Bl CYCLI C PYRIM DI NE PBK | NHI Bl TOR COMPOUNDS SELECTI VE FOR PI | ODELTA, AND
METHODS OF USE [ 0001] CROSS REFERENCE TO RELATED APPLI CATI ONS [0002] This
non- pr oviwoaenal13eppl i cation filed under 37 CFR 1.53(b), pcraisosobbaebenef it
under 35 USC 119(e) of U. S. Provisional Application Serial Nos. 61/181452
filed on 27 May 2009 and 61/287607 filed on 17 Decenber 2009, which are

i ncorporated by reference in their entirety. [0003] FIELD OF THE | NVENTI ON
[ 0004] The invention relates generally to conpounds for treating disorders
medi ated by |ipid kinases such as inflammation, inmmunol ogical, and cancer,
and nore specifically to conpounds which inhibit PI3 kinase activity. The
invention also relates to nethods of using the conpounds for in vitro, in
situ, and in vivo diagnosis o gl ian cell's, or associ at ed
pat hol ogi cal conditi ons. [Ooogfﬁgﬁg%%EE%K%ggF THE | NVENTI ON [ 0006]
Phosphatidylinositol (Pl), a phospholipid found in cell nenbranes, plays an
inportant role in intracellular signal transduction Cel | signaling Vi a

3 - phosphogy} ahed CPXPFBROA ?T{hl %EAMBNDCE*E)%’PAQT% f‘h&l@t y of

cel lul ar processes, e. nan rans ornatron rowt h factor

si gnal i ng, |nflannat|on and |nnun|ty (Raneh et al (1999) J . Biol Chem
274.8347-8350). The enzyne responsi ble for generating these phosphoryl ated
signa&&g883¥%q§§§ﬁn phosphati dylinositol 3-kinase (also referred to as P
3-kin was originally identified as an activity associated with
viral oncoproteins and growh factor receptor tyrosine kinases that
phosphoryl at e pﬁ&@bﬁ@ﬂﬁ@%ﬂlﬁ@ﬁﬁ&ﬂﬁ>Q@mﬁtQEBHH@@f%ﬁ@%éﬁbhvﬂ@ﬂééfﬁewnwabives
at the 3'-hydroxyl of the inositol ring (Panayotou et al (1992) Trends Cel
Bi ol 2238%8:380)filefl 00&y7 RS PROKp hvdiicloslaimsl eridrikyi frasebn{t&l SKtcsaPevisigriat Phicnaises
t hat phosphorylate |ipids at the 3-hydroxyl residue of the inositol ring of

phos phgiphiegidnoNo. (Wil 77880 efilcal 1\4&1%9@@,) 2089, ukie, d&2RstRe4) of MAEch are hereby
3' - phosphoryl at ed phOSphO|IpIdS (P1P3s) generated by PI 3-ki nases act as

secon &E&ﬁ liting kinases with lipid binding domains (including
pleks?? Q@S%gz?%E%E regi ons), such as Akt and

phosphoi nosi ti de- dependent ki nase-1 (PDKl).Bi nding of Akt to nenbrane Pl P3s
causes the translocation of Akt to the plasnma nenbrane, bringing Akt into
contact with PDKI, which is responsible for activating Akt. The
tunnr§ﬁ%ﬂi@§%%¥PE%%Qphatase, PTEN, dephosphorylates PIP3 and therefore acts
as a negative regul ator of Akt activation. The PI3-kinases Akt and PDKl are
i mportant in t hdheaggescat inventwh rafatep esedrally &r casthduegdutsi arsl mdiongreailarlcycl e
regul ation, proliferation, survival, apoptosis and notility and are

si gni fto palytrysaitppenitahendofonipaet (PDI@ckHitstrEdle nd ssnBinedntidh S@xdise sosdeeds dil
cancer, diabetes and i mmune inflammation (Vivanco et al (2002) Nature Rev.
Cancerbltgvﬁﬁe% suBPbt bbiks: rﬁflh@%ce(p@t@@i%) arfdPdfoRMafich ddlling LHQORIy Pl 3 kinase is a
het er odi mer consi sting of p85 and i 10 subunits %Clsu et al (1991) Cel
65:91-104; Hiles et al (1992) Cell 70:419-29). Four distinct Cass | PBKs
have been identified, designated PI3K a (al pha), b (beta), d (delta), and g
(ga sisting of a distinct 110 kDa catal ytic subunit and a
regﬂngiﬁ?geﬁﬂﬂﬁﬁ More specifically, three of the catalytic subunits,
i.e., i 10 alpha pi 10 beta and p.i 10 delta, each interact with the
same r egul at or y dgbdipmend ygmrs ah &PSadrif bit enttya ei cxineraels cyear vind habgasion
distinct regulatory subunit, plA. The patterns of expression of each of

t hese rédiantibut lcaimrmeadﬂelsh&elacldppihgsmlm exposed to impact or high point loading during

shipping, handling, and running into the wellbore. The cutters are also susceptible to diamond
graphitization at the cutting tip due to a chemical reaction with ferrous materials at high
frictional temperatures produced during cutting when ferrous materials are encountered, such as

in the drilling out of casing windows or the drilling out of casing-associated equipment. Other
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are also distinct. [0009] The pi 10 delta isoformhas been inplicated in
bi ol ogi cal functions related to i mune-inflammatory di seases, including

si gnal i ngvbrorvi38®s7B- cel | receptor, T cell receptor, FcRCTiusp@biongo®f mast
cell s and nonocyt e/ macr ophage, and osteocl ast function/ RANKL signaling
(Deane J and Fruman D A (2004) Annu. Rev. Imrmunol. 2004. 22:563-98; Janas
et al., The Journal of | mmunol ogy, 2008, 180: 739 -746; Marone R et al.,

Bi ochim Bi ophy. Acta 2007, 1784:159-185. Deletion of the PBK delta gene or
sel ective introduction of a catalytically inactive nutant of PBK delta

causesnAcr@arsivh 69 MRig8les ARid idRuBlk Br&ehitridd (@Bﬁfraﬁ‘é Heferah Quﬁtﬂi{}%%ﬁ'b{ﬂg,
and i npai rnent of signaling through T cells as wel 0010] SUWMARY OF THE

' NVE @%‘I i1 90 d ke Rﬁﬁ %&‘f@c‘ﬁ% %Pcﬁtﬁhg&&} HES ?Lé&ﬁt%@d ke ﬁ{gﬂ{%@cetaﬁfé&) @Pﬁﬁgjgxs

nase 1 nhi ory activityan rve ep

delta isoformr Iatlve to t 1 pha i sofo For mul a
oo SIS SoF B CoRpoRi hadt BERh B0 ”?4336?% o BRAEPBT O i dReeiEof or m
relative to binding to the p i 10 al pha isoform [0012] Fornula I conpounds
have t B&iRg-psje¢iaied Somponent| gomgpntatadnelude.duit 4o pek rmtf:@\@@ dherellowing: stage
pharmaceutical ly acceptable salts thereof. The various substltuents

i ncl udemgntil eqdhmenty floaRthocRshoRPracksafidatRe|lamy Boxyaldes,iwipers etigatmon 48(3(9,14]
Anot her aspect of the invention provides a pharnmaceutical conposition

conpr iagtivi@ioa bkmidfiutdbl€ @apiaus) dnaddnial Padkens eulel 1Bk | pacRes e piralitfnC albs] er,
glidant, diluent, or excipient. [0015] Another aspect of the invention

provi dgging Rfiodds asq’ﬂg BitE oA o gogmeg Rehrhdhs, I TRAMK AR i Ofm o BHL GATENE
for treatTng a |sease or dlsoréér sel ected from<ancer, inmne |sorders
car di uascul A ,6956 Vit al, ATSGHLOR o EL AR 00, IRt g diSpandper e
function di Sor ders” 4 hedroP %f%al i%gyd%rg and H%Hl(f%él %W%

del ta isofor f PB k nase. [Q016] The .invention g|so relates to thods of
usi ng opREIEBIREES I Oéﬁmmmﬂé FoNg-RSSQFiRTR Comﬁ%qn?’uls dsfined § p@?/a‘b%s. s
or treatnent of nmammalian cells, organisnms, or associated patholo i cal

condi tinstiled absebcting widlhoeryelg izglteecmsmga@rdmp@l@aqi within, apraatdugmde the end of the

i mmunei nfl ammatory di seases such as rheunmatoid arthritis, immune

suppr esshgnhatongeaie dncangpldin whelcectin part bah ldeil gites, ul cerative colitis,
Crohn's disease, dermatitis, asthma, system c |upus erythematosus,

Sj ogren' s Syndr giygoridlyt T&{cﬁls St @1 DSdSocifed KMARLIARL5M0 8 onffon8itd Hefo
i di opat hi c thronbocytopenlc purpura (1 TP), anti-neutrophil cytoplasmc

ant i boges &1@'\19@ ?—é&&ﬁlﬂ bt orcnﬁl(ﬁﬂgct08p%gfo%;ttftlé/ ? %%%7fordfh§e FafiirD) .

psoriasis, and for gener joint protective ef Anot her aspect

T e b e T R et e

di sease or di sorder._sel ected from cancer, inmune di sorders, cardiovascul ar
di seaseuldficativelydel dhigngh ther qesimeer icaving-aweaBsHicarraabdiovpés davstopant

di sorders and neurol ogi cal disorders, and nediated by the p i 10 delta

i sof orofnef ceRbkiatias dits ﬂiﬂenttmd:srmﬂ:mdyo aumilhdrills oBps irsthiscaied of &t ercitppicalty
addi ti onal therapeutic agent selected froma chenot herapeutic agent, an
ant i - icaffi¢hupoat ©ordeilBigewten aand BHUMEAOGE Gt @kYg dFehding-assdeidicdtdoapoterftactor ,
an agent for treating cardiovascul ar disease, an agent for treating liver

di seagge in@An&NGf calid g%mﬁ&@ il thAUIN @ rehlo®8hLi B9 lgkﬁ?ﬁlcﬁbssﬂr Q8ing waD

agent for treating di abetes, and an agent for treatingi nmunodefi ci €ncy

di sor ch%cl%ness while drilling down several linear feet. In casing exit milling, the distance to be drilled
through the casing wall is dependent on the configuration and slope angle of the whipstock that
is used to push the bit into the casing wall. In both cases, the relatively short amount of drilling

of the casing or casing-associated equipment occurs prior to being called upon to drill hundreds

or even several thousands of feet of formation.



[ 0018] Anot her aspect of the invention provides a kit for treating a
condition nediated by the p i 10 delta i soform of PB kinase, conprising a
first phavoeesutsszsal conposition conprising a Formul a | PComsouna3csadnd
instructions for use. [0019] DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS
[ 0020] Reference will now be made in detail to certain enbodi nents of the

i nvention, exanples of which are illustrated in the acconpanying structures
and formulas. Wiile the invention will be described in conjunction with the
enuner at ed enbodi nents, it will be understood that they are not intended to

limt the inventpRp aOcAdlasR FRVARI RBRbRtiofN td BRtG RO ahdSr LAVRNEAPLN 1S
intended to cover all alternatives, nodifications, and equi val ents which

may b i thi d t he
Y Dl B Y e S TP P bR 3R RTE WA g Y
simlar,or eqﬁlvalgg% to those desarlbe herein, which could be used in the
pr act TS & BFY Feeused ISFHN proBAAPYAC-PRACISFEEENt i nvention is in no way
limted to the nmethods and nmaterials described. In the event that one or
more of the incdf-DoPateat No ths%biftleto fanetord desgitbesabradablongutior | IPSCHRT f er s
fromor contradicts this application, including but not limted to defined
t er s ,affoetedh bys agleyidad qootripechst @ofeatiggigiom dre héwd parken of he bappbiccthbn dire
controls. [0021] DEFIN TIONS [0022] The term "al kyl" as used herein refers
to a satedsioh @dtHel PIR@icuing RIcaieiie dFieRapfotviday ateeibridaysdl cfeambanmoadicgdly of
one to twelve carbon atons (Cl- Cl12), wherein the al kyl radical may be

Pt 1 0By By bR ehd R TRENASTI ke il QBGERL More SubStituent s

descri be I n anot her enb ment , an al radical is one to eight
b t G C
S?Ly?”g?oﬁg’é nd? SabueflNOEra b B e Fi °{"5P%rr RSP (e
P - |,
- CH( cmé)@) '}anra%@ﬁgimOpﬁ lgpr of ?LB’@?S?‘P Carbgg%ﬁ%@éb@fm??ﬁ@mwm{ aps%ro (i

Bu, i-butyl, -CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH2CH3),

2- met hphdipg py aghy¢vedtin Brhig 1etmney¢ture, tlxgtn-ﬁgm)lre nregse n‘wat Erilcpasthegare © ‘cutting

- CH2CH2CH2CH2CH3) , 2-pentyl (- CH(CH3) CH2CH2CH3), 3-pentyl (-CH(CH2CH3) 2),
2- met Rydm@tdint which -aGuEhid) RaHAGHE )of 18ss ed maker2d, histiylly {gaGHO@DIESECIHADHE) 29 |
3-nmethyl - 1-butyl (-CH2CH2CH(CH3)2), 2-nethyl-1 - butyl

(- CH2 Goh §BhEhi2 GoRd facd vh@eYdiarhofeHag EHAIHAEHICHGEBL ekt RRXMbjof par@fl(e@%ﬁ) CH
2CH2CH2CH3) , 3-hexyl (-CH(CH 2CH3) (CH 2CH2CH3)), 2-nethyl - f pentyl (-

4 i eyttt R BRI ot ST R o o e
2 3 di %@Z%g%ﬂ“wy oels) St st SR n@iwfsgf%ﬁ%ﬁmfs " The

é%ng}B)S 1-heptyl, 1-octyl, and the like. [0023] The term "al kyl ene"
as s derHcks of thisrappeoatly bes diseuBicainereil WiSkr or br anchedchai n di val ent

hydr ocar bon radi cal of one to twelve carbon atons (G -G 2), wherein the

al kyl ene radi calU.felatoet Npt 3,978 Ty tosBidast ¢t altdescribes e p €vdentdtionVilhing eobr
nore substituents described bel ow. |In another enbodi ment, an al kyl ene

radi cahd iDgiloBR”.t Ih At §b6tt epirbauh, Ain@ken C4sbide iffderts @fc MOEntE®irSinXo @ AaRIoIBwadro s
(G -C6) . Exanples of alkylene groups include, but are not limted to,

met hyl,ggjd thg'g(ténds ?folﬂi/][h%r}ﬁalﬁ ‘b@hf? GHdie) dr1191519 pyhe 8&%r%%%%ten%ﬂ>i&é1 e

| i ke. [0024] The term "al keny refers to linear or branched ain

monoval ept AYGEAGFROR 4 4 ohec&lg b¥%oh e, e FRG: REQTR S SEaiR g "

| east one" si of ° Unsat a carbon-car
wherein t enyl radlc on stituted
row oq”ePlg& k1nserts connecte C sarneQan(i gllter}{latlve y, a more outwardly projecting

blade carrying tungsten carbide inserts acts to protect a less outwardly projecting blade carrying
PDC inserts. In either case, the parent blade material of the combined blade or of the separate

blades will create a bearing area after the tungsten carbide cutters have worn away. In another
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i ndependently with one or nore substituents described herein, and includes
radi cal s having "cis" and "trans" orientations, or alternatively, "E' and
"Z" orienwatnmss7sExanpl es i ncl ude, but are not |i m tedPCo/USedlpBany! or
vinyl (-CH=CH2), allyl (-CH2CH=CH2), and the like. [0025] The term

"al kenyl ene" refers to Iinear or branched-chain dival ent hydrocarbon

radi cal of two to eight carbon atons (C2-Cs) with at | east one site of
unsaturation, i.e., a carbon-carbon, sp2 double bond, wherein the aIkenyI
radi cal may be optionally substituted, and includes radicals having "cis"

and " thRgimd, @ﬂﬁl%tta@ @&bl&rlaﬁértlﬁ !bfb@&éd\/ﬁ' Fhigh Bres3ne/mgh’ teﬁi’ﬁeﬁz'ﬂﬁt@tﬁr&@ Snto
Exanples i ncl ude ut are not"limted to, ethylenylene or V|ny ene

Fefer 94 *aceatf!tﬁégrb%@té@f%ﬁ“*‘t’:&r%%gtg FE TSl Pab B 1

ei ght car bon Cs) wth at ne S|te of .uns turatlon i
car bo r‘i‘nﬁétFTbBlﬁ‘ 0 Blet“r Fé?e ‘itt?ﬁ%jarem%%‘? ﬁ tlh afRYFAL & HBE QA POfES e fungsti
optionally substituted i ndependently with one or nore substltuents

descr icB@idhiapat materih iy the casscyhifge thepgytersrase prybeddediin ading®) t@t&ﬁtﬁﬁy«lart{ldm
propynyl (propargyl, -CH2CCH), and the |like. [0027] The term "al kynyl ene"

r ef er she Gaca dof ithreBDCopom'Damf h@j cuieva lsefully axgdosed eanidampraetdéted froof mictab debriei ght
carbon atons (C2-Cs) with at |east one site of unsaturation, i.e., a

car borneamaed dsing drifl sutbandaddiier; @b thd BemBinky RYImdnddheal fdmmnae and the
optlonally Exanpl es include, but are not limted to, ethynylene (-CC),

pr opy Ry fg{éﬁ &aﬂ‘hﬁ@‘? yﬂ ﬁﬁ 110 V%C% in %gast(l&etuh & ci@%ﬁo-é&? \;11% Eg are

