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PYRAZOLOPYRI M DI NES AS PROTEI N KI NASE | NHI BI TORS Fi el d
of the Invention The present invention relates to

w@-2e0m0ani6subst i t ut ed pyrazol o[ 1 ,5- a] pyri m di RET/US2006/039169

conpounds useful as protein kinase inhibitors (e.qg.,
Akt ki nases, Checkpoint kinases, Aurora kinases, Pim
ki nases, and/or tyrosine kinases), regulators or
nodul at ors, pharnmaceuti cal conpositions containing the
conpounds, and nethods of treatnment using the
conmpounds and conpositions to treat di seases such as,

f OR GBI FAGANCEIRCUNL h@ﬁﬁt@kUP‘FERéWﬁ M mR Mi{iE-PHASE
di seases, neuro e%rﬁfrﬁifgl%/agg\g%

Al zhei ner’ s di sease. car |seases and
fungal diseases. Background of the Invention Protein
ki nases are a famly of enzynes that catal yze

phosph proteins in particular the
hydroxaixggﬁﬂgﬁgﬁfspe0|f|c tyrosi ne, serine, or

threon&p% r |ques ln proteins. Protein Kinases are

pi vot al—l‘?—ﬂ—o?—mn on of a wide vari ety of

cel l ul ar. processes,. incl udi ng t abol

prol i f erhstaresent ipwentiogpelates arcrallyitg @row}@ @ét <P1rcult-1nterrupter
Sy [ AR f

c o CECHPystess A Ble R cRlanl b FoBls PR R BTN e for
ofaltetmating blirretit \Bleparastalyo@eulved |threc>+phaspfeletcmai/\pty\ser-systains wdherein

T S BELER SABSGES) Pt B Peb S gRCpions on
nodel h@lrﬁﬁoﬁwe‘%'shﬁﬂy biesupERAtied Bndbn &dcRFSRRr SieGilk RdBinected thereto,
cyclin endent” ki nases (CDKs), mitogen activated

p rasdén thel@vnlatstbat(al\fmdkpmmon igdgtengiaed wyaxitiResedionrggaind

0
ertE O e bE IR e s 7 o TR dupotvis Sna e
Ki saassdsufrentd in arBt fireder ci?wtt ZhenPhafadlted cirduit Wilrtesiipged and the
ki nases and the ||ke. nples of protein kinase
i rithagicirgpiss \atllebﬁ'dé%@rt%@am. IHPRAEB2/ 22610 A 1 and by V.
Mettey et al in J. Med. Chem, (2003) 46 222-236. The
cycl i n-dependent ki nases are serine/threonine protein
ki nases, which are the driving force behind the cel
cycl e dodcussioh of khglHr i on. leregulation of CDK

sol 1 CBAG eyt otk SOt ekl 1RO
ClAHerehédsdn R in pdd& c@%o%ﬁxa%aﬂ? Qatr Bal'ahé%@,currents

performdistinct roles in cell cycle progression and

c a¥nchalifdgrarces maydbegaussf bl dgakeages 0§cumntd‘32>m pifaefdhe line
oo SO AR PO B R 0 B g

I Ncugrewd et wauld ettyblizh atbatwace, Q)@@‘e rdfferehde2inasirien inythé S
required for rogreSS|on throu h GL to the S phase of

t ONgRgtprs @y g penson Hth @:ﬁmf@rqnélab%reafs atr%belkwett@ﬁw?étﬁr@med
Ofle%]? @vep ﬂ%t‘rﬁ&’l éllovxgaqg FIB é/cf" Ho Fﬁ(ﬁffgreﬁtlal
t he p al'low the

per Sequen of ce ents an
c e¢drret1ts sheuip @ncilrttkmt lemsaaﬂ amaclletetmlmd direshetdfor wdong enough time,

si | oss o checkpoi.nt contro

9 Sl 5 QP shi Bt ek pB VR Lo an SR THDTe ke
paJn's’M@tYort &HeHBpSs @\%ntaua‘é%&%‘ﬁ%ék B zﬂ‘iuxﬁé)ﬁoén‘%ﬁ 'oc&fmhg' nor
suppressor function (e.qg. 2, RB, and

o ncogen3puaiots sighdlpoft¢ncgankd groE)d fa\tb;nyterrepi@mtts bh amdused with
rated that ‘both the coactivator

© HER R BTG, BRbontinle. e RO BBy R Y spden 188

ungRhes FdS ng IS ORICE68] chn give rWeQ@ﬁﬁnec@é%b@ﬂme tripping in

nonsmal | ung, gastric, prostate bl addér,

non- degkln s | ynphorma, ovarian,.j.and ot her cancers.

Their altered expression has been shown to correl ate

With increased CDK2 activity |levels and poor overal

survival. This observation nakes CDK2 and its

regul atory pat hways conpelling targets for the

developnent of ~cancer treatnments. A nunber of
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progression at inappropriate tines, such as in
response to DNA danmage, and nmaintain the netabolic

woabarawenf cells while the cell is arrested, BQU/USH06/039169
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sonme i nstances can i nduce apoptosis (progranmed cell

deat h) when the requirenments of the checkpoint have

not been net. Checkpoint control can occur in the G1
phase (prior to DNA synthesis) and in G, prior to

ent gr@un&f lifptesgpisr syofranss Since guchid 1$HW§©nW@hW¢W16ﬂ%terf€fe

e P B D A0 ONE A RIS (BN v s

Cycba&mcb@lé GUTAS Oﬁsuch eﬁﬁllp&le@o reblﬁblm ,seaditdvist spﬁkgllﬁcatlons at

pro reSS|ont Thi s action enabl es DNA

r ep é%g'é Wﬁq%'éﬁt%te SAEIqus sigaplsreauepipexperienced in
r ep]tHr é] Qei‘éfztrﬁ:ﬁl%o%%? YEenfg a%ﬁ&%ﬁ%%ﬁﬁeﬁt@? gf&ﬁlﬂq{bnﬂ)ﬁt least

his gehetic material 1nto new daughter cel t akes
pI aoee ofl semeral deatristyparo fee@bikinek.abhihemrbestansad by long cable to a load,

Lo Pr Bec el S pr R kAR P L T 3% BioR RER 1§ void
whi @&ni’é’e&ﬁ%e@sutmzh@&ﬂ @ql@}ﬁérﬂ by pBfleEsisREA Rtae M@esz or by similar

arrest 1 nduced by DNA damage |an|cted by either

ant Fieewiciafluengenhayineg nathige dedowith primedanthee thedinevis can tys be
res f r

c he(%,‘l%%% gliaﬁ %rﬁ%g ﬁly é{é t%% eF lll Br %%hq ab(gLH %y ag&hﬁd {ﬁglt detector and
Sci &ﬂﬂ&pt&'é?stem%ﬂda—ui&ﬁﬁat(pi&&h be Sﬁﬂfﬂ‘tﬁa@t Siet aeiuse the system to
Sci ence, 277, 1497-1501 (1997), Nurse, Cell

865188 Broerrsleshg brraking escshit evithpytthe Saegiepasar a tru faul, are

( 19%?\)“3&%& c?\g? rrﬁ\l'ét @é a@xded M%rﬁ%frgféulégﬁhé%éhﬁ%gﬁgsoes and

(1994 givSebet dlffaemalnvqjm bfturent infbatinee kytbe stppipedmdottors. If the
I n canc Il1s.could ff tili. atlon

o EOr RO S UOra e eGP a it gy P gRBL el dpree
MY grdufld B8t &redt 16%S, Qﬁe §seanmeildiesjon rqlamm;x( efh@%&swely
cancer "genom c i nst abi | | ty" to be exploite i

sel ectiv ?4&1%?1{ éFEP{ecmo%@lﬁ*s ﬁl%teu%gpmfans&%%&st&% bﬁeraﬁlg

nunmber of factors pl ace as a pivotal target in
DNAabaeelds volie hk@tm -gtougdnt 251 voltr ﬂuaeecb-tlme damiventiaphl GFCI

i nhi bitor.s of this nase

s oo rB b e p v bR HEE sl BB AR GE systems.
coo t tdl& B bB&EHANab
(SO il BN iseogy S%s@%r?gé@sgfgfﬂ pesiapie

Mat 25 kells-Begrened(e. 28 stems gred ¥ror 48998}ty phasstip-whase, which
i de val
0 O AR RES by P SRR g g s

tyr %faﬁﬁe&orgw@ﬁi, thEyhamitode dmmasa;ﬁcmaa cheegiaf ctifrents on the
receptor type (having extracel|ular, transnmenbrane and

i nt Makelted Phaseoiths Ae-aldsctadisedeacansasibt wach 3 paeifiie pat will
WhOl el tﬂf)‘r ﬁg%‘ p%@ ibd (RBGSRERETs! slstrwt Q3bRd ' 88 on

are conpr ar ge nu er of transne ran

r ecepsttmsmmd elav V25 setdto (gkcmyd(ﬁag acdDAR0 yolt kimgleg@tase system or

Cyr d2ORE o aleBrrabiasanm) Bt 'S e dep ey done feeder

Ki nagguis Rt LYot &%ﬁﬁ&méx%h Bf"@p 8000 féet) tSresult in a
conprised of EGFR ERS and HER4. Ligands

of tchpasnmb:hmngwwﬁent @m&@ﬁm@F CGldentével et b mdy.
i nclude epithelial growh factor, TG+ al pha,
anphi r egWl tommbiBv&dge usead fac ﬁglhtiﬂg' dircaitglintthe Elgitbd Btates is 277 volts

i n&5ES-PPOE (PhBdsPio-BtBmF: TSR PP dega or neutrl tht
I NS-eRystl 165 aﬁ &eééxas@@l@cth@al@ys@rﬁ?ra?%m& %Hlﬂe%@lghase (except

i ncludes t al pha and” beta receptors,

c-kit and FLK—II The FLK famly is conprised of the
ki nase insert domain receptor (KDRy, fetal |iver

ki nase- 1(FLK-1 ) , fetal Iiver kinase-4 (FLK-4) and
the frms-like tyrosine kinase-1 (flt-1 ) . For detailed
dlscu33|on of t he receptor type tyrosi ne klnases see

FNR 1N = 7 A NN PN A NN A oy



growt h factor receptor); and TEK (al so known as
Tie-2). VEGF-R2, which is expressed only on

wenadotoariéz al cell's, binds the potent angi ogeni eCgmusoh/039169
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factor VEGF and nedi ates the subsequent

signal transduction through activation of its

intracel lul ar kinase activity. Thus, it is expected
that direct inhibition of the kinase activity of
VEGRuRR {igdrperrgseided’ systems). de d tiati¢ad gitestioangydyjea eesstble

ey

beedbaﬁahme@nw deburnitiétanmtiugeoadly MihesRis tt\lblst(kffteh&}dm tfentrlcular
medi at e si g]alal transductl on, M| auer ﬁt al
&

Re siéillagion. theglestroqwg)currey the prtgrehe \y@@m p@lch

ap pﬁﬁf u%a? ﬁ%ﬁﬁﬁtufhoocfcﬂﬁcﬁhlﬁg tHerDS'tﬁ]ﬁers&fgllflé %\Eﬁd%?myﬁ@ﬁ&tance at

of nedi a I ng the angliogenic¢ activ

Th elr(E)DomHs (rafes@lce EEC T8 G0AN9-Hi FonthaEditibrg Jkiyr298) yields a "dry"
actj vi.t VEGF- R2 l.d, be e cted to exhibit
R pRh e tanes g LI PR ee Rdn i DR bags A4S

gr oMk, f/\%%h%&%nﬁl%qge stfe@ztaﬁ&d alBdhades - e aadad of 945 -
intracel lul ar signhal transduction. Recently, it has
beemhrsu ggelget wdumasargplemlhulﬂtam for 8 680wt AxstTCt rigyver voliage

e P b LEUSHBE SPRCHRER e o
aI resiCRAEEE apigdRiatatdly 1310 otﬁﬂs?%ﬁ%&ﬁes(el%&&nceﬂml liakié-to-hand

VEGF- R2, however, FG--R is expre sed in_a nﬁ%m‘zg ﬁ
d| f fegistanee i dPPO plipecorrasponds o bobherrsalfoy jpiffiamperes

T
o 0 g T L RN 1
sysb@mmonald o mbsdy atrfennflo® of 162rmlA atraotodiogt ef 2 Hhidbist Bither of

of the kinase, activ ha en,re

o1 oBR BT HIGELE BB ANE o PREHS AP (hg Erestofd of 6 mA
app ebf, ledsVROQrd Qs Rabrgizkd
599%%0ﬁ%gg?y01%{%%h2 al s%"ktﬁo?ﬂr%% Tie-2) is arr%:)t her

r eceptdoctot.\n fasit,ikesk inrrgnBudss of ewsend contegulbin entisukas fibsillation of

cel I,s .whi ch, has b n_shown

gt Ertes St BnaERY ot Be By to L e apmrpiptely
I esyhd sechitl. i FRD hempREKHE edddretutih dehms kk paacaioofiynarokt the
TEK and results in a signal transduction process which
app@af ¥olt sveledi ate the interaction of endotheli al

cells with peri-endothelial support cells, thereby
facilit aNen@xcuheﬁhaatlatmaus tims ofnsiispidyiofos thrserais) r@@étamsm of death

vesse The. f act an I et
app Ul 1| lgctgﬁ?laaé: ex{c& tg’lﬁ l f' erlgaftlogﬁasﬁlgg cff?e Hoc lgaﬂgents
TEK{135gbHthe hediH i exBek 09 @}F}ﬁ@tlﬁtathHMSﬁﬂplﬁeplﬂﬁlsBéd (aEC TS 60479-1,
Science, 277, 55-60 (1997). Pim1l.is ﬁ g;a
ser Faeth Beison: by ?(Q%ag’@ureétﬂé\gﬁteéa‘r@kb? 85197 ypriqus\iangdygption
Pl m, [ [
DN LSRR LA LU B Y i o
pr ogp;ﬁlﬁkllnmwm AR erA tmliﬂOosA}atdepmm racer of gtobabdity cluares (rangmg from
"Signaling in Cancer se andltsP

It
a9t e BB &6 PORTRHBHED LT GbiEein Sty prilation. As
Tomg %legted (AMRUBE ddfrioR Q@ﬁ])e shock is a ke?/ factor. According to IEC TS

http rjasto.utu.fi/julkali supalvel ut/annaalit/ 2004/
D61(6’>DMQ¥11 “H@r shatk alotasionsbedow 611 s, Sibrilatical méneecor fasgrrent

Sha atrg?l}{‘i es ag&{ﬂp 520@ %dﬁﬁkg? %ggcte%f ﬁ(ﬁ cgrr_e[édn%itudes in the order

(20Qp)eveldd@hPeiles oﬂlyriﬁ‘ﬁlg shevk 16l RRkih \dee hdrbble @ESo®For shocks of
protein kinases in order to treat or pr event di sease

st atsash iatevsiiearsiumtions nger then orsegard e eYqle. apversiplg cardiac arrest
Moreover, it is desirable for kinase inhibitors to

possess both high affinity for the target kinase as

wel | as high selectivity versus other protein kinases.

Smal | - nol ecul e conpounds that may be readily

synt hesi zed and are potent inhibitors of cell

prollferatlon are those for exanple t hat are
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hal oal kyl, cycl oal kyl, aryl, arylal kyl, arylal kenyl,
aryl al kynyl, heteroaryl al kyl, and al kynyl al kyl groups

wand7oaeiehet erocyclic noieti es shown i Mmedi at ebPyTASL006/039169
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for R2 can be unsubstituted or optionally

i ndependently substituted with one or nore noieties

whi ch can be the sane or different, each nbiety being
|ndependenth¥ selected fromthe group conS|st|n of

hal Bay B¢ fapped ad\dditignally,"dae yplne@%kq Reziof ppcurs @nglg the first part of

- (O RS s e idgon, Rk abBRRately 100 0f thegardiac

- S (GR)eRET A Shak) WRGRG necebiaiby) S@RINRID, eledBowidid@Hpr body currents of
- N(R5 7 and - N(R5 NRSRG, with the provi

¢ hatb W gp MR bbb B oo %@r‘f%ﬂ%‘ﬁ%‘&ﬁ“ﬁ“gsh The faster
het @k Q6MadeXburck E‘é}eﬁ'@%d B8ma ers%&h@%s@'hkely I%nﬂri%ular fibrillation

selected Tromthe %roup conS|st|ng of
- ORGHI occusREnirepRy fibdjlajaxyakieBReids t(adekayh pnla:*,slmmypt medical

ot ERS Ry RUARAIEH e R i Bp W R b M BeERECY ' ¥

\gfslr Z: Eyfl?Cﬁﬁ@%@%ﬂ%@otw&@%&ewﬁ%@g&%) y ! en?lgi}/il:dl curve

het g% @S thleshd)@ b 87 18P Ry IoY Iventﬁ@tﬂalt fsrilgbg racyektifand-to-foot
noi et i eswhose structures are shown i medi ately above

f or shRgk Ceartisurrentdadien oft L) edn be cxpessed iy khe equation:

i ndependently substituted with one or nore noieties
whi ch can be the sane or different, each noiety being
i ndependently selected fromthe group consisting of
hal o, al kyl, @y 0.2[¢508 -adaf Ky140)} CF3, -CN, - COCF3,
-(CR11R1 1) POR5, -OR5, -NR5R6, -(CR5R11)PNR5RG,

- @2) Rowhere{ O R5, -C(O NR 5R6, -C(=N-OH), - SR6,
-S(2) R6, -S(O2) NRSR6, - N(R5) S(G2) R7, -N(R5) (O R7 and
- N(R5) C(O) NR 5RE tind it Redo8s,RR@Vi SO that no carbon

adj acent to a nitrogen atom on a heterocyclyl ring

oR d f th
consi sti ng of et i P B & ) pCL 2y e
- (CR5R11) PC( O) NR5R10; - C(O)- N(R 5R10): - ORGb; - SR6;
-S(@) R7; -S(2)NR5R10 ; -C(O R6; -N(R5)S(R)R7;

(Subst i 1 GEEPRTPE R D Ryan B s RPET oo must clea

het 8o@aACH Hduirehie iR @y}CsJe}L‘J)rﬁi 6 vbidaiestricuRt Yibriflatsdcorhi Mworst
an aryl or heteroaryl group; heteroaryl het er oar yl

f us eabehpf thsheak Syl the fefhiandtoafgat. gr oup; substi t ut ed

al kyl ; cycl oal kyl ; wherein each of the al kyl,

cycl oal k‘;?d:r a wmltdhgpclrp}nlase systewr (veyohyh aolgde, of37r29 Ivolts phase-to-
fuseg aL het eroaryl and fused heteroaryl groups of

Hhe unsubstltuted or optionally independently

substituted with one or nore noieties which can be the
same or different, each noiety being i ndependently
sel ected fromthe group conS|st|ng of hal o, al kyl,

aryl, het er oak iy, = CyBIlgRRkMS - -CN, -OCF3, -(CRL

1R11 ) POR5, -OR5, -NR5RG, (CR5R11)PNR5R6 - () R5,

_C(OR5, -O(R5X=NE ORSY A, or i) N 5R6, - SR6, - S(O2) RS,

-S(O2) NR5R6, -N(R5) S(Q2) R7, -N(R5)C(O R7 and
-N(R5) C(O) NR5R6, with the proviso that no carbon

adj acent to a nitrogen atomon a heterocyclyl ring

carries @ne fAoRthathdsahlyibitethithe whglication bHEBCkxsdr wtd]lﬂagﬂs greater than
aIkX gro p of R4 |s |ndiﬁﬁn ent | substttuted vw&

one 135 Vol edp-FHEdapRAR: PRY/SteRys, 1dhaty asgiopgjed out above, all

ary f .
conds S Gl PR S sl R s RE 9P bR capacitance
aryl al kenyl, cycl oal kyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, and heteroarylalkyl,
wherein each of the al kyl,  al kenyt*; aryl, arylal kyl,
cycl oal kyl, heterocyclyl, heterocyclylal kyl,

het eroaryl, and heteroaryl al kyl groups can be
unsubstltuted or optlonally substltuted mnth one or

e . o o o e ___a N T



aryl al kenyl, heteroaryl, arylal kyl, heteroarylal kyl,
het eroaryl al kenyl, and heterocyclyl, wherein each of

woOher7alkgk, cycl oal kyl , heteroaryl al kyl, aryl, PCT/US2006/039169
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aryl al kenyl, heteroaryl, arylal kyl, heteroarylal kyl,

het eroaryl al kenyl, and heterocyclyl can be

unsubstituted or optionally independently substituted
with one or nore noieties which can be the sane or

di fiowremd, Thiadsrefonied tg avsystomichagperiernl yand ¢ destriskd below.

cyc ’FEy?lr 9%‘@%8%@‘!‘%%]“ lgrf%% on R@l i yst a%k@’tf%m exceed

C(tmhdﬁﬁmalr €@ NRSRIIA of GBCE Ne@chs and@é@ﬁﬁ the miffddce tripping of

-S NRS5R10, -N(R5) S(O2
-N%%c}@lrejeﬁfgg%éts RS et 5 PRI IR 1 e st tias o
Q%P group consisting of R6, CR6 - NR5R6,
)NR5R10

-S(R)NR5R10 , -C(OR7, -C(= N—CN) NH 2

N R7
s gl( ec:?e r ()lﬁ% t E‘gtt(g ?%%81{:%% glrag? ’q%ga?%rree ﬁ’g %e Souffﬁ s shown
- NRGRIIB] viaGh4R pRése linek £) BRERDG: pair (XeNsODAD1 GRBLOAD2

" NCRispeh B R m%%?%?%s@&@?@%%aﬁm st pss
selgef-ody épemm%atgﬁﬁﬂ%et es%gﬁxta{ﬁ'}ﬂlll‘ﬁﬁale%l'*‘@ ks; su%méb the

aryl al kyl, cycl oal
h etdept@@}bin}ts SiFRYl andf@F&IrZQm:ydsed armoﬂee(ﬁx&rmedhy&hlainky:h the

oy aF s ih e e ey Spepto e e sreapdggive symbols 'y

h etr@% aiihg thRHRIES @ﬁ)‘c\&’lk&%b@d&%ﬁ&%pﬁ)r @??d?x f@@der line. The system
unsubstituted or optionally substituted one or

norcélarwagewr@gt Whi ©h thedhedse cir¢iit todi@A B cali b¢ earlevdated &auhthe

[ I ct om t he roup
cortar SpR el RS ARy v aFfTRh B b oot
heterocyclylalkyl CF3, OCF3, CN, -OR5, -NR5R11

