul ator for filtering said waveform 7.
The oxi meter apparatus of claim®6 wherein said
del ta-sigma nodul ator is a software nodul ator that
produces a serial, single bit output. 8. The oxineter
apparatus ofclaim6 wherein said filter is a hardware
RC filter. 9. An oxineter apparatus conprising: an
input for receiving froma patient a signal including
a pul se oxinmetry waveform an anal og-to-digital
converter for converting said waveforminto digital
form a processor including a-enodul ator for
separating said waveforminto red and IR signals, and
a software delta-signma nodul ator configured to convert
one of said red and IR signals in digital form back
into an analog S|gnal by produ0|ng a seri al, S|ngle
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