"car boc carb ocyclic rlng and er to a

nonoval.ent .no tur ted 19 Rart all ur, 3
to 12CSPB%“q%tonsB?%§MﬂE& ? a“ Eﬁgﬂp%cﬁf%bgor g@%, ggoum#n as
a blcycllc rlng Bi carboc Ies hav] 7 to 12 atons n_ be nged,
for eXdEpré tungstep ¢ %é‘fﬁcql T dgge thegotg] nu Eerbf]f %‘Ftef[séﬁﬁ]ca%@ Pi%ﬁe d QRd ? clic
carbocycl es having 9 or 10 ring atons can be arranged as a bicyclo [5,6] or
[ 6, 6] osyavicealh borfages @ thegetdeges thendiametdn efsthsi BPEI efemond 1ipyerptaxaidable for

bi cycl o] 2. 2. 2] oct ane and bi cycl o[ 3. 2. 2] nonane. Exanpl es of nonocyclic

car bodyeha®ni quctingd e Fitheit ofathesendtoidds meprestntsocorayromigin® dypartucssclroludtyidard

cycl opentyl, 1-cyclopent-Il-enyl, |-cyclopent-2-enyl, |-cyclopent-3-enyl,
cyclohqubﬂd&g%Mglohex-l-enyl, | - cycl ohex-2-enyl, |-cycl ohex-3-enyl,
cycl ohexadi eny cycl oheptyl, cyclooctyl, cyclononyl, cycl odecyl,

wmmm(%%@@%%@%ﬂ@%%%%%@%@%

a nonoval ent aronmatic ocarbon r car ons (

derived by th one hydr ogen at rom a .e,carbo atontof a
pMWM%@%&M%%ﬁ% el o i QUBAEEG oR e
exenpl ary structures as |ncludes bi cyclic radicals conpr|5|ng an
ar omatsMYOAinpRyty asC@ttntgostawga@ atltatl , topdiil{ jalgadyingfosmaiiomt dde hitgglesgibedr Bt i ¢
carbocyclic ring. Typical aryl groups include, but are not limted to,

radi cdlagdeaic\pacbdse bmltfentheseor(epdtmmyl ), substitut ed benzenes, naphthal ene,
ant hracene, bi phenyl, indenyl, indanyl, 1,2-dihydronaphthal ene,

1, 2, 3, 4-t et r ahyds snpqbithey6 1.2, 3830 tBail dthe deshriyts Qa@lPenciiog deq bieaghg PDC
substituted i ndependently with one or nore substituents described herein.

[ 0030]cy % Yic%ﬁ%vnhr@ﬁ&ﬁieé tﬂig‘éﬁ:h%@fbld’cr 2yat '"I%efby @lftf%i%aéfrp(agschﬁgél G8beiff nfageth

carbon atons (C - O derived by the’ renoval two hyd rogen atomfroma

two cariagp éanﬁtﬁpe/m WRRESIS BEATEp el %gck.syattﬁls PRy ALY 4ROS, 01 Qups, ar &

represente Ur 8438 éhe Thclidd rcyclic
radlcala conpri sing an aronatlc ring fused to a saturated, partially
unsat W&t%ed ring, or aromatic carbocyclic ring. Typical arylene groups

U.S. Patent No. 7,178,609 to Hart et al describes a Window Mill and Drill Bit that
uses separate blades or cutter sets of primary cutting structure for milling and secondary blades

or cutter sets for formation drilling. In addition, Hart describes an attachment method whereby
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i nclude, but are not limted to, radicals derived from benzene (phenyl ene),
substituted benzenes, naphthal ene, anthracene, bi phenyl ene, indenylene,

i ndanyl erw0 201028387 hydr onapht hal ene, 1, 2, 3, 4-t et r ahydr omraphushyto/03@ne t he

i ke. Arylene groups are optionally substituted. [0031] The terns
"heterocycle,” "heterocyclyl"” and "heterocyclic ring" are used

i nterchangeably herein and refer to a saturated or a partially unsaturated
(i.e., having one or nore double and/or triple bonds within the ring)
carbocyclic radical of 3 to about 20 ring atons in which at |east one ring

at om itge 8119t QHAHOW Saexk/l@igﬁt;ﬁék HoRnsiid & QBRR boRXHa N recRD ASRERE US aairbaged f ur,
the remaining ring atons being C, where one or nore ring atons is

ti i : . - toms i<
0PI OBl AL SRR S LR, L1 e

I'e ‘having 3 to 7 ring menbers

(2 to 6 carbon and, 1.t0.4 er oat ons I fr ., O P, and S)
or o bi oycl o nadioPsetta ot RHaR o GRE e B Sian e TP 6
het er cat ons selected fromN, O P, and S), for exang]e: a bi%%clo %4 5],
[5, 5] Earth, BpringyDrils Bifp wiyls CeasingHeompenape IRrdll Hus CrapsbiitpeadiMetbady ef (& Leo
A.; "Principles of Modern Heterocyclic Chemstry" (WA. Benjam n, New York
1968) ,Cutiang cleoicats| ymShaptwtisg throBgh aellbore Zquipmubng are’ ddpdoyCd enisspargtepmore

Het er ocycl i ¢ Conpounds, A series of Mnographs” (John Wley & Sons, New

Yor K, h eXdspd S&8EMbn cuttdits Piadcdia€ UtiRing i fommstids3, 14, 16, 19, and 28; and J
Am em Soc. (1960) 82:5566. "Heterocyclyl" also includes radicals

where het er ocycliesr ?ﬁ&rﬁ%@h@ﬁt@oﬁ l‘r‘kgﬁug?/ﬁg}& Ro 200310878880 MBE kbRt &Y describes

unsaturated ring, or aromatic ca ic or heterocyclic ring. Exanples of

het er clic,rings Aneclude, -but. are not |imted to, rol bdi.nyly . .
Lot r aRyiist DI TR e il BEolyn® G, BRYEY do i
di hydropyr.anyl , tet.rahydrothi opyranyl _piperi.dino, norpholino, .

¢ hi onBROHENE Samer Hilgahyt, anBi %em?Pé SRIIHPH SR iarhﬂnaeéaﬁ%tﬁra’rfml? the
oxetanyl, thietanyl, honopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,

di azepéadyig suppiabresiyielamenpisghpnded forg/back@g gbyasivst dlement thay getiuggs beyond the
2H pyranyl, 4H pyranyl, dioxanyl, 1, 3-dioxol anyl, pyrazolinyl, dithianyl,
di t hi ebmofythe cacliyd tcapinpanydrabrdsiby dicoichi. enyl , di hydr of ur anyl ,

di hydr oi soqui nol i nyl, tetrahydroisoquinolinyl, pyrazolidinylimdazolinyl,
i m dazol i di nyl, (2soracht ApgRhitiey Hublidatdn2NOCLEBR308276 to Scott points out that
3- oxa- 8-azabi cycl o[ 3. 2. 1] oct ane, 8-oxa-3-azabi cycl o[ 3. 2. 1] oct ane,

2&3%?5@???@?2%%%&%%%? '@fﬁﬁ“ﬁi@?g :’t%vﬁﬁ???f%‘%ﬁitﬁgiﬁﬁ‘@“?s bt dﬁlllm?@msaﬂ?’ >
zabi ) ) X 3H i ) i i Zi N- i )
Ao o T B 1o RO PR Op B SO e sl ar ik B Umpttnd dfer

Exanpl es of a heterocyclic group wherein 2 ring carbon atons are )

subst iPERRLERGIORIOF 52BN O cINSrROMEION SRS ARG SHYUNING Geatept- Ahig issue manifests itself

1, 1- di oxo-t hi onor phol i nyl . The heterocycle groups herein are optionally
subst inbtubely in pdapemsienthl agtaimingaro nptinnnmmottergsadisn bul eitsosin pesldeinkatichetled n.
[0032] The term "heteroaryl"” refers to a nonoval ent aromatic radical of 5-,
6-, Ofprdkendtrdtike RQuirtd'to scdN6l dufttd gl @aerdtslsgith hflemstiicensit hpdratl@dsthamne of
which is aromatic) of 5-20 atons, containing one or nore heteroatons

i ndepepdentd iy kel RitiHod EQThEN JiROei1iRY YRR WhaEhySHbtiitial EHEBPH &R uMion

het eroaryl groups are pyridinyl (including, for exanple, 2

nydr OXKES S ik | 932 Qhion |IARAARKLLSTON UG TSN L6 Wil

I
I nyl

for e roxypyrim razolyl pyr azi
tetrazolyl, furyl, thienyl, isoxaz t hiazol yl , oxadi azol yl, oxazol yl,
i sot hi%&%@%‘f} <§§yﬁr Pote, dapesiénn B HPEo dandige) njih 2t BRY-EGIAY O SURSRATRYS ny!

i ndol yl', benzi m dazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
pht halregt¢nall sucpyasi adici berpn nitridezoveylaying gwidsaloygd witht eadidons) dianmnd; eujting
oxadi azol yl ,triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
benzofmutazanych dseti20t Hnaphanybdrds the solution requires specialized, non-traditional PDC



benzot hi azol yl , benzoxazol yl, qui nazolinyl, quinoxalinyl, naphthyridinyl,
and furopyridinyl. Heteroaryl groups are optionally substituted

i ndependewOl2g10ni381570ne or nore substituents descri bed hec&ius20100828§
Exanpl es of bicyclic heteroaryl groups include:[0034] The heterocycle or
het eroaryl groups may be carbon (carbon-Iinked), or nitrogen
(nitrogen-1linked) bonded where such is possible. By way of exanple and not
limtation, carbon bonded heterocycles or heteroaryls are bonded at
position 2, 3, 4, 5 or 6 of a pyridine, position 3, 4, 5, or 6 of a

pyri dagithe, me%mhh@[m c#nnoftbe %troﬁv&e@ i adtRUAIIPISE BE, buPPa"‘tl'lér'rﬁl[&t Be stbstifutePr 6

of a pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran,
th'Ofqﬁ@ﬁmuﬁﬂi?@@%ﬂﬁmspyrr0|e or tetrahydropyrrole position 2, 4, or 5 of
an oxazo azol e or thiazole, position 3, 4, or 5 of an |soxazole

pyrazole, or is az 05|t a iridin ositi

or 4 of an azet f’ft&hwea(ﬂ;sag (B SR shutionsrSiosSin” B bgon et B b flufily >
position 1, 3, 4, 7, 8 of an |squ|noI|ne Ri ng nitrogen atons of
the héver eisgaresor!) hMake oY )Pldd’élloaﬁllp§taﬁﬁ%l0@fe SHYAYEd (Wctuding pgeaate o Sgcketh

N- oxi des. [0035] By way of exanple and not limtation, nitrogen bonded

het er auyuntiesg, Wadehetndraypre-bended eldnoamdke df averpgmistd meatal (tppicdty mngstemdearkide)
azetidine, pyrrole, pyrrolidine, 2- pyrroline, 3-pyrroline, imdazole,

i M daz@dnhdhit®, pratdcitdaqpithda DG cuiitdlad ahiaRul diéterodRlorticcamplidinge initial
2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline,

I i n%ﬁﬁlg%?lpeﬂ?{ﬂ&eﬂﬁ%%h&s tHé’gh% r%aﬁv@@lef'ﬁeh@%ﬂ‘i)%'r@mo%d 5 M9t a{h% '3

pOSI tl on a nor p O | ne oSl tli on 9 O car azoI e or b- car bO | ne.
[0036] T Ler trea t r eat refer t eutl
{ros nishBAgh fins G2k %rm&a&e@a bt ShESal PREObl HRBEHER Sonded |

to prevent or slow down (|lessen) an undesired phyS|olog|caI cha
di sor dBPicalyicra oK P He npdRnds b g ey cadiice H RCTc BAR-ArMOag, H‘&Eﬁ“ﬁggg%? 6% thi s
invention, beneficial or deS|red clinical results include, but are not

i mi t @dcqnaplishitheilking dskgtios yorpedragitiamiahilinmohdetiipically BRCe aemu idiosplax &
stabilized (i.e., not worsening) state of disease, delay or slow ng of

di seazet phedgmesishon, anelioration or palliation of the disease state, and
rem ssion (mhether partial or total), whether detectable or undetectable.

"Treatment” can le&OsdMR@hs el RN Kaldtdvih Vizdht &5the G5RRbLkhdvAc@eRBET &ehts
survival if not receiving treatnent. Those in need of treatnent include

t hose fﬂ de‘%ﬁ%ﬁfs&%? P’tﬂoﬁ sg{ea@fé ﬁff as wel | ~as t hose prone to have

t he con |t|on or ose in the condition or disorder is to

be prevented. [ 0037] t he tically effecti ans an
anount of a conpoundEE? ﬁﬁg ?8@3W?&%E@gﬁY?bﬂl ﬁng (¥$5§%§88Pﬁﬁn§33hts
the particul ar disease, condition, or disorder, (ii) attenuates,

amel | GRRfkice B of poretiiossin gminaficanbingd adysise signeinpwayfarpationbar di sease,
condition, or disorder, or (iii) prevents or delays the onset of one or
nmore synptons of thelphm&bcmm@mﬂmmsaaéehmdﬁhﬁﬁsBonﬁkmnodhsgm@ecMHE@cambed
herein. In the case of cancer, the therapeutically effective anount of the
drug mayicheecatridg CBINYRe bRt sgRRteisieahhtssials ésifomitlon drllily. Si ze; inhibit
(i.e., slowto some extent and preferably stop) cancer cell infiltration

into peripheral .organghad fhintidmdnistrited tl%t%\éﬁi&eﬁpﬁ%arﬁffé and c@&ﬂlg%@{hecrlﬁpl y
stop) tunor netastasis; inhibit, to sonme extent, tunor growth; ~and

rellev V%&ﬂyﬁﬁgngxé%ﬁ%? nﬁlo&uPF{ﬁ&Of t he synptons associ at ed’ mnth the
cancer”. Pent fug may prevent growt h and/or kill eX|st|ng
cancer cells, it may be %ytostatlc a dL r cytotoxic. For cancer, therap
efficacy can be ‘measdt B beppacaguiisicd thyyronfopuationsuithg ¢lementy fhagrast
progreSS|on (TTP) and/or deternlnlng t he response rate (RR). [0038]

"I nf | senaciovih diegorldace gareraisdatrrnddimit parctiatipr rate by aetjingup egseuttdigderdier |
or

bearing areas of the bit face.



syndrome in which an excessive or unregul ated inflamuatory response | eads
to excessive inflammtory synptons, host tissue danage, or |oss of tissue
functi on.wOl2nfo/@stsat ory di sorder” also refers to a pat hecCogise@b/o3dsas e

medi ated by influx of |eukocytes and/ or neutrophil chenotaxis. [0039]
"I'nflammati on” as used herein refers to a | ocalized, protective response
elicited by injury or destruction of tissues, which serves to destroy,
dilute, or wall off (sequester) both the injurious agent and the injured
tissue. Inflammation is notably associated with influx of |eukocytes and/or

neut rophi | chemat axi ¢ hdstfebR ABRbLRA ARt B Ibhlaht QP DO BT BiRNadMddBer and
pat hogeni ¢ organi sns and viruses and from noni nfecti ous neans such as

trau e%{nﬁ%?t‘?errft]&'ﬁlir%'ﬁ-ﬁo%elb%ﬁn@gd pyecand;al infarction or stroke, immune
response to foreign antigen, and autol nmunhe responses. Accordingly,

i nflammat ory di sorders. anenabl e t reatment with Fornul a |. conpounds
enconpass di sorders e@%ng%ﬁ? gﬁnwgﬁt[qdetgﬁtta}néfﬁ%peo‘?p‘ﬁhﬁ@lagub%%lﬂafﬂloe 0 eeﬂ’gténg
systemas well as with reactions of the nonspecific defense system [0040]
" Specitihi @ngecelagee fipswyestirateedngy dengal ideterioprionneinthe dIDG WiamaepdunBetsyagea s t hat
reacts to the presence of specific antigens. Exanples of inflanmation

r esul tmadg té SBM 1&69®Smonged Bfarteh€DspeBit W ear ddddeliSandsSt 1d 7 fddwideantdHone

cl assical response to foreign antigens, autoimmune di seases, and del ayed
type hypemnseRdspdnse tof Fobgdp@iisdBndBdaradet CosnplctcChttess UnldeOBintulhtodl sty Y

di seases, the rejection of solid transplanted tissue and organs, e.g.,

ki dnex-aadiohOn B A ANARALR HSinc oM rovgestsinhst oflliSBASE HRAD)
are further exanples of inflamuatory reactions of the specific¢ defense
syste 0041]. The term "nopspecific defense systend as used herein refers
Co- nidnr sy o kS TerEOEhBE St ool RETES B A e By Bl

i ncapabl e of i munol ogi cal nepory _(e.g,.,.granu|l ocytes, and Ccro ges).
Exanplheanerd thak saprasser! gmie Hhst 1P 06 e PG difTe |a¢/ﬁr, puflact @ &%8@%2@%&6&1 of
t he nonspecific defense systeminclude inflammtion associated with

condi tthronghandhe & efdthctouterclaye) whiek pi rallt lorolithalods wiile seatedy Hresetul ((ARDEthor
mul tiple organ injury syndrones; reperfusion injury; acute

gl onmerdidnosreidhydrt i S; reactive arthritis; dermatoses with acute inflanmatory
conponents; acute purulent nmeningitis or other central nervous system

i nflammatory di sor dernghgusddn ASmOh§tRKES thhfYAE FRHT Ridbeds of BhldaEr@aLasyd Rawel
di sease; granul ocyte transfusion associ ated syndrones; and cyt oki ne-i nduced

tOXiCi&%gu%%%ﬁﬁ%%%éM%Q&ﬁHH@ﬁu&&éﬁ&ﬁ%ﬁm%ﬁa&§ed herein refers to any group of

disoréer tissue 1njury Is assocliated with hunoral or

cell -medi ated responses tpo the body' s, own constituents. .[0043] "Allergjc
di sease" as used her 3? ﬁasr g?egr%qogs%ﬁﬁd {qgﬁgg ‘faiu§¢s‘{1§y b‘%%? e(}r Ry rqsg@gl of
tissue function resulting fromallergy. "Arthritic disease" as used herein
r ef er stressenHythg) oadad tungsien carbideagaadirapagatedingy thefiameneatages/ IcRag do 1a6fo t he
joints attributable to a variety of etiologies. "Dermatitis" as used herein
r ef er shippirgganddhilee bhthgalidraond typ.of di seases of the skin that are
characterized by inflamation of the skin attributable to a variety of
etiol ogi es. "Transpl anis khejvachit®ackrasesus @ik AEEEbN1 0°etb S atctbdNfor iattiaking:
reaction directed against grafted tissue, such as organs or cells (e.qg.,
bone B RhatiGRAVARIRELARS chlOl%o hogs H%Etktfok'ﬁﬁEhiﬁﬁlg%etIéllge %ﬁb%&z?ﬁm@&ﬁteys

surroundi ng tissues, pain, swelling, |eukocytosis, and thronbocytopeni a.
The ther ut ¢ et ho f.th resent,. i nvention. incl tho for the
{rcat naTn HEayApes, Blul 3R SF Bct MM IR bYSLBHD BESIERLRE 40000
"Inflammatory cell activatian” refers to the indyction by a stinulus.
(i ncl 3’&%}(1 B RaEG Rt by ePpiendaxe thespmg Bhskrghe i Sasiht Pﬁ%eafYé%% of
a proliferative cellular response, , -

cutter. When deployed on a mill drill tool these cutters will by definition have backrakes that are

non-optimized for either metal machining or rock cutting.