- C(R5R11) p R9, - N( R5) Boc, (CR5R11) POR5, -C(2)R5,

- C(O) NR5R1 , -S@BH, - SR5,

-S(@) R Jc: s?é@) N@b@i/xm N( R5) S(®)R7, -N(R5) (O R7
and N(R5)CKC?@R5 ; or optionally (i) R5 and R10
in the mepet ylQ théﬁno , or (ii) RS and R6 in the

noi ety -NR 5R6, may be joined together to forma
cycl oal K¢tteror heterocyclyl noiety, with each of the
cycl oal kyl or heterocyclyl npiety being unsubstituted
or opti doat ISystemdbpencgeniient deinpp gutnst-favits mchnvietds; one
or nore RO groups;RL 1 is H halo or alkyl; mis O to
4, n is I3 toSysterabharpinguireit@f4actiptiabe dlrtngpiodmbiSHStem
that (1) when R2 is alkyl, carboxyl, phenyl or

cycl oal kyl, tobRditifE (nd pEethaghele), ff HPeRT oup

consi sting of - NR5R6(I<':1l © -C(O N( 25 T al Ey%

aryl al kyy L=h§51§5rﬁ%f1€ltéﬁlme k}eﬁaeg”eowfxl al kyl ;

het er oar yI'; heteroary al kyl'; Wwherei n each of the

al kynyl % nyl ]yl al kyl,
heteroarf% ﬁg% f%gﬁgﬁkﬁﬁggéﬁan el€8&ﬁ£?ﬁ¥gtyclic

noi eti es shown i medi ately above
for |swﬁﬁ§§ﬁ§%&%h{gggg% |ﬁdependently substituted
Wi th one%ogéyo 3 noi et i.es ich n be the sane or

di fferentd edalt ?ﬁ?lcéf’%fmﬁ’é‘fen "SR SHEERRPPdS e | ect ed
fromthe group consisting of -CN, -NR5Re6,

- (CR5R11) PNR5R6, - C(O) NR5R6, - S(O2) NR5RG,

-N(R5) S(R) R7, -N(R5)C(O R7 and - N(R5) C(O NR5R6; (2)
when R2 is halo, then R3 is selected fromthe group
consi sting of-OR6bD.; -SpR6b.; cycloal kyl ;

het erocycl yl ; heterocyclyl al kyl; wherein each of the
cycl oal kyl, heterocyclyl, heterocyclylal kyl, and the
het erocyclic noieties whose structures are shown

i mredi ately above for R3 can be tmsubstituted or
optionally independently substituted with one or nore
noi eti es which can be the sane or different, each
nnlety belng |ndependently selected fron1the group

o o R P ———.




fused with an aryl or heteroaryl group; - / ; wherein
each of the al kyl, al kenyl, alkynyl, heterocyclyl,

waebwroatgel yl al kyl , hal oal kyl, cycl oal kyi, aryPCT/US2006/039169
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aryl al kyl, aryl al kenyl, aryl al kynyl, heteroaryl al kyl,
and al kynyl al kyl groups of R2 can be unsubstituted or
optionally independently substituted with one or nnre
noi eti es which can be the sane or different, eac

moi ety Béingghe ﬁlzié/s@qu@tr;tns Jorgel Iemta sEmabargRg WE(IC) at 480
2323 Lt‘sjlkt gal%&%}ree-mduéﬁwgﬁlye? &ﬁg %{5‘%31{ %%@lhc C%R:%ut ofa

- NRBBS &t led@R5RAIA9:PNR5R6, - C(R) R5, - C(O R5, - C(O) NR
5R6, -SR6, -S(O2)R6, -S(O2)NRS5R6, -N(R5)S(O2)R7,

-N(RS) (O R7, -C(=N-OH), and -N(R5)C(O NRSR6, with the
proviso that no carbon adjacent to a nitrogen atom on

a heterocycl y i pg3§(ag(;)|/@s()la ORS noiety. In other
embodi nents, R2 is selected fromthe group consisting

E)CS( OZC;:ﬁIRShl o h%éggg%g%r phﬁ% @%l&og%%glg‘geder cable

al kenyl ; al kynyl; heterocyclyl; heterocyclylal kyl;
hal o; hanaIkyI cycl oal kyi ; aryI aryIaIkyI

aryl al k | al roar al k

aI kynyl jfﬁ?/‘lthe 9 Ca%%ah\ﬂf etf?% ﬁesé ?ﬂce ¥t iy X RPN that when
%rsdﬂx%@dh@@ﬁly tierfiededloanivdl phésetddndichdrNt B dufvasd@to putting a

with an ar%¢ or heteroaryl group; substituted al kyl;

- / rem@tm‘—gg order of PS50 ohppl|in pammiley vAgh N 6RS00 ohﬁ)d:apacmve

wher ei I

N R T
ar yleadiky to, thesolred, kedilost (ﬁ'ﬁh’é airkyﬂwill tahettermae dirattpath through
and al k nyIaIkyIQﬁ ﬁﬁs of can be unsubshltut d or
optthe haq)(x igsisianesp TEh Fslabls isi the,pstpoys Reyirghgrogpdipg fesistor and
noi ceah'vgé' %hczprog‘gﬁstgxg: tfgfa foug&léd; &Rt to £RM hundred ohms
noi ety bei ng | ndependently se tﬁe group
confer sthighgresiftahal grouralel yjrstera,rtylan ntfatl'er\{ahxe)ibl; an ungrounded
cycl oal kyi, -CF3, -CN, -OCF3, -(CRl 1Rl 1) POR5, -OR5,
- NFEYRIST™- - ¢ =N- OH) (CR5R11 PNR5R6, -C(2)R5, -C(OR 5,

-C(O) NR 5RS, S(O 2).NR5 -N(R .
5) S( C2) R, the N(upqg)t@t @)aplp}e g,f@lult N(q:qyg,))f M(S r §pgs to, QD1 will be
t heseﬂ%1 f@FéﬁaNofEQthaars Q@ﬁcﬁgl arent 1n¥:l‘&d@s PeifRILEKRE OB and a
on a rocyclyl ring carries a - 5 noi ety and the
su bg'oumcufeexdi seshsoy Heteatianrigeise hiksn tthat 1sub$ladttuaa dvewall kore-
one, or nobre of th

bR e e rErer Lt R ol tyRh A en s B andg (as el

of hah®neuMPeor athigeRhdke, foq QiR s@stemSR@sed} MHakh 69 ﬁé@hﬁﬁx‘cwe
S5R10 ; al kyl; al kenyl; al kynyl ; “aryl; I al kynyl ;
het dtaoang: tarrentssin dhiheesarhasd load eongukiprs (aa kel sum to zero for a
al k I a

%a%“cs% ﬁ%babagx{:éq ]%?Jfé«g}gcfrm%np??lggr éq%lgﬁg eebngg %ﬁﬁﬁg%ondltlons
su bﬁlte ichpHcRI/e\WhargingRrests 1Ry i@ aliahet pﬁﬁsey\@ﬂe@quﬂatﬁd fs&mttb gero.
same or different, each noiety being independently
sel ect edi kAW AAElcOe %lﬁ%&hﬁﬁqﬂﬁ&d% tmﬂnqm-ahkydcondary
aryl, heteroaryl, cycloa CF3, -CN, -CCF (CR

11 ReyvirthiORS , of (RS prdﬁRBR@aP/tO(thRV@mIE} msﬁele calca(c@zoemaarglﬁg

i N( ﬂ%;egfsc%}v%?g I\lﬁ? %xrg% E'(lechgdu)cto s%') %a_dkss'(l 2ANRRRin is below

- N( RB)edbte)NRe® RPeshvidtaliie 8/ pisally 46 6trhAY, tiehet AR ditluced in the

adjacent to a nitrogen atomon_a heterocyclyl ring

car poreof §T1 agRsommspendingly rihe faircuarpioadurs s 1t|se2nul§ -turn
phe Y,

fur gé’rﬁ:o{lda??%m% \Xﬂb%lrc]i%{q%leﬁ) Ynt+ @Fg('lenwzlé ¢ ﬁogﬁe%fﬂ ¥ lt1'1p threshold
2, 3tldidoy.dr obenzof uranyl, 2, 3- dlhydrobenzothlenyl
indanyl, 1,2-benzopyrany|, 3, 4-di hydro-1

, 2-benzopyranyl or tetralinyl, thén R3 is sel ected
fromthe group consisting of -NR5SR6a with the proviso
that R5 and R6a are not Cl1-C4 al kyl or C3-C6

cycloalkyl C(CbN(R 5R6) aryI; aryIaIkyI

o, o o o, o o I o, o



_NR5R6a. _0RG6b. SR6. .C(ONR 5R6) ; alkynyl;
cycl oal kyl ; aryl; arylal kyl; heterocyclyl;

woebtm@roatsel vl al kyl ; heteroaryl; heteroaryl al kyPCriuse®sn39169
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each of the al kynyl; cycloal kyl, aryl, arylal kyl,
het erocycl yl, heterocyclyl al kyl, heteroaryl,
het eroaryl al kyl, and the heterocyclic noi eti es whose

structures, are sho [ abaove f R3 can be
unsubst i FUPEEPERC %n%ndﬂ‘gf ﬁ%“ﬁ‘&élﬁéwdemm ng Yhkexaepdiag the
Wi t 1 QR61dAEvAIBhEditR Ik ihESrehl EihsERMeP Rl & h Hglgly

di fferent, each noiety beln? |ndependently sel
f r ol’halehweecg"s @tubmm@ﬁéxr @ikﬁlh@Bb s lredd i itsedléoph stager Ylowever, should a

%gaﬁgl %l d(;"}ﬁg ’p%%l?%w%':wt) 'Igc;'?& F@(Ré) Y—@l %(%O}s'\sigbrted to

5 R6 rouﬁBﬁhe véefordl ¥ of tha(ceBacRbue ch dﬁ%ﬂ@ in lines A', B', C' will

-N(RSRS(OZ R7, -N(R5) (O R7 and -N(R5) C(O) NR 5R6, with

t hen® Qpgpisls levrdharyibe gupshol! Y?é'jleaé’@fht etcerrespanding gant eursn
ﬂldﬁ&%@ﬁgﬁé’ gl %/AdaF}nggldﬁ?ngl%x l%ausfer e ¢ i?%}e%tlyﬂ tre!n@former of

other e selec
con&iFst it ecotne-uNBHRGR, arldRGb mrelSRBreake(z?(CQ IN()Hht‘éRﬁl)t the feeder

al kynyl.; cyc | kyl ; aryl; | kyl; heterocyclyl;

het g‘lr%% Bﬁﬁ‘%ﬁiﬁc}/dﬁ@tt@%‘é’}‘ ¥a‘-ﬁteq -eroaryl al kyl ; :

substituted al kyl; wherein each of the al kynyl;

cycl oal kit maﬁdwtlonaqsypam g durtheraioiqdigyrag-yil and as will be further

het ﬁﬁafsx&i lyél@\%v Kdfiin [Pﬁéﬁ{lﬁatﬁ {mb ll‘h%tcgcf (?'E%E?{hlé‘y emst%ﬂl respect to
eterocyc ruc es are

| rmgnhuad elsy fabewme‘n@ ﬂomcmmﬁz amislh & pHagescRl” ﬂrd C" of the

o o BT p AL L S
erI %LMC&D@) ‘TEeéeQQ@ E@H&ﬁg‘ Eelnyreﬁﬁi ﬁ%t fBte E{p%@ tBQ ﬁoxg-ﬁﬁll}‘t@d feeder

consi sting of , cycl oal
CNc:rcmp‘igle re(udmg mmmqq:z@ases-th%eneratjﬁﬁ RS a fault current in W2 that

(CeR%:_lgl %@%éﬁ%ﬁ)ﬁé&% o, ﬁ(c%(%NRS% essary “nuisance”

-N( Rﬁ)ﬁd@hﬁ%}lda;@dvoﬁlécRS)C(O) NR5R6, with the proviso
that no carbon adjacent to a nitrogen atomon a

het er ocy ¢hyk id ih0ga ﬁé’erdrfbfé‘& GECI s$3om T thle¥-pha@dpph&lifoind
the substituted al kyl is substituted mntﬁ one Or nore
of phecipddyvaperading i Vsdtagtsmhmvh Y emademmg a gR3uridsfault pickup

sel ect d fr n -

SREST 1&%) ﬁl?] %Egy‘g R faﬂn 9|theq8¥vyﬁ gpﬁyfgue hum l?ét -go"
het ereshy Rl off currb@t), ane Guedlyvial tki)b'wﬂlfh?ﬁeﬁé&@éé@onds of a ground-fault in
het eroaryl al kyl ; wherein each of the alk

ar y PXIeRS 91, Grstest lees) of §ImA parvaiie 929 . @@ secong for ground-fault
net et ¥ oxBRIROBAN K@K Hla, and the heterocyclic
|es m%ose structures are shown |nned|ately above
for an be uns bstltut .
i ndependeH‘Eﬂile)}mg{fb Skl é‘&e‘af Cgﬁgf 3 ?te%ﬁ%t il qgiqkbgdetermine
whi ahhichdiheth@s bée fadre «ad vl fidtef@mtthe Radd cirohieindldagigbat line
I ndependent |y selected fromthe group consisting o
hal @/thqltmmer elapg,wlth gwp@mtlgy lof othgrfgeder cicuitsaetlzs system.
-(CR11R1 1) POR5, -C(=N-OH), -OR5, -NR5R6, _
( CR5 R1 1 JrPaddiiee, to Ly acdzmsges-o@(d@) GBI SYSIe@) (RerHiRE, aboem avoid

) N( % gg%kﬁwé%ﬁ@ aﬁﬁf q)1° & eﬁfrg)c\?flg ala%c N%fe%cp;( %ected at a current

adj sasiivity @f 8 td130 frﬂg%ldi@mr@lﬂlrﬂlzbﬁ% paet@adtlagt.i NY
carries a - ORS noiety. In other enbodinents, R3 is

selected fromthe group consisting of -NRS5R6a;
-C(C»N(RSRG) ; al kyl; al kynyl; cycloal kyl; aryl;

aryl al kyk gepcycl yl; heterocyclyl al kyl;
heteroaryp hé&eroarylalkyl; substituted al kyl ; wherein
each of the cycloal kyl, aryl, arylalkyl, heterocyclyl
het erocycl yl al kyl , heteroaryl, héFéroaryIaIkyI
substituted al kyl and the heterocycllc noi eti es whose
structures are shown i nmedi ately above for R3 is
|ndependently substltuted mnth one or nore nnletles



-N(R5) Boc, -(CR5R11)POR5, -C(Q2)R5, -C(OR5, -C(ONR
5R10 , -SOB8H, -SR10 , -S(2)R7, -S(2)NR5RLO ,

woRRINEEE2) R7, -C(=N-OH), -N(R5)C(O R7 and PCT/US2006/039169
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-N(R5) C(O NR5R10 . In other enbodinents, R3 is
selected fromthe group consisting ofln other
enbodi nents, R3 is selected fromthe group consisting

of In other enmbodinents, R4 is selected fromthe group
consi st i Hgs Serefar an objesirofdigpresent tRenifomtp pry\iroyREaproved

1 A S LA g

5R186 systdme fal owitcuy baushgtrmusanmhgphapkqﬂs to abyfauled gircuits of the
fused WItB an arw r heteroaryl group; heteroaryl;

het g}"BHPﬂ? p]o}ygxé%lp ytSPfStS‘ﬁ‘ aryl o r heteroaryl group;
substituted t / &c H2 ) mNR8 alkyl; | aryl-

N N-R8 VAQPSPF bJ?C“Ne of Pregorespt iNFenSioR s ogwpds AEeas tora

' il R%%%E@ééa%&t@ &_\;r tggkrhﬁg&aq%%f@%?%ﬂ%ts;@h%x?@rg%u&%e—phase

- N( Po®3:13yQe ) dRiring -aGiWjor R{dR-15RA @yound-fhiiRark) G(ta)Bby avoid nuisance
et erocycl yl; heterocyclylal kyl;
ar yglp&%@&{}l%P%Ré‘uﬁ%‘?%‘F%tﬁyy %/used het er gar zl I %

ot her enbodl rrents R4 Is selected fromthe group

consi st i Al gnotherreblectiypey thp prasent ipveptiea 1) tpEfO) s RIGT system
hyd r

ol U e 1R sup Bl R 1B e f¥imination of
be whstebsithin teexystom thpfaubinedidies and bsitses unmddlmetmtennpnmrof the

rmi ties whicgl an be the s each
ror Gt Bes il bR b ek sl
t f hal CN,. - OR5,. - SR5,
i g?séleic' NIR%%G Y. RSB Prsfeyadrestodinegts of %emsemamwn‘@ﬁdncludes a
CI:Fgluraldﬁy CI ﬁﬁ'f@sogfd%'htsrf)llg%ofnﬁngm# Lﬁﬂdbﬁﬁl't Eﬁ‘&ﬁ nterrupting
aryl or heteroaryl groups wh ch can
sanmsystem @orfuse irenthreenphase powdmtulhdmpemmkhml@cbhg attlerde-phase

fromthe ro onsistin hen .

t i g R St RO e s SR s Rt g  ghurelity of three-
embggligiRife folifbr bi?cxﬁ@%@ﬁxib%fe&i'acﬁid@ﬁfé'rﬁéiﬁ eflcit. hGREBunit is

aryl or heteroaryl groups which can be the sanme or

di f berveded iatht maie ckewhatidn @p@mféhq faﬁd@enr@mt% d’he contrallee
gr oup .consi f
fur agri: tfnuousﬁ %‘rhonggrglt%é%go u(IF})FS Clp\%/mtl an%ﬁ each Ez n@ r&ﬁﬂ% nl%mt to F_cigtermlne

is s\elleﬁaﬁ@dzhélre@rfhﬁlhBasgfcommecpaaﬂsins{eﬁpmgs@tfheﬂetb Qitblﬁ}ﬁpts the faulted
enbodi nents, R4 is substituted al kyl
i ndéﬁ@ﬁamwbgw@mgm dlp Wfk“fﬁugﬁ‘é%‘?mﬁoﬂée laﬂve% HECI system is

foII

Bl ol LSl el ey, BEHRASAL g vl ot
- NRER6s-phdsEBxRIMY. PNRSR6, - C(R) R5, - C(O) R5,

-C(O) NR5R6, -SR6, -S(R)R6, -C(=N-OH), -S(O2)NR5RS,

- N( R5) S( @a)iRportat¥aBegridge)dRtheteseniNaRontichGh ﬂB5R@roxXMdsfa GFCI

the proviso that no carbon adjacent to a nltro en ato
on AY$i&h &b egreimymedigiply d&&me& poyver fropia ptliet ye edprpircuit without

o EReETe e of Moyl itk 8“%6%?%""‘3@ ¢ <o

heterocy a 4 ero n, eac

ol d et Brbincl Rlabiiel ot t@?%&%ﬁ%ﬂ e RSt gmsgi?ie% ORI system
or api bﬁﬂﬁhﬁﬂlydlatﬁl@@@%ﬁﬁ@ﬁﬁﬂtydééihﬁﬁd the/b@ecabt the GRS, Miterrupt the
nore noieties which can be the sane or different, each

moi &awtep sirpigt ansdupventitbsintprraptionca any periaulied cigeuitsp
consi sting of halo, alkyl, aryl, heteroaryl,

cycl oal kyl, -CF3, -CN, _ OCF 3, -(CR 11R11) PCRS, - OR5,
-NR5R6, - (CR5R11) PNRSR6, -C(O 2)R5, -C(OR 5, -C(ONR
5R6, -SR6, -S(2)R6, -C(=N-OH), -S(O2)NR5R6, -N(R
5S(R)R7, -N(R5)C(OR 7 and -N(R5) C(O) NR 5R6,

wherein R5, R6, Rl1 , and p are a$-defined earlier. In
anot her enbodi nent, this invention provides a conpound
of the fornula: wherein R2 is a pyrazolyl, R3is

p| per| d| nyI and R4 is pyrazol yI , vvher ein each of sal d

o L L Y L o " L T Y 1




noi ety bei ng i ndependently selected fromthe group
consi sting of halo, alkyl, aryl, heteroaryl,

woyael7maticy! , - CF3, -CN1- OCF3, -(CR11R11)POR5, POR%S2006/039169
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- NR5R6, - (CR5R11) PNRSR6, -C(Q2)R5, -C(OR5, -C(ONR

5R6, -SR6, -S(2)R6, -C(=NOH), -S(O2) NR5RG,

-N(R5) S(Q2) R7, -N(R5)C(O R7 and - N(R5) C( O NR5RG,

wher ei n Eﬁ%% R11 , and re as O%efi ned earlier. |In
anot her gndrather OliJPﬁt%aIF ARIABTH QiR pratest mvewinsouiiono
of 4bbiibeE Apattelo8hobeRRilled 1rpbﬁ%%ﬁoc4fﬁélr % following

pi peri di nyl é) I's propynyl. In anot F 8o ?

t hi éetamﬂedﬂscrqmopmddmaka reﬁarqnomtuihese\tem ﬁfgufewf e drawing.
wherein R2 is 1-nethyl-pyrazol-4-yl, R3is

pi peridin-3-yl and R4 is propynyl. In another

enbodi nent, this invention provides a conpound of the
formul a: INMMTHE DRAWINS: heteroaryl, R3 is heterocyclyl

and R4 is al kenyl (substituted with al koxy), wherein
each of sal ﬂls@%ﬁl@én@:ﬁfc)@nrcéi@@ha@%"r@ﬂ@@ﬁ‘@t npla 57 aR8hree-phase circuit
unsubstituted or optionally i'ndependently substit utp dS

wi t hagaza &FGlwpis noi eti es which can be thesane or

di fferent, each noiety being independently sel ected
fromt heF'g;r daips ¢ omsling dingraof oftied ¥;Hahksimulatioy land the assumed

het Bhaa: %ﬁfﬁh g 0%%3" éq\ﬁg%gelop Mgm fsthe text hereof:

C( @) R5 %&R Ol% ) NRBR6, - SR6,

- 5 O2) ReFie: 3iths P@Péesc cir 3%%‘@2 yefratiogp HsseplgpRpPOwpISUPDlY
- N( NR5RG i p IS
def F?ae%ﬂe%{r M er tlpI n gﬁ%?ﬁ%ﬁmﬁoﬁ%ﬁ Ste@ﬁﬁgpﬁoﬁé/agﬁ??’gr}% 2
pr opiefesedentdmdpoam df the présentfiovemtiba; wherein R2 is
pyrazolyl, R3 is piperidinyl and R4 is al kenyl
(substi t Higad3am Toheratifegrays. illhstrating tHeasurentdistiibetiins of Ai"solidly
i nvent |8 Pprovides a conpound of the fornula: wherein
R2 POUGhSKSIFDpyr azol -4-yl, R3 is piperidin-3-yl and
R4 is 3-_(nethoxy)propylen-i -yl. In another )
enbodi meRtgs- 44 are dieatamsdllpitiling &y carentghetion of aéhigh-
for @éfean@@ggoelh&d] %gmhet eroaryl, R3 is heterocyclyl,

'S

and Wherein each of said heteroaryl

?23622332}&@% y%ba‘%??&ag Sl TR bR <GPy bRt en

whi eingeaundbe” dypemsanme or different, each noiety being

i ndependently selected fromthe group consisting of

hal o, alk 61@5 Hbw chat ﬁﬁﬁﬁﬁﬁfd op%i/a%'oﬁ%kﬁﬁé'pro&g:ogof FeN2 in the

-OCF3, -( 1) POR5, -

-( Cwmiwmmded@emt) mtem o e R5 C( O NR5R6, - SRS,

-S(2)R6, -C(=N-0OH), -S(R)NR5R6, -N(R5)S()R7,

- N( R5) C( 81gR7 1emflow MRS 106 @) thiR5R61atinh ef dierpr&essoR6f Figl2 in the
[ lier. In another e Odl ment

e B R P oy P E- ESHBGRHEC B VAET 85
wh i i | vi R3 di I d R4 i
el oo oba & R aRe e Of gl%ﬁﬁggﬁ%hceﬁllponents of

pro

D eRpT PEGEEPRURE il 1% QPR ndie if p profored
cyckmpodipeht oflthe presenbavertidodi nent, this invention
provi des a conpound of the fornmula: wherein R2 is
heteroaryl, R3 is heterocyclyl and R4 is cyano,

wherei n each of said heteroaryl and heterocyclyl can
be unsubgtEtAtigh PESORIpaIaN Y i ndependent |y
substituted with one or nore noieties which can be the
sane or different, each noiety being i ndependently

sel ected fromthe group consisting of halo, alkyl,
aryl, heteroaryl, cycloal kyl, -CF3, -CN1-CCF3,
-(CR11R1 1) POR5, -OR5, -NR5R6, -(CR5R1 1)PNR5RSG,
-C(R)R5, -C(OR5, -C(ONR5R6, -8R6, -S(O2)Rs,
-C(=N-OH), -S(O2)NR5R6, -N(R5)S(Q2)R7, -N(R5)C(O R7
and -N(R5) C(O) NR5R6, wherein R5, R6, RL 1 , and p are
as defined earlier. In anot her enbodi rrent thi S

o o o M Y B R T



In anot her enbodi nent, this invention provides a
conpound of the fornula: wherein R2 is

wa-20toayle2 pyr azol -4-yl, R3 is piperidin-3-yl ardTR42006/039169
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1- hydroxyet hyl . In another enbodi ment, this invention
provides a conpound of the formula: wherein R2 is
heteroaryl, R3 is heterocyclyl and R4 is -C(O R6,

wher ei n ach of said heteroar and. het erocyc] vl n
be- UnsubSPrOUREEPBr v EE PPyt ddisanieen i, whfE workers
Su b%hfd’él@ﬁ!ysﬂx%ﬁls@ @@fe%orﬁ‘ib%a%hﬁ& 29 Wdéﬂéﬂe@@z&éﬁn@ elotcﬁﬁlg out"

same or different, each mdiety being |ndependent y
sel ereuit mquréecbmm apd ét@ﬁim&hqﬂvrg t@ichimf ¢he ctcitlin order to

RS S hara Y e oo Gt gl ey A,

- (D Rever; OFDANRCiEEE: re &@B@ocurﬁét@bg%zens@féw &bl fatalities dating
-5(02 NRSR6, - N(R5) S( 2) R7. - N(R5) G(O) R7_and

- N( sk ¢ &) NiRmdisate ﬂréﬁ diertent cquact pithicnergized nariahes happened far
def foggﬂlteﬁ%ﬁltﬁeq{l%hég{oﬁ{é%tsﬁﬁg?qngd' ment, this invention

provi or mul a: V\hereln R2 is

PO 220 o A E B0 A M

C Oﬁaﬁtﬁhdt}@ﬁgﬁ Dperb Ol Hd@) ol dan B2 chlBulated to be in the range of 220
1- met hyl - pyrazol -4-yl, R3 |sﬁgé&fr|d|n Sf/ and R4 is

t Ayt ©AOB amdy For exarapls: wrine 1B 9 e, PopHiagop niasdtipdiand body
pr 0
het S o YIPAIRLSR dORRCT LIS THRRLRLT, (Polifent will be 277
eactolof/ %QIOMF)O 29 fmepeegar 990 add Aselienssey ab(yste frmrprd)imble

A T e,
di f fRueMtis 11Res PerS® @Jn)‘lop‘?‘dlﬁlﬁaﬂl?q&%%ﬂg}?éﬁtﬂe)bﬁﬁé £@kRthn exposed

fromthe group consisting of halo,
h et bve)wnv lor Oﬁ:tylc Ieoaigieyd" parCHYs is @mbrlempeseque{r@mmm in order to

a@(xil))v?\r'%%ar 1 t10n é%)ﬁl %Il\l%oﬁﬁiedfbgﬂ% é%ﬁ:é&g)be

- N( Raove@&bhthe pH@B’ﬁ%ﬁﬁ@ dﬁﬁrcﬁ{ﬁlﬁately(%)ﬂ OsdBARGS the shock
wherein R5, R6, Rl11 and p are as defined earlier. In

anotfhféﬁftloérf@wfih@éh?umtfﬁﬁ@gpﬁ&ﬁ@rﬁfﬂ%“ﬁﬁow des a conpound
of the fornula: wherein R2 is pyrazolyl, R3 is
pi peri di B thesislofthe prespitanydntion s thaicinag sevivddeedsn eircuits

wh Pstéalnﬁ\g/ %%&n:gge t]fp ﬁé%"ﬁ%egsoﬁerr gé)%?oiﬁ] dﬁ:l%uﬁfb(s%rfle%rcmméltﬁle highest

pi p@étb@ihlﬂe groshd-dnd: ddrenswilhenghb fadlt@d aireiihefis envisioned that
enbodi nent, this_ invention provides a_ caonpound of the

f or AelPERINgHAERS vwhigocircyitfhas Hiedughest mpggituge ﬁfe?(eéﬁeélo%f@}“ﬂ -fault
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ande L FathSe e tresp G e BAGHR PR AL A horing the
I nd&Fe daitd leypestibady hisotiatbdwyitththe mairociramitraad i everabfeeder
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1, and eas defiped earlier. |In another

bR V- HHIRISAORNES ROPPYITT Bregran thighishisaentoachphase of
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R2 is i-nmethyl-pyrazol-4-yl, R3 is piperidin-3-yl and

R4 is furan-3-yl. In another enbodinent, this

i nvention provides a conpound of the f or mul a: wher ei n

R2 is heteroaryl, R3 is heterocycmﬂ and R4 is

het er oaryl , wherei n each of said het er oaryl and

het erocyclyl can be unsubstituted or optionally

| ndependently substltut ed W|th one or nore rml et| es




-NR5R6, - (CR5R11) PNRBR6, -C(2)R5, -C(O R5,

-C(O) NR5R6, -SR6, -S(2)R6, -C(=N-OH), -S(0O2)NR5R6,
woRNRINEEE2) R7, -N(R5) C(O) R7 and - N( R5) C( O) NR5R6T/US2006/039169

wherein R5, R6, RL 1 , and p are as defined earlier.

In anot her enbodi nent, this invention provides a

compound of the fornula: wherein R2 is pyrazolyl, R3

is piperidinyl and R4 is al kenyl. In another

enbiénsi diegsem of HesV Hep@rsimelation o the assumed ppemsterofor theesystem
forlggghgj %Vé@% %})lé%h'o&'n'b hyl -py tazol-4-yl, R3 is

pi peri Is -C(=CH2)-CH3. In another

enbodl t hi OVI es.a co und. of
e T e e
an dsoBﬂlyl- grdmtl@r @ighydesmmhw @bihdeaCdhdagfotihded) ThedeQREWes of fault
and heterocyclyl can _be unsubstituted or optionally
S | ndepetaaenyey sgr%%t@qi faireaeh Wwpe Al visens zethansipirenrpeyt the
whi
SRR SR, A IR ERRL LB R e oo
hal merscal Kyddy a&tlyl480h&ﬂt&wstmmydoltam ahddb,BH0 ohmCkeIreprett the 6

b e e e T S

-S(R)R6, -C(=N-OH), -S(O2)NR5R6, -N(R5)S(02)R7,
-N(R5)C(O)R7 and - N(R5) C(O NR5R6, wherein R5, R6, R1 1
, and p are as defined earlier. In another enbodi nent,
this invention provides a conpound of the fornula:
wherein R2 is pyrazolyl, R3 is piperidinyl and R4 is
pyrazolyl. I n another enbodi nent, this invention

provi des a conpound of the formul a:wherein R2 is

1- met hyl - pyrazol -4-yl, R3 is piperidin-3-yl and R4 is
1- hydr oxyet hyl pyrazol - 4-yl. I n another enbodi nent,
this invention provides a conpound of the fornula:
wherein R2 is heteroaryl, R3 is heterocyclyl and R4 is
heteroaryl, wherein each of said heteroaryl and

het erocyclyl can be unsubstituted r optionally

i ndependently substituted with one or nore nvoieties
whi ch can be the sane or different, each npiety being
i ndependently selected fromthe group consisting of
hal o, al kyl, aryl, heteroaryl, cycloal kyl, -CF3, -CN,
-OCF3, -(CR11R1 1)POR5, -OR5, -NR5R6, -(CR5R11)PNR5RS6,
-C(R)R5, -C(OR5, -C(ONRSR6, -SR6, -S(2)Re,
-C(=N-OH), -S(2)NR5R6, -N(R5)S(Q2)R7, -N(R5)C(O R7
and -N(R5) C(O) NR5R6, wherein R5, R6, RL 1 , and p are
as defined earlier. In another enbodinent, this

i nvention provides a conpound of the fornula:3 wherein
R2 is pyrazolyl, R3 is piperidinyl and R4 is thienyl.
In anot her enbodi nent, this invention provides a
conpound of the fornula: wherein R2 is

1- met hyi - pyrazol -4-yl, R3 is piperidin-3-yl and R4 is
thien-2-yl. In another enbodinent, this invention
provi des a conpound of the fornmula: wherein R2 is
heteroaryl, R3 is heterocyclyl and R4 is al kyl,
wherei n each of said al kyl, heteroaryl and

het erocycl yl can be unsubstituted or optionally

i ndependently substituted with one or nore noieties
whi ch can be the sane or different, each nbiety being
i ndependently selected fromthe group consisting of
hal o, al kyl, aryl, heteroaryl, cycloal kyl, -CF3, -CN,
-OCF3, -(CR11R1 1)POR5, -OR5, -NR5R6, -(CR5R11)PNRSRG,
-C(R)R5, -C(OR5, -C(O NR5R6, - SR6,

-S(R)R6, -C(=N-OH), -S(O2) NR5R6, -N(R5)S(Q2)R7,
-N(R5) C(O R7 and - N(R5) C(O) NR5R6, wherein R5, R6, Rl 1
, and p are as defined earlier. In another enbodi nent,
this invention provides a conpoudd'of the fornul a:
wherein Ris pyrazolyl, Ris piperidinyl and Ris
ethyl. In another enbodinment, this invention provides
a conpound of the fornula mhereln R2 |s

o I 1 I ) -



formul a: wherein R2 is 1-nethyl-pyrazol-4-yl, R3 is
pi peridin-3-yl and R4 is-C(=N-OH)-CH 3. In another
wenhodument , this i nvention provides a conpoun#Cofustdee/039169
fornmul a:wherein R2 is heteroaryl, R3 is heterocyclyl
and R4 is a ketone, wherein each of said heteroaryl
and heterocyclyl can be unsubstituted or optionally
i ndependent|y substituted with one or nore noieties
whi ch can ?‘F'&he same or different, each noiety being
i ndependentTy sel ected fromthe group consisting of
hal o, al kyl, aryIFred]em@Hm)n-yj cycl oal kyl, -CF3, -CN,
- OCF3, (CRl IR1 1 - NR5R6,
- (CR5R11) PNR5R6, SO 6&5‘?@3“09@(%)? RV = LQYNRSRE, - SR,
-S(R) R6, - C(#N- GrdnsrormtrO2) NRSR6, - N(R5) S( O2) R,
-N(R5) C(O) R7 and -N(%)WAO) NR5R6, wherein R5, R6 R11
, and p are as defin ﬁ&qur I n anot her enbodi nment,
this invention provi gﬁﬁ@ﬂ‘l‘f@’"@)?‘ theryyefiyarias| imthe analysis.)
wherein R2 is pyrazogy 4 4% is piperidinyl and R4 is a
ketone. In another enbodiment, this invention provides
a conpound of *t hd8®\bFeaden: (Tmepaeamermare sstimated based on a three-phase, three-
1- et hyl - pyr azol ;vozm&rgem 1 Csmp PFLPrs B Sjael eoRey ?F?Zhﬁlf%'sﬂonewfafexceﬂf
o O) CH2- CH3. |, fjfs wtca cr%per P Pent QUPLPRng sRNductor is run with all

provi des a corrpound of= U}@g{)QFmggow;@ﬁ@@dn R2 is

heteroaryl, R3 is hetetacyahyio &R cRhsitBo ket one,
wherein each of sai dcaeytontigier oaryl . and heterocyclyl

can be unsubstitutedcoe grite@al |y | ndependent |y

substituted with one or nore noieties which can be the

sane or di fferentLOﬁCié‘vaHhe h@?set obettagyiniemare mr@aémybyanfzguration for the
selected fromth e@ﬁ@ vl pgtel%@e f casey n%trglyfeachIoadisconnectedto
aryl, heteroaryl, cyc 'Hi - CN, OCFS

(CR11R11) POR5, --OR&rjesH BIHERG CR5R1 1) PNR5RG,

-C(R)R5, -C(O RS, gwancesmse& IREER Ref 09

C(=N-OH), -S(R) NRsF{%E T -Ph and
“N(R5) [ O) NRSR6,  whe e"er%bm%%gé?ﬁ;"“%fg |
defined earlier. In anot her wittrb adi uiemgecé b;&}rlc ett:,uon
provi des a conpound of the fromeatiaphaadbtorgrpyndR2 i s
pyrazolyl, R3 is pée?ig% d| nyl and R4 is a ketone. In
anot her enbodlnen I's invention provides a conmpound
of the fornmul a: wher efaed&2! + Shdsenehhydo-kpy vangk- 4-yl , R3
is pipei din-3-yl and R4 ISPE z?égc-a’ﬁokk@v‘lﬁl%plfn anot her
enbodi nent, this invention PPEFCEs WGP of the
formul a: wherein R Feed&dl Ophit3 A-R _a;lslw\ll ozygq,fm is an
am de, wherein said al kyl c@&hadeeB-NR35lXY, OIg3tped or
optional |y i ndependent| y suBbasetGNe 5y, 9.86m6 or nore

noi eti es which can &S each
noi ety being i ndepeb%}e Iy ggfsecégﬁgg#%%&g%gr oup
consi sting of halo, alkyl, &pydeC-Retadn@aDD, pf
cycl oal kyl, -CF3, -CN, OCF3 (CR11R11 )PCRS - OR5,
_NR5R6, - (CRSRL 1) PNFRSRE 4 = é(wwctedq()) R5,
-C(=N-OH), -C(O NR5R6, -SR6, -S(O2)R6, -S(O2)NR5R6,
-N(R5) S(Q2) R7, -N(R5)C(O R7 and - N(R5) C( O NR5RG,
wherein R5, R6, Rl1 , and p are as defined earlier. In
anot her Exdmiclingerublestlhing 4i (forarsolidly gooumded egst@n camidlibhd 2 and
f fornmul a; wherein i S R3 is al kyl. and
s 5 oxa Pl BSisoneY e Syéfﬁ'élgdﬁ?é‘rhe copHipdsd tFReVe case

pro f r

° ro*‘n%*’@ Ry SRR ot i 1R S Bk Teedhis the one tht
anohisehe bighetlsensert grotthd-gauiltrovenatt. on provi des a conpound
of the fornula: wherein R2 is halo, R3 is alkyl and R4
is an am de, wherein said al kyl can be unsubstituted
or optionally independently substituted with one or
nore noi eties which can be the same or different, each
noi ety bei ng i ndependently sel ectled fromthe group
consi sting of halo, alkyl, aryl, heteroaryl,
cycloal kyl, -CF3, -CN, -OCF3, -(CRl1 1R11)pOR5, -OR5,
- NR5R6, _ ( CR5R11) PNR5RS, -Q(@)R5, -C(OQR5, -C(=N-CH),
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-N(R5) C(O R7 and -N(R5) C(O) NR5R6, wherein R5, R6, RI11
, and p are as defined earlier. In another enbodi nent,

woOho®/umeent i on provi des a conpound of the PCT/US2006/039169
formul a:wherein R2 is brono, R3 is alkyl and R4 is a
hydr oxyal kyl . I n anot her enbodi ment, this invention

provi des a conpound of the formula: wherein R2 is

bromo, R3 is netqg and R4 is 2-hydroxyethyl. In
anot her &AJE Ashe (for an unaronnsied sxwierp) ibVsterss that @Qrﬁ}é@déeeder

f
oS00 5T B0 R ol B At i e
or s@he oftht bther fedégre (dbpatdiyg subtietpattidueg foddeNs clegiag capacitance

nor e ietl s which can be the sa rr different, each
moi 8¢ TCh Qb Faprdante ﬂgf'e@ewecggﬁ tiEsRADY I @oasirpat as with the

5 C°n§6iﬁlt%d9ésﬁi‘ﬁlc@- ehkd syakmb, - heteroaryl,
cyci oal SN CO0E3, S ( CR11R11) PORS, -

_ EI:(RE(S)) RﬁRS %@55 F%}Gs)np {Eg?@ )“ﬁ%a%“g%% @3’5& '&g&gltfﬁ ’loadgfxa\%‘ rg_gffect on

- N( B&) SS(l@)gRimdNaﬂsmﬁ(*e@}R?f thesbnsdd dRBA( {D)ISREM6T encloses the phase
and p are as defined earlier. In

wherein R5 :

ano?ﬂ ngﬁb%ggwg this invention provides a conpound
of the formula: wherein R2 is bromo, R3 is al kyl and
R4 is an am de. |In another enbodinent, this invention
provi des a conpound of the formula: wherein R2 is
bromo, R3 is nmethyl and R4 is -CH2-CH2-C(O) -NHCH 3. In
anot her enbodi nent, this invention provides a conmpound
of the fornmula: wherein R2 is halo, R3 is heterocyclyl
and R4 is aryl, wherein each of said aryl and

het erocycl yl can be unsubstituted or optionally

i ndependently substituted with one or nore noieties
whi ch can be the sane or different, each noiety

bei ngi ndependent|y selected fromthe group consisting
of hal o, alkyl, aryl, heteroaryl, cycloal kyl, -CF3,
-CN, -OCF3, -(CRl 1R1 1)POR5, -OR5, -NRS5RG,

- (CR5R11) PNR5R6, -C(2)R5, -C(O R5, -C(O NR5R6, - SR6,
-S(R)R6, -S(2) NRSR6, -N(R5) S(O2) R7, -C(=N-OH),
-N(R5) C(O R7 and - N(R5) C(O) NR5R6, wherein R5, R6, Rl 1
, and p are as defined earlier. In another enbodi nent,
this invention provides a conpound of the fornula:
wherein R2 is bronb, R3 is pyrrolidinyl and R4 is an

aryl. In another enbodinent, this invention provides a
conmpound of the fornula: wherein R2 is bronmo, R3 is
3-am no-pyrrolidin-1-yl and R4 is phenyl. |In another

enbodi ment, this invention provides a conpound of the
fornmul a:wherein R2 is halo, R3 is heterocyclyl and R4
is al kyl, wherein each of said al kyl and heterocyclyl
can be unsubstituted or optionally independently
substituted with one or nore noieties which can be the
same or different, each noiety being independently

sel ected fromthe group consisting of halo, alkyl,
aryl, heteroaryl, cycloal kyl, -CF3, -CN, -COCF3,

- (CR11R11) POR5, -OR5, -NR5R6, -(CR5R11)PNR5RG,
-C(R)R5, -C(OR5, -C(ONRSR6, -C(=N-OH), -SRe6,
-S(2)R6, -S(O2) NRSR6, -N(R5)S(2)R7, -N(R5)C(O R7 and
-N(R5) C(O) NR5R6, wherein R5, R6, Rl1 , and p are as
defined earlier. In another enbodinent, this invention
provi des a conpound of the formula: wherein R2 is
bromo, R3 is pyrrolidinyl and R4 is an alkyl. In

anot her enbodi nent, this invention provides a conpound
of the formula: wherein R2 is bromp, R3 is

3-am no-pyrrolidin-1-yl and R4 is ethyl. In another
enbodi nent, this invention provides a conmpound of the
formul a: wherein R2 is halo, R3 isl%eterocyclyl and R4
is alkyl, wherein each of said al kyl and heterocyclyl
can be unsubstituted or optionally independently
substltuted with one or nor e nnletles whi ch can be t he
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"Patient"
means humans and ot her
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be unsubstituted or optionally substituted by one or
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al kyl are as previously described. Preferred aral kyls
conprise a |lower al kyl group. Non-limting exanpl es of

weubtrapte2 ar al kyl groups include benzyl, 2- pheaewisi06/039169

10

and napht hal enyl net hyl . The bond to the parent noiety
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Edward B. Roche, American Pharmaceutical Association

and Perganon Press, 1987. For exanple, if a conpound
wohoFmameka (1) or a pharnmaceutical ly accept abbPeTaabkios/039169

hydrate or solvate of the conpound contains a

carboxylic acidfunctional group, a prodrug can

conprise an ester fornmed by the replacenent of the

fﬁmnf fho nr\| ngiCH \vyth a g_t(’}ng Lllr‘h as,
for exa qh@gr"@@f?““ lcas%i Wy ! (2%a | ° %
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al koxycar bonyl oxynet hyl haV|ng fron13 to 6 carbon

at ons, al o ar ponyl oxy) from4 to 7
car bon aNB&% —Eéégﬂﬁgﬂﬂéﬂi gt %W§8%9$ i yerresgnt a sensed
hav i figenk HOGP a%otmoa § nERPRAG M %homevel