t he production of soluble nediators (including but not limted to
cyt oki nes, oxygen radicals, enzynes, prostanoids, or vasoactive am nes), or
cel | surfwoeomxEBsm3si on of new or increased nunbers of REWIESL@OD3I6466
(including, but not limted to, major histoconpatability antigens or cel
adhesion nol ecules) in inflammatory cells (including but not limted to
nonocyt es, macrophages, T |ynphocytes, B | ynphocytes, granul ocytes (i.e.,
pol ynor phonucl ear | eukocytes such as neutrophils, basophils, and

eosi nophils), mast cells, dendritic cells, Langerhans cells, and

endot hel i al cells). If ha¥gebn BEMERRAREI tRLtRYcPWhBEh SXIBe SHdclUieHat i8 ptiRRrify t
that the activation of one or a conbination of these phenotypes in these

cel I's GA0CORL S P&H-Fe&o‘af té-%hj%xj]iﬂ%i%]iecﬂ{llie&%m @Aﬁ%&%ﬁ ic%u‘deoﬁub%‘é&‘t%ﬁg?%é picof an

i nfl ammat ory di sorder. erm I'S an acronym

"non- st er oi anti-inflammtory. drug"and is her apeutjc .agent wt

anal geuites ERlo B phethd craon st draoss b BRbyHERot b JEBGha el toevi ng
pain wi thout inpairing consciousness) and, in higher doses, with anti

i nf | arkeeameplishehe élélilsOU%-r eldhise F#HYOFGHF (CHpvET FoAYerexpescd eRthng nvctyicedlouagsten | s
used to distinguish these drugs fromsteroids, which (anong a broad range
of ot lerbidf Belepychan ¢headrsli il At beausesthn dicdd PEY! egsirngf tharhsing shdcalprraaor y
action. As anal gesics, NSAIDs are unusual in that they are non-narcotic.

NSAI Dsolil Bflubdd@ndspéath the dridqit Oitend camebattp irdyR0 and\&Mdd% tAE BDUSdhakts)of the
indicated for the treatnent of acute or chronic conditions where pain and

|nfla@E@yh@Bﬁ@P%nr&g&%qheﬁQ§%¢ﬁ§lqﬂgmg§9§ralIy indicated for the
synptomatic refief of "the follow ng conditions: rheumatoid arthritis,
osteoarthritis, infl tor rthr thj,.e e, ankvlesi.ng spondyvlifis,
paor i atic arthritis, TRr oren SEORAPAR AR aheody o O RRLAR: FROREHE fou?

met astati c bone pain, headache and. m grai ne, postoperative pain, .

mi | d- COURBYEh S08° Farks: atng Shqchi TRaiRgaCrBRSariRg Qi StashjCHMGnting s@itpgent,
ileus, and renal colic. Mst NSAIDs act as non selective inhibitors of the
enzymeneyip coxdispasalle motars bi tirhipchooh cxihevisgewn axayg baves damagiGOxdlicyts s
cycl ooxygenase-2 (COX-2) isoenzynes. Cycl ooxygenase catal yzes the formation
of pr cshdglddi bis.athis tchitardes xabethk rcasn acacthicd @ndat cioitdarginiielif dddgn wed
fromthe cellular phospholipid bilayer by phospholipase A2)

Pr ost agltaindi sabstAtions a8k OthRefquiphhdid hord rTE SRRy TOTBE UbESf aMintiR@n
process of inflanmmtion. COX-2 inhibitors include celecoxib, etoricoxi

Lum T agoxiiR, aﬁ@?@%f)ﬁjaperia[ Riseﬁdée%%sﬁLk%%};gé%ﬁ%ﬁ%@g%@%ﬁ%ﬁhﬁ%%% Ras LRQABL tﬂé;ﬁa s

|
terns " cancer ers to or t ogi cal "condition rn ma

that is typic characterized, by requl at ed l.l. gr.o A."tunpr”
conpr roeutiBhEt et Bl S B e me et Ehts B Batrn e SRRETG hilin e Piline ar o
not limted to, carcinom, |ynphona, blastoma, sarcoma, and | eukem a or

| ynphof dormstipg atieicthe drill gyt kaspsewredil ar exanpl es of such cancers incl ude
squanous cell cancer (e.g., epithelial squanobus cell cancer), lung cancer

i ncl udi ng smal | -Eveblating thegkeyapaats, proraded atedvie degidnstratag thes fieesolytioNSOL @9 |,
adenocar ci nona of the lung and squanous carci nona of the |lung, cancer of

t he péeiiot ciediscudsePaiboceldliut@bodaRip@ificagBgitsipe @ c@lseiBn canp@initascihudi ng
gastroi ntestinal cancer, pancreatic cancer, glioblastom, cervical cancer,

Ovari%ﬁb&ﬁﬂﬁﬁ&qe&k%QBe%@ﬂﬁﬁéhthﬁHﬁ&k:&@@ﬁQﬁﬂlBﬁﬁﬁ%&?ﬁﬁﬂﬁ@QﬁﬁkeQ§H&§kn,
col on cancer, "rectal cancer, colorectal cancer, endonetrial or uterine

carcl r\])vqlrg?é ftsigl glo\lln r% %)leg@ Ctihec 958 In'i]ao gr% okf] 'gsnﬁlye %Eetﬁgrnl%leas%%acl%r Lot {ng%o%}seor
cancer, Vvulval='cancer,” thyroi'd cancér, Hhepatic carcrnomga, anal carcinoma,
peni |l e.carci noma, as well as head and neck canger. .[ 0002 , :

" chenditiics SBlEd . Tﬁ@@ﬁ?ﬁ arf $OlytiQNIofl Wixg m&mﬁlﬁg%g%% 0 itf# Os devieatmont of
cancer, regardl ess of mechani smof action. C asses of chenotherapeutic
agent 9 theojubgietutigpuet peealtpeutiaryiheeare by defnikipn aon-pptiaiyed tfer foanationequiing. i t es,
spi ndl e poi son plant al kal oi ds, cytotoxic/antitunor antibiotics,

t opoi soner ase i Nkhdziis aesled ant isbladore shat phiowo fenbé tisczet sandarndPDC cutters, and

formation optimized PDC bit designs without creating long-lived bearing areas. The solution

8



ki nase inhibitors. Chenotherapeutic agents include conpounds used in
"targeted therapy" and conventional chenotherapy. Exanpl es of

chenot herwipeoatw/ssmgent s i ncl ude: erlotinib (TARCEVA(r), PCGENSR180B64G5I
Pharm ), docetaxel (TAXOTERE(r), Sanofi-Aventis), 5-FU (fluorouracil,
5-fluorouracil, CAS No. 51-21-8), gentitabine (GEMZAR(r), Lilly), PD
0325901 (CAS No. 391210-10-9, Pfizer), cisplatin (cis-diam ne,

di chloroplatinum(l1), CAS No. 15663-27-1), carboplatin (CAS No.
41575-94-4), paclitaxel (TAXOL(r), Bristol-Mers Squi bb Oncol ogy,
Princgh&id bB' cdpa)ble of @ﬁ&l?b@@r&ﬂdﬁmeﬂo%ﬁs}mg @einesis e kil Blﬁdf@@;?g‘ﬂk QRY dffer

(4- met hyl - 5- oxo- 8- pentazabicyclo [4.3.0] nona-2,7,9-triene-

9-car tﬁ?l?)( tﬂFCut%A‘cﬁp’\%%&gt@[z% ?%r ect&ﬁgﬁﬁl@é)apd-{%mh{n@ anéﬁltéﬂ{cltaﬂ)ge and

Pl ough t anoxi

VAL CORREPTS SRHEBEN o ot i L ADR WA i T Te@pBat ifghe posi

rapanmycin. [0003] Nbre exanples of chenotherapeutlc agents i ncl ude:

oxal i FPERYEAYE-ORATHRE eYuiPospighilling yukdrdbiegd b (VELCADE(r), M |1 enni um
Pharm ), sutent (SUNITINIB(r), SU 1248, Pfizer), letrozole (FEMARA(r),
Novartis), imatinib nmesylate (GLEEVEC(r), Novartis), XL- 518 (Mek

i nhi bitor, Exelixis, WD 2007/044515), ARRY-886 (Mek inhibitor, AzZD6244,
Array ®BimPherve, Astra Zeneca), SF-1 126 (Pl 3K inhibitor, Semafore

Phar maceuti cal s), BEZ 235 (PI3K inhibitor, Novartis), XL-147 (PI3K

i nhi bitor, Exelix 7
(FASLODEX(r) . AdtE Sﬁglcﬁﬂﬁ%é%%\%?% ¢ #’\b‘ll i n?%@a%%rﬁl‘d“?g?ﬁ%?ed cap, or a

(Slr0|l E(r pati.ni TYKERB, GSKS

Sri t h ST eftﬁé E./JJ‘Fla‘ﬁ hPh? V‘%%EL%R EP D C%?il EPsgne é{t%de?su Hg' gra ghy O
sorafenjhb VAR(T), BAY4 9006 Ba 8 bs) gefltlnlb (IRESSA r),

Ast r azéHEE%)P i FYTHR é%%?ﬁurf’ [¥ he'pin B apguntqd 1954 Bl j gytter
(ZARNESTRA(t m), Johnson & Johnso , ABRAXANE(tn) (Crenmophor-free),

al bumwhldhgqmlereqeea diranadaieed aldeuridgrlini dengsies cafbigagibisiraigelh¢ Apemiag gaver,

Phar maceutical Partners, Schaunberg, 11), vandetanib (rI NN, ZD6474,
ZACTINﬁ&mﬁt(ﬂsrﬂﬁZEnemqg¢ophﬁ@mamhu¢iéu AGHE7 8janfBl5 Tace( SU th2 7RDCSugedt) ,
temsirolinmus (TORI SEL(r), Weth), pazopanib (G axoSmthKline), canfosfam de
(TEL CW%ﬁa)twel-gJe ltﬂé‘éap By ebeRawaRSutCHF-A$ PRASIRRAS] #l6re( &XT RPN the diamond

NEGSAR(T) ) ; sul fonat es such as busul f an, |nprosulfan and pi posul f an;

azi ri ¢ nege Sch'ec *Pl%é é?l‘?tﬁFOdRR@ma&@eﬁyoﬂl‘éOPﬁy dlnﬂig <§xf‘e‘£‘°9x§thoﬁtnﬁlr%tﬁﬂ%8ﬁ‘dlng to,

ethylenlnlnes an yl anel'am nes I nc tret

trieth Iene rieth h t net hi o hosphoranlde
and t FPREE 0%1 heie aebuf d PeLrRerifir, Himatab P may
buIIataC|none) anpt ot heci n (|ncIu the synthetic analog t opot ecan) ;
br y ostvathont @%ﬂtHYylsqnémgnto &ss s> RE F*L?d‘?ﬁ@oil@ scg b 2g BRnhcutichr ZBF &8P i and
bi zel esin synthetic anal ogs); cryptophy0|ns(partlcularly cryptophycin 1 and
crypt dphly i nlagy ondbk RGcutter tuoigir mpohdingi avebudichgeenhide syntdndt the tagwdrogs,
KW 2189 and CBI-TM); el eutherobin; pancratistatin; a sarcodictyin;
spongicsibadd RibstthtersfoBn PDGcattels MMeh specifibiligr anfuiton of ey edpephazthie the

chl orophospham de, estranustine, ifosfam de, nechl oretham ne,
”ECh|?bﬁkﬁ@ﬁlﬁ%<9é&9&1@%9599&hﬁ%hqga]ﬂﬁh&h@f%ﬂzlHﬁk@ﬁ?b?ﬁh@nnﬁﬁﬁﬁQﬁﬂﬁﬁéne

prednlnustlne trof osfam de, uracil nustard:; nitrosoureas such

car misthffite SO[RAALPEDR: @t BIHRLKASed 'OOP}‘d% fnﬁqdrglwgg@ (e and

rani rmus 1 ne, ICS such as t ene ne an g ,

cal i cheam ci n, | i cheam ci n | i heaHICI em
Intl. Ed. Engl. Q@fg@ﬁ@) Mgy beg §9‘i§g‘;ﬁ° a%i’ﬁ?@.cmtewm aCﬂl S L AR el

bi sphosphonat es, such as clodronate; an esperanmicin; as well as
neocarmaunésk e ¢ fubshrEHBIRcsE tangstenetarbide selsiraied prebtdinga divaringrfeccaribichiiot i ¢

chronophores), acl aci nonysi ns, actinomycin, authranycin, azaserine,
bl eomptiang pne af therfoliywing, tyar adm-iached, shallow leached, deep leached, and resubstrated

fully leached.



carm nomyci n, carzinophilin, chronmomycinis, dactinonycin, daunorubicin,

det orubi cin, 6- diazo-5-o0x0-L-norleucine, norpholino-doxorubicin,

cyanonor pWOI201o38msor ubi ci n, 2- pyrrolino-doxorubi ci n amGT/US2010/036466
deoxydoxor ubi ci n), epirubicin, esorubicin, idarubicin, nenorubicin,

mar cel | omycin, mtomycins such as mtonycin C, nycophenolic acid,

nogal anyci n, olivonycins, peplonycin, porfironycin, puromycin, quelamnycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, ubeninex, zinostatin,
zorubicin; anti-netabolites such as nethotrexate and 5-fluorouracil (5-FU);

folic acid anal Q8 Sin T d Aferl FNOBIR lak ' mabi® bh @ thi @X &luBhn RS, 8 RPILRAsIdh resistant
trimetrexate; purine analogs such as fludarabine, 6- ner capt opuri ne,

thi amtﬁ{ s{%% ca\tgl?aé)&li% peSucB%{lﬁ &901&9 1 ﬁlld§ Qaﬁtgma&)%hltt ?gl!cgﬁ‘\tages in the
azaC|t| azaurl |ne, car ur, cy a I ne; eoxyur i di ne,

doxi f | enoci t abi ne, roxurldlne androgens such as cal usterone,
dronnégéh%%Bﬁ@ ‘propi onate, epitiostanol, nepitiostane, testolactone;
anti-adrenals such as am noglutethimde, mtotane, trilostane; folic acid
repl eni sher suchnas aliewiafiye @H@ed@enhé@%ﬁ s made @EpKESH R Aele(0gNjkesPe:
am nolevulinic acid; eniluracil; ansacrine; bestrabucil; bisantrene;

edat r antatien, aztea‘myfm]nﬁrm@pro@eiammett@li oretllogl). alni alptmntm,direbrttoat n:ip: ] tlhé&;mﬁbﬂia‘tlpmbmi um
acetate; an epothilone; etoglucid; galliumnitrate; hydroxyurea; |entinan,;
| oni dah4yi aRlitichay AN QS SughedsabRkIAMCBNeWRLiRNSAH 4 @aighen carbide or

m t oguazone; mitoxantrone; nopidanmol; nitraerine; pentostatin; phenanet;
Pi rar WG lofier 'tl@%@défatgétﬂr%% to RRAARAYbsE Bk r‘g) oR e ntea D% iveE B4t 91' such as a
procar bazi ne; PSK(r) polysaccharide co S Nat ur al Pro Eugene,
OR); razoxane: rhlz i,zof i,r ir er n|u tenua

triazidqudnesd é“‘m o B Pgﬁ't% gk %e P& ERks '(‘
toxin, verracur.in A, ror|d|n A and anqui di ne) urethan Vi n

dacar BUBESHE; CHRIAR SR puter fin 8’&?’3%1 b Pre%%Fg olbigR thaessuLs rﬁsﬁuﬁgnla bonded or
gacyt osi ne;, arabinoside ("Ara-C'); cyclophospham de; thiotepa;