(al koxycar bonyl ) am nomret hyl having from3 to 9 carbon
atons, 1-(N- (al koxycarbonyl)am no)ethyl having from4
to 10 carbon atons, 3-phthalidyl, 4- crotonol actonyl,
gamma- but yrol acton-4-yl, di-N,N(CrC 2)al kyl am no(C
2-C3) al kyl (such as b-dinmet hyl am noet hyl ),
carbanmoyl - (G -C 2)al kyl, N, N-di (Ci1-

C2) al kyl car banoyl - (C1- C2) al kyl and pi peri di no-,
pyrrolidino- or norpholino(C 2- C3)al kyl, and the
like. Simlarly, if a conmpound of Fornula (l) contains
an al cohol functional group, a prodrug can be forned
by the replacenent of the hydrogen atom of the al coho
group with a group such as, for exanmple, (G -C

6) al kanoyl oxynmet hyl, 1- ((CrC 6)al kanoyl oxy) et hyl ,
1-nmethyl -1 -((CrCe)al kanoyl oxy) et hyl, (Cl1-

C6) al koxycar bonyl oxynmethyl, N (C -C

6) al koxycar bonyl am nonet hyl , succi noyl, (CC

Jal kanoyl, a-am no(Ci -C 4)al kanyl, arylacyl and

a- am noacyl, or a- am noacyl- a-am noacyl, where each
a-am noacyl group is independently selected fromthe
natural ly occurring L-am no acids, P(O (OH) 2,
-P(O(Q(C 1- Ce)alkyl)2 or glycosyl (the radica
resulting fromthe renoval of a hydroxyl group of the
hem acetal form of a carbohydrate), and the like. If a
compound of Formula (l) incorporates an am ne
functional group, a prodrug can be fornmed by the

repl acenent of a hydrogen atomin the amne group with
a group such as, for exanple, R-carbonyl, RO carbonyl,
NRR - carbonyl where R and R are each independently
(G -G Oalkyl, (C3-C7) cycloal kyl, benzyl, or
R-carbonyl is a natural a-am noacyl or natura

a-am noacyl, -C(OH)C(O OY 1 wherein Y1 is H (d-C

6) al kyl or benzyl, -C(OY2)Y3 wherein Y2 is (Cl-C4)

al kyl and Y3 is (CrC 6)al kyl, carboxy (G -C 6)al kyl,
am no(C 1-C4)al kyl or mono-N- or di-N,N(CC

6) al kyl am noal kyl, -C(Y4)Y5 wherein Y4 is H or nethyl
and Y5 is nono-N- or di-N, N (CrC 6)al kyl am no

nor phol i no, piperidin-1- yl or pyrrolidin-1-yl, and
the |ike.One or nore conpounds of the invention may
exi st in unsolvated as well as solvated forns wth
pharmaceutically acceptabl e solvents such as water,
ethanol, and the like, and it is intended that the

I nvention enbrace both sol vated and unsol vated forns.
"Sol vate" neans a physical association of a conpound
of this invention with one or nore sol vent nol ecul es.
Thi s physical association involves varyi ng degrees of
ionic and coval ent bondi ng, |nclu?%ng hydr ogen
bonding. In certain instances thé'%olvate will be
capabl e of isolation, for exanple when one or nore

sol vent nol ecul es are incorporated in the crystal
lattice of the crystalllne solid. "Solvate"

o 1 a1 R 1 - . N | I T T




such as, but not limted to a pyridine or imdazole,
and an acidic noiety, such as, but not limted to a
woaodyomylse c aci d, zwitterions ("inner salts") pay/usen06/039169
formed and are included within the term"salt(s)" as
used herein. Pharmaceutically acceptable (i.e.,
non-toxi c, physiologically acceptable) salts are
preferred, although other salts are also useful. Salts
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or in an aqueous medium fo y lyophilization.
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AT ET550 Bkt Broana Wil [ S 68T g1 11 115, T YT e gamd ety ke 1
Basi c nitrogen-containiing groupst may he-guarterni zed
Phase-GygupdFapljenFeedeiich [as | ower al kyl halides (e.g. nethyl,
et NyT, Sl Srotd 3l cﬁb@rl des, zbronf desyand [odidesy, 319

rh et hyvl diet hvl nolodi bty
Ret-——i—eHetHy+ Y+

sul f 4P 8%y eroyig iyt hagr—ﬁ hal i dés (el g. &ecyi Bl a{?ﬁyru and 22
st eaooglohis Bowidirales, brrom [des and 1 pdi des), aral keyl 1
oA

Shase Grbaulﬁﬁtol %.e%.rd‘aenzyl ane—phenethyt—brom-des)y—and
Fqupd Fautt op Fpeden 4 1% 4 dal ts and base salts are

i nt end%xlidgr@uridéaupharZMceutl cdlly pccep abl ¢ sakfs | 2005
—Wt g gro&l‘d%ﬂﬁ' of55p e IIVb!‘III.I ofang—attact o ant 357

base sa are considerled equivalent to the free foros -

of 46,408 okmeieens fyfidi nd cdnpoufds fpr pdrposes of0 t he 6"

TTIVETItT O, PharmaceutTtat Ty acceptabl e esters of —t1e
present conpounds include.the follow ng groups: ( 1)

he. nytr S0 oFBapEhe GrRplb i ERas RN Er b Frkgray onsed

of Elfentar BasYld £5 atd propRrivé BReshbldiBRelest er groupi ng
is selected fromstrali ght or branched chain al kyl (for

exanpl e, acetyl, n-propyl, t-butyl, or n-butyl),

al koxyal kyl (for exanpl e, nethoxynethyl), aral kyl (for
exanpl e, benzyl), aryl oxyal kyl (fB* exanpl e,
phenoxynet hyl ), aryl (for exanple, phenyl optionally
substituted with, for exanple, halogen, C -i-4alkyl,
or a -4a|koxy or an1no) (2) sulfonate esters, such

I I B D Y I e 1 /7 r I




enantioners. Al so, sone of the conmpounds of Fornul a

(1) may be atropisoners (e.g., substituted biaryls)
wand7ameieeonsi dered as part of this invention. PCT/US2006/039169

Enantionmers can al so be separated by use of chiral

HPLC colum. It is also possible that the conpounds of
Formula (1) nmay exist in different tautoneric forns,
and all such forns are enbraced within the scope of

t he i nvent i dMBIAE 6o, (“Perriesdhta fase— S!éﬁwmk’@ﬂbﬂ'eht?ﬂ ofgeders)
i m ne-enam ne forns of the conpounds are included in
the invent i Snmmry Eabde e muhEnsrept (shadedhlsicks) and Current
geonetric |sorrers opt i cal Distidbwtion -and t he |i ke) of

t he present  co d (‘} cumgthose of the salts,

sol vat es” t he conpounds as vveII
as the sl GroundiFagltad “HﬁﬂEeét’@fEe%tertahe pr odr ugs),

such as ¢h A Bst due to asynmetric

car bons ©nFeeddrdusiths MJS;IF SurgetGapacitelr Cdnnerted on Far End to
enant i oner iGrotigd ns (wWhi ch may exi st even in the

absence of @uwpsRlih nGIRMRPESAs sehSid¥EA corel 11 AFoe or differential

atropi soners, angd, RSk ShGORE, ?infe@{ $HowrPbtherwise)
contenpl ated within the scope of this invention,

are positional isonmers (such as, for exanple,

10
as

4-pyridyl and 3-pyridyl). (For exanple. if a compound
a ) |nMainpor al 8ra doupFér Zbond pFdrad f usedfdr4
1 1 ers=——and rars=fot B, asS— e +—as
Phase-Gro XFFQ“HO“MM%S nbraced within the|scope of|the
i nventSobithgroyd ot for36®xa led all|ket& eno] and 320
T r%ogg}ﬁté%ﬁgfatg@ TE 35 tie Tonpouds gre T et uged T 235
the i nvention I'ndividual stereol somérs of the -
cofpVa Ak erend £k | i nventi on ndy, fbr efanplp, bé 1
Phasc-GRoMRPFAtoh Bbdddr 1T T € of other 1sonefs, or nay be
——-é.dm%ed——l-ez—?aaipt—e—a;' _ Hacepat-es—or—w-t-h al—l——et-hetlc——————
or ot ReHd ERMABBY " sPer ei soilrs. | Thelkhirhl cEnterls 320
of tmeom@stexﬂh“aultnvention camesave|t he9S or R 19 234
\,unéo y ]!) E{faﬁ defiredib uy [7ITC‘= HPAC-3974 1 3
ReéOr%Té’ndéf’un 'S, | The use|of the terms "salt", =
Phase-Glognd Mtehr‘eedeszt en", "“prodrug" and{the like} is
rtendggly rUung gty —gppty tothesal Tasg SOl yate;s esteT 3715
and pro emanti onefs, Sterepisopers;|rotaners
tautUﬁehlBgrO‘ﬁ‘éﬁuttlonall i somersd racensdés of pridrugs 237
0T 28 508 ch N %BaHa 3R | CONMPOUNTUS. TIE Pr €S€Nfg. I NVENTIi QN also g
embraces Lsot opi-gally- J_aj;ngL@ern imoubds -of the
Phase'G"ﬁ‘l“é%'Wt"“Fﬁ?f‘éh:tl of which are identical to those recifed
her el nsolibpbuld@nitthe fiact [t hat; one{or mpre ar 320
replaced-by—an—attem-hav-hg—an—at ofc—HBss -
nunb 2P OB EPEPERT [ r ofn t he at hess 2or_nhss’ 2ﬁanfber 21
usmad)dwhrfngumﬁfauh nat ur e. |Exarpl es| of iOSotooes ﬁhat can ¢
Phase-Ground'Fau {JO“H:ué l._EU to bUIF[,)UUﬂﬁJD of rthe itlvc H-om
opes {of hydrogen, carbon, njtrpgen, ,
oxygen$ollp@®wﬁ@hus, fill uoni ne 7land ¢hl oi2 ne, | suc as [2H,: 46
- poy RN TI§0 1703 1r, 3ZPI 35S, {BF, —and 33
36CI, _respectivelly., Certain jisot (nl cally-1pabelTed i
cofpeinbr emdiginul al(1) |(e. ., those % abeled With L
and 14C) are usefur—TT1m Ct npouncf anaror suootrate
tissue distribution assays. Tritiated (i. ., 3H) and

ul.ar
U its rep¥esent a sensed

carbon 8ofd, Cpgal bR RASH BUP ol

det e@tenpbd drtapovdalb hfﬁbnot&ﬂb@fﬂré%bldqevm t h heavi er
i sot opes such as deuterium(i.e., 2H) may afford

certain therapeutic advantages resulting from greater
nmet abolic stability (e.g., increased in vivo halflife
or reduced dosage requirenents) and hence may be
preferred in sone circunstances, -30sot opi cal |y | abel | ed
compounds of Fornula (1) can generally be prepared by
fol l owi ng procedures anal ogous to those disclosed in
the Schenes and/or |n the Exanples herelnbelom1 by

I e



the like. Preferred conpounds can exhibit IC50 val ues

of |l ess than about 5mm preferably about 0.001 to
wahooro416® mm and nore preferably about 0.00lPCo/Usb®EN39169

0.1 mm The assay nethods are described in the

Exanpl es set forth bel ow. The conmpounds of Fornula I

can be useful in the therapy of proliferative diseases

such as cancer, aut0|nnune di seases, viral diseas

fungal dilYSBEEJ - (iSeries HET Qase/—ne@r@a@g%'&% aReed p ase-neutral

di sorders, arthritis, |nf§ ?ntlprollferatlve

(e.q. ocular reti nopat hy neuronaf al opeci a and

o PR B0 ST b o 530 PAST TR gy bucon -

i ncorporated by referen eJ&r in,. Mre speC|f|caIIy,
t he conpoufld ! ful in the

S5 treatnment of Gremnd-Eaylt @t‘“]"b“ﬁ'r@e} sof Hegdenssii ng (but not
linmted top tUsbdlohéedRimye-te-dNeginabbaad pomAlledgrs; hat
of the bl addeFgedlr ¢ ®asconicdtéd, ki dney, liver, |ung,
i ncl udi ng @w-ént &8 WilliadRré&ARiGehsed B soTelbalgifelor I differential

Canc &frr R IFARRANNE ClicloSRE PRAAHLA SAlthalRbAGEGrs, QHREYshown
10 Pancreas, stomach, cervix, A prostate, and

skin, including squanous cel carc?nona hemat opoi eti c

tunors of |ynphoid |ineage, including | eukem a, acute

| ynphocytic | eukemi a, chronic |ynphocytic | eukem a,
hobIastHWﬂﬁeu%Enﬂa B- gralk b I&nphona Tmﬂcell

A sl I AR <l
mo 1 yll}JllUl]a, ITUI_I"' LAY ] r\TIID I _yllp‘n a,

Phase-Gr guon Nlaig homa, nantl e cell |l ynphoma, nvel ofa,
and Blelikgtnd Suk y nph@ﬁa hendt opoiletd ¢ |t unoBs of -

Wﬁﬁ =T 3§§| udinggeut e fand ghromnic -
nyel ogendus [eukenias,” fyel odyspliasti ¢ syndrone and
pﬁdw9émb§9mﬁ@mﬁeukehla tundrs of| resenchyral ori gin;

Phase—Gréu QIFHlm(quTe dep{oparcoma and T habdqnyosarcone, tunons of
e centr periphenal nervods sysitem includi-ng

astrd@??@ﬁﬁdﬁﬁeurééﬁéstcnﬁ%Sﬁﬁfbr fand schvannomis: -
aNG/00be gl $,  Bmcl UdT NGS7GEl arjonm, sem nom,

O 0S5 [ el aVaca) nodervlonn- i ane O<HEN
terat nr‘ﬂrv nw UCLL Ul'q'l, IIUU\’TU'I_IM T Hllblll. voulTy

& 0P 8 &R & é: tﬁ%roi fol%i cullar' cancer ‘and

Phase-GrMap(mlhsn&areemma Due tq the key (role jof CDKs infthe

—rcgl,u%%ld rounkdfau € Iltdkgl protferat WuAl mgenerats
i nhi bitors (

act_as [reversjblle cytiostatic ag nts
mh|EMOMHyDbeﬁuEefuﬁ_Jn tlhe tor eat ne#ds of any disease -

vn@?oepmnmanu%umwwes brorgTat EI{UI S -

pro eration,_ 6 benign prostlate-hyperplasia,

Phase-GrowadiFayltn Exerené t05|s pdl yposi s, |neuroffibromat osis,

alnerﬂﬁ@b@&@%ﬁﬁ1 @us ngry Ti bro ISLDOthWFﬁyf -
ol nn_nV' rLt4c L-aste SiS faY ﬂ‘“ﬁn.g
ang‘@ﬁ@%@?ﬁ‘é?“ asé®l ar surdery, hybertropﬁﬁc scar
’T@6Mﬁbhﬁ@pmmmﬁhdnnezory bowal di sease, graHSpIantation

M

8

oo ehaecle Aancl Flii~ o nf
UAT U7 OTTUYU N, armu T cnlgcu l IIT C\.al I UII\.. .
“m“‘“eﬁﬁﬁ%ﬂ %“Eornula | _may also be useful in the
treat&ﬁmgmmﬂﬁﬂhaheiner's di sease,| as suggested bx t he
recERty f 4 Tt hrat—CBKS—s—nvotived T m—the: .

Dhosohor lationlof tau protein (J. Biochem (1998%)
11&“”?@1%@W@ﬁmm.onpounds of Formyl a= | pay induce jor -
T b t—apoptosT ST —TNEe apoptotT T T eSPoONnNsSe 1S daberrant
in a variety of human di seases. Conmpounds of Fornul a

{7 eat montcety: Caneceed PRBRETT e Bt TSR TR g & sensed
thO%ﬁn&ﬁ@?@rﬂ%ﬂ&h@&&@pﬁﬁ&ﬁh@@ﬁ@ﬂ@hihVMfa' i nfections
(including but not limted to herpevirus, poxvirus,
Epstein- Barr virus, Sindbis virus and adenovirus),
prevention of Al DS developnent in H V-infected

i ndi vi dual s, aut oi mmune di seases -¢imcl udi ng but not
limted to system c | upus, erythenatosus, autoimmune
medi at ed gl onerul onephritis, rheumatoid arthritis,
psor|a3|s |nflannatory bowel dlsease and aut oi nmune

I L T I B 1 " s D I LY




Compounds of Fornmula | may al so be useful in
i nhibiting tunor angi ogenesi s and netast asi s.

wGCaopgodnids of Forrmula | rmay al so act as i nhi bi POTAIS®06/039169
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ot her protein kinases, e.g., protein kinase C, her2,

raf 1, MEK1 , MAP ki nase, EGF receptor, PDG- receptor,

| G- receptor, PI3 kinase, weel kinase, Src, Abl and

thus be effective . in_ the treatne

associ atlelf tﬁhlst(ﬂ %f%@@eﬁpapélfﬁsﬁ??‘ﬂgéo& VaA%g‘? ﬁn&c oncept.of the

of JrBiedt inR¥RMi On is a nethod of treating a mamal

(e.'g., human) having a disease or condition associated
with theg g@ﬁ%lsme@m Qich R0l AerfridRhIRLYE hizdd tWthin
effective amount of at |east one conpound of Fornula

I, a.pprcamphtal’yr(h@lémecmal dfyhafacub pritistien @.8l, by seingaand determining

t d
or e Ptk Pl Saer P RO RH 1 o Bt g B Thrt s Glgurent that
vei ighbdwane drrdnd ﬁlcEWﬁSId?fFuﬁ%mﬁr@ dlectp?éhl %Snaﬁ@h Q(hfc!ut

preferred dosage is about 0.01 to 25 m% bod

wei gtﬁ[rl]ugggn)@an e g@g@pmm]@ﬁdo\fnt}pg 0P 40 .0 @,seca)nd of fault initiation for

ph r ut | b

r oy h 8 é’ gy, n;%%tpong An?hvzlﬂléé r()fpl?%%&’ @fdg}o ?E)Wfor e slower

| NVeRrdtion dmyrrﬁdl shcliebresieds)lfor applicatioins af thistechnology on systems

(adm ni stered together or_ sequentially) with one or

mor kategrabgrg 10010kt PhasedePhatt s such as radiation

t herapy, and/or one or nore anti-cancer agents

di f f er enThe eapeent AesiwplepcRe thopelrdieansed cuitppa in multiple feeder

¢ 0”890‘6‘}9%1 gfbe agc?vepd:l %]E tn#? Yrggp{ejvgnthg zﬁ'ﬂe? ghz%re ?@e%@f cﬂ&ut that has
tancer agent

s epﬂhe ahﬁeﬁ@s?ggsatesmﬁgnv&detshhes ciaspiehat ok tltel"gomde&ahtand is the

i nvention |§Pa rrgt haod of treati ng[ ne or nore diseases
assORlY streyt et reeds fo herrt iR -nase, conpri sing

adm nistering to a mammal in need of such treatnent an
anount ofs oIE |cp@prebw@mhcwn@ﬁthl%ld§a EoRpBeHacksd GFCI
cl ajm -
sol %/ 2t tsﬂ’lg sgsrtef‘rg rﬂ?’% ?Jogfr%igl %llvg ?Ehzje}’al gaf%cf a\%ls;f?‘nltlt)}&rrl] a S%Qarately

| eagdrivedehisephazd sy:mmd{méxamble aaGiEd:in dysmimmumilldbbe a@hed on
an anti -cancer agent different fromthe conpound of

cl am#mlow¥Riiags FVIthgea A NP YnEFearRaAne] pagrds Brisgion qonfrai centers

t he ﬁﬁf‘gzc&ﬂ 4h dﬁ&ﬁdinﬁhbﬁ‘ s@ns'itm f&ﬁi@ﬁe@d ﬁécfe%‘éfy to prevent
I'mting exanpl es of suitable anti-cancer agernts

mcblacteoauybmattaéltlemlsagents cytotoxi c agents (such as

for exanple, but not limted to, DNA interactive

agent s ( Fhebasitscontglimplemented doxioy prbsent myntidnax dregaovision of

e. t axotere,, taxol oi sonerase_ ||l inhibjt
gsu%wara%toé Dessmtinepusty ’%%‘B 5&%}%@%&%@& at(iwmughout
as Hﬂr@@h&%@?u & sySeh dhurhl & 10%38RY 9?5@5*16\%‘1 I%round ~fault (i.e., at one

topot eca ; ul I n I nteracti ng agent S SUC
pac Extteaxe 2 fadothetugh elpeson shelatyady highdody yesistemceomat the other

ent s h as. at e, synt has
P 8 10w AR e s B e R R Sr R Grts o). @
(su Gé‘teﬁﬁngﬁ{erh@ﬁxrcg $8the )faulg |aKd/ (Bsinn@lt-A8QRBreb&US (k) dSterrupt the
t enpzol am de ( TEMODAR(t m rom Scher i ng-Pl ough
Cor famitad sonce aefaedenting iand (vinlaibit skeytyipping of other non-faulted feeder
cycloghosphan1de) Fanesyl protein transferase
i nhEBft8rs (such as, SARASAR(tm) (4-[2-[4-[(1 1R)-
3, 10- di br ono- 8- chloro-6,1
1-di hydr o- 5H benzo[ 5, 6] cycl ohepta[1 , 2-b] pyridin-1

L-yb- : o .
] 1- pi pett Bigny Py thy d%é&taﬂc]matm et diageam iy ymiegrerally

Kenl ﬁ\%ﬂ?@%&@ﬂ&& s Seé;;;ahﬂ&y gle#i%o%r @%ﬁ% Sl t 0 coupled (by a

R115777 from Janssen Pharmaceuticgls), L778. 123 (a
fanmesyl protein transferase inhibftor from Merck &
Company, Wi tehouse Station, New Jersey), BM5S 214662
(a fanesyl protein transferase inhibitor from

Br| st oI l\/yers Sqw bb Phar maceutl cal S, Pr| nceton, New

o o -,




Test ost erone, Predni sone, Fluoxynesterone,
Dr onost anol one propi onate, Testol actone,

woOkgeauriek acet at e, Met hyl pr edni sol one, PCT/US2006/039169
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Met hyl t est ost erone, Predni sol one, Tri anti nol one,
Chl orotri ani sene, Hydroxyprogest erone,

Am nogl ut et hi m de, Estranusti ne,

Medr oxypr ogest er on acetate, Leuprolide, F|utam

Tor BT e orgudighabls bus, potshpwp) tthSPB‘@YBII 131?18&2 ffand 16
deMYdi'ﬁgeﬂree%%ngﬁaﬁ@ mrExﬁ%%rﬂDQKd @eCKn éc‘?édacﬁ%e lines 12, 14, and
M t oxantrone Leva sol e, bene astrazol e,

Let # @ams|three Mecqntcabs mwnsm iand22 Dregpeosiadly rrm:ludmg three

l_b 1 Y [ 1 )

Vol BORE, 58 mt A G AScRo S B i r e bi ne.

e s WIS TRy T OL 000 AL AT
erﬂﬁzéﬁtﬁﬂle Thé §R&RPHcHRes RGFEE LAR Ge%g'?a@él GRENFMRRYin circuit,

f fornmul ated 'as a fixed dose, such conbi nation
pr omd:wrstSéiﬁﬂIéyGFﬂE w@w&d:he federisuitnld 20 ol 28, tdspectively.

phaPReGEC] DA REEE T oSN 6ty RS R AR RIS

dos ﬁ@ﬁedh&éllgﬁ as H6ds tBX AR s@ppl@ﬁmmaﬂMfc@it%%akers for each feeder
ol omuci ne has been found to act syn ergl sticall th

k nofcudt(detignated GRbHIR2 and CRAuesnsetivahoms sesllas (aJnam:@Mply
SCI breaket ¥l 108, 2897. Conpounds of Fornula I may al so
adm ni st er ed sequentially with known anticancer or

CtOtOXI L& onbi nation for ati

i %appr op‘rfl a%’é{émﬁ?\gﬁ rn’\l}‘glﬁ %Sysénhwc‘?sis nsllﬂg aﬁ&% h%vmg inputs

S eq8@eBee30hndsTrésbadtivalyl dRhedtNBARARiInAendo? MGFS ahd fRYeeder
be adm nistered elther prior to or after

ad e (S o9 mﬁ&ﬁ&%&m respeslEvghiteannegtedtiptthe mainccircuit

20 Pl CRATR o L L SROBLEIAF Y, Rk I, Thse s

af f epusdndputphes ascewuedltne ondthadvitewomheatd l@)ﬂm‘eaﬁsfsuch as ﬁber—optlc
anti cancer ents cer Resear ch, 1997) 57, 3375.
SO R BE R G S BIGAPE FPTI) RECERITA V5P Zhermigindeiarmiines the

ski Hagﬂtdd@s bh&irRhis (Pa%lt\’é@%nlals? ettt e fh@gesﬁgé‘tf’\}e%blgs!?ﬁs and either
Accordingly, in an aspec I's | nvent i nclu
corrétvaies @"nshlbmqbp a&on@tedmramb breekar$’ teip unitn gthe onmrent magnitudes

0Bt apinals e fhe dtesindioh PR PP 8y o g poot-mean-

andsqarafbastied @lrrofe Dhe ARItQigARkicosidMe Aigitall§ ?M’E%%% (or filtered
and anti-cancer agents |isted above wherein

anpbfitgangiog m@anéowﬁb anpessive fidlaxsirend be repratnted a5 aivsilamaehtal
th
GEE oi n%q%ﬁgg ase Ofl%’tgﬁ W?eﬁ 0% g&ﬁg %I’ Qtrﬁeég(ggrfn%rovgo °

co nﬁllscmnrmgtladmﬁ fauls twrdnd dotvdrdrh elep@ichlEmbisd” or harmonic currents on

therapeutically effective amount of at |east one
conf5RAWeHIYSEMi m 1 or a pharmaceutical |y acceptabl e

sal t, solvate, ester or prodrug thereof. Another

aspect ofh ?W@lnmﬁé%léhteak‘ﬁ\)\éﬁﬁ@g eheh feedazichouit bieaker (CB1, CB2

s Dl Gy M R 28 D A IRROR B 1 8BSy eroum

pat faglttsensor (E81, GFSLaad GFSG)TQﬁplSﬂn&ﬂeéﬁQﬂTA 8418 bElahd¥kedsor (current
therg% uti fal{]y eff?ctlve anount of at | east one

confs aticalpfepictpthalr yPn 6 &% apd I Soyespeetbystinalshas encloses
sal t t

o SRR RO ORI ARSI pec
tr eﬁmem@pl@fmdmmmmt bredk@endades ashooti-teip @dviek tdfacilitate rapid
Checkpoi nt ki nase, conprising adm nistering to a

mammal in need of such treatnent an anount of a first
conmpound, which is a conpound of claim1, or a
pharmaceutical |y acceptabl e sal t:23sol vate, ester or
prodrug thereof; and an anount of at |east one second
conmpound, the second conmpound bei ng an anti-cancer

agent, vvherel n the amount s of the f| rst conpound and



the progression of, a disease associated with one or
nore tyrosine kinases in a patient in need thereof,

woaogrdsicng admi ni stering a therapeutically ef PeTuis?®e/039169
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amount of a pharmaceutical conposition conprising in
conbi nation at | east one pharmaceutically acceptable
carrier and at |east one conpound according to claim1l

or a pharnaceutically acceptable salt, solvate, ester
or prREe qhtherErubflhe ISW$W“§@’6W§6W§PH@&?, SCPHBICH) [ &I @s

Ki -R?2), EGFR, HER2, SRC, JAK
ang?%%u%%ﬂ?ﬁgkﬁfﬁgE%%%%ﬁ%?ﬁif the present invention is
a met hody ﬁ&i&ﬁ@"‘s{@kﬁt&ﬁ‘g FARE Ok A1 6 iﬁh%&ra\fédﬂ%ﬁﬁe ikt GFCI
patient .in need ereof, conprising admnistering t

t hesypiain te atsuee thhethe pensirigeat] typrefid eieduity erceaiways fuoticaial. A

| east one g¢onpound of cl ai or har maceuti cal |y

o ol rHTOY 2. afeym s o5 P obilel AU K RaL CT
anQ%@%ﬁﬂﬁéBQ&kaf the present invention is a nmethod of
treating, or slow ng the progression of, a disease
associ at@alop Q001 Qi B & isp%é&édeh'(!i‘ ﬁ?@ﬁl@ﬂn AnP 8rsEN the
in need ereof, conprising adm nistering

t hegrapezsdri2daleteymates edii dhw@F @nwmtitrtias e ldghdseaspnitonie of sensed

conpound of, .claim1l qr a pharmgceutically acceptabl

s al QureRandenifies s g mah Ja s e s o0 SRGH R Rt and must be
as pt?i?»})ecp(fthljbﬁﬁu Ptk 4Dweal ] Qaeh SR tABLiRES &1 other feeders will
treati ng one or nore diseases associated With Pim1l

ki nsseltareongly be blogkeddoriinhibitesd sorag to aveid muisarde tiips.need

of such treatnent an anount of a first conpound, which

i s a confrederd oter thhaiafadlieddecdar phpplsahewt a sakéd/current of

acceptable salt  solvate _ester or prodrug thereqf. .

B g gietes el g BiSholf i leulloh 8 Bnsaaimaiya shateing curren
S € CARF:of QR DhtfiduBL B Pe Bt AR Lot €8 bEGRMIN (VYRR &oVe charts) to
the amounts of the first conpound and the second '

c ongwaysbe lessih magnitade then e € trvited efepdast In theroashavhere there is only

aspect the present invention.is t of .

£ r S G P oPUTRE seaed s Latod et ilg s detegminga by the
assgotaRbaR4whs WhaeRlis ORIy @nbifdeddr ikiseasRritier@istaidr @ w level,
in need thereof, conprising admnistering a .

t heingipiant prosng-jaud).fibe eirqpat iaptading thet uait p\hﬁ beiasti cal
conposition conprising in conbination at |east one

phar mac elmtdperatiby, 2ad cefprring) againde Fig 2. whighalludtratesa typieal three-

congound cordi.n Q,claimal.or ar.maceut i cal

o bBAE R gk e Yol i = Fr BTG g ekl ol
ThesepbaT(GES pihagivilBhropide pesut tethe 8fstdrh eraeesspoRN ahsd Bhd to the trip
this invention may be confirned by a nunber of

pha?ithe apragpreas cipdifhyeakeri{eBle phased’ of feeder 18 suffer a fault
pha# [cal ' [ : ' :
ool BULEAL CARTAE S MSREH B Bl s
t 0 bk, Iprendnlid grougsd ardosis, &al k.SChesiidtribited capasitaics obthe feeder

prodrugs...Jhis jnventiqn is alsq directed to
Phatihirsautiemed B faaasclingnes fisedme Sigprs pormegistl between
Onegr%ﬁﬁ@Mcll‘PPher@ blwééﬁ thedeP inPhRMR ﬁfé%&?ug% and Igcs. The

acceptabl e sa sol vate, ester or prodrug ©
confaolisignalrma catrentdmsan enexppassadin deosiof dhdsy cacagpamnidi @s
carrier. For preparing pharmaceutical conpositions
fromthe conpperids, degerilpgd-Ry this invention, inert,
pharmaceutically acceptable carriers can be either

sol i d orThdréluetbasi&lyi HrdeQlifiRrBiiteR i O 8ndr1bg ikl Qvill be discussed
powders, tablets, dispersible granules, capsules,

cachrseysedhricwisppdisirbyhpren thesestpnWiens eashdypaol geandriplt is
b i f 9 .
oot PRy aRe AR ERE N bt 804 BoBRGAE R e current

inthe art, e.g., magnesium carbagnate,| O magnesi um
stearate, talc, sugar or | act oser24Tabl et s, powder s,
cachets and capsul es can be used as solid dosage forns
suitable for oral admnistration. Exanpl es of
pharmaceutically acceptable carriers and net hods of

Y o " T



appropriate quantities of the active conponent, e.g.,
an effective anount to achi eve the desired purpose.

woher7gdaski ty of active conmpound in a unit doseCcofUs2006/039169
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preparati on may be varied or adjusted from about 1 ny
to about 100 ngy, preferably fromabout 1 ng to about
50 ng, nore preferably fromabout 1 ng to about 25 ng,
according tg the particul ar application. The actual

dos Hyeusbrase dsrslar inaivaye higher than dish wemgivihe gther fosders during a

req

Cond T Cortbat iE PRk oI SRIDT B atipdifhe logio i
dos dgeentegiprarssooR4 o paibit idppiag of thewdlticr deedes witht denged currents
t he ill of he art o) onveni ence, the total daily
dos 85 Wehjpagy ‘dﬁeﬁadédt}ﬁr@@mtﬁins‘fe&%e&u@n portions

during the day as required. The anount and frequency

of administration of the conpounds of the invention

and/ or the phar maceuti cal |y acceptabl e salts thereof

will be dglidlwisenndedoByiiony to the judgnent of the
attending clinician considering such factors as age,

condi t i oRefemingshirsetodfigs. Be a@daBb end tlwmﬁhhingsirsda’e?wri ¢harts of

i 195558 AL B st Sl holf Rl GRS TR Argdeeder

f r ong abigut) 13 gl’(ﬁfnﬂ 1 r@suB RO BEmPIR déﬁfegﬁdn o%@fpﬁﬁs%bi Yo heutral

ng/ day to 20 , in tw to four divided doses.

AnotVplége 8¢ e@tﬂt gfa fqiatyelydvehfau&iwurrgntdF kiundeaslapr thovsamds of

t herﬁ‘l@@%‘é ?%bfl@é /@ ﬁflé fe\é(?era #gé}rglrgrgegu§f hc??)fs en%lgosmve negative
ac c apd atrb eeiahde, m@eﬁaméseat tl@SﬂScﬁflt afifayit. GHiing tl@ef fasRi 9,=0, and the

ound and a pharmaceutically accepta arrier,
vehnigbalanged dolfagentnat Gt VitgerRett fQh fgmt flgein phases B and C
i nvep Eécﬁrfeéd%r ee&&n&l@ﬁe Bh1.g FPg“ 231 m&tdl ra;%tof'@gi%) These two
one conpound Formula |, 'or & pharnmaceuti cal
aC C epltr@mfk @idstalld}c argladoult @yt fos ﬂerlnlmblt rﬁmrwdpnl of tife psesient invention)

unt tigancer .
© heranl s a Al Teciondan B feiE QR8a 2L G2 Z 0k greappenioides
t he_oﬁrﬂgqm}i‘es@feeﬁé}%id&@dﬁm Emft%rdsﬁélﬁed' ent s result in
desired therapeutic effect. The invention d| scl osed

herein i b at '
and ex arrgﬁ a:ﬁs(é?%?ﬂ ct;;(])ug gso’ﬁ?(eé{eh %etfvf)él hg?hgf&ra%g (Pf?zﬁg A’ of feeder
t he 18 dopxampled,Hosighi§cdnd shiften thal rteatrmla\tdltage wdhhmllsrtqccur the

P AT B R SRR e 0 SEEREAEN kB ecder
pr eseRéRdwilHnsREhA tweéle Bbkval R egh&the lcaﬁ!&{t t@&ﬁ{@t ih@hody
VXR-200 (200 MHz, 1H), Vari an Gemi ni - 300 (30 or

XL - 48ee(side pigki) lexalofGES I Q@drwréldveatepmﬂm&ﬁﬁ ande&m will be
fro [ ht bt [

coup F%% oﬁ%?% E Hﬁ?% ?génq{u %%ftlgum 1gill}gen fgdJth%a f?ﬁ%ers (20
Wieasd 2TIMGz AR Butdoethp paseantigintiam)ahass @eedwmnegeiafve l‘eﬁﬁéﬁenced
usi ng_.an Applied Bi osystens API-100 nmass spectroneter
and 2MPEd#zu SCL- 10A LC col um: Al tech platinum C18, 3
mcron, 33mm x 7mm I D; gradient flow 0 mn - 10%0
CH3CN, 5 min - 95% CH3CN, 7 min - 95% CH3CN17.5 min -
10% CH3CN19 min - stop. The retention tine and

observed parent ion are given. The follow ng sol vents

and reagents nmay be referred to by their abbreviations

i n par ent‘Hégi-Resistivice Grayededt Bygemt ogr aphy: TLC

di chl oronet hane: CH2ClI 2 ethyl acetate: AcOEt or Et QAc

met hanol Tubgdhdw id Figor4aaneubteid HééofinaldWimanmtie charts of
Et 3N or TEA but oxycarbonyl: n-Boc or Boc nucl ear

nag debles 2 pad o EsaBost BOEEY ¢se 835);1 falsp/iRin s oythies a solid fault occurs
chr omat ogr aphy mass spectronetry: LCMS high resol ution
mass spectronetry: HRVMS milliliters: nmL m|linoles:

mmol mcroliters: nl grans: g mti-grams: frig room
tenperature or rt (anbient): about 250C.

di met hoxyet hane: DVME PREPARATI VE EXAMPLE 1 SOCI2 (18.5
m_) was added sl ovvly under N2 to a stirred m xture of

o o NN o ~NA N Y L Y L / A A ~ 3\




A m xture of the beta-ketoester from Preparative
Exanple 1 (20.0 g, 70.1 nmmol ) and 3-am nopyrazol e

wO03200/04716265. 0 mol ) i n anhydrous tol uene (60 RUY/US286/039169
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stirred and refluxed under N2 for 24 hr. The sol vent
was evaporated and the residue was purified by colum
chr omat ography on silica gel vvith 20: 1 CH2Cl 2/ MeCH as

Elcu%%tn %é%q%pﬁﬂ?é prdﬁh%p g, ! K\Eg geqrg% %pﬂreld potential by a
ESS%HIfé\h{ﬁforﬁwsepA%%@Hﬁ@ set forth in Preparative
Exanpl e 2, conmnbi ni ng am nopyrazole with the
correquripl _ng_[g ta- ket oesters, conpounds given in
Col um able 1 were prepared Tabl e 1 PREPARATI VE
EXAI\/PLE gﬁ:s,ol pkr on of Br2 ( 1.06 g, 6.67 mmi) in
CH2Cl 2 ( _ was added under N2 to a stirred
sol ution of_ fﬁhﬁrn@ fr; from Preparative Exanple 2
(2.12 g, t-BuNH2 (20 ml ). The m xture
was sti rred for 18 hr, the solvents were evapor at ed,
and the resi due was purified by columm chromat ography

on silica with 20:1 CH2Cl 2/ MeCH as el uent.
SlightlyA gc? wherg dhg rgsistor, Bg (g 75 Wemth@bhamrl@qual Igc during

Lﬁe‘!}{grs %lgg%{l i"%ﬁ om BT e E%gpl?\feAdl-l;ll\ri\e'fG%xa %@nﬁg% e %SLH&S t’%ngn t

mmd)\)e;rvd‘itagbs(ﬁunmg faydimnground fuBS)B Diing ?he()lﬁullﬁ;ﬁhé Dlnbaﬁmded voltages
POCIhB % S sti rféwg at 500C for 3 days, Excess of
pOCia! peAegktagronmg foree vpbalansad cwiaenthok the sape prfler of

col ﬁhﬁ%}uﬁlﬁé grrﬁreqanﬁr;gyar @,nto%wvr Hehha&s B/\&ﬁéﬁ% g& eh, and Lo in the

[ Et OAc as eluéent. Col orl ess soli
57 @@gmé Tty tlzip srwuon,cfemrs mfmoc[emer}engmerf@mwmdtai feet) could

BB B b e RSB BBt i g i
Tab&Lﬁreﬂt RNV EY, ﬂ&amerént sand%gZ}IFﬁ ARAT VR I EAMHB 1Bher than

sol ution of NBS 14 i n anhydr ous CH3

(2o’fhﬁ10u1)re%§1r%bébe Qﬁa@mtwf the otheg feederad sol ution of

the product from Preparative Exanple 8 (4.00 g, 14.9

mol ) i nDenehgise ondharHaaNudeDofdapicitiheharging curesnisggresent on a
stirr faor .18 hr solvents re evapora

¢ neP IR Mt PR bR oA PE T Sty Blse

si | ¢sdu@et, thwrd &bu@bé—scﬂr&ﬂxﬁ)’r Eﬁlmﬁ tlﬁ:sne@trﬂle\‘btltaééj Hafmi I\%lt result in

yeIIowsolldfoam(4 90 g, % was obtai ne

348uiftplepged @REWMP@V@WE@ fgederpiluring the bumtuh éult contact,
pr Oﬁ{% ﬁd&&kﬁd%@ﬁ%ﬁe@t éﬁrﬁ g%ﬁgg tf(?ez%méedrl{e)egeq a?w r?’g experience

aquihe m%hbhltﬁﬁgn(tﬁddbﬂﬂﬁremhroagh it &FSin a cl osed
pressure vessel at 90Q0C for 20 hr. The solvents were
evaporated and the residue was purified by col um
chromat ography on silica gel with 7:1 .CH2CI 2/ 7N NH3 in

MeOH as <ql ndedadRtope! | ow soI id (225 ng, 28 % was
obt ai ned. %% IEVS 23§ [ M-H] = 181-1820C.
ol )11 SR ar BB s“wr&rgénﬁﬁéeﬁ%@%ﬁeés phTables

a sl and @dhesfolilt ciment d§c inrea qngmﬁnddrd sfyrsmm Pmexola ruptehm&ly of the
Exanmpl e 10 (468 .Q0_nmmol) in a drousCHSCN(

L) a8 B ﬁﬁg_‘il& R A2 65 S Cub oroximately
hr oﬂerh%gé% 88 GF SWRH reNSRRIRlIG e deR DAL tsé?ﬁe iRk Hﬁc\ﬁﬁént
purified by columm chromatography on silica ge
2: 1memmdeﬂerdm) avithethe etier GBI ungs saising spaHer ongrenB5n %)
was ob

T S isRRDRRe POE EsiaR AT eeribitin® Bhdre e Gupnt fethnse ereps. Note

f r ofuiRyven &foath werd% arﬁ'ﬁht@ntl&la( ddidudie HhHS iFMId)fromd el M
NH3 in 2-propanol (2.0 m _), and cone agueous NH4ACH

(0.5 mM_) was stirred in a closed pressure vessel at
800C for 24 hr. The sol vents wer®@® evaporated and the
resi due was pur|f| ed by col um chromat ography on
silica gel with 10:1 CH2Cl 2/ MeOH as eluent. Wite
solid (13 ng, 14 % was obtal ned. LCIVS 284 [Mt]. M =

PNNN N A A N~ NN~ A N A I~ =N AR BN ™ A I 'Y o o "



2 15-2170C. PREPARATI VE EXAMPLE 16 A m xture of the
product from Preparative Exanple 11 (200 ng, O0.64

wani7jo4aeel 1- et hyl pi perazine (0.40 nL) was st PCTA82006/039169
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under N2 at 1000C for 72 hr. The excess of

1- met hyl pi perazi ne was evaporated and the residue was
purified by colum chromatography on sil i ca gel W th
201CH2C3R§/7NN in 0—|ase|uent lid (15

g, VBBNARESY S ﬁé%PaCL’@e fRePlgFo gigepd t u%ht osable Chargmg
125 1

(0, 3 e ot sy & Shodk i fogfm fral cureen
t heflpwdbiesgh & powerPs épdy.at i ve Exanple 11 (150 ny, 0.48
mmol) in THF (8.0 nL). The m xture was stirred for 30

m n at QOA€poinkeimutrebeve]lthd phstntAhtdatiom intlides @pBﬁalrty)of GFCI

was_ added. The%m xture was stirred i %é?{or 20

t heHTR A SRTON PR PRaseirol T & SRUSG Givtecting and circui
evapdralpiitg @ﬁéi’erh & U6 it Qﬂﬁeéﬂﬁﬁs@ﬁéw&' cﬁﬁrl@&hdﬁq{e@ﬂ&k including a
chromat ogr aphy on silica gel

el udee-phase s@ireodf alectbel pefverd & treanas f@btvarmmdm d_l@uiVBmd a

o <t M- Bt it P R L Gl s s gy main

ny, citewdBandn® |eéch of ke MMI‘QII‘UEHSZTM pedeebr 14EFi® 2ykontinuously
and conpe, aqueous NH OH ( was stirred in a

cl oBwatos dacsmipie GGt a@fi e?@)@e & GEL ysit to atsrmine wéengand
wer

chr onEARanE e Aed B hERMRIS: HOR 1M OR LRy St and
el uanihits\iippieg sdHihe mho(l—]fEﬂlteramchﬁs % was obtai ned. LCMS:

299 [MtH . Mo = 2 11-21 30C. PREPARATI VE EXAMPLE 19 A

m xt ure @beﬁaﬁ&n pf ibe q;bﬁiceisbﬁm Brsapan abhetallyExaip |1@g1(2ﬂcr)ﬁ?_v charts

(12.50 g 3rrim), N Ndinethylan line ( 15.5 ?
anddm‘ém(l?ﬂg% 6rﬁ9§1 7wé§ shewn Hdfigad, ﬂzﬁsmewswr 24 q@aijuously

Exc LR

o O R SR R BRSO B Tail et Rsensed by

m x tachdsMaisungixtd daiet edfanit tid IARES PconBra?ieéh ofithe s«irhery output (fault

conbi n were dried over S filte
o e o B R LG i RO B o] Pk b pksdo determine the
pur idchi®sh d0a Bek UteGhY RORIRUTE %HQM'( Refekhifd, tﬂ@ k‘au‘l\ﬂe& lf’eeder
8 1 CH2Cl 2/ Et OAc as eluent. Pale yellow wax (9.
1 opirepels's steraimestand odl oviser faRter fikgulits amﬁmmarfrma tnppmg

EXAMPLE 20 A mi xture of the product fromPreparative
Exanpl e Ithé¢ 8as@@>f gn u@o8ndedlyjtemif @t dyNHBe,icarrent sensed by the

<t | PR e O sn i by el e e SR e P T bptermined

Th ettﬁ@h&l%%ﬁ;e%\[& R%ANAY, 3h& ¢ 1RO Surtdre tt[r@@éh%@ niezﬁﬁumt is greater
purified by col um chrommatography on silica gel th

10 thagtieguprevebrough the fgeder by Wredstegmiried niaz giade.g,, 5% a@
318 E TI VE
A sd %% Sﬁ%&ng}g%he vy %li%r 4 %M‘r%é EdFP}ﬁHPI)“ ajiep ﬁfé@% adlt lies

( 10Githin)thyasirpel ot add apmps 8ighal i8 s&t itd thetnR GIRCI %ﬂlt% trip the
the amne from Pragaratlve Exanple 20 (30.2 g, 95.

o MpIn; Gircii breagenilinss of sowsedipablerdherptice systamo nL) . The
m xture was stirred at 250C for 20 hrs, _the_ sol vent s
wer e evaffondbeethentnthibe p@sﬁ:nd ﬂ@ou@ksthp orainf itlistgt withimthe

chrg .a n sihica CH2Cl 2/ MeOH as .
ol LU SRR G s §adF bl ieber B Ch ApffintnaliSn s made
L C- ¥t thd Bul{ ivkilles FOMERARS T aiEcikotiiviRY Elnzgﬂv?blms ndl 8 s@ﬁt to the
t he product from Preparative Exanple 2 1 (2.50 g, 6.
rmrofpin @Eiopnif t9 iglyby tripping ofhe mpin effit.

di i sopropylethylamne (5.70 g, 44.2 mmol) in dry

1, 2-di chl oroet hane (20 nmL) was stirred and refl uxed
under N2 for 6 hr. The mi xture was then poured into
saturat ed aqueous NaHCU3 sol uti on27(250 m.), extracted
wth CH2CI 2 (3x50 nl), dried over<'Na2SO4, and

filtered. The solvents were evaporated and the residue
was purified by colum chromatography on silica gel

W|th 80 1 CH2CIZ/EtOAc as eI uent. Sllghtly yel | ow oi |

SN AN - . NN~ A N A e % \ZAR A1 I /<~ A



mol ), 1-nethyl-4-(4,4,5,5-tetranethyl -
, 3, 2-di oxaborol an-2-yl)-1 Hpyrazole ( 15 ny, 0.071

wonwi7)jo471ed[ PPh 314 (6 ng, 0.005 nmol ), and Na2eCB/US26/039169
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ng, 0.071nmol) in 1, 2-di met hoxyethane ( 1.5 nlL) and
H20 (0.3 m _) was stirred and refluxed under N2 for 20
hr. The solvents were evaporated and the residue was

purified by col um chronatograph on silica with
2 1 hexaﬁé/lmh&ae fest s |bggmadeeeac \#%ﬁ&um@faﬁ’g signgl aygrent is also

F%ngs’md FRERABME! Y&d@&%{‘p%lgé %'@uﬁ%&r Endﬂ‘;(ﬁ i0found that
pro Preparative Exanple F
aqu elmmlrﬂem th{dngh anj'_feedcr Uit " (i® mBtenially mtem thanrtleat ofithe other

(067 H8) iR e Upe 1B bes B/ AR oE SR i gesides in

addegk difeult e fdeas \ites@Nshd D1@ipHisHalls@eMas 1Rl GRCEEhibOTRA circuit
N2 for 15 min. Then it was | oaded onto a colum and it

was ipuin its wepkey Addhasamectime ieltibig sigpaly axsrsent toiablothysifeeder units

00 Wi GER AR P a8 B Al 8o bl i
2411&4&1&1@ greatd? REMATRAN DKL feedéMinlifs fault SignBycuassiehtié @ét&lfmined
same, sequence of procedures set forth in Preparat

Exartht 8¢ faumt rogd %Srﬁr@ongéh%&e&rfcﬂr@\%@n%v Ersdetecigans e inhibited

glv%%ng gggunn 1 for the Suzuki couplings with the
i nt er nedi from preparati ve Exanpl e 22, conpounds

e LAl A A0 SR I

THREgrouRdASH &bl RivEIAby EEME?a%iEEi\ﬁn)SM&R@dM@ the &drdor in the
of the Invention The gﬂe invention Lelate

gendhadp Ficuiy thepain v iehing mecla ERRefly e M PigsPRAHpRRERd mean that
Y SURITRult Ao RY £ iRRICIsR) Bl AL eIk Qe on a
GFCl systemfor alternatinhg current, separately

der ipaed's nain bes-tphased Blegudin Swd¢hlpg)dﬁﬂcesl}®ﬂ$t®al\‘k19p®i Hfa

ed faor con uou I nitqrin e
o ltePl R S B RhROT B ¥R b Sty sensed on
bus aﬁ%dﬁplh)é fédd@ﬁéir@i’cﬁ’ c&Hp 2L WRRISEensdd l&‘}“ﬂh& n%ﬂ%ﬁ&ﬁﬁﬁe sensed
t here and in the event that a fault condition is

det daulf signn! eorrentinsthe eaiie i nob adeast avrgreatbithhn hehsepsed in any
et e, LAG:SRI3GT SURISRL S L Be iRl ga* ufypel Y

l'ines an é sense CUI‘I‘ any I'rcuit,

then the ed circuit w and t

ci'r cu o W PP Berelh iRt st ?sraalrﬁr?lﬁrepp f’ e Wit 8l A current

of tSRIFYMRY beabilyPiik@imibied BEOkRA tHeHhih aRA Bed6t diMRits' serisors,

systens are intended to sense snal | dlfferences in

cur reashis hagedoprisipadly migoe tasrls fonthe sltm\alﬁﬁpm%prbtéﬁ ‘yngrounded”

baI eran .
catgal SHGERHIHy Rl R o R R AT R g

grou@ﬂeThm6§3d@$6)V|ng t he neutral conductor of sone

of the normal current that would establish a bal ance,

or zero difference, in current in the conductors at a

sensor. If the differential currents are below certain

predet er mpadhndey fher SHAUES alcShoP BfToh Yodly! S¥Efle Lmplication of

fl ow uni nterrupted. However, ferenti al curren?

shouhd"sensed nunrhann@mae@bmmnmt' bctmene thetrhaie ehd fagdérsiis created

a l ng, ena .he ciycuit is interrupied, sipce .

" R tsaebndiRGe e arasRa Pk DEEWer St e Sogic

ins bu«ﬁké R 1R gcRER @RS w%%rth@t@e%tm@esﬁmlg ditBerfurlpydRAed or

being is occurring. Spurious signals often cause

grouwmelridgdil t interrupters to be confused with rea

fault currents. For exanple, power line transients

caused by sudden | oad changes, or |ightning induced

surges, can give rise to unnecessary line tripping

inground-fault interrupter systens. Since such

di sconnections of the circuits |n@%Tfere W th

ef ficient systemoperation, it is not unusual to find

that intolerance thereto has caused the users of such

eqU|pnent to establlsh sen3|t|V|ty speC|f|cat|ons at

o o o o s 'Y .




"false trip" the non-affected feeders' G-Cls. This is

not a comon problemon systens rated bel ow 125 volts
woaogroeusel (e.g., a 240-120 volt singl e-phase BgSUS2006/039169

a 208Y/ 120 volt three-phase system, because it takes

an exceptionally long feeder circuit (with a circuit

conductor |ength of approximately 1000 feet) to result

in a capa0|t|ve argugg current above the

| evel of For thesaidhagropn m@érhlgkmeﬁléfgacwewm}egfpowe@ F%S?er?@f‘ (or for
cir 277 di £
| PR A LIS PR v o g
vol Figg® th@rrgnﬁungic simple ntedslto tittatmiax whether ernogthe ground-fault

t hr ee- ph | ectrical syste
haSET O S R SEER R AGY A e R P inhand is close

5 Sysﬁﬁgﬁiude |(ﬂ/1tﬁmt4§/ Pi®ako 30d) R the Hlagﬂi‘ﬁﬁie\ﬂf ﬂﬁ: 208 Sighhlecurrent
el ectrocution of an individual conpletin
gr osended iauhe m@lnrqmutt {frsopthg matin is iplybiyed ’@@attﬂpmaéslf Ak the main
occur |ns§, neously, but results nost often from
ventFeHyF brl |l ation. The higher the el ect rocuti ng

current, the _shorter, t vent

fibrill at‘\usé%t}G@E?Yﬁ@J31YLiEﬁSw¢bqﬁﬁgglg,5%§ﬁ%p%ogg lfﬁs made, each

gngegeﬁ%sdr%%sﬁrﬁgl@mgdﬁtl %P@%ﬁ!?{i}%& bélﬁ%%(jﬁﬁ%}g(fgds@gl ?ﬁe; feeder unit's
10 han @Atlmgmhdlrre@magd alrit is forndiisiche pirrens Hgowehpny feeder unit "X" is

hand- oot t

L HE 5 B4  § P SRR e

of  9kRied rthe cfralﬁit bffetder dnit MX4, sdnptip sigahldskatt t@thef@rClamit of
690 volt system At alowglr@ voltageng1 22 olts

dr y theb RcHbOHER S Prakyt Ahts spge Hatse! i e Al other
han?eetdgxhlgrﬁgtto fESichen ‘f'x‘?pﬂlﬁg "Hi’dﬁ{ S 'omﬁ 8h, A4 T dehikEt's fault signal
ese resi stances, hand-t o- hand resistance is
15 190@uﬂb’ﬂtﬁs materiebp gredisr then anjo otiyr feadar enit's faudisigral gugent, it is

hmaln gfe‘{% g%hag 8e %@? z{ﬁ%gevsg?}nt\cxf%%be %ﬁ%@é cbr&u& S grb%%lg eefler circuits are

bod G bdEem it %of 162 mA at a voltage of 211 volts.

Either of these’illTustrated |evels of current flow are
signifi C%%lb‘l' AR ?ﬁl{l BFF{Q"E?@Q%%&&%M tlﬂ‘@ﬁﬁﬁaﬁen‘ral

person can vo unt , or release,

gr aspeghonees of mewtemptwyjembwdlmlem Cffahﬂ presemémemxgmrﬁﬂd@%ly shown

of current can re r fibrillation
20 { he Shagare arieized kishin § it opetes 1B ealy st Bt e a
bOd)intfeQﬁ{n@Pﬁy%tetnh@ Qoﬁ@ﬁﬁ&?@ﬂﬁr@ée&és& RRd 8@etiid intérfackAevice together
he "el ectrocuti on deat hs ex%erl enced today are

at t\weh 2aTmbe|of GRS dinitswaelt 25 thei CEET Uniir3 dqvigeiiBystyaged in Fig. 8.

th d b

fat aTgr et gl B G SO Fiaf s PR Rl

res Ltlribﬁla?éddrgrﬁmcﬂéukt it &i glia;crgbwg\ lilgfhxke) }t}ine?] (tea‘mllir)Emnrrent-carry1ng
25 262%5@? cm@ﬁlﬁ{ogpxlﬁ’g:a é'ﬁ a%d C"'dp@;r@gg@gi%ﬂg:‘%o}}ﬁgae( (%our% wire three-

glf ngh%ye( {ﬁ&h)p hat dP%rcrc])\iRihBe%%ﬁfsﬁo@éﬁ%ﬁfbn@%@ﬁﬁHmr core-

urre ow t houg or current | ow

r andhalighcé LypR) apEnotansidraley tMOsumllemrﬂcﬁ@phthyrentde phecqase ofa
a set of probablllt% urves ran in fro(?ﬂ9 thrfe {j s
i SKPOWED SYSEB Y it balfiory g})l %\1 HIRHGF RRYBFfgPe of current-sensing

vent &e!vféél(é ,birpfil %1 f(éié;{/'ﬂce) Q@ﬂxﬁ&l’cﬁtﬁ%‘ﬁﬁenﬁdﬁ/oltage signal,
durati on the S is a actor According to
301 EC r'Eﬁre@eﬁﬂﬁ’l@-tHe 1ngtman®hsuieasjmcch¢urmmsmbemw}e(§r01n e GFS, in

fibrillation occur for rre t mm

500 HFEPORSREP andoplRarey eper iy e ¢ %OEJF{@%%J dﬁ& ?Slﬂ%lgl is then
i Nt ety Pfses@reht 3AMPS! Sprpiaie dukrehd) eomg@cdfr light output
falls mnthln the vul nerabl e period. For shocks of such
intensities and durations | onger than one cardiac

cycle, reversible cardiac arrest “be caused.”

Addi tionally, "The vul nerabl e period occurs during the
first part of the T-wave in the el ectrocardi ogram

mhlch |s apprOX|nater 10960f the cardlac cycle. .." A

s o o o e



depicted units GFSII and GFSI 2, are used as protective
mechani snms in the respective feeder circuits. Shown in

wdasidtad7i6e nes are capacitive synbols "C0" reprecEmS2WG/039169

the distributed capacitances-to-ground for each feeder

line. The system charging current "Ic" for the feeder
circuit to LOADI can be cal cul ated fromthe per-phase

capagci tance-to,-agr und val ues using the following B .

equiat SHOmMIvAYyC _CC? han approprigis areany of sigre) yargmission (e.g.,
ch arﬂ_%flgptfcu(;rrrﬁﬁgllig Wohdidtods %r}%’ ﬂ%’ﬁr@&%gor’é R ARE bficiface” 23. The
Ico = System charging current of each phase during

nor Padcessps t2xrthenendicutenths neemssayy tagid dEstibed prelvivualyperdesermine

per BisEE S Ry EClp ot conert) St q e o sk or

Fr egu@neys thrdughBhd Proc@Bék Qe 1MM3S €The trip or inhibit signal is then
capaci tance-to-ground, in mcrofarads. Usi hg the above

equéangdeisd by thepra@ssir Asendet BT eit? iorthe eppropiate ¢urodnt,atoltage,

480 S ' r..a three-conduct or insul at ed .
cab Io}e[ Hgll‘itroél Eﬁ‘%( thtr;]‘?é}rle% %F?r}scotfggﬁ Fgssen fﬁgﬂ%lg?r"?fg}?gqr fetallic
yi elcosduckrd46) td the32fcdf Bfeakeds Qékiver=ufi¢4000 ohns per
phase for a 1000 ft |ong feeder cable Fromthe prior

- cal cul at g% QfrentI8Ryrup@H &vadaBat cah IntéHhiph lafi’d'-‘ is@ﬁ%’ttb@ Mree-phase

10

15

20

t hat when a person touches an energi zed el ectrica
phastc@berndueters, ofithe supplygieltege somrcetcoufsliietisadjasthe illustrated

r eskst QF e . 1050 ohns in, parallel wth .
ooty afters SRR Bl nmg RO (ol PR P st it o
capatihagmetic bsvatushrcirouit Betakdro gmbioe cRalit potee®Bd, Qir or vacuum

| eading to the source, and nost of the current wll

t ak EOPRY T W IFE Be WA IChIE Slgtites ReclBeipicaly it gganedsfuses.
(Note: Rin Fig. 1 is the systenmlis neutral grounding

resi st or Thndizaalio faegjropit braakert vrepivsrskl novksl Heorsed to actuate a trip
sol i.gh - 0 AT dred ohns .for

o b PO RS bR M B i o

f or imepilifegy. cusndetifos y sdwaetod) Nortdoald Hel it S REAGT @ XxaPht®r voltage
feeder lines to LOAD w il be

a fault.in any of th \

sendeHie @fﬁﬂ’ the ggRcuictipn pf ppwve spmicpadpctaieyices, 9k p gaaent or
a Ciyhgabet i ol d

e LA SR Sl e 4 D AU SE080 s povor o
cor etrgilnaneof thedeaers showmsf Bign® cou@Tbe tibritedeirom an kesmal power
all three phases A, Bland C (as well as the neytral .
For UMb Pl AR SRRy bt (el Sntivien. e sabasemidis ropnitored

_the psﬁ&ﬁ%rlsiehq\/i@seﬁbé‘ﬂ Befty RHVELHbS 1b4H LbRnt 1166 8BRS Be power

25

30

| oad conductors (and neutral) sumto zero for a

bal &f&® or unbal anced | oad condition. Under nor nal
system operating conditions, the capacitive charging
cur r ent s Allithoughtha ptesetiimenptmbasshean desecjbed atmrvd irstepmt of

e et BB By B8 syl Horeer Hedving! it wil e
Pr opgyrtdigBathat BththEnidfBbARdf MRt é}lﬁi $80AGhE s¥Bware may be

charging currents flowng in the three |li'ne conductors
A, ulizedavifiput dengrting fram sheswpiritiod theeirenentinpersidet Bomdxamgle, any

t hr I i cal to.6 M), . .the net flux

| naSagl< R e r LB Eble bR byl pitfn o
f aubtid eepdrelittg torROnES dn@its fotifhiBld lhhd/of Mdrupes ORER May be used.
wi nding W and coupled into GFSI will be beneath t%e

trip threshhotd)eleqsdhnldied behabess @m%ti&?ﬁ%a? gy %ﬁ@ied to other
fault current in wi nding W exceeding the thresho
| evEqult detssting sghemensichlas therResituat Camett Srevizes (ROB) eraployed

cor ' Vi hal apced,',. and circuit breaker, CBl is.
el GSRERENRHAmARARE GeyigRrGufy Eifin 9k, hights pominal
ground occur, such as is shown at "F' in Fig. 1, where
line Alis shorted to ground, the vectorial sumof the
capacitive charging currents in tithes A, B, Cwill

no | onger be less than the threshold value, and the
corresponding fault current induced in the secondary
winding W will cause the differential transfornmer of

N~ oA M o o o o - o o



sensitivity of 6 to 30 mA, which can mnim ze
equi pnent damage. SUVWMARYIt is therefore an object of
woOher7paeisent i nvention to provide an inproved PCT/US2006/039169
ground-fault circuit-interrupter system capabl e of
qui ckly detecting and elimnating a systemfault
W t hout causi ng nui sance interruptions to non-faulted
circuits of the nonitored power, supply system Another
obj ®ikup ensitivityof 3P s kit aroliksiyiseAtengded & prevant yentgicular
nmea £10,: it
o i ARl dhPE ARk SRR L NG Mg o
a | owisemcehiiphéfiomv te individnal-fealst tapanitive ohdrppehyemy)odud to its
nui sance tripping of the non-faulted circuits. Stjll
Ao Pt BRTATE Brropestsr.douit OF Fparel A 1 vpguiness of the
5 Pr O\gh&i8ntan{dntibn %8 bfpids @6 the/K(@®- phase power supply
systens whi ch nakes an i medi ate determ nati on of
where w ti 1 j
e at SNeg P S EUER D ncoiizhod 8% B PRTRARISAD be uscful
i nhiabhighergvoltagesrafspy 72hvaifs, fot bremple,raad posdibly Rvétep to 1000 volts
syste Briefly, .a presently. preferred enbodi nent  of
the i bt PSR B e _ ical wprg (P q%laQPlW“@fF@f t%_e present
uni Gsveaitn forCaRirbRLle8! pdrdnibl@.e 2 psiHfwidthhilsh Gl Srbtebtion
interrupting systemfor use in a three-phase power
10 di stequipment Audhersvesulating cibber glgves andrtbelifd)ables maxinoen ofrrent
el egtrj ower three: or four-wire.mip circuit.
ana o tra G a5 e Rehlct 5po R, o i r Bialeh P el fidions. Ana
CONRBEHLIN(BGIOUS Dilidl enddBd Mighit hedd Be endbl63c@!to Wétiukee tH® current though
provided in the main circuit and in_each of the feeder

ci r ¢l ady tomathinhima folsranss (18- NS BsUiASIAE arriers sweh as mat,

mai ' it '

e k. 20,6 LASHEL PR el Rt S s
15 t henetention ndvdd stilpbsugelde faulted circuit and inhibits

tripping of the non-faulted circuits. The novel GFC

syst em i Napphit@aiiehhhe pRbérd invedtioiideden described above in terms
resi stance- grounded, or ungrounded as well as other

t hr Obalseraativespbodimentsadt i5 Apftsinaigst thaicplilimitheg alterptipnse modifications
pre [ . .
harroppIRs A HeSorhlBipeben B AUEENIA I R arp 4R Biling read
f eedids doclosuret It wi thévefure tsandedithat fiehididckisutefiiei considdred fustrative
ot her ,"heal t hy" feeder circuits., ot her advant age o