6- t hi etheawisaedhared taibe bpsa sapemataialh di thexembodingnts rvdmeaﬁhaloogaz tig i hraged or
cisplatin and carbopl atin; vinblastine; etoposide (VP- 16); ifosfam de;

m t oxdr bared toithecmetat base; capianidgle tdmpreat(NAEEBmhE(a) ith romalting @oéit above

t eni posi de; edatrexate; daunomycin; am nopterin; capecitabine (XELODA(r),
Roche)the POt f thd brazblinalcAROIGS BFBISEE Qo INBUMRI thO 'PIRF2uBQ0in the bit is

di fl uoronet hyl ornithine (DMFO ; retinoids such as retinoic acid; and

phar ng éﬁJ g{ acceptabl e salts, acids and derivatives of any of the
above. ?’ 3%%’ so included in the definition of "chenotherapeutic agent”

are: (i) antihornonal.a hat ct to requl at i, nhi ne action
on turors such 48 SARTEEEL P 6%41@% ut Berrgse Bueshuiialahs BPCTBEGT & or o
( SERVB % i.ncluding, for exanﬁ t amoxi fen (i ncl udi ng NOLVADEX(r) ;

t anoxithedrilibitrusing) @ braas swtarishaithay ovsk nfedig paint thye MEs yeetvisxgrigipglly braze
trioxifene, keoxifene, LYl 17018, onapristone, and FARESTON(r) (torem fme
citraﬁE;PDéi@mwamnnnhebedynﬁﬂbhﬁdkbﬁxﬁ@mekmhpbjﬁfhheﬁgm@yhezmgcﬁﬁmaEEﬁ

whi ch regul ates estrogen production in the adrenal glands, such as, for
exanplcatterd (Ws-peodazd usiag adlfanoglattrial Riith LeneltMaGRSER(ih)a (ARES1300 dagetat e) ,
AROVASI N(r) (exemestane; Pfizer), fornestanie, fadrozole, RIVISOR(r)

(vor O%hehhelF%VPﬁ‘b(de)gréek %ﬁ&ﬁﬁélﬁ thdNOar }dtéénveadaﬂ vml%p%ea tef ﬁ@%ﬁ&&ﬁ%@' e,

eerél%évceu%l y T-2

AstraZeneca): (111) anti-androgéens such u anlde ni | ut am de,

bi cal y | euprol.j d a

1, St AR s BhaE Rl iRRCI M Ih %“(’ B b PR LR ot o
such dInhibitors (MD 2007/044515) (v) I|p|d klnase inhibitors; (vi)

antisgﬁg@n fif-gonucl eot i des, particul arly those which inhibit expression of
genes in signaling pathways inplicated in aberrant ceII@Eroliferation, for
exanpl e, PKC- al phan aigfnagiel crbRasnens glachcaps bl tienplicgeennt@ENASENBP r JutteGent a
Inc.); (vii)

using a high temperature braze material in an LS bonder or through other brazing methods as is
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ri bozymes such as VEGF expression inhibitors (e.g., ANA QZYME(r)) and HER2
expression inhibitors; (viii) vaccines such as gene therapy vaccines, for
exanpl e, WORGMAESTISN(r), LEUVECTIN(r), and VAXID(r); PROPEDHISh{10)3¢4bé - 2;

t opoi sonerase 1 inhibitors such as LURTOTECAN(r); ABARELI X(r) rnRH (i Xx)
anti - angi ogeni ¢ agents such as bevaci zumab (AVASTIN(r), Genentech); and
phar maceutically acceptable salts, acids and derivatives of any of the
above. [0005] Also included in the definition of "chenotherapeutic agent”
are therapeutic antibodi es such as al entuzumab (Canpath), bevaci zumab

( AVASThBvh)in tEe e Ntree ls-capled PO LukERBAN WG bk, braZeal iffded driP i dsipURRRvn
(VECTI BI X(r), Amgen), rituximb (R TUXAN(r), Genentech/Biogen |dee),

pert u%%cgﬁéjg &g}{l&lh%l’ mn%@f Bﬁ@for gﬁ%@%&gﬁa :intg E’?jﬁt uzumab ( HERCEPTI N(r),

Genente , tosrtuno xxar , t he anti body drug conj ugate,

gent uzumab ozogam ci n . (MYLOT. r),. . Weth). 006]. Humani zed nocl onal
It T bod o5 vi B 1E HOPEBGUE CHOBIERES G GIbx EKOAHES JHET CPABEATS Trdce o
conbination with the PBK inhibitors of the invention include: alentuzunmab,
apol i Z2eweibbackdalq snghakelatiic) o Aheranlling dprigalethan thmbackepke puglerab thepindstlyingmab
mertansi ne, cantuzumab nertansi ne, cedelizumab, certolizumab pegol,

ci df usappezll RO cuttdrslt uzumab, dacl i zumab, ecul i zumab, efalizumab,
epratuzumab, erlizumab, felvizumab, fontolizunmab, gentuzumab ozogam cin

i not uzumab ozoganiagi dbddhért/Mh¥etuter! Abeblizien®p, mhy BE Wenkraldy homisyEerioabin
mepol i zumab, notavi zumab, notovi zunmab, natal i zumab, ni not uzumab,
noIovggﬁﬂpb, numavi zumab, ocrelizumab, omalizumab, palivizunab,

pascol i zunab, pecfusituzumab, pectuzumab, pertuzunmab, pexeli zunab,
ralivizumab, ranjbizumh, reshivizunab. resli
rovel | zumab, rupl i Z0RanCt SrBPSiiE e firp
tetraxetan, tadoci zumab, talizumab, tefibazumab, tocilizumb, toralizumab,
trast BUNRS, CHUFEdE I-RIRISIRSIEHT] BEHRR UIETURAGK KR (nfBeD HRES UL, The offset
urtoxazumab, and visilizumab. [0007] A "nmetabolite" is a product produced
t hr oughmpesestlesith gnforward dfspiody agdiregtiep peiptndioulaniopidadanaendstable fapdrandfa

Met abol ites of a conmpound may be identified using routine techni ques known
i n t heiraumfaaadiat bffsdat (iactdiat diestide) eFhw afédtsusdyn fortorsinples bie i lasst td305.e
descri bed herein. Such products may result for exanple fromthe oxidation,

reduction, hydrqh¥sbsher 3Hbe@icAn of dRANMWALdPhe B8htefacé ofakd @i may have a
deesterification, enzymatic cl eavage, and the |like, of the adm nistered

C0”pf)‘éﬂféral@%@feﬁh@?l%}iﬁ%&ﬁt L% ent isﬂi’éraikg %'f‘iﬂ@ ﬁn&@%/g.?gg bidES Rl MROGS, of

t he invention,” i ncluding conmpounds produced by a cess conpri sing

cont act.i a und of this invention.with a | . for, a fod of tinme
cut 1 dhightess of PR Sciaitiorhy Ftirer bF kredrom FoBusp ol he Sytitebge
insert” is used to refer to instructions customarily included in comrercial
packadsingpard ileph dint 629, Praeuds t hat contain information about the

i ndi cations, usage, dosage, adm nistration, contraindications and/or

war ni ngs concer dingt tahethas embbdsnanh thhdrompdate of phreodar tis forfw@bD 9ffsdtheéntar m
"chiral" refers to nol ecul es which have the property of

Nons URigcttigosapindiduyar @b tHehiarfbiid @blcl AR HoRlch &€ the oMtidgerip Hitht espms atighéd al "
refers to nol ecul es which are superinposable on their mrror inmge partner.
[001kaﬁmeH§%BME§ﬁ&fﬁﬁh§£ﬁ§{§ftﬁ@ﬁﬁkﬁﬁbp’Hﬁﬁ%@ﬁ&ﬁﬁg%@%&?ﬁBQﬁthQﬁﬁkﬁﬁﬁ|
chemical 'constitution, but differ wth regard to the arrangenent of the

at oms & gtrt%g['ﬂg ftdhe SRECSr th%tc%%elgla%gor{%]ggl?sh'e&] %lllrglqgll ﬁlr]ealii]é[el Nkl %ntg}'ggning bevel,

. c
di ast ereoner

TR i GASOYCE MROquer tin of

tzumnma acat'uzumab

ramp, arc, or step. In all instances the outer tip of the cap is in relatively close proximity to the
cutting tip of the corresponding PDC cutter. This is advantageous in that when a bit is retrofitted
with the caps the underlying force balance attributes of the bit are minimally affected. During

milling or drill out the bit will benefit from the underlying force balanced layout. Another
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[0011] "Diastereonmer” refers to a stereoi somer with two or nore centers of
chirality and whose nol ecul es are not mrror inmages of one anot her.

Di ast er eowone10zsws7di f f erent physical properties, e.g. WETUSAEOO36466 S,
boiling points, spectral properties, and reactivities.M xtures of

di astereonmers nmay separate under high resolution analytical procedures such
as el ectrophoresis and chromat ography. Di astereoners include geonetric

i soners, cis/trans and E/Z isoners, and atropi sonmers. [0012] "Enantioners”
refer to two stereoisoners of a conpound which are nonsuperinposable mrror

| mageseRkivenad ARl fo thik @é%@t‘] is he rtl‘i‘@&*&%ﬁb@@ss 8edhi %gfb%ﬂhﬁ? Fupersanty gns

used herein generally follow S. P. Par ker, awHi I T Dictionary of

e %ﬁ%m@@&@e?%g@“éw%ﬁﬁf gaic ﬁr’%@ %aﬁ“&% g PROWH K€ ey 2N
Ne Yi T
ch.wr aﬁ’orot%l&ﬂ?ﬁ‘éf SHEAE oS AL tta ShrBiers fany Pl PGRD s S P e o fient Irt

is intended that all stereoisoneric forms of the conmpounds of the

i nvent®ashinifgc| udi ng but not limted to, diastereoners, enantioners and
atropi soners, as well as m xtures thereof such as racem'c m xtures, form
part of the predent picfaredt ¢robnditbmythorqganioc cutrppenefsthexdaps inaerpmpite chifd y
active forns, i.e., they have the ability to rotate the plane of plane

- pol arr@ker lypetoovtNod@geedsnhon aliciofict Galrhprode theutiliGampetiging oficasdiebi xes
Dand L, or Rand S, are used to denote the absolute configuration of the

nol ec%ﬁng_gggggla{etd%qtﬁw @l center(s). The prefixes d and lor (+) and (-) are

enpl oyed esl gna he si gn of rotation of plane-polarized Iight by t he
conmpound, with (=) 0 t hat th is. | evorotatory,
conpound prefi xéld a\l/%n thofigﬂlenSH%Gagsa rcw)brOEI:)l (fyo t%e fjiicc?rOrapenlp}1 cfhﬂém ca
structure, these stereoisqoners, are identical .exc pt t hat the are m.rror

i mage<iBRONgAY S TBK asher ate derdgd foc i tnesisn SOFFC byl €8 thie PPLY Gficad PDS as
an enantioner, and a mxture of such isoners is often called an

enant idérreqridcis ok tigtable ith Gtapdardi brazgripatefiale v rkey @smacs isi thartbe dracenf tho PRE a
racem c mxture or a racemate, which nmay occur where there has been no

st er eeagtranty bopotecsddeyen S poftionidfthd capawitheniicadaprbeact dicietlp bopdcdaesise The
terms "racem c mxture" and "racemate” refer to an equinolar mxture of two

enant IR InCth BRI GentSRMOL SecBhd PBEtioRA AE bhpY bénhecteQd Hor EREMPRI MHtegrally
"tautoner" or "tautoneric fornt refers to structural isoners of different

ener G b Sl IR GORELILRLE ! i Acd CUBIEL IR 41 B pOTOLuRIRP! &
proton tauto 0 known as prototro aut orer's ncl ude

i nt er convers s via mgration of a proton, such as keto-enol and

i m ne- Q%Wbe E6Meri zati ons. Val ence tautonmers include inter conver si ons by
reorgani zati on of sone of the bonding electrons. [0015] The phr

“phar maceut i cal 1y sa@e spapinenssihe scepad OB BE faD ey kondgd to the bas of
pharmaceutically acceptabl e organic or inorganic salts of a conpound of the
i nventthoeuttcEgeckst belgwsh¢ faseiohtielRleC chii¢r. dn someo embbdiments, shbgeswibbtatte PDC
citrate, acetate, oxalate, chloride, brom de, iodide, nitrate, bisulfate,
phosphattés ad€ istdrbds@bakcahe beahbeatdfnad €ap htatit dhes oSthkictiytbiapskaci th sinid at e,
tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate,
mel eateﬁlboaﬁﬁgﬂtssih@%%ketfﬂéﬁ@{s%ﬁ gl GO nﬁ’ctr@ase %@B&H&Ygﬂﬁr%a aSALBNAAHRE cap at

f or mat e, benzoate gl ut anat e, rret hanesul f onate "nesyl ate”, ethanesulfonate,

benzen a eolnglat n. P- t ol uenesul fonate, and panoate (i.e., 1 1' -nethyl ene
- bi s(ﬁ (IJI}oxy -naphthoate)) salts. A phar maceuti cal I y accept abl e salt
may | nvoI ve the _inclusion of another nol ecul e cetate ion,
succi nate ion ornatme%f%ﬁmb@ inyesih thorprazs BdistiaF Uxeghio %/Zebt e&ﬁ@/t%PhéaFﬁ’FtEr or

inorgani c noi ety that stabilizes the charge on the parent conpound.
Fur t henbiiees, also peeravete die invell $uyfageceliphabire postian ofethe Ry Biahwicadidsant to e
charged atomin its structure. |Instances where

face and periphery of the PDC diamond layer. This braze material, while not functioning to

secure the first portion of the cap to the diamond layer face, nonetheless provides a thin
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mul ti pl e charged atons are part of the pharmaceutically acceptable salt can
have multiple counter ions. Hence, a pharmaceutically acceptable salt can
have one woO 2novB8™har ged at ons and/ or one or nore count @CTIUSA010[08QE6] | f

t he conpound of the invention is a base, the desired pharnmaceutically
acceptabl e salt may be prepared by any suitable nethod available in the
art, for exanple, treatnent of the free base with an inorganic acid, such
as hydrochloric acid, hydrobromc acid, sulfuric acid, nitric acid,

met hanesul foni ¢ aci d, phosphoric acid and the |like, or with an organic

aci d, cguabniag 1a%etb Airdeitkh trhhdfél HOTRRGKEUOLIsABI e dTRNGIACIaRE! (hilSURCIR G5
acid, mandelic ‘acid, fumaric acid, nmalonic acid, pyruvic acid, oxalic acid,

gIycok&ﬁp%ﬁhgng%§£&%¥$L£O&%%ﬁgqﬁyg%ﬁ@nosidyI acid, such as glucuronic acid

or gal ac oni ¢ acrd,” an a roxy acid, such as citric acid or
tartaric acid, agn am po gcid, suc S aspartic acid or tamc acid,, an
bromati o aci d. dbcnbsETsaHiodTHET 4R <8R Rl SableS oa Sl ABhiEPRE i Sucn
as p-toluenesul fonic acid or ethanesulfonic acid, or the like. [0017] |f

t he cdlpgoahbrage material o & ingar mating fages @f thhearddwingewsigHatiara cBus ipefpired
acceptabl e salt may be prepared by any suitable nethod, for exanple,

t r eat mwerbvodmfient htbeder srama diobbs wort blotinaienoorgmmial 6r aocajerniccthioadisinteputionagndan

am ne (primary, secondary or tertiary), an alkali nmetal hydroxide or

al kal isheldedt bhthvedap| espeeianstitee firgdmotttd, laftkethelhillibgd (saddnvieted anPlagsh®tap
suitable salts include, but are not limted to, organic salts derived from

am Nno RAGIHA%, cRYGRARRYRlBEnand argini ne, ammonia, primry, secondary, and

tertiary amnes, and cyclic am nes, such as piperidine, norpholine and
pi perazi ne, andi norganic ﬁﬁlts derived fronlsodiun} cqlciu ]ﬂgg{assiunl

magnesi um nangé%e%%,ei?%$f %%%%eF?T%FWE,Oﬁlﬁﬁ?ﬁﬁm%ﬁuf T tA dﬁléTzThe
ﬂdicates hat the sgbstanc or

phrase " harnaceytically.acceptabhe"

conposSPRIGHaRRs T Bl CpnfBdmpEne RHERE PaTPIMaReiABE 1@ GiGatoPEEFEENAGd TAFYFE t he
other ingredients conprising a formulation, and/or the manmal being treated
t her ewlangs tpO@tior alowsthicveapeto disimegratcoatathcasypaiageimsnt of foungioax doflingne or
nore sol vent nol ecul es and a conpound of the invention. Exanples of

sol verGeotdsair deantiosob dicesiprutsoutheprobeitoding amolt cltdning eflthecosapwhiri@g, milling

i sopropanol , ethanol, nethanol, DVSO ethylacetate, acetic acid, and

et han@pamtipgs. [0020] The terms "conpound of this invention," and "conpounds

of the present invention" and "conpounds of Formula I" include conpounds of
Formulas | and [ : (o) : it -
pharnaceuticalI§£§é§§ptag|gﬁgg%?g;gﬁﬁﬁgyg%ﬁkégkﬁﬁé?gﬁkegﬁgﬁiﬁfmfﬁgg?g#%uIa
or structure .gjven herein, including Fo la | canpou is also intended
Lo repraisbhorAbiiBnast @ Siuireehe iionsf Moftore S GHEHRiouRD sENES: 1k

m xtures thereof. [0022]. Any formula or structure given herein, including
For mulVéupstecknpiéashasnt cquinmsat. j it mHUdack drpedy asestngi wodepi ealdryled 3einsy
forns of the conpounds as well as unlabeled forns. |sotopically |abeled
conpousssiatealeuginantt ur es depicted by the fornul as given herein except that
one or nore atonms are replaced by an atom having a sel ected atom ¢ nass or
mass nunber. Exdmpleas fafills 8ot @pasa §dd@drticanhd erdcbdiag packai@chdissétbnciarpaunds
of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
PROSPRBEOHS! alldr Y b s BADr Gl for B Fmiion RbocnBliickl W BEs hét Al ihe
(deuterium D), 3H (tritium, 11C 13C, 14C, 15N, 18F, 31P, 32P, 35S, 360,
and 1251%1..Vari.o i .Qpi [ y..l | ed s of the.pr nt. pnhvention,
for eXnfamt i8S AT RTIT N PRy IS HEReL ho bhE i SRR IR T

are incorporat ed. - . . .
penetPatlon rate when drilling the formation. The cap only minimally acts as a thermal insulator

for part of the diamond face and then only when the cap is still intact. The cap is not bonded to
the diamond face and therefore is not prone to transmit stress cracking into the diamond face.