20 { o S peai b s Pree T P o e iemegtade all such
Sy Stpplidalihs, ARG ati SR baRAYord §h& Ehbadihiistas fAEHRAM BStrue spirit
the source of the fault, interrupt the faulted circuit
and apd esopntof thednyemtienr upt i on of any non-faul t ed
circuits. These and ot her objects and advant ages of the
present invention will no doubt becone apparent to
those skilled in the art after reading the foll ow ng
detai |l ed description which nakes reference to the
several figures of the drawing. IN THE DRAWNG Fig. 1
Is a schematic circuit diagramillustrating a prior
art three-phase circuit having a GFCl unit; Fig. lais
a one-line diagramof the V-Harm simulation and the
assunmed paraneters for the systemused to devel op the
Tabl es shown in the text hereof: Fig. 2 is a schematic
circuit diagramillustrating a three-phase power
supply circuit having nmultiple feeder circuits and a
GFCl systemin accordance with a preferred enbodi nent
of the present invention; Figs. 3a - 3b are diagrans
illustrating the current distributions of a "solidly
grounded" system Figs. 4a - 4b are diagrans
illustrating the current distributions of a
"hi ghresi stance grounded” system Figs. 5a - 5b are
diagrans illustrating the current3Histributions of an
"ungrounded" system Fig. 6 is a flow chart
illustrating operation of the processor of Fig. 2 in
the case of an ungrounded power system Fig. 7 is a

o, . o - Y 4 a1 o r



renmoved fromthe person within approximtely 0.3 to

0.6 second of the shock initiation for a shock current
woagriude of 290 mMA.. The thesis of the preseRCT/US2006/039169

invention is that anong several feeder circuits

sharing a single three-phase power source, the circuit

experienci ng the highest detectable ground-fault

current will be the faulted circuit. It is envisioned

that det &NMFHAFESAMSE which circuit has the hi ghest

magni tude of sensed ground-fault current (above the

trip threshold) can be determ ned by continuously

nmonitoring the GFClI units respectively associated with

t he mai n lcifr guoind-avdt citepit-deomupier (\Cé?édiwsmm ariatsgparntdly derived

determnin .ch unit has the hi st ound- f aul t

cur TRt PhAE BRI iy b b Ehe Y il brspopty
5 scenad ham hasieoin WithBslufalityortewier sircuMekénnected to the main bus

specifically, a conputer programcalled "V-Harn was

usedityl. SPRRTIENE and predict the performance of the

ground-fault system for various scenarios. V-Harmis a
| oad f | owpburaiitytoé GHSH sgitarespastively eproeiitad: witlesedthmainalyss and one

of the. .three-phase system separatel and..cal cul at es

*he o450 BTEPRERE e SRR P RREAE o a6 P it Himents o
condhd faQR Surréi Eh gRsnd Aulvirg thérei B 38d t@ et 8l faultl Gonal

la depicts a oneline diagramof the V-Harni sinul ation

10 and comarcasyaigethiae demeeplunbalaneaef By sresntySewingdhrough the
deV%E\%‘P?ltctBﬁduTc?&L ﬁﬁeaiﬁgm PEliPWng Three representative

types o ree- phase power systens were sinul ated,

solidly- grounde hi gh-resi st ance qgr ed. .and
cngr ound &SRB b Plic 3Rt fe Mol Sina® Rieseted by the
si mgculesitfortheaah tuspacot akdtht GOFI2RIt@naAE fdeder circuit
represent the extrene of a solid "bolted" fault, 700
ohmsorrected §p dheapain re clagpdly said prosesser bppepeeranmpet son' s
body at the 480-volt system voltage, and 46,000 ohns

15 to represent théetemupe pher eBwiteenditipe skisisdasadranesrtain

| evel at 277 volts-t0-aground DATA Frequencyk T 60
Sour ce. | AR AasHRIETRa ReR IS SHERE Y o bl frperated by
kVA 13. 8 tkMGRE80MiDef themditebus Theuig selindifngt dindldienesaged by the
is varied i:n the analysis.) X 575% R = 1.44% 480V
Feeder ( THEJamya imthe feadsr @ictitest i mat ed based on a
three-phase, threewire systemwth 2/0 copper
conduct or s i ntedaemmisewhishicircaihisreaperiensingreefavit.al
except for the Series Ill cases, A 2/0 copper

20 equi prent  gr otmgéneate ambivaiswit 4 tsiprsignaldotthe GFCI vhig in the faulted
feeder circuits.) Zj 0, 1020 .+.iq. 0533 ohns/ 1000 1 Z0 =
0 5or4 < chptt tdbebudiTae bech gt R 000 ¢ G = 40
nf/1000" Loads %ghe | oads are congecte in Pn
ungr ounded- W STEHETF SRt EAEH andrhibh sigaaltp gt lepstgome of the other
cases. |nibie c§§§ih§ﬁlo_'sé Lir&@S E5be llDitee WohPhntfupBaeh
|l oad is connected To its neutral conductor) - Series
| & | Feeder 1 - bal anced three-phase 90 kW 0,9 pf
Feeder 2 - bal anced three-phase 90 kW 0.9 pf Feeder 3
- bal anced ,t hree- phase 90. k Feeder 4 -.. .. X

25 1l anced & A BUREen R Ml PR e asdedieadp lgim 1
capagictd s4i@ @f&@is@ﬂisfmé%hﬁﬂféﬁ' tPdA&EihOthET ® Bt condEbh 8Sists in
11 Feeder 1 - Phase A-N - 30 kW 0.90 pf Phase B-N -
20 Jeaqnaip tws cpguibhase C-N - 10 W 0. 80 pf Feeder 2 -
Phase A-N 15 kW 0.90 pf Phase B-N - 35 kW 0.85 pf
Phase C-N - 25 kWO0. 80 pf Feeder 3 - Phase A-N - 20
kW 0.90 pf Phase B-N - 20 kW 0.85 pf Phase CN - 30
KW 0.80 pf Feeder 4 - |Is Disconnected Exam ni ng
Tables 1 and 4 (for a solidly grounded system and
Tables 2 and 5 (for a high- resistance grounded
systen), it can be concl uded t hat3%n every case that a
ground-fault does not involve the nmain bus, the
faulted feeder is the one that has the highest sensed
ground-fault current.Tables 3 and 6 (for an ungrounded

e T T T T Y Y



and neutral conductors. TABLE 1- ("Series |I" Case -
systemw th | oad on feeders) Summary Tabl e of Fault

waouormatict shaded bl ocks) and Current Di stri but POW/US2006/039169

10

15

Solidly Grounded 480 Volt System G ound-Fault at

"Far End" of Feeders 90 kW Ungrounded Bal anced Load

on All Feeders Feeder 4 with 1.0 nF Surge Capacitor
Connected on Far End to G ound (Current in . |

mi | 1§ anpéthedaultsigen Som thy GF G ong ip fiedpaip bys circuit and the fault

di ff.erenti ent . ; :

ot rip Sa e R T AtRR i Tk SR EP At in magnitude than
nong hrRudibedned theashdld vekpy#dent a sensed current at or
above a 5 mA protective threshold | evel.TABLE 2 -

(" Seri esifkhe @8 fgnal st BHRAOCKCINmMitAAthednaihetdeit H)at least
Summary Tabl e of Fault Current (shaded. bl ocks d

an .
Cur predi¢teiDiined pasesniaga greatarithpm-arault sigardeonea Sifidemitsngny of said
Vol } %stemt G ound- Fault at "Far End" of Feeders;

90 ifJr¥thded Bal anced Load on All Feeders; Feeder

4 with 1.0 nF Surge Capacitor Connected on Far End to
Ground (Current in mllianperes as sensed by a

core-bal ance or .different.ial cur transf orner,. .

unl ess showarnAdRH SEIBICREPIET {@ﬂ@é Fﬁ%ﬂ@ & E%Iﬁ?%ﬁlt ¢faim 2
on i i€ brid] 5B MetcAmFRABAG fBulk E@Mlition
at g@@raeggé\}g%‘d%és% 1%?%1’?1‘3%%1?\%%%?{1” eshol d | evel . TABLE 4

- ( ¢Setsiiresnd df'thesdercirsyigst, em wi th no | oad on feeders)
Summary Tabl e of Fault Current (shaded bl ocks) and

Cur rent [DFsd fauhebhdition exiSolin the ynaBr cioevdiedndi80 Vol t

System Ground-Fault at "Far End" of Feeders; No

Load on Althe RRRARMS! genbreddry the GIFCH uhit th adfy Sedeyeircuit is

Capaci tor Connected on Far End to G ound rent. i.n

mi | Imaigrsdly gEeates t@éﬁ%@fiﬂll&;ﬁlgagé SPRTBEH By e éfdf (il in the other
di ff ! O current transforner, unless shown
thf(“gérd&g&;&'lit 7-TABLE 3 - ("Series |I" Case - system

with | oad on feeders) Summary Table of Fault Current
(shaded bl ocks) and Current Distribution - Ungrounded

480 Vol t stem ound- Faul t , at ~~Ear . Ty :
Feeders; + r?%mif&ﬁ')ﬁﬁ%ﬁmﬁ‘%’é@te&:ﬁGgggesé’gtg?ls%S%ggg yplaypo 3
Wi t Ryierdn Btd e ofp Faghdr @fogenied tedetaimifathatimndfauh condition
Gound (Current in mllianperes as sensed by a

cor exisi inaeobihe decdpediennits.al 10 current transformer,

unl ess shown otherw se) Note: Underlined currents on

t he non- f dubtfadt @inditiontesistsdp thespain ciceibisdd current at

or above a 5 mA protective threshold |evel. -16-Note:

20 Under | i nafithe tiuliesigiml penetrdied byothe {GHTIvadt i iany ietler circuit is not

represent a sensed current at or abagve _

b bt i ane) e reiie tregted e PrED upis indgg gther
) L5l no load on feeders) Sumary Tabl e of
Faulf?é%%%nt (shaded bl ocks) and Current Distribution

- High-Resistance Grounded 480 Volt System
G ound-Fault at "Far End" of Feeders; No Load on All

Feeders; eder hth 1 r i o X
Connect eog': grﬁgﬁlﬁgﬁ c%r(c)ul&?rgurﬁu&p%%&%ﬁéel:ﬁ%@fénﬁ P recited in claim 1 and

25m | | fuaABeiosprigmgsensed by a core-bal ance or

differential 10 current transforner, unless shown

ot herwi se) NotiginoMndRh lnhdd86lfer ebmatinfcaffe tHaGault signals, and the trip
non-faulted circuits represent a sensedgcurrent at or
abovandanibitisigngs beteeen vaid OFCE s end swidprovessprzag -
("Series Il" Case - systemwith no | oad on feeders)
Sunmary TabkeimnéackasidtGRGInmérnbcl¢ddsaded bl ocks) and
Current Distribution - Ungrounded 480 Volt System

G ound- Fault at "Far End" of Feeders; No Load on All
Feeders; Feeder 4 wth 1.0 nF Surge Capacitor
Connected on Far End to Ground (C3rent in
mllianmperes as sensed by a core-bal ance or
differential 10 current transforner, unless shown

ot herwi se) Note: Underlined currents on the

Y Y Y 1 e - oy o Y | - g, o, o



Summary Tabl e of Fault Current (shaded bl ocks) and

Current Distribution - Solidly G ounded 480 Vol t
weyet7®ar162 G ound- Faul t at "Far End" of Feeder SpPCT/US2006/039169

Unbal anced Phase-to-Neutral Load on All Feeders ;

Feeder 4 Di sconnected (Current in mllianperes as

sensed by a core-balance or differential current

transforner enclosing phase and neutral conductors,

unl ess shown aeroypddauli ssajorXoFe) uiherupladie dhaeireaheasrying

on the nqn- ' ' r .

at or - aboi L & ERkB R 62 ARLeARER SR R R

t hus cl edeveldpad fatih eignalinqoutegrondinmtb ahy onimlanabd catent flbe therein;
concept of the present invention. It is envisioned

that sucA™ault deternination can be made within
approximately 0,010 second of ;the fault initiatio

5 (i.e., by sendchepribbrgakesrespaasiyely theEinmed inhypit gignals for
Frrt podbitfiing Wb Hilhrlpontt hEecHfeGpétiaide foin or foeder

t hr eshol djrcuiffurt hernore, electrical isolation (circuit
i nterruption) can be acconplished within 0.025 to
0. 050 second of fault initiation for typica
| owvol tage applications, and within 0.10 second (to
al | ow forg tgrosh@ Rt RRET Mtb@Rptef (CYTINEYstchh hStdbited in claim 5
breakers) for applications of this technol ogy on
10 systvdwrecin aachdaidfoilel urdolrther ingugisase- t o- phase. The
concept is sinple - even though the sensed currents in
mul ti pl e affesicbender fordufetfacingyvithéha G aniteerdoftio trenglgte the fault
trip.level, the.three-phase feeder circui.t that has
t he Vil defeloBrd ey S NHREm B8 <0n SripitatbE e iy
has itnemBEien Adahatdlshidpseessoridi@ only circuit that
needs to be tripped and isolated. A nore conprehensive
appl i cat 'acﬁ}stq{acetiﬂﬂr Sor 1HERvihS tafk14tB8d BT RRKAKLIFSIghals communicated
sensi ng systemthat would involve séveral protection
15 | evealvsr seid minsmasspmpagaas doyuibe prasdssohtocthbe (iTAE eniyanddm

For exanpl e, GE stem t.hat. coul. d be applj on .
ol PR G e SpEd R EP A S8 e PR B ihBtoPertacing
boangsh thekirf@t Bealed & aant ers and still acconplish

the discrimnation, sensitivity, and speed necessary

to pr eVerWheFéiﬁQéi& ggd&gsgpin@;ud@g | levels. The basic

concept inplenmented by the present invention is the

provi si on, of. IPARS Ok @cei@ﬁ%ﬁth{#%&ﬁt d 581 's%‘ﬂﬁls bR converting
smal | capacitive currents t ow t hr oughout a
20 t hr ekerphas orpsmitabls Yatieterfdeing mithahd praedssarg hndr
hi gh-1evel ground-fault (i.e., at one extrene, a fault
t hrough a feesmiaender f&l iatetfdeihy whihghe prodyssoewittihslarerip and inhibit

at the other extrene, a lowresjistance, solid netallic .
f aul Semekslevalopasdiyesarhpracrssdito edorgh sifable foy eymmyErigatianpyer said
t he . Of f 3) sinultaneously react

to 6%@%%%$Q?PE%F§?5§H#%ﬁﬁ%Q%Véburce or feeder line,

and (b) inhibit the tripping of other non-faulted

feeder circuits. In Fig. 2 of the drawing, a schematic

circuit djagram ] hown general Iy illustratin . :
25¢ hr ee- ph?sé‘, grQB?f%faé‘ft&”ﬁm& g’ﬁ?%ﬁ%ﬁﬁ@ %Yﬁt?ﬁﬂ ¥ rS%Fegldfl glaim 1

10 conibiRdaild RYoRERE I Ragiahn 16 MbibaRiabkitit B @it ddalition exists in

shown) to three power Iines 12, 14, and 16 providing

t hr ethe pwiesirgpliase circuits A, B and C. Connected to

the lines 12, 14, and 16 are three feeder circuits

shown at 18, 20, and 22 , respectively including three

power lines Al, B and C; A", B" and C'; and A(tm,

B'* and C'. Also depicted in Fig. 2 is a GFCl system

in accordance with the present invention. The system

includes a GFCl unit designated GFCIMin the main

circuit, and units GFCIl, GFClI2 amd- GFCB the feeder

circuits 18, 20, and 22, respectively. Each GFCl unit

i ncludes a ground-fault sensor (GFSI, GFS2 and GFS3,

respectively), as does the main supply (MEFS), and

S .



three-pole feeder circuit breaker includes a
shunt-trip device to facilitate rapidtripping of the
WOoi20iMt162 The sensors and breakers coul d be separaisen06/039169
formed as integrated GFCl circuit breaker units. A
periodic "self-test" feature can al so be incorporated
into the subject GFCl systemto assure that the
sensing and tripping circyits a | ways, functi.onal .
oui t abl ellithiiabls plghal geneated bxthe GAAT HHGH e MATFRID nd'the fault
andgl 0t | IR i fREbE mifiafudes
theSIlgﬁArlgegﬂ%Faget I pel evé%%li%gg%gg%@(&gﬁ% %%bp% FTA) }{%\ﬁ
any geeetes tan atphaleprooed sloesladd vdesom nes whi ch GFCI
unit has the highest magnitude of sensed current and
i dent i fi &fghé fauhSighblegenerateddry the SHET ubihiat theasain pigcuit and the fault

round-fault and S e tr.i d . (throygh.trip _output
5 90 Yt i sEl o Bt B SR P REH i PR B,

W | &nﬁhmﬁeg AREAHS %I REmRhOFGEerdgelonidl diRs, SO as to

avol d nui sance trips. Feeders other than a faulted

feeder may al so have a sensed current of nagnitude
greater than the threshold trip level due to the

capaci tiye,char gi curre rtic :
feeder, But* ¥t -%ﬁhF%%¥p§%%£%39gﬁggpQ?%§B$ﬁg&§%g€%cbnn7
chanfi@jeih Said@ bMRYSOLIE fln€iRs piogramgead touditertnignthbte fault condition
"faul ted" feeder. In the case where there is only one

10 GFCexigisiip apk pf the focdey drcyBhsed current above the
threshold, as determ ned by the processor 24 (as when
there is i faulbpendibertesists i hemAtaryit afere is a very
| ow | evel, incipient ground-fault), the circuit = .
i ncl udi ngf tha&tultsigral géteratéskbyt thie §F&d unitrin amefegdereircui pnot

referring again to Fig. 2. Lch i l]ustr . '

e durprte G b ne Ryt pERsd WS B i 1P b Rpner

uni teddaebidiildg a ground- fault sensor (GFS) that wll

provide input to the system processor 24 and lead to

the trip of the appropriate circuit breaker (CB),

shoul d phase A of feeder 18 suffer a fault "F' from

phase A r QU € | b d in claim 8

circuits gtai%egr g,g&l{‘ uﬂt:c,l:'tﬁr rglzlalt? é&g&g‘%?ﬂ'—(@ﬂ@g sgﬁtgh{‘?]se@(gﬁegd psla )

of arliepsiA shild pastdssoDis flittkerdirsgrainbnetl doldetepaios thahe Eudifcondition

t he feeder cabl es i ifJI strated in dashed lines as

t hr X191LREE a?é’é‘ﬁé’if%rge‘%f)ﬁ’ﬁ%ﬁsed bet ween ground and

each phase of each feeder and having gurrents [ GCl |,

| G2 and if arfult cppditipn gxistsdp HeARaB LIt 8t | F can be

expressed in terns of these currents and IR as F = . )
201 GOl + | G2 faulysimsl generatedrbiethe GG upidn ey fepderieirguit is materially

di fferent..groundi Ll i : ' o

pecoiieaor flh BTN e gt EORAET b R UrCtepl i BetiR 5B ciruic.

each type of ground-fault is slightly different,

dependi ng on the nmethod of system groundi ng, but the

currentthrough gne feeder, is al hi gher, t han t hat

Chr ough. ¢ Ho. SPIAGrodel GaRren BHUHY L B QE PR onGH b separately

that 3 oney ftl'ﬁ@éj-ﬁllliase £Rcifchl Rower | PEyResh R8l@Wg a three-phase power

incorporating logic 1n the central” processor 24 to )
25i nhi fupplyt anidppain guodirquitevitt hplurdige offesdanicirbuitseogeetted to the main

currents of | qwer ni.t ude s. the GECl s very

e el P B P at L BTG 1D e

Fi 9Sresllgeaéti@‘éﬁI 2@ op R N sEQRED Hith IR Shifubh@BachltA i eeder

of Tables 1and 4, it will be understood that a solid

f aul tircuits and oparghade gaeratt affadtiuignal gommensuraty with the degree of

ground will result in conplete depression of the phase

A" to neutral voltage and result in a relatively high

fault current | (hundreds or thousands of anperes) in

phase A' of this feeder, as deternined by the systenis

positive, negative and zero seque i npedances at the

point of fault. During the fault VA-O, and the

unbal anced vol tages that exist with respect to ground

force flow in phases B and C of each feeder (see

.



the currents through the GFS units of the other
feeders. Depending on the nagni tudes of capacitive

woher7gunig2cur rent s present on a particul ar sysPemusS206/039169
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the body resistance of a person who contacts the phase
conductor, there could be some mnor shift in the
neutral voltage that m ght result i n unbal anced

t,t h th f f d d
P TR pagfe B Gevae oAl ahiE Pl iy o
S ahRwepriatdle rdsporld 0 tFif 8ak] aMdlain 1@13\@Y1§nﬁxﬁﬁﬁpr@iﬁgethé BRps of:
hlghest magni t ude of current through its GFS.

" Ungr oundggltor%g%h@muﬂ%lgmgggn&ateﬁrb $he s%@eﬁﬂ@F@Pum?J‘d

the confirm ng sinul ation arts of Tables 3 and

t he faul d€hined
up entlrgtéﬂg]%Ehgkggg%ﬁt&ﬂﬁarg ﬁgﬂgﬁg?gﬁ?é g% ﬁﬁgﬁorlne
manyeldtonshipd be&geerwﬂtammgcthmfahb sgppirgemenamléiyyh@@@ CI unit in the

ere.. The GFS af f ect e w |l seps
C hOE g S eot e TlgHe e DY b T of i e Ter

ot hgcfifsS units sensing smaller currents in proportion
to the distribution of capacitive charging current for

those f e&& n1n HecH S¥the ?Eﬁ/%&l ERQHE s é)?) ﬁ@ndlr?g P hult;

|ntent|ona ucti1ve pat round

anungr ou u

t hr ough E%ega@a R R @*“F??w‘i e it
sucbircau&hsfebyrb@sﬁa@@l@d( chanziafoobehhatruptaﬂ, a@dsul t in fatal
current flow through a person's body. As pointed out

above, tBanepitiRg@nd tramn@ifingQm ihifibt widasl ta tmal QFel it oFfat least
G-Cl units and a controlling processor form

gr oserae phthe pthee eiseits therehydapsing thope ¢ipquits fubr m%gmgg &ioam
forlﬁﬁgﬁ;gna t hr ee- phase power distribution network

i ncf g a three-phase source of electrical power, a
three- or four-wire main circuit, and a plurality of
three- or four-wire feeder circuits. A GFCl unlt is
provided n the circuit and.in each.of e feed
circuitsl ThAémﬁFhGrraé?g BV giepyd fazx?t USRI i ErsHRbOp as Fecited in

MONif0h 30 bAE flePeddidsiipdi t and each feeder G-Cl unit
to determ ne when and where a fault has occurred, and

in fespor&%ﬁnﬁ@%wﬁaﬁ%&% < BUbE afipiGM t and

inhibits trippi € non ted circults.