The cap does not interfere with the overall hydraulic configuration of the bit and has a minimal
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Such isotopically | abelled conpounds may be useful in netabolic studies,
reaction kinetic studies, detection or inmaging techniques, such as positron
em ssi on worrogviaptsy ( PET) or singl e-photon em ssion conparas2elonegsaphy
(SPECT) including drug or substrate tissue distribution assays, or in

radi oactive treatnent of patients. Deuterium /|l abelled or substituted

t herapeuti c conpounds of the invention may have inproved DMPK (drug

met abol i sm and phar macoki netics) properties, relating to distribution,

met abol i sm and excretion (ADVE). Substitution with heavier isotopes such

as deufREd MY dARISS dhkardigifistdekanevl) acredyans agess _rs@&udiﬁrhggfohh%@n
greater netabolic stability, for exanple increased in vivo half-life or

reduc E%_Pﬂ%s ﬁeeéaibq#ﬁers %rc’;?{‘-gggl}r‘e éﬂ?%?g %ﬂ@%ﬁ&é’r? &% 8%{)'1%%%>sﬁnﬁﬁcﬂ Sa%ﬁ %In cfu(& T PET

or SP sot opl el ed conpounds Invention an
prodru t herepf can,generally be.prepared by carrying out the procedures
i scl BNy  Hie Sinddtsdiobioquire i oh direnc il s At BT FoAS Qb R i
bel ow by substituting a readily avail able isotopically |abeled reagent for
a non-ilewtfepmaltingy Thasap eepbiesadhe RPC Mg tq getrthroggh stmiling $op WitheutHBGOERS

i sotopes, particularly deuterium(i.e., 2H or D) may afford certain

t her apeutikdibadd aftcagestip eswdingray dandm e eascewithehiableydrs of tadgsien togrbidoor
exanple increased in vivo half-life or reduced dosage requirenents or an

| Mpr 0\Welee Mbnidlarh iRy @PRHLT Borldod eX thel facd 8f thedEIG te@@etst Mat cdﬁ;phﬁédtsl el tip of
thiscontext is regarded as a substituent in the conpound of the fornula

(. rratd apof i i pe, ; ,fdqC e hum
T A A R o L S S R b U S R
i nvent | any,. at om,nat. speci,figcall esignated as a.particular isotope is
reant TS e BfPuR oREE e e ol SR R BT sfuiBAb < ot ner w s
stated, when a position is designated specifically as "H' or "hydrogen",
the position is understood to have hydrogen at its natural abundance
i sotopi c conposition. Accordingly, in the conpounds of this invention any
at om SPHEFPESCRIPIION GRTEUDRAWINEEt eri um (D) is neant to represent
deuterium [0023] FORMULA | COVPOUNDS OF THE | NVENTI ON [ 0024] Fornul a |
conmpounds i ncl udggwonpbowss sislelvest efth PDCGrouler,mul as la and Ib: la Ib [0025]
and stereoi soners, tautoners, or pharmaceutically acceptable salts thereof,
[0026] wherein (Higur&sl2i5SilNstPel differbit sRapdsi for tRELpdreiofBf adg wiéd ba tis PO 1)
XL is Nand X2 is NR2, or (iv) X1 is Cd% and X2 is O [0027] Rl is selected
fron1kg%%8] C-G 2 alkyl, [0029] C2- C8 al kenyl, [0030] C2- C8 al kynyl,
[ 0031] 2 C20 aryl, [0032] C2- C20 heterocyclyl, [0033] C3-C 2
carbocyclyl, [0Q34 l - C, 20, het er oay yl 0035] -(G -G, 2 al.kyl.ene).-. 3-C
S Carbacyol y1 ) . Trebsey o gt &R tsHbET e 2o s sP Rty R ih a7
-(G -4 2 alkylene)-(C 2- C20 heterocyclyl)-(C 2- C20 heterocyclyl), [0038]
-(Gi - c&onzfaaprafrf@r%y; (C 2- C20 heterocyclyl)-(C 3-C 2 carbocyclyl), [0039]
-(G -G 2 alkylene)-(C 2- C20 heterocyclyl)-C(=0-(C 2- C20 heterocyclyl),
[0040] -(Ci -G ZFigirkylibustdptes @h-o0tiQ0 hidteko daplry forobetddp;- (G -G 2
al kyl ene)-(C 2- C20 heterocyclyl)-(G -G 2 alkyl),

Figures 9 and 10 show an end view and a side view, respectively, of an alternative

implementation for the cap;
Figures 11 and 12 show an end view and a side view, respectively, of an
alternative implementation for the cap; and

Figure 13 shows a drill/mill bit including cutters with caps.

DETAILED DESCRIPTION
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[0042] -(C-C 2 alkylene)-(C 6- C20 aryl)-(G -G 2 alkyl), [0043] -(G-C
2 alkylene)-(C-C 20 heteroaryl)-(C -G 2 alkyl), [0044] -(G -G 2

al kyl ene)wQQe0)13§1372- C20 heterocyclyl), [0045] - (G -C peTaiskylesaye NHR 2'

, [0046] -(G-C 2 alkylene)-NR 2'-(C-C 2 alkyl), [0047] -(C -G 2

al kylene)-NR 2'-(C 3-C 2 carbocyclyl), [0048] -(C -G 2 alkylene)-NR 2'-(C
2- C20 heterocyclyl), [0049] -(C-C 2 alkylene)-NR 2'-(G -C 20
heteroaryl), [0050] -(C -G 2 alkylene)-NR 2'-(C 6- C20 aryl), [0051]

-(G -G 2 alkylene)-NR 2'-(Ci -G 2 alkylene)-(C 3-C 2 carbocyclyl), [0052]
(-G 2 alkyl qaaiedR 2ok Ghadd @ FAbirhangn U G 30 DRUESOAPDO aubPATE]
(CI C 2 alkylene)-NR 2'-(C-C 2 alkylene)-(C -C 20 heterocyclyl), [0054]

2 al ﬁ%ﬁlee)a' i @E%téﬁd%za SRS ‘%”81@%%0}% Ll ORI
(G - i HERBA 1S Ings doh B efigs %ﬁ% Pt st e ot

aI kyI JR2'" , [0058] -(C 2-Ci. 2 al kenylene)-(C 2- C2oheterocyclyl), [0059]
_ (O - oatbHeid Az tyngsiqresaphidepgtasial e Flascsidtey pgcke HBsiofornediin @ bpody which
heteroaryl)-(C 3-C 2 carbocyclyl), [0061] -C(=0-(C 2- C20 heterocyclyl),
[ 0062 mayC{c@rdq @i tuzs2 ¢uebide ona ;da)rjx. [ Decdhmem] table- o @r2-04@24) be non-leached,
het erocycl yl)-(C 2- C20 heterocyclyl), [0064] -C(=0-(C 2- C20
het er @ayItwy lldackd, dEep Rabigdde b adsyibdtratddORM] leadhed:Qs- dSiredd ThalclsyigurafiéD6e6]
-C(=O0-NR 2'-(C -G 2 alkyl), and [0067] -CR 4=CR5R6 where R4 is sel ected
from Ppd cut@rs at%’ dl‘lll blt ﬁ@&iegmtﬁlpogke@é 1‘§Xx}e111 &%@n@é tﬁ’d@g sﬁﬁe{l B i SR ang:%gll not
het er ocycl yl, eteroaryl, or - car bocycly [ 0068] where
al kyl , _al ken al k Iene carbo cl eroc ryI and
net or SSASTTN ut“%n oy S ey f%undﬁfétanﬁef%%?fsseé?ou ifhgependen |
selectedfromF d CH 2 CH_ 2CH
2N(CH3) 2, - CH 2018 Cu@nz@ﬁzws@l&a}lﬁ Sem%& Bifhin theyg % kQ% 'zaqg,
C(CH320—I, CHZC(CHB)ZO—I - CHOHCHCH3) 2, -C(CH 3)ZCI—IZO—I - CH
2CH2 S@it h otigy metlppdsanay Boused, Thetioize-maacHd 08 sl paagure-tisdPRE(aHsy B0
-COCH 20H, -COC(OH)(CH 3)2, -COCH(OH)CH 3, - CONH2, -CONHCH 3, -CON(CH 3)2,
- CH 2 Gai2 the-pokk CORIEpHBI B, has @t iid) 2aN2, rangdNSI2,300 Nepi2es Fdlrieien to 4 BROCH
3)2, -NHCOCH 3, -N(CH 3)COCH3, -NHS(O 2CH3, - N(CH3)C(CH3)2CONH2, -N(CH
3) CH2 G2t OF giebidheit=0The Bibkne3T Be braxePhatdMIGHR tEted inXTedre t Gk WaHBver- S(O
O -cycl opropyl, cycl opropyl, cyclobutyl, oxetanyl, and norpholino;

{006, Fﬁ@g@ﬂ&ﬁ%ﬁ%@%189(1%?%%9%9;45%&%& gpted fromH G-G 2 alkyl, C2- G

al keny al Kyl ene)-(C 3-G 2 carbocycl yI)

2- @0 ot eroeyd1gH ! b TaRITURN e derashrg By AT R 2

al kyl ene) - % C 20 heteroaryl), where alkyl, alken al kyn i/ al kyl ene,
car body ¥l be lwé@réﬁoeéyéqtyhe cap Y110 camdnefies @aply‘meaﬁa %pl?ei okl pd 08 dhs PPCut ed
wi th one or

cutter 100 after the PDC cutter has been secured to the cutter pocket 102 of the bit body.

Alternatively, in a second implementation, the cap 110 is installed on the PDC cutter 100 before
securing the combined cutter-cap assembly to the cutter pocket 102 of the bit body. Thus, the
first implementation represents, for example, a retrofitting of a manufactured PDC drill bit to
include a cap on desired ones of the included PDC cutters. Conversely, the second
implementation represents, for example, the fabrication of a new PDC drill bit to include a

capped PDC cutter at selected locations.
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nore groups independently selected fromF, d, Br, I, -CH 3, -CH 20H, -CN,
-CF 3, -CO2H, -COCH 3, -CO 2CH3, -CONH 2, -CONHCH 3, -CON(CH 3)2, -NO 2,
-NH 2, - NMOHo0B)y/13875RHCOCH3, - NHS(O) 2CH3, -OH, -OCH 3, - 8CDOUS2MN@sRpe, - SCH
3, -CH 20CH3,and - S(0O) 2CH3; [0070] R3 is a bicyclic heteroaryl group
selected from[0071] where the wavy line indicates the site of attachnent;
[0072] optionally substituted with one or nore groups independently
selected from Cl-Cl12 alkyl, C -Cg al kenyl, C -Cg al kynyl, C3-Cl2
carbocyclyl, C2- C2Cheterocyclyl, C- C20 aryl, G -C 20 heteroaryl, -(G-C

2 al kyl C
he?er gcggfg/l § _ZJF\ELE;@Q s@@&ﬁ&ﬁﬁ%ﬂh%ﬂra)tes_%yb%e(g a angﬁtg@_ki&ﬂd%%g{ec ap—capQ%Qde

"N ( COF b A g e (@f%‘%%% b o 20 gy i l}sgé‘ f?%%?%/%h?‘%;,
o ky i o o rm@l\tﬂwt%ﬁc%%b? ‘é}aﬁ%ﬂ'a} RN Oaé%liazag S Fbie\ el -

2 alkyl), -NHS(O 2(C -G 2 alkyl -G aIkyI)S&O)Z(Cl G 2 aIkyI)
_OH, -“copteinimy cabalf| neyeontagenmcthe iy /mrme 2Tf@| aveging dasjred shamy| ) |
-S(O (G -G 2 alkyl), -S(O 2(G-G 2 alkyl), -S(O) 2NH2 - S(O2NH(C -C 2
al kyl Jand amtrals(iﬁpreﬁt\lsl(a'pe@nc? carfikguirjtons \Mmd'mculséwhe;reianl. kAhg/ﬂnatively, as will be

al kynyl, al kyl ene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are

opt i oraiadchysea Ul Short WeRdl Mérkin, eHRecHY lfmhﬁygﬂ&ﬁﬁﬁvblﬁ}dﬁpﬁl@deﬂf laymstal estraetaf rom

F, CI Br, -CN, -CF 3, COH -COCH 3 CH3, -CONH 2, -CONHCH 3,

3, ' S( 0)09))2 gl?tcejr_lgi)ozgml_l 'gllﬁuﬂlleg tha“ﬁ%l/ﬁreta‘l nglq ma?‘%l@@%&ot;g]carb%'& or
;FL??%R&% dcfapzl lgamg% élh%lina 1X5C%y bf: &a%& 0?%8 hﬁr Fult g ?eeglnly&ﬁlo(lce (non-
ins{ %%Béﬁh% g%nplﬁgqf rg%teﬁzlalglf%ﬁ egfp)c&l de: %te&fﬁ%nélﬁ%m?% a5 @61%@19%}53 a2

where al kyl, al kenyl, al kynyl, al kyl ene, carbocycly het erocycl yl, aryl,
and heteroaryl dhe @ptll@nlalhei:d sublsee otthel ARG suiderel 9 thiegh g boupBse ‘action

i ndependently selected fromF, d, Br, I, -CH 3, -CH20H, -CN, -CF 3, -CO
2H, - Gerted the cApGRidHBe sulSohid 196 of ﬁ@\lHDEI cfter. AAKeCiedfi2ally, N@ortjon MHh@ cap NHCH
3, -NHCOCH 3, - NHS(O 2CH3, =0, -OH, -OCH 3, -S(O 2N(CH3)2, -SCH 3, -CH

20CH3,1306s beHdel t& &pditidnQt7dd a FR orit§ of! thO5URhe NO6 B HEPinSHall& PDCY&kteLthat
structure selected from LLL / W[0075] optionally substituted with

S?ﬁlz&r% S e T L %‘W @,ﬁ T thoyptng ey YRE fe Ty g,
CHZ CH %géo the% c%_< ﬁéﬁ)a@ e}r%(t_é]gn %ﬁ_@%ﬁaél)n&%ﬁﬂa%gt%tig tun%ﬁ_RnCH

2CH3) F, - -CO 2H, - -CON(CH 2CH3)2 , -COCH 3

3) 2, CN@K@ submratz, or m@nlp@) The chrm)ryaterlNHkﬁ@ predo seqymeitheorpratonat IENIH@W
ZCHZO-l - NHCH 2CH20CH3, - NHCOCH3, -NHCOCH 2CH3, -NHCOCH 20H, -NHS(O 2CH3,
- N( CHst@(a@) @8, PIXO put-terdylpicakl}:lhla@a mdikg PGHBof le@}:th(a@l—lg})ziegress-lf ahrenheit

- NHC(=0) NHCH 3, - NHC(=O) NHCH 2CH3, - S(O) CH3, -S(O CH 2CH3, -S(O 2CH3,
-S(O) (@NHs thuS(163s BIIGHS melS{OporNGGitR) 8f 1300CH2GEE) PAIBhhdiOQY 633@@dgraber ei n
the 1C50 binding activity to pi 10 delta is ten or nore tines |ower than

the bippgicngeiafdrityd Blﬁszng nﬁ)atérla:l- gsé%f @Q@curg %717ﬂ>c%¥t& \H‘E’lﬁn REQMItRP pbARY). arhis

Forrmul a I'b conpound whérein i) Is CR7 and

allows the cap 110 to be brazed to an already installed cutter without risking loosening the

installed cutter from the pocket 102 during cap installation. The thickness of the braze material

illustrated in Figure 1 is shown over-scale in order to make its location and presence clear.
Preferably, the cap 110 is not brazed (i.e., is not attached) to the diamond table

layer 104 of the PDC cutter 100. Rather, a first portion of the cap 110 over the front face of the
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S, RLis -(CG-CG 2 alkylene)-(C 2- C2oheterocyclyl), R3 is optionally
substi tut edbenzo[d]i m dazol -1 -yl, and R7 is H, excludes the C- CO

het er ocycWol20mf13®bB7substituted with S(O 2CH3. [0078] Execpliseyrobsssmul a |
conmpounds include where nor is an unsubstituted norpholine group, having
the structures Ic and Id: Ic Id [0079] Exenplary Fornula | conpounds

i ncl ude thiazol opyrimdines where (i) X1 is Nand X2 is S: [0080] Exenplary
Forrmul a | conpounds include thienopyrimdines where (ii) X1 is CR7 and X2
is S: [0081] Exenplary Formula | conmpounds include purines where (iii) X1

is N indnafdl iaplcNE] 288 thEXED®! Rkt SiglpMHk@td agRimRP Rt ifte! WHRe a second
furanopyrimdines where (iv) X1 is CR7 and X2 is O [0083] In additional

exempl Rty IRULIPIS 1nd Cbshfic 36 RAUEHA Lo Db Lk U5 a8, 100RSLo Y @

the wavy 11 ne indicates -position o e pyrimdine

ring. .]0085] Ex I nbodinents o incl ude .t he groups: PATENT

APPL] T TERToRIR RS Hp PR Tpap v eap At KT ANERGS TERRBACT: e frTiagant
PRIORITY CLAIM This application clainms the benefit of United States

Appl i dhatithe diagrondgteblet fagg of they PI3E autigr pp ipeefceiag byshe zan ovithant t1s capahoing
priority fromUnited States Provisional Patent Application No. 61/182, 382
fil ed dueytly2Bond200® thet faee. dTsc$cosnd pertiof ofihiecdapalrl® adgcedythe ndstrpterldbed thny

ref erence. TECHNI CAL FI ELD The present invention relates generally to earth

bori n@DI tettcrand, Waich ip 8fdzed whdhttachtd tdPOk Babitat@hbichel, dhanrdecymached PDC)
drill bits. The present invention further concerns drill bits which support

bot . an@lh bAgirEABRL biL bYaRNF Pk ILIAR OF el dig: SRREML LY refBARKOREUND
The diano%d Ia?%rs of]PDczgri?labit cutters afe ext engﬁ§ Wea?zaﬁd abrasi on
resi stant. hut can readi |y suff.er.chi.ppi when .exposed .t o _i.npact, or._hi gh
o nt et o Ga cgREisia philgh S P AR HRERRE T oo R RGP et e
cutters are also _susceptible to diamond graphitization at the cutting tip
due. + DS EUGH B3I DROAL TP SHIG R K HdiIBL her ot S ST Cfghser Af KRIFISRCR $2).

t enper atures produced during cutting when ferrous materials are

encoudn eerad cmbodimeats shartetnmbefrate PDRgcudigrs ase uscsstd necroisa desvizondrarganes the £41 i ng
out of casing-associated equipnment. G hermaterials, such as tungsten

car bi dethedraseubihe doaeopockett rindeme CBodinasnes the trioeket dhscistconfigurbe to tusease
materials but are not as effective at cutting rock that is encountered for

inStam%%@ﬂ&ﬁgmﬁﬁéﬁﬁ@bﬁ&oﬂ@&b?gr@é%gﬁéﬁkﬁdmﬁonponeﬂt5 have been drilled
t hrough. For the purposes of this disclosure, "casing-associated conponent”

(s meant to i nclaye b Solos! b 48t Reodk B LA GeShAYE, FRIRNL | N9

equi pnrent, float shoes, shoe trac col'l ar's, al ves, w pers,
activation darts,. act.ivat ] bal I s, i a e packer chani.cal packers,
vl | i BOpGERePL HRCHib i s Puerbiof AbF S FuBE OB Bur R Em A osh 3P
shoes, guide reaners, liner guides, liner bits, notor driven shoes, nptor
dri veriCvedeqcyre hecan tafhe dmaiditable fiysh o@anrrefcsied spbodinmant. fht briege mgfeaial
di sposabl e or one-trip turbines. In other words, a "casing-associ ated
conponeetdt to rezaldticapth the catiyr sibptiray eldo adhé¢ras toathk eheobwitfacgs vf the cap ttivit ara
wel | bore casing, or mounted within, at, or outside the end of the casing,
that nEjche t6 fealisheiEabicnfavdh@idepediphéry dalid PDY darfénd laydi tThis braze material

provides a thin cushioning layer to limit the transfer of impact loads to the diamond layer while

the caps are in use for milling casing or casing-associated equipment. Once the milling operation

is completed, and the drill bit begins formation drilling, the cap (at least over the diamond table

face) wears or breaks away so as to allow the diamond table to function as the primary cutting

structure. In this way, the drill bit can be first used for milling (with the cap) and then used for
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H storically, ferrous materials associated with casi ng-associ at ed
conponents were drilled out with a specialty bit or mlling tool before the
pref erredwbiznifi387sthe formati on applicati on was tri ppedPCmus2elo®3dies e. The
potential cost savings in trip time of having a bit that could effectively

drill through the casing or casing-associated equi pnment drove the
devel opnent of new conbination bits oftentinmes referred to as mll drills.
Bits in this area of art are typically called upon to drill between 1 and

35 linear feet of casing or casing-associated conponents. In the instance

of Pa%irimlﬁl%ﬂf(ﬁi@?%errhiahioﬁg_tﬁlﬂ@),ttﬁ)@ Sbvisls fRNRE t8 fseWnbah&t alillinghemligdd
casing wall thickness while drilling down several l|inear feet. I'n casing

exit 4l i stance to be drilled through the casing wall is
depen éhb@gﬁt?%@%%%%?%guration and sl ope angle of the whipstock that is

used to push the bit into the casing, wall n bpth cases, . the r tively
Short ampunt of A eyt SrhaRRaEtag T 100 8mBe RedBirirean S Mt
occurs prior to being called upon to drill hundreds or even several

t housdﬁgsuséﬁg p dagh grmprcsatiet bigrc matgial J08 iaf grp EBsbandep ppdirgusl ohes dragingons
to cutter protection and/or casing and casi ng-associ ated conponent mlling,
and subskolserstis koowntin ¢ at.i The pee-eapped @D outten cheltlow. beAblazedeingr theomitter

di scussed herein are incorporated by reference. U S. Patent No. 4,397, 361
to Lapgtiestdodesardresit atin@dadhe beiideencthod aet icopcatirey febrdnd adicw dual
protrusions projecting fromthe head portion of the bit nore than the

ext engj@n of the PDC cutting el enents. These protrusions are fabricated of
a nmetal nore readily abraded by the earth formation than any of the cutting
el ements. U S. Ratent S, 995, 887 and 5,025 4 to r. et al describe
PDC ot ters whi R haveoa o A st RRerBFT of st S s e B hGRE o
the face of the djanpnd layer. This bonding is achieyed _ipn a high

t errper“éiﬁ\?% ,dlrﬁqtahﬁ%d@g%st?p éulb%’élé.ﬂy Wat! tg% Bhsugnd fpet 104 of --tE%PHQ'n Ut itnt s
in which a further front |ayer of less hard material, usually again

t ungstAdteresiviiyddhe icgp HdAdady taovemhevithaghtdifeaite bondingodimareriian a)%r oflee
extends across at |least the major part thereof. Since the | ess hard

mat er idddmafd fabe 10410f thePD@yetterntdy). Hewendiztye thet @pglinass coverteitlsowrireétin t he
di anond | ayer, this may enable the cutting el enent better to resist tensile

St I eS%ondin %qﬁﬂ@nﬁmﬂwégﬁ&ﬂéQﬁ%ﬁ&ﬁﬁn@ﬁ@@ﬁ%qm4ﬁﬁﬁh@Pﬁ%ﬂ&ﬁ@ﬂlb@r@h@nﬁﬂ@& ;
uU. S Paten? No. 5,979,571 to Scott et al describes a "Conbination MITIng

Tool "Elgéjlcelr?' {1d ml%r tcheJ! Rithb& ﬁ&%ﬂ% ggg&%lgg(?,hessttHW§6%%fctﬂ% l&lia@r‘f‘oﬂd%‘ﬁé {64 8f e

nount e an outward row on a extends fromthe main body of the

drill bi The o d unted..t ungsten carhi.de inserts attached tqg the
out wart bP6aget ! Tobetii R R aRa G S Qe §5\GHbE sttt BReie ihiing
row of PDC inserts connected to the sanme blade. Alternatively, a nore

out wardiFigusese) ®k3-ng bl ade carrying tungsten carbide inserts acts to
protect a |less outwardly projecting blade carrying PDC inserts. In either
case, the parentFipiradeilhmtretcs al reofanghler slapi foe dhdlpadenoof e tdpel e pdndt e
bl ades will create a bearing area after the tungsten carbide cutters have
wor n - awanics tHe dnabdiefaesodbMBPD@clittsid90 € Mighidd BiiltgtrhRy e trabSzopd@ Skkgd foin a
hi gh pressure/ high tenperature press onto the face of the PDC cutters. The

dr awbagksorbn bPire aPR1EARRhAErIfk HUGEREn D BIE 104 YPHRPDE Bud?AbbE Figurcs 2
enbodi ment PDC cutters are enbedded in the center of a ring of protective

tungsten ,carbide.insert. erial, ln th se wher he cutters e
empoadty 3 e an Hig o ROk gL Ea s BbMF A Gt Bt haRi SEHRIERCEPS e
cutters is fully exposed a unpr ot ect fromnetal debris. enco ered

dur i nGUdet 148atn ?ifgﬁx%ﬂ il gﬁf}e Bickprs of ghlﬁo‘?rﬁé%méieélﬁleﬁ%f Seriag dhg '6h and
t he tungsten carbide ring begins to wear, bearing areas of tungsten carbide
co- exivethipfhersuippasket had beeresraggaated éommbiti anond | ayer t hroughout the life
of the bit. In addition, the surrounding rings of tungsten carbide either
reduce the t ot alOthemdeemecofc dhapdsansy bhatedaaprdyvedgpharead len oa difface coverager al |
bit face, or they reduce the dianeter of the PDC di anond | ayers avail abl e
for  of the diamond face. See, for example, Figures 4 and 5.
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formation cutting. Either of these choices represents conprom sing
departures fromstandard PDC bit designs. U S. Patent No. 5,887,668 to
Haugen etwal2otesgrsrbes milling bits with a sacrificial mrosascandideneat h
the bit, a cutting structure intended to mll a wi ndow, and in sone
enbodi ments a cutting structure intended to drill ahead in formation. The
bits described by Haugen are purpose built for these operations. U S
Patent 6,612,383 to Desai et al describes a dual function drag bit using
PDC cutters faced with a bonded tungsten carbide |ayer. These cutters are

described as beimg,Fad@uithitéd He@ed SERRIR I eBLIW)HhapE BFIHE BoRloBST-thd B
dr awbacks of thiéggpprogch are digcussed E%?ein)unggg. U.S?OPgtent NJ%

7,178 ’lqg%mﬂgn Mrfiesetthe %{ian%%lcfra.&é) 4 8f tWe Wc%érl 108.“ %tigr.é !{5' ill%t]%atés@%qv‘d? &

separate bl ades of cutter sets of prinmnary cutting structure for mlling and
secondary. bl ades .or. cutter s fo 0 tion.drilling. . ln ition rt
doscr chuticgh a5y BEHHERD Rt I ol IhYhIE veisSiee dePlan dtber ot F Bl ek
boss using a shear bolt that directly attaches to a threaded socket

depl oyeter h0Q piigpsset Bod 11 aFelcpefvigyedodking fevaigs Khoglignaensd &icet davinithg |

U S. Patent Application Publication No. 2006/0070771 to McCl ain et al

descr ilwestubianat éxiBof thad? Dy cutter BAgsinwint Fig@as # nagd Cohgp tnekmtsskrfithd bi@at material
Capability and Methods of Use. Cutting elenents ainmed at cutting through
wel | basescedrindoie PD@E et epthayd clfiergpplRdt dhebedixegdurgbd forexpieged sets than
cutters ainmed at drilling the formation. U S. Patent Application

Publ i cation No. 12QQ,¢tR0LPABodithel¥E HetaPs B10 RAvcIRS& thiRERe ?ﬂé‘iih&cpﬂ) LEIENY S
Configured for Casing Conponent Drillout and Earth Boring Drill Bits

I ncl udi ng. .Sape,, Figures. .7A a 7B 0f the '.995 appljcation s a_bonded
cut t of oI TRR T e R Sfe PRPles S U Tuf BRI ARG iR WIaH, TR
abrasi ve el enent that protrudes beyond the top of the circular, |eadin
super dbHasytes U0 bp 1 grat mengu%g@Pé dt VOFeBUBBMEL tho SR8, cnd oy #sbe276
to Scott points out that "One drawback associated with providing two sets
of cuthigwg eskovenessiam viewdof Ithe inplementatign.apAltheatghl Figyret 6 shewyiyde aapther
optimum cutting elenment |layout for drilling the formation after penetration
of cadiliffigetrshegesion thecappomeih bs randnised thauthdidiffiereetiyeintlincihhse ofStheiean@nt!f est s
itself not only in problens with attaining an opti mum cutting action, but

al so irBspREAB RN BiamBHE tdbPe) tal ShéW € HEPGArOT td frevide AUbwEHbd WG al&ehrik1Ofs cgullyl NY
elenments, with inplenenting a bit hydraulics schene effective to clear

f or mat i Of th i LIl ' tial t
penct rares Rl st P bl shoiRing i SAAGR 1B FLPBHAR, LS, THE gl
provide.the drill bit with cutters cqnfigured (via coatin deposition, or
Fiperr S b tan e AbioPadetie P b b L Bty el ropt TG ey
boron nitride, overlaying or deployed with traditional dianond cutting

mat er if@fen 8 GEPNtHECPRRS. | n ot her words the sol ution requires specialized,
non-traditional PDCcutters. The solution cannot be retrofitted into a

st andard PDC bi tFigures 6 and &rfurthestillisgraguths optionag grdsemcesifandhap trePBE 1Q0ttyea s.

To broadly sumrari ze, the solutions proposed in the prior art in this area
fall ighdcyctormdcp@be@Ofdresd idhcModke fase ofdikd Edponi@l ncat enedaktaipecnsitat S loutee tip.

(i ncluding separate sockets, nounting, blades, and or pre-bonded el ements)
of —overngxRRRale FRYamptdwWeRietBlh¥nd W LEMI AL RIS he F BXBIY & daQinBlQlREted he
primary PDC cuttefs in an axial direction and/or acconplish the initial
mlling task n_t i.nstances the rabrasi ve el n be..renpved
't om CHebBREC ok MR b REARE oy TP EPGPE i FEREIS S8fefud oo
special PDC cutters faced wth bonded Q%%pfcall vi a HPHT net hods) tungsten
car bi 4 G BREPNLX SHPERVA BN erRetOFancertyh plsg gFra cR?B%‘;SW%e WHIANGE ' ask

prior to the traditional dianond, typically PDC, comng into play to
better allow the caps to disintegrate following the completion of milling operations and the

commencement of formation drilling. Such grooves or serrations on the caps also improve

cooling and cleaning of the caps during milling operations.
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cut the formation. These solutions need to be evaluated in |light of the
body of know edge that exists in the PDC drill bit art. Sone key points are
as foll ows0 201001383 been denonstrated that even slight Prouns2egoad46é he PDC
cutter edges can reduce rate of penetration in a significant and adverse

manner in many formations. It has been denonstrated that PDC is superior
to tungsten carbide, and cubic boron nitride (CBN) or other superabrasive
materials for formation drilling. |1t has been denonstrated that

inefficient cleaning and cooling of the bit adversely affects penetration

rate and bit |ifRgyre btfuhRS MABEE 2HSHBNHapat&Hiduiaion B8P tHeQlafBIt D OMn @S 4R
el enments that cone in contact wwth the rock face generate heat and |imt

penet rat | t] O 1ReY ri 0ng: it
Face. it ORBLPElmoRY AEk MG th ROE e hio® 0B e Ol AR R bl oY

| onger and performbetter. th 10n-force l anced PDC drill .bits. 1t has
boon: Uil o B dhiy TR TR s tRate ia SoTBH P BRSBTS S p
can accelerate the wear rate and thernmal deterioration of the PDC di anmond.
Ref er éh€Bt put peiian 132 Sprravdeb cxendipg amdrom this hattpueff shaponsiath thegaf oubnd
SPEI 1947 d owka and Stone "Thermal Response of Polycrystalline D anond
Conpagbrt@urt tasmg ddncmtly SicmahwtgedmBuiarshepaeasGhaditer parghetahehape o€ thesapes of

whi ch are incorporated by reference in their entirety. It follows that a

| ayer of tungsteqthwaphinde,specifiadlly atRehtcdtiheth aforsoidy Eiduewen-7 Hernial be
conductivity than dianond that is pressed onto the face of a PDC di anond
layer ;niikloo@%hat 3R BobMBELBF tH! @pKab thiy PUERRUE b REIddel £5iBkrakbenQutgs i ayer
mhichu?n aPP Ii%el?hgod mf?l natgh theaﬁseful Pi§e 0 ethsel J?anoﬁ% Iayér

It has.hbee empnst rat ed t.hat t he. HR r.oc f _bandin i ampnd a

t unge CUR e BB RIS o ut ol PLIG B FO0 81 pRRERD AR AR MM,
denonstrated that cracking caused by inpact, or by residual stresses in the
bonded™ #gtgt@ﬁﬂ%?éﬁaéae h SsRtsh agtne sidh ok W@Hm?%ﬁéﬁauﬁ%avérswﬁeéfé ithg c4ro
macro chipping and failure of the dianond tip. It is known that backrakes
i n t héhangthgether sidy (fay xBmatee theeigbodrd sidgd paE 939 ridukoptormahsidenake fgature is
backrakes of 2 to 7 are best for machining netals. It follows that cutters
wher eiilusarafidan &igur¢iR gsthehe detedd Ide 168yer, or other material has been flatly
pressed agai nst the dianond | ayer of a PDC cutter will by definition have

the same baCkraﬁﬁzﬁ?ﬁk@r&ﬁphﬂ@&%ﬂﬁ?&h&k@@;QM@HE&) MheNhElePlopYdsts ornoathii | |
drill tool these cutters will by definition haver%ackrakes that are

non- OnhhESHls Hv 6 BASC piRal TRRNRLNG Al FREKoPHL LG ch (8P RO

denonstrate at even n a casl ng shoe rimari

f non-f terial is drilled out t ungst bi trates of
he Poetl0 df ¢ TeTsd coan o, o Mg DGO bNARCE kiRt Rpiseelis o o

of the bit being used to acconplish the drill out. This can occur_ even if
an ovdhedisaiegmtionent shedding Rftthe eansritenmg ilmeda conplstadand ap theyaaas begip e
drill out bit because the freed PDC cutters of the casing shoe bit can rol

ar oungnemui¢arrecit fortriatonr iThis isulludiatedandiigan 8 ebigh lijustrara ct sidmdicdaofog eart he
PDC cutters of the drill out bit by inpacting the face of the PDC cutters.

It had1besdrsteniisthe abkdslobat3oal | drill out applications including float
equi pnment, shoe tracks, casing shoes, casing reaners, casing bits, stage

cenenting equi PiEgfllre ©PRsViddsParPbnldiRROSALLRWIBE QRS 0,9]% stUERI€She OfapeXi ¢

wi ndows may have danmaging effects on standard PDC bits. This continues to

be thefnccil?ée% & Ii‘nﬁ"e@ esrlllrf%eesa%vh?cfhf Lt ?etalgeeflperrrl%gceula{rntodggclhg Btndf d A first of those
perpendicular inner surfaces 132, associated with a first portion 133 of the cap, is positioned
adjacent the diamond table face of the PDC cutter (not shown in Figure 8). A second of those

perpendicular inner surfaces 134, associated with a second portion 135 of the cap, is positioned

adjacent the side of the PDC cutter. A front surface 136 of the cap is set at an acute angle with
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material substitutions to nake the equi pnment nore drill out friendly. The
use of alum num phenolic, and other material has been helpful inlimting
PDC bit owioege/i38ts7has | eft open the possibility of daneg@/ush@y/odass r educe
t he performance and useful life of a PDC bit in the drilling of formation
after the drill out has occurred. Evaluating the key points provided above
denonstrates that the solutions of the prior art discussed above all enbody
significant design or construction conprom ses that substantially reduce
the potential performance of the drill bit in the drilling of the

for matré%@q:t WIS Brst perhSnddQilNGutReS PRNE orikg ty ?Fotvidéaﬂopfﬂetdési‘i’éd bdck rhilf @anbet her
measured in rotating hours or distance drilled. The prior art solutions

requir a{)@g%};%%(% wRdifi ?ﬁ{tei a(ﬂgfe chqh% E%PB'HB 'té%gﬁaﬁg.gﬁ §1@ﬁ§' QFacQt 38 Iafthe.cag B¢ or

substi specialty cufters are efinition non-optimz
formation cuttjng., W IS needed is sol uf.i Qn t hat o] for,the use of
L anasr o sBak bl it stbe DGR wieSndpr pe it BoerBrs Mibol B 6Shptmget of

creating long-lived bearing areas. The sol utionshould be capable of readily
bei ng tl@%@rrgéﬁfdg frowtcng ids sexfpeasilag aad ilPR ppvidesdpr yiichenpigiof dbascapriewarty adfif er
substantial cutter tip and cutter face protection, effective and rapid

m | |i g0 vdred: the dutstandst@ndpdrtomsiBated d2f attheeap 110 owet hle apiimptamenkedion,
cutters of the bit early in the course of the post casing/casing-associ ated
equi paefromt dnlisiie sarfdcddriizblanag 38 SldYMARY afthe aip 149We theacapal 10uUngshenivest i de
cap, a tungsten carbide or CBN tipped cap, or a simlar fitted cap) nade of

a sui LaQLe WRFRLIAR 15 SARAME QfraBeNg, WHilLG né},QlH{ 'Ha?ﬁfeiillzﬂpt%tse%n& he

existing PDC cutting structure of a standard PDC dril1 'bit. e cap Is
nounted to.a PDC cutter, which conmpris a. di anond face u | yi,ng.
F Ungs PemeBdRuih Al B P AT RLRE s uf TR hAER BT B0hE Ny <o,

substantially all of_the dianmond face of the PDC cutter. ternatively, the
cap w&yﬂmgﬁl ?hevmphoa@e §#P dt @wnfﬁgwiim@ﬂwr aﬁtsﬁg C?mawl%o&ﬁd%ﬁr trr@ddiesRsha
face of the PDC cutter. Alternatively, the cap may cover, w thout directly
bondi mgrtians irtpiseandctedtag the tBomeraén.t he di anond face of the PDC cutter.
Alternatively, the cap nmay cover, wthout directly bonding to, |less than
50% of the di amdndc paderaf cibediridnt cht oater tihd46ayf ths duwpl 4 tircupifaeeatidiy t he
PDC cutter through a bonding action between the cap and the tugsten carbide

subst rfaiveir@bf the@uRkPtp G tHerDC Vofi& iBRYLtEHER dviin wheR ehittdr DAciOfakt Merak@PintPt her
than the portion on the dianond face) is bonded to a portion of, or a

maj ori , t i i .

that ot i RRSLATNE B pheifle R R 0N el el REPBE WL REL
any PDC cutte i ch.incl,udes a di nd, f ace unted on,a supstrat such
25 o oGt b B aaedt SRl B Sk J%ordRa hTtopheBe GHEH Pt Thry
one of the follow ngl‘ types: non-| eached, shall ow | eached, deep | eached, and
r esubghis gmbadimgnt (heilings precubsiangicllyaedichunt the fae gupushathe orgaED of the Hftgh

t oughness, | ow abrasion resistant tungsten carbide material. Such tungsten
car bi dep maaféset &bmnthy livotitraugh thoBPRIG cygter tipyagrdial distahes dfdat 18%6 1030geAlsbn an
alternative enbodi nent the caps are nade primarily of steel (or nickel or
ti t aniipmpreerréhymbédigienpboRrk tiplof thtedaplis 0ffsd) inQydirection admebe dicEathond cap
of this material type nmay additionally be set with a tungsten carbide or

CBN oyl fdck Prrom s cuitet HP 98 IHRPISALRH &y ArfolsRIN Qittte bi B 1BRY (B> brazed to
the netal base cap, or nounted thereto"with a fastener (such as a screw
(>

secured through tEEIIzbeOtd%];leI%§ td%&?s%g%%) e cRlh heeo ]{Jht%gur e ?II” tlfn%%[ H‘éger%Lde%agriﬁ%P '

Al ternatively, ungst en carbi de “or p y Ot pressed,

hi gh pressure pressed, LS baonded or otherw se adhered to the se.ca
mat er 14§ ¢ap; Hntaﬁ@?tewaam Fohedmiak the qaRe agsinerad mads gﬂl@ﬁla%&h%qe%% %@ﬁﬁ% to

the netal base cap a high temperature braze material with a nelting point
above titanium, or any other appropriate metal or alloy). Some milling operations are better performed

with a metal, as opposed to a tungsten carbide, cap. Such a cap could have the shape and

configuration as shown in Figure 8.
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the melting point of the braze material to be used to nount the PDC cutters
inthe bit is recoomended. In a preferred enbodinent the cap is secured to

t he substwet2eloof3stshe PDC cutter of the drill bit using &Chnsa@omsdses i al
with a lower nmelting point than was used to originally braze the PDC cutter
into the body of the drill bit. For exanple, if the original brazing of the

PDC cutters was perfornmed using a braze material with a nelting point in a
range of 1300 degrees Fahrenheit to 1330 degrees Fahrenheit, then the
protective cap would be brazed to the substrate of the PDC cutter using a

brazing materi aljp Whtadkemali®d bhBOdiRRhNta Qfp 180SHaddanthtIpaiashe stoFalfcgRhel t.
In an alternative enbodi nent the caps can be pre-nounted on the 'PDC cutters

usi ng i g r r jal i er . .o her
br agt AR EITSERERA B ¥ ARSIRLEb Rl B dukep RO L0 PR ARARE .
be brazed int.o drill bi Sin no razi ng net hods, and t eratures for
b az AgerdR g Brd 40, WHET SERE D B VR B aat vt ot eien TS 4 difes
that are inclined to produce a | ower back rake angle relative to the

mi | 1 i réew af Getmpleaientasienp gegh ¢ flogstgn gribidsrort (RN gHEs fpyli8A gnaychephyagedpphe
cutters. In an enbodi ment, the outer face of the cap may be generally

heni sphealibesd capnl haple tip pordoprafracunésd thedotwdivite atfastdner Gutleas 4 squeefsedunad cap
is offset fromthe outer tip of the PDC cutter it is protecting even when

cut t erthidagk us@ ke ai tappeakifle bhtthe ageodMthe nidiel Bist sap). C AMprasieslypatechuagdiar war d
offset (in a direction perpendicular to the dianond table face) and a

Ci r curd @i &Nt ANt &b 180 M BAH Phestid, B &0, 132 hdB®Yy othOfhwi
exanpl e, %reﬁat | east TpOSO".%’I n an%t%ser ’e%ﬁ?gsn%rﬁ;mofs t’hgsetlS nvent: on the
front f,ace. of .the ca have.a, siderake angle that. is di.fferent. than the
o1 or 4RBSEH Rk BiG2P, P REHE Lot o oBh S ek Ol ke E et PR
front face portion of the cap nay be greater on the outboard side of the
cap t RESAHE 1 nboaied t6i e ol el &P a R (g TEReTRtues razg Hl%‘ta?él‘ﬁﬁ% fpelting
enbodi rent the front face of the cap is forward offset (in a direction

per pemdind @baye the mekmedicanton dha brisrempigiel) to baowed oy mowriéheRIPE augiersiip thefbit he
cap is aligned with, or is positioned rearwardly of, the PDC tip. This

of f seti§ raagmafentide tip of the cap with respect to the front face of the cap
is acconplished through the use of an intervening bevel, ranp, arc, or

step. In all insﬁlﬁr&@?_%oﬁ IrXOEsf Ribie®D ahB8 0GRS, havelthe S@hAfIrveldyandl ragial
proximty to the cutting tip of the corresponding PDC cutter. This is

advantoﬁggﬁg%dfsgus%r boW@%tl#are?d?tgt tigﬁ?{iﬁﬁ%@om tted with the caps the underlying

force nce attributes o itTare mninmally affected. During mlling
or drill out th it will benefit fromt u rlying force bal ance

Tayout - Anot her RATEEIFel 183, Bcade THRTERT S hlyaur 1 B HRHRE cEBOARERE Weness
of the tip for mlling purposes may be enhanced by falling slightly behind
t he PN {Rcesf thg gap lwéfgeﬁﬁ?@?l theapiatiopd bl fase (fpsckanplsoby # idsvage vd Blehr
away netal surfaces than plow netal surfaces nmaking for nore efficient
machi huhthe dutermopirtgf eff the dapersizaticnmedially hbguapsiti thedtR € ttiptdr psofdset tdaewarsdhys

i ncorporate chip breaker type grooves or depressions on their face to

i mpr ovieynt e PDUC! tiph ¢i/oTEiE AL SdgncOdlistaasd behifd theagittivil €6 Pchat@ecspopding®PDiC | n
al | enbodi nents the caps are not bonded to the face or periphery of the PDC

f“ anongtta%ehdibittd 5@%&‘?&&390?‘19@?%4& th48 iALEHISS, @t GAERINGSISHB b0 P!

he PDC cutter. PDC dianond i's not wetable wth standard braze material. A
key aspect. is. t the & 0 he P ut.ter e ceﬂnbairst
port o et R dhe F (68T TnbrobCen el e bk AR AR B BRR Hhg Moot b

intervening bevel, ramp, arc, or step. In all instances the outer tip of the cap is in relatively close
proximity to the cutting tip of the corresponding PDC cutter than in any of the non-bonded

standalone or augmented substrate cutting structures of the prior art. This is advantageous in that

when a bit is retrofitted with the caps the underlying force balance attributes of the bit are
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face. In this inplenentation a second portion of the cap connected to (for
exanple, integrally forned with) the first portion is secured to the

t ungst en wanbivdessabst rate of the PDC cutter by, for exaoplusoilboaaseg. | n
sonme enbodi nents the second portion of the cap is also bonded to the base
of the cutter pocket below the face of the PDC cutter. In sone enbodi nents
shorter substrate PDC cutters are used to increase the bond area of the cap
at the base of the cutter pocket. In sonme enbodi nments the pocket base is
configured to increase the bonding area available to the cap at the sane

| ocat igiRimdIRy #fRE&f eDuafg RAQ! redil bhetRI Az KilMBbadtitatod I8 uh@rRiRZ foréde
cap to the Cutter substrate also adheres to the inner surfaces of the first

G e st Ao e A R A AR 8 0l O B RS Eesbyr O™

first porti.on of the cap to the, di nd |. r. face t hel ess provi des a
thi nedShiUliRRg Singyey e b ebancrh 8y RS sudtGf boheCie MRS G AP uiona

| ayer while the cap is mlling casing or casing-associated equipnent. In a
pr ef ercRR PR bRiWE PeHBORCdFOiShesrapsy apeial Hfases an playt ot surfagep mpaking he
flow of braze material to the inner mating faces of the cap during

i nst alfbampereffitiantanghefieg.r ed enbodi nent t hese sane holes or slots are
configured to accelerate the disintegration and sheddi ng of the cap,

especi al |y the flhr dmPaniicdimeraé te tdps Mol inkg bs prpbet &d @rehniagt be cap
begins to encounter rock formation. In sone enbodi nents serrations or

gr OOV%cﬁEﬁnﬁﬁ?%@ctﬁdﬁQ loPYRAH Nt REchaRdd @Y LBPEr tﬂffu bithE nﬁﬂ@&afl@tﬂr hQMflin

mlling performance and to create predeterm’ned fracture planes to better
allow the ¢ o.disintegrate at. the cement of formation.drilling.

& oov S0 A&t RembR e Pethe o Byt PR BOTEE Sie Phs SRR PETR b e e
cap during mlling operations. In sone enbodi nents the cap may be depl oyed
on upr&RNaty SMREESkr eani ng sections of the drill bit to enhance the
ability of the bit to mll back through m!|ling debris, whipstock
attachnent equi ghetlt be secopuized Bat kxistirg bighombit dejigip WH&@d\ﬂﬁ‘gb’ wtofifted to

casi ngassoci ated equi pnent. The cap fulfills the criteria set forth in the
pr ecedcegyt dacdags @ LA The chpsaate irsbushatouigh teleeenipdish dlct millitd easkd dskdé st drenor
selection for the formation to be drilled. It does not alter the underlying

f or ce ialeangi NérRturhie pRidtspoded th %&&&&ﬁteh%ﬁ%gﬂaﬁbﬁ bfd QhcddfhbORE RAliaL aces
to reduce penetration rate when drilling the formation. The cap only

m ni . i t Qg1 t i .aC t hen
ont'y ShepIFEL Adhelbit BN Rork @A Rl DihcRBEhaRh. | 95, fLATRRE I ACR: RARL
face and.therefo IS, no rone t.o transmt stress cracking in t he

i anrondh Phdsee iR S0 SRR Setife A BN g bR Tad hASF M ytPL frof Sther
configuration of the bit and has a mnimlaffect on bit hydraulics which

di mi nindHeslaexterdng By @eineshes bit ekoigsspfi casiap dillingrenseptioss-mBits of therquricphg.
The cap does not require special PDC cutters, or special non-cylindrical

add onmcutive cars alss be asabkin ditegrip apilldbdb systms ehgre tlee bit xestaoheddatahotop afi & h

ot her superabrasive materials to allow for mlling. The cap enables the PDC
bi t t aviggdtodkoptighing ifithd halg step wi thout increasing the |ikelihood of
cutter tip rounding as can be the case with thin [ayers of tungsten carbide

or other non-di m%@ﬁﬁﬁrhﬂitaﬁlcﬁﬁﬁ%%p;g Qs H&%ﬁ%&?@er@i‘h craﬁ%egl@%tﬁé’éebﬁﬂ? usdde

cap protects the tip of the PDC cutter from bel ng damage y freed PDC
r

cutters, . 1 pregnat e Ment Sy. or her talli %ﬁ ris . %ﬁH@§q¥ﬁ ring
he. ar Fp BT ap PR OO ERRT A inBiogl-fRhn ™ BrephobE Rl g
DRAW Fi 1 sh I.d [ f PDC cutter;
Qﬁﬁ bi‘lc géjvril(lag ap ura(ljl\ll}gl a%DSb cgttgrls %vvi/thocert%in ones Co'il theegdtters including a milling cap
attached to the PDC cutter is provided for attachment to a drill string or other drilling equipment.

The milling cap is configured for milling operations on a casing-associated component located in

the hole but is not optimal for earth formation drilling operations. The drill bit is rotated and the
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Figures 2-5 illustrate different shapes for the portion of a cap used on
the PDC cutter; Figures 6 and 7 illustrate a chip breaker type groove or
depr essi omof2ormm8757n t he front face of the cap; Figure @Ciriuseamwmnadies an
optional siderake feature for the cap; Figures 9 and 10 show an end view
and a side view, respectively, of an alternative inplenentation for the
cap; Figures 11 and 12 show an end view and a side view, respectively, of
an alternative inplenmentation for the cap; and Figure 13 shows a drill/m|
bit including cutters with caps. DETAI LED DESCRI PTI ONRef erence i s now nmade
to Fi ghilighel cios NhshpMS bR wkdo YicerAf a @om&é'trhﬁlﬁnélgﬁerhﬁ&{ 3h! @ daE‘iB%
pocket 10Z of a drill/mlIl bit (like that showmn in Figure 13). The P
cutter i i . . . .ai

assjoggt&p ﬂo‘ﬁgﬁt 'hag?gﬁ t&r}g?hgeblltanééggn%c%%af{ef ﬁnﬁlfng%?% cfagll(fl )eas%d‘} &

under l'yi ng substrate ungsten car erial .

The cutter ket. 102 i.s_.fornmed i.n a .bit_ bod ich may de of tungsten
ar by GBTPRNGT B IE VR UG o TABEn J)Rorert: by o PBHOT Sohshised

shal | ow | eached, deep | eached, or resubstrated fully | eached, as desired.
The confityisrthercdnnemembo pulk @ arlingdut fHem)the Bple bshur seuping fppmetien drillggye |
known to those skilled in the art and will not be described in further

det ai IThextralmg af thescantbdfessatron tansaesrtie msitlangdcaph enghe gshtbii toviendésomyedTael PDC
cutter 100 is typically secured within the cutter pocket 102 by brazing,

al t houghy evegrtherdidrand by daefasts 8ftheTPBChyuaze witkdhedrt ahenl & dUs ehgh@ng elfr e
the PDC cutter 100 within the pocket 102 typically has a nelting point in a
range 9fn (300+dg9rees Fahrenheit to 1330 degrees Fahrenheit. The thickness
of the braze material illustrated in Figure 1 is shown overscale in order
to make its locafj-on and presence, clear. Eigure 1 further .8 Cap. 110
whi ch has. been_ IATaRE Aol TRUCEHE BTF do b Pl Mg PO BeB0 R oy
the cap.110 can, .in a first inplenentation, be installed op t PDC cutter
100 afk &rtﬂil@llﬁ’lﬁé Belidera fis dogharhidougiaes %@Rtrﬂéwﬁtcy%?r %@%é?f%méaraplet he
bit body. Alternatively, in a second inplenentation, the cap 110 is

i nst alpogitions emeadRrile exienders bladeshe Foele cuiéarnocky cen éummmnﬁ@ﬁam oled PPAp
assenbly to the cutter pocket 102 of the bit body. Thus, the first

i mpl ermntradfi tha tyepdesdbudsherdiorwlastamal dnclade epraédtiveimiglingf cep amnthfiapérutied
PDC drill bit to include a cap on desired ones of the included PDC cutters.

Conv erge liMil/ntiN &if RE AMGtdRiGBNARE indiNingeRbP &/MeSthe fap sB¥@RsEand ARn as a
fabrication of a new PDC drill bit to include a capped PDC cutter at

sel ect eg- } . i fi i t sten
car bi GBI G 8L g PRE Bh tirlC WS BELET b ok BPoPhoft WBBE T2
for t 10, may .compri se .a hjgh toughnes | ow abr asi resi stant.

t ungstds 105 A s ERt Bl Shelin bt Ry Bihrger oF A hUE Bl il
containing cobalt percentages._in_the 14-18%range. The cap 110 may have any
desi r &8 UgRerseod diyveye dra thegdrily wilb pencepizdeedribed diceimpsing patling gapsever PDC

di scussed herein. Alternatively, as will be discussed in nore detai

her ei mptt¢rses epipllg applabledd tey dawihat yodb esing #® Géuterarefalexfmplentiealrillanilby)
material. Still further, that nmetal/nmetal alloy cap 110 may include a

t ungsteencepachild®e asedGBNohhdttion MethCdgwnhbl 1Bl cahipeising! biv&nyer bits,gadiag 8hoe

anot her suitable material of choice (nonlimting exanples of materials for
the capi PSCYdEner3! BBL hdid b eﬂﬂbﬁgmﬁﬁﬁkr&ﬁﬁx§QHN@§&ﬂHﬂithQqqﬁ@@m%%@dé3
held in place on the PDC cutter 1 t hrough a bondi ng action between the
cap ang the substrate 1 ofy 1 he PDC.c [ r ci ficalql rtion
of "t narebd B THRTLER RIS MOTGpRanT S SR SRR At Bl

106 of the installed PDC cutter that . e . ”
tools expected to engage or come in contact with any “casing” or “casing-associated component

as previously described.
It will further be understood that the milling cap may need to be oriented on the

PDC cutter (for example, with respect to installation in the cutter pocket of downhole tool) in
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i s exposed outside of the drill bit body (i.e., outside of the cutter
pocket 102). The cap 110 is attached to the PDC cutter 100, in one

i mpl ementw0I2010/138&7Ng brazing to the substrate (a tungsPem/usSaroiose6s
substrate, for exanple). The braze material 108 used to secure the cap to
at | east the substrate of the PDC cutter typically has a nelting point of

| ess than 1250 degrees Fahrenheit (and is thus |l ess than the nelting point
range of 1300 degrees Fahrenheit to 1330 degrees Fahrenheit for the brazing
material used to secure the PDC cutter within the cutter pocket). This

al | owgu¢e veRPaskd kebp tREPDUARALIAIP AN &) BRAEHINBRS Rbl)&Fbrk %bh%ro_\)@r toheUIbr

risking | ooséning the installed cutter fromthe pocket 102 during cap

I nst al | at o8 'dia;meef?rt OB Sdi&%m%ﬁS{ﬁ%ﬂfﬁd{Bf ﬁ{e! &Linglt%ﬂsctaﬂ%teegrih@ﬁi,mogWiee 1
is shown over-scale in order to nmake its location dand presence cl’ear.

Pr ef er abl h 110 s not brazed (i.e., is not attached) to the
diannﬁ%“fgﬁp 1%ﬁﬁggmfﬁﬁogiﬁﬁﬁgkﬁﬁgﬁ%ﬁp ©100. Rather, a first portion of
the cap 110 over the front face of thedianond table | ayer 104 of the PDC
cutter sinply rdgubpdimpnisehthe siveptan hacebeopflosaibedsamdofystpied pyeof The
cap over the substrate 106 is secured to that substrate by bonding. In this
cont extyentibn issnot doogdite dat didviiscPDObddianrotsd i s not wetable with standard
braze material. It is inportant that the dianond table face of the PDC
cutter be protected by the cap without the cap being directly bonded to the
face. The second portion of the cap 110 adjacent the substrate 106 of the
PDC cutter 100, which is brazed and attached to the substrate material, may
further be attached through brazing to the bit body in an area at the back
of the cutter pocket (see, at reference 50). The first portion of the cap
may al so be attached through brazing to the cutter pocket (nore
specifically, the base of the cutter pocket below the face of the PDC
cutter, see at reference 52). In sonme enbodi nents shorter substrate PDC
cutters are used to increase the bond area of the cap at the base of the
cutter pocket. In some enbodi ments the pocket base is configured to

i ncrease the bonding area available to the cap at the sane |ocation. Sone
braze material 108 may advant ageously be present between the cap 110 and
the front face of the dianond table |ayer 104 of the PDC cutter 100, but
this material does not serve to secure the cap to the dianond table | ayer.
In a preferred enbodi nent, the braze material used to braze the cap to the
cutter substrate al so adheres to the inner surfaces of the cap that are

adj acent to the dianond table face and periphery of the PDC di anond | ayer.
This braze material provides a thin cushioning layer to limt the transfer

of inpact loads to the dianond |ayer while the caps are in use for mlling
casi ng or casing-associ ated equi pnment. Once the mlling operation is
conpleted, and the drill bit begins formation drilling, the cap (at |east

over the dianond table face) wears or breaks away so as to allow the

di anond table to function as the primary cutting structure. In this way,
the drill bit can be first used for mlling (wth the cap) and then used
fordrilling (wth the dianond table), thus obviating the need to use and
then pull a specialized mlling bit fromthe hole. In an alternative

enbodi nent the cap 110 can be pre-nmounted on the PDC cutter 100 using a

hi gh tenperature braze material 108 in an LS bonder or through other
brazing nethods as is known in the art. The pre-capped PDC cutter can then
be brazed into the cutter pocket 102 of a drill bit using known brazing

nmet hods and tenperatures for brazing cutters into bits. Wth respect to the
shape and configuration of the cap 110, the cap may cover, w thout directly
bondi ng to, substantially all of the dianond face 104 of the PDC cutter

100. Alternatively, the cap 110 may cover, w thout directly bonding to,
nore than 50% of the dianond face 104 of the PDC cutter 100. Alternatively,
the cap 11 may cover, without directly bonding to, approximtely 50% of the
di anond face 104 of the PDC cutter 100. Alternatively,
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the cap 110 may cover, without directly bonding to, |ess than 50% of the

di anond face 104 of the PDC cutter 100. Exanples of different shapes with
di f f er entwoavavi3gty7per cent ages are shown in Figures 2 amdTR1S20H04)86466 2
illustrates a rectangul ar shape for the portion of the cap 110 which
overlies the dianond face 104 of the PDC cutter 100. Figure 3 illustrates a
trapezoi dal shape for the portion of the cap 110 which overlies the dianond
face 104 of the PDC cutter 100. Figures 2 and 3 are end views | ooking
towards the dianond face down the |ongitudinal axis of the PDC cutter.

Agai n,whHATHor.&sviepard 3 the thickness of the braze material for securing
the PDC cutter within the cutter pocket has been exaggerated for clarity.

QO her geonetric ;shap .0 provide nore or less or different
cover age of the]diangﬁﬁ) a%QSO@ﬁﬁgnéor exanple, Figures 4 and 5. Figure 4

illustrates a curved segnent (eyepfow pe for ortion.of the cap 110
whi ch over i 65 EHEDERER CPUtER o O REoRee & EPLer et g o gno Ry
illustrates an oval or elliptical shape for the portion of the cap 110

whi ch tdie Hyreand seunicHirmgsupdtaée lger, 81 qapstrpeiaredpelpding pdost mmraen gpad hd 5
are end views | ooking towards the di anond face down the |ongitudinal axis
of thevhD§ withowrbeindgaitached o Fifiput Esc 4f dnddizmphe tati¢ tdyaessd afseednd fortage
material for securing the PDC cutter within the cutter pocket has been

exaggekaheagf ipadatildrly. frdém the Piref @rtied apdRpgicaadtovelley aagve latdchave imces
that are inclined to produce a | ower back rake angle relative to the

mlli he underlying PDC cutters 100.
Thi s I’E)%tefr?%ﬁ@%e}r %’? gfdfa(}er@é?ﬁﬁlrmeegﬁgﬁasﬁgg{?a% %fg;eeltr' ein Figure 6 shows an end view
and Figure 7 shows a side view of the inplenentation. Al though Figure 6
shows yet another different shape for the cap, it will be recognized that
the differently incliped face of. the cap, (Wwth respect to the dj anond,
table) as shownZn Fﬂgwsra@p%rakué OBP]&Wdefgﬁh?rcﬁ%}Pﬂﬁ%léh? BRE gy and &matral | y
applicable to any desired cap shape including those shown above in Figures
1- 5. Torattaghingahe d¢dond peria Wfethousam strisurditarbhouteapirehfent sutiang aftthe ERY
front face nmay range froma few degrees to ten to twenty degrees. Figures 6
and 7 chtert her illustrate the optional presence of a chip breaker 120 type
groove or depression fornmed in the front face of the cap 110 near the
cutting end at its outer tip. This structure may inprove performnce when
m | | ing/ machi ni ng of casing or casing-associated equi pnent. In an
alternative enbadi ne [ - I [ conf | i on
qC r:ith’e.a?gﬁtraﬂlts WTIR{ 2 Qv}{%?%{ﬁ%hé%éte L ;&aa}téaemﬁgé% %1 gmz?ﬁg

of the cap to not only inprove I ng performance SO C

pr edet erm. ned f ture planes.tqg better .allow the caps.to disinteqgrate
Por ! oG ad b fe Rgrans g gopu vl T REi e phiR Bhofuehfe
formation drilling. Such grooves or serrations on the caps al so i nprove
cool i igd &rafrentdass ofghe liapead dalie lager forjo e pR HYCYpERE CRAMANINE HYPEDBWERY t her
shows anot her shape configuration for the cap 110. In this case, the outer
peri phles dirstsivaipen of thhear apudtgreaanthkife- bhti rse ofhibs elizrapmt tabd $ayes vothoent ed
towards the cutting tip. Alternatively, this half-ellipse shape could
i nst eatacofPthic Festpobttdh SRheEdpedtucaif@Rethe AobtilacOof thpdidmand td2 1dysr. pr ovi ded
extending in fromthis half cutoff shape with the cut out portion having
generally the sane geonetric shape as the outer peripheral shape of the
cap. Although not specifically illustrated in the foregoing Figures 1-7, it
wi |l be understgod that th .0 f.ac f the ¢ 11 e for t o
i ncl ude a sider %ke a@eeapp %rg{usiogl Cé‘?l&fgrvgehr?{el? E%en%%f?g agfogytgggn%? > ?ﬁﬁejazmg
under | ying PDC cutter 100. I n other rds the thickness of the front face
porti S pag veheeip dheypesqng POBIPTHfehS ol SERGRCRENArRat A 0961WERPE feF de)
of the cap than the other side (for exanple, the inboard side) of the cap.
Thi s dlswiagmaraziicdantgkiel fosattagheng betivepn gher seceri pertiph @iithe gapnbtrusturpand da ed
| ine 160.

outer peripheral surface.
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In a preferred enbodi ment the caps 110 incorporate holes or slots 130 that

i nprove the flow of braze material to the inner mating faces of the caps
when t heywenre1obesTsg i nstalled. In a preferred enbodi nenPCriuss@osades hol es
or slots 130 are configured to accelerate the disintegration and sheddi ng
of the caps after the mlling is conpleted and as the caps begin to
encounter rock formation. This is illustrated in Figure 8 which illustrates
a side view of a cap 110 incorporating the holes/slots 130. Figure 8

provi des an enl arged side view of the cap structure. The cap 110 incl udes

two inner surfages whipghypph@nsesr RERPEREHEh Ahc £ SRS - fréhtfaéS hindf
t hose perpendi cul ar inner surfaces 132, associated with a first portion 133

of th ' BL ' t. ' n gutter
(not SHSain e ERAChES 2P %R, B BERRLCC BBl BTRNed e oo R bl Hidh
134, ass?cig}e mﬂ%? Fﬁzecond portion 135 of the cap, is positioned

adj ac OXEERECHIYROYF 1APIGEANSHC cutter. A front surface 136 of the cap is set
at an acute angle withrespect to the first perpendicul ar surface 132 in
order to provide for the desired back rake change in conparison to the back
rake angle of the dianond table face. A side surface 138 of the cap is set
at an acute anglée wi tTherappprots dfoclaire] sdworinl the cgestdictwt dras suftdrecfecdl 84l The
conbi nati on of the angled front and side surfaces 136 and 138 provides for
a thi akefdinghofroritecCaitht o¥REtaRtdce i Rotlhtalwhey £rdaR€ackiof sie ARHPSEGAMhich
portions 133 and 135 of the cap 110 neet. In an inplenentation, the front
and side Ry farafonabRN4E+38 my neet at the tip 140 of the cap 110.
Alternatively, as shown 1'n Figure 8, an additional surface 142, which is
generally parallel to the second perpendi cul ar surface 134, connects the
angled front and side surfaces 136 and 138 at the tip portion of the cap.
The cap is an integrally forned article conprising the first_and_second
portions intercghnecﬂg@‘ﬁ?a¥ﬁ@‘ﬁﬁﬁmﬁbpﬂwgﬁ@nﬁﬁeQogpé@ﬁF#éﬂn%ﬁﬁ%ﬁfﬁ%hfq{he
outer tip 140 of the cap is circunferentially forward of the outer tip of

t he PBCuetura provides ifer praitfesnt backevake augdn theot sepropdedk byatke frenttfakenf ithe o
account. If aline normal to the bit profile is drawn through the cutting
ti p ofdidhendREXIc&ndr.a |ine normal to the bit profile is drawn through