Oper ation of | s

the logic fl ovf\ﬁﬁ {% %&gglof?%lﬁﬁhas éﬁéﬂ'?lgg{nqgé]g’ﬁgl ‘!}%u gnd the fault
shown i nsighg.frofn tHehEF(WtQﬁ?lﬁﬁ&Ofeaﬁlbne foetemnsiuilaye greater in
nmonitors the current flow condition (the n%gnitude of

the faul magp%ﬁlng@q}ewn%@rps@i@va@m to detect a
fault and makes a conparison of the sensory output

(faul t signal if the faglislenarrom dhe €FEbunihia themabr gircyiiipaftleast a

of each f

Faul e, OpaCElRbd pl o e B e RS o Gt yoit n any
faul ted beedefeeddricirginits.i s i nterrupted and all other
feeder circuits are inhibited fromtripping. In the

case of an ungrounded system if at any time, current
sensed by the main unit and current sensed by at | east
one feedgyp Hme&hokaqifgr&mﬁg SrnBIBAEl AT ieshslita in
val ue (such as the current through t
nalnbunﬂﬂanéﬁgﬁeac@npm$mgl1:he current through the

feeder by a predeterm ned nmargin (e.g., 5%, as

suggest edetbyminhg thdtavwadt egrdaionadxidtd i®.oné of &he feeder circuits
determnation is made that the fault-lies within the

mai n circuit ang faulf téddionsdxEHiain thémaBdirct, 4dde mai n

GFCl unit to trip the main circuit breaker. This of
course disables the entire system |If on the other

hand, the current through the maip unit is not within
the predeterm ned margin of the cuUrrent through the
feeder unit, a determ nation is nmade that the fault
resides outside the main circuit and an "inhibit"

signal |s sent to the naln GFCI unlt to |nh|b|t

- Y a1 A a1 . s



by the unique circuit conditions of an ungrounded
system However, the logic works for the general case

woher@4tise t hr ee- phase systemi s either ungr ouRdeaSe006/039169

10

15

grounded. For the solidly-grounded and hi gh-resi stance
grounded power systens (or for that matter, any
i npedance- grounded systen), as depicted by the fl ow

diagramof Fig, 7 he in' LC Sikaply, .n s
det er ni ne wh e‘? ﬂ‘é‘rfa‘af Slﬁr&ﬁ%eé%a‘# gghj&-(?%ﬁp‘f&ﬁclﬁ %?g %fetdgrr circuit 1s
fault signali.eneas: @in gRYa@f sibhds f@eaesShy the @FQIands in every
mMA and is close in magnitude (within +/- 10%to 20%

to the matherifeedgeciofuit he fault signal current sensed in

the main circuit. If so, the main is inhibited from
tripping. If not, the main circuit is tripped. As in

the previously described logic, as the above test is

bei ng natk A sethod bé pawidinmgrousd-familtl dircsit gretruptionrae mecited in

al so bei ng con&gred to, each other feeder unit's fault

si geaim $4 ARt REthesgIOnTSiNg | s found that the current
through any feeder unit "X' is materially.greater .than
that of d¢iernyningithatsefurt qenfition existsilg a’ébé?%‘%ﬁ?"r?éar FLFFAH S

the fault resides in the circuit of feeder unit "X,

and a trip si gmalfaulscaditiontesistsia tiepupingiickit,@ndt hat

circuit to trip its breaker. At the sanme tinme, inhibit
signal s are s#mb fowt siphal geteeated bearr GHGI vsit troanyrfledsir circuit is

their tripping. If on the other hand 0,f{eed IS
fault si awgﬂ“agm Brealst ﬂt@%&ﬁ&& R g‘érPeé%F%Ly %%Fg%&“s mevery
ot her feggef fedidriciieuif.aul t signal current, it is

determined that no fault resides anong the feeder

circuits, and all feeder circuits are inhibited from
tripping. The block diagramof Fig. 8 is a

representat i,o d 2 ited i
ol ar v ennadnng by MRSkl eRRAT R AAbn Brecited n

pr exiabtd0¥ng fgvirer comprisimg:e general i zed fashion in Fig.

2 above. In each case, the ground-fault interrupter

syst em i Fe@RAAMirgSHE moffadlt pordidiRssistaindhassinsdimnit

interface device together with a nunber of GFClI Units

such as the GiGhe Ehitsichaf@tiefifed Byl #6 GFal @ditiimtifeirain ircuit and a
The ground-fault sensor conponent (GFS3) provides a .
means t o fadhsignal Bencratprhbnsideast gpaorfitbe BEGT pnigyinthe feeder circuits

that fl ' he t.h - '

ot b BRSO,

th - f - i t h . Th -
e oot kLA BR: B o cro

o cor ebal angertfRphalCashéart tynBOSROI oRi i Aadassoteeédss chouit do

output current in the case of a power system current

unbal ancewt baveimagngtudes wiin agecdaisonined pesppaiags of each other.
current-sensing device (e.g., a Hall-effect device)

t hat supplies an output current or voltage signal,
representing the instantaneous nmeasured current _
magni t ude; st pomrethb@ ofGrSyiding grewplefasit cironibimtamniptibapcredited in
current flowin the condugtors. This %?S squ?l i% .

t herelaimakkWhereia sigl PEOCCSIOR dfcrogigpniedde dpigripye that no Tault condition

25 APPTOREL Al e SBLer YRhhAOE, or light outputthat is

communi cat e rough an appropri ate neans of signa
transm ssi o - i -al.l h c conductors
36) To  HopronSugbh it PR T 23"
Processor 24 then executes the necessary | ogic,

descri bed previously, to determ ne whether to send, or
inhibit, a "trip" (or "open") signal to the 'circuit
breaker" or contactor through the Processor's "sender
[/F* 25. The trip or inhibit signal is then translated
by the processor "sender |/F" uni%725 to the
appropriate current, voltage, or Ti'ght output through
a means of signal transm ssion (e.qg., fiber-optic or
metallic conductors 40) to the circuit breaker's
"receiver" unit 41. Any current interrupting device

I e e o . S -



at hi gher voltages of say 720 volts, for exanple, and
possi bly even up to 1000 volts and beyond. But there

woryo7me7im2 practi cal upper limt of applicati onpof/ushme/039169
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present invention for "unprotected" personnel (i.e.,
per sonnel w thout shock protection equi pnent, such as
i nsul ati ng rubber gloves and the Iike). The maxi num

current thro t he bod S ca at.ed abagve, coul.d.
al's0 b Hithh R esha b5 D e RS BB OB i not
vol hidterfall{i @FeattR 8138 e Bk sigﬁ@ldgeh@f_a@wqu@dmo uhi@iuGEe other
the current though the body to within human tol erance

(e. fpedenpiisuidd. i nsul ating barriers such as mat, gl oves,
footwear, etc.), but the sensitive GFCl sensing

technol ogy of the present invention could still be

used. Notw thstanding that the present invention has

been desé6.i Hed tlabopkase nleteicaspoyfer abppdy pwsténv ncluding a three-phase

enbodi nents, it is anticipated that still_ other

o't 8P e RRLY st BURaGHE %mr&?lryc%ftfjpm Cigyifs connected to the
bec afih RRRACER hnd 2 oldf$ Saudtirble8ive s Hﬁfo@bfotébftihg hgainst

having read this drsclosure. It is'therefore infended

t hascadeotel daudsltogonad,be imprayved eravadifaultigiotestive sy stemtlcomprising:
not limting, and that the appended clains be

i nt er pr et gthraldy iofiglounkd falll cisuitintapptec@ii@henits each of which is

alterat,jons,. .modi fications and .enbodi nent fall, .
o AR S Bt ef s SR O kSt oot Fapite jad is
THE o550 Inorfitod tHeWaskcl el c‘hal(‘gii{%‘:éﬂnfen{srﬂﬁiﬁgj Blefdthrough and to

(GFCl) systemfor a separately derived three-phase
el egendrgeak fpdiegnad abphgnisyls cemmensiraidiwith the degreeofimbslance of

powar | pd main, bus circuit. with.a plurality of.
P oo P POf AR AsSoef L Hirkbly b B Rttt ana
conprising: a plurality of. G-Cl its,respectivel

associ at B8TSRCERT SAPRUREIR bR AR BReraRedo FaRBosly

Ci I glbinttSr MO EnIPesAld J8etbRdMNhd GUFY DRIt 6ARRCHAIL WS circuit and the
chargi ng currents or the fault current to ground

f | ofGig unfionesatl Sad chewt, seld peorssser beiag pragrameegnal
commensurate with the degree of unbal ance of the

currents fl owiandgterhmimeughen hfauk eveditidon exdstd batedos ceftain

each said circuit; d a .processor for coptinyousl

moni t or 1 ROeEmad refeliongRy Getyeeind Bpngyh frultgaspls generated
unit on bhend BFOI BiinGhd Sblintbud BFcdihghd e bauliignaseBaGitd by
feeder circuit connected to the main bus circuit, said

pr ocessotheeF Gljuniis digyihgrfersdgr eiscudfet er mi ne when a faul t
condi tion exists based on certain predeterm ned

rel ati onshi ps tddettendme windh afreaidycirdvats fimedperienogmgd fault,
generated by the GFCl unit in the main bus circuit and
the fault sigmagsegeneraisasniiy tfipeigtklGh thenGFST unit inhe faulted
f eeder ci rcuiés, to det e{lm' ne which circuit is

exper i enclreiyt herehy pausingshafcirapis fabeniprupledsiid a trip
signal to the GFCI unit in the faulted circuit causin

that circuit togeerafeandriragpmign igneit signa)de at laess seme of the other
transm t J.nhi b L: . at. | .

ot her ci ¢ oy e 2coRHE Riosk Bt P PEnESTE oty biFrupon.
frominterruption. 2. A ground-fault

circuit-interrupter (GFCl) systemas recited in claim

1 wherein_,said processor is progra d to determpe .
that a f 4%t 10 adMHar-PhesR elseiricabpqwer shepIayemp gsrectied in claim 16
Ci I Gihefeid s [ 1 he GFCI unit in the

mai gﬂlbueléﬁ ﬁ@gﬁg&%ﬁ%y&g@%@@%ﬁ gnal fromthe G-C

unit in ; f | bk sar .er-.in

mgn t ud e Bae AR Bl Bife SREREL D (¢

the fault signal fromthe G-Cl unit in the nmain

circuit is at |least a predeterm niffd per cent age greater
than a fault signal froma G-CI dMfit in any of said
feeder circuits. 3. A ground-fault circuit-interrupter
(GFCl) systemas recited in claim2 wherein said

processor is further programred to deternmine that a

- . o P Y -,



circuit. 6. A ground-fault circuit-interrupter (G-Cl)
systemas recited in claim5 wherein each said G-C

wanoda7/osusk her i ncludes a first sender for intepPCamiSn®6/039169
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with the GFS unit thereof to translate the fault

si gnal devel oped thereby to a formsuitable for

comruni cation over said transm ssion neans to said
processor; and.,a first receiyer receiving . . ;
translated tr &[Bheagﬁﬁlt F‘ﬁﬂ?lgf‘im ﬁeg%%@“r%‘ﬁ%%n@%tc&g uifong the fault
sai d tr agsid] $onihe THEOISinkti0 8 A oBE ReB&SHicutt Qrel dieat&RG!

unit, and for converting the translated trip and

i nhi bit BiegwEds they apredatermdnad thisskold yalueandr f aci ng

with the circuit breaker thereof; and wherein said
processor i nciftizbelouls sigaddrm thed@lr Gewnif iprthe weiwi aiichyj i 4fdeast a

transl ated,fault signals and.converting.t to rm.
Surt abr errareibed paR e TR bl Sieg ok PO in any
second seng@el febd@r cirbdigr f acing with the processor to
translate trip and inhibit signals devel oped by said
processor to a form suitable for comrunication over

said transm ssion neans to said first receiver. 7. A

gr ound- f gyl fé\ &ﬂhfe%%hﬁé L&kt gibgérp %ugggsgsygt?}ffégq%iﬁﬁ in claim 17

recited in arm1 erein s

pr ogwhareimeshid prodesarins te futther capdtalitytofcondi ti on exi sts

in the main circuitif the fault signal generated by

t he GFCl detaintining thd@o fRilNcadiditivuiekisayiel ahinef fhadédder circuits
signals generated by the GFCl units in the feeder
circuits are {fob faflt e dnlstass @tBeain diRkan, ad

predeterm ned threshold value, or if the fault signal
generated by thg fhfekighty éenbﬁterd@ tHRGRCE bh® W dnyREdd: REouit is
fault signals generated by the Cl unit 1n at | east

one feedest witegalivtgremeriban thafeulhsigmml gembastediby AIGFCE unit in the
predeternﬁ"ge{d ﬁ&)erce%age of each other. 8. A

gr ound- f S0Ft “EFF CUFY S nterrupter (GFCI) system as

recited in claim?7 wherein said processor is further
progranmmed to determine that no fault condition exists

in any of the feeder circuits if no fault conditign _ .
exi sts i h9t Hea thigenPhass elgetiical pawier SUPRY $Y516 asdpejipdin claim 18

en GGk 0 AR -tfl;eoqder circuit iIs
%ot wr?g{egg?ag‘%lpltyggsrseat e}ﬁ%gﬁé%g%gul t signal generated
by the ' ' ther r.ci [ .
o7 ound- 1 St ikt il ool SR qns of B ey Bt
recited in cl?fj ocessor iI.s further

m erein said.
programmed. t o d‘gtfgllﬂ %lti%aetxlsgs lln%‘f fr‘a’é’ocﬂlifmti %’ﬁi exi sts
condi t1 on_ ext 98¢ Tl temeenraisi o e G upf Spirpadgper circuit i

si gnal gepenrAliegrdater @ it léfgilqaﬁl ddhe AN ByBEGPET unit in one of the

circuit is materially greater an the fault signal
gener at edthoyfegd@@rR@ruitmit in the other feeder circuits.
10. A nethod of providing ground-fault circuit
interruption for a separately derived three-phase

el ectrical power supply systemincluding a three-phase
power suppl VinanledPhiseRUS Rl Fdtidr Wb sostdrh U Acitédinddlaim 16
feeder circuits connected to the main bus circuit, and
a pMbersin $ajd procepseyuing Heaapabibityrafui t i nterruptor (GFCQ)
units respecti velz and operatively associated with the
mai n bus defednisinghamnotthdt ¢editen existcinithemaindiopiér at i ve
to generate a fault signal comrensurate with the
degree of current unbal ance anong the several
conductors of the associated circuit and to
appropriately respond to a trip signal and an inhibit
signal, conprising the steps of: nonitoring the fault
signal s generated by the several Cl units;

determ ning when a fault conditi 6 exists based on
certain predeternm ned rel ationshi ps between and anong
the fault signal generated by the GFClI unit in the
main bus circuit and the fault signals generated by

- N~ - T - B .



ot her feeder circuit. 13. A nethod of providing

ground-fault circuit interruption as recited in claim
wa20@nd7ierr t her conpri sing: determ ning that nectaskios/039169

condition exists in any of the feeder circuits if no

fault condition exists in the main circuit, and if no

fault signal generated by any GFCI unit in any feeder

circuit is materially greater t the fault. signals
generated by EHE f%*—l&/lgﬂ?ﬂ&’foén the rAPIGR RS S Pﬁand the fault
circui t.gld) sAniBE CAEIhitRA BMeskt Ble fe@iiichi@bietnot of magnitudes
circuit tfAiterruption as recited in claim210 and .
further geatpr itsnrgredpseravizddithreghalé seluperf aul t
condition exists in the main circuit if the fault
si gnal gener aifels faylt sigeal GFodh therGECE unit ih¢hemmain dicnis @hd at least
and a fault_sjgnal generated b t lLeast one of.the

5 G0 - un o8 ik iaal R & e pug el S0 are Y wiin 4
nagnitudgx%dgté h&d pdrBatagd dPegdestREM ned threshol d
value, of It the fault signal generated by the GFCI
unit in the main circuit and the fault signal
generated by the GFCl unit in at | east one feeder

circuit ot ., hav ni.t. i £ hi e i 02
per cent agg' Erf a @éecehp%gﬁ e F(.’thg% %%X\Mrr‘sé"{}hg'd% S‘Ehp%%‘?{@f?]ﬁg ki 20
gr oudrdiastid pssson Has it Rtherdapabiligofr ecited in claim

14 wherein said processor is progranmed to determn ne

10 that no fiailhinGRNBitthoGRuIE¥drSiitfoni dXist iy a@f of iR fE&Re eitcuits
circuits if no fault condition exists in the main

cireuit, andi e fohgyif satldis G indBORaat Gbultyardne GFC
unit in any feeder circuit is not materially greater
than the faul tc.gi e s M B 1} circuit i
t he ot her feegféirié galrﬂlrﬁc:stﬁ%tg1 ggg n?%%llﬁ%gggﬁrcﬁggﬁgggﬁea& clreuitis
el ect ri cabt pewaallspppkythay stechmli sighal gengatad bl pdeE@hudien the
power supply_.and main bus circuit with a plurality of
f eeder ciOF}%Fﬂf?egertféWH’é%t ed to the main bus circuit and
a ground-fault protective systemfor protecting

15 agai nst accidental faults to ground, an inproved"
ground-fault protective systemconprising: a plurality
of groun®2f dukthred-plase elechicakpayysr é‘#PP(l!}J@?f)m anfeededindim 21

of ich is.associate ' ' 1 id main bus

cir \(I:‘\{‘Y}felrelgFalgﬁéOCS?sogg%sghwee@Sréa&)lgﬁlzi:lms?fs and is
operative to monitor the capaciti.ve.chargi current.
 owing. CsErBINEAaR B CPon Ganersh i o A g AP
magni tude comrensurate w.th t,he.d&gree of unglﬁafLance of
the currents flf%faﬁgcf’wz%%ﬁmﬁtﬁé“ FALPIAE AUt or s of
an associated circuit; and a processor_comyuni catiV

ely. ..
20 coupl ed to andf thpdrdt signal gencsaied Pnihe (i G witin @By feeher dirouit is
fault signal e t : ' 41z
bus ci  cdr oS RLAEE e St e eithidd B CIEIERI one ofthe
sai d procgbadeedoetirngitpr ogr anmed to determ ne when a
fault condition exists based on certain predetern ned
rel ati onshi ps between and anong the fault signals
generated by the GFCl unit in the main bus circuit and
the faul tyssi IQr&aﬁn%e%ﬁ&h%re?écﬁ%apﬂoxb&%u@%yéﬂ%tﬁ rdefied fifclaim 16
feeder circuits, to determ ne which of said circuits
25i s ewhereineaidimgraved grdund-fewt protestive & stemuiurthanenmprisgs:
trip signal to the GFCl unit in the faulted circuit
t her eby causi ngankidsionineus fortcomnemicating thefodtisigeals) and the trip
generate and transmit an.inhjbit signal to at |east
someakinkiRe siggls belweep s é%é‘ln%?/n‘g PIRGE o 8%
circuits to be inhibited frominterruption. 17. In a
t hr ee- phageewtineachiseidIClfwmit iBelpasy system as recited
in claim16 wherein said processor has the capability
of determining that no fault condition exists in the
main circuitif the fault signal frdn the GFAl unit in
the'main circuit and the fault signal fromthe G-CI
unit in at |east one feeder circuit are greater in
magni tude than a predeterm ned threshold value, and if

T - - N~



signal fromthe GFCl unit in at |east one feeder

circuit are not of nagnitudes greater than a
wonedaueron ned t hreshol d val ue, or if the faul PCEiUgn@b/039169

fromthe GFCl unit in the main circuit and at | east

one fault signal fromat |east one feeder circuit are

not within a predeterm ned percentage of each other. 2

1. In a three-phase electric ower supply system as.
recited in cI%gHWQEiﬂHE$EWH(§§§ Ut eRUe P%FéénFﬂcm”an
further capabiokd éth &He%@fr{g"'n@diﬂ Or fRadr dhR@uft @Hd bperative to
condition exists in any of the feeder circuits if no )
faul t codevedéponfasltisignal dorrestroadingitp any wahailancedeirant flowdherein;
fault si gsl generated by the GFCl unit in any feeder

circuit not materially greater than the fault
signal generated h uni t i e otri1 r., feed

a G=Cl in th . r
Scircuits. 22. aFHCIHY}?Iﬁ?I@éI??H%‘?éVCetP glﬁet fripagd ’S‘Hb\}é Fng%eJB Ky
system a%ntéx?\aﬂtfng Gyl iﬁhi_Bitﬁi? %tgn&ptWﬁfo%@q&@sgorﬂﬁr%CﬁﬁiﬁQﬁ feeder
has the further capability of determning that a fault
condi ti omiresdi.sts in one of the feeder circuits if no
fault condition exists in the main circuit, and if the
fault signal generated by the GFCl unit in any feeder
circuit is materially greater than the fault signa
gener at e@4by shfePhasendléctiichl powerafupplyaysttiens récded & claim 23
circuits. 23. In_a three-phase electrical power supply
10 sy stveipren e piddelr Gl fé‘r‘g?rllBCl rein said i nproved
ground-fault protective system further conprises:
transmi s<ifost seeden forrinterfaeingmihdbe OHY unitdhareqfitp translate the fault

si gnal ' i naLbi ' id
e ] 9GP Betehh B ARl BB b o B R
GFCltragsnission eledfle®aaidrmpocedsorgandt sensor (GFS) uni t
coupled to the current carrying conductors of a
cor r espondilGefdidd fo ref s REg tragdlated irlp @ddnbipR sBinkMeommunicated
develop a fault signal corresponding to any unbal anced

15 cur ravet said BepsphEIen TReans A9Ththe PFRCg$seT 5y 18g Q&?/CI Mgy e
ot b N . ) : . '
| i S PR Rl i Bt Bl Sigls 1 B Y ML Phertucing
f eedeith thercironnit bre2ier themedd; 4dr ee- phase el ectrical power
supply systemas recited in claim23 wherein each said
GFCl uni twhedéih REE pravessddeghuded | st sender for
interfacing with the GFS unit thereof to translate the
fault sigpalcofeyeRbubetd: tRefaipint Bamkidted MuBlidnaklaad tefiverting
conmuni cation over said transm ssion neans to said

20 pr octhes do a fermusudtable fertiniesfoeing stithfthe progessPy pRg
translated trip and inhibit signals comunicated over
sai d t r anssecasi snderdanisteifacimg twhth the presssor totteanslate tdp@hd inhibit
unit, and for converting the transla rip and. .. .
b gy Rapal R PPt siptE sflsbls K bftp@iRicgion over sad
Wi t g &{onGhtishs Y @akelst fbav&of ; and wherein sai d
processor includes a second receiver for receiving the
transl ated fault signals and converting themto a form
suitable for interfacing wwth the processor; and a

25second sender for interfacing with the processor to
translate trip and inhibit signals devel oped by said
processor to a formsuitable for comuni cation over
said transm ssion neans to said first receiver.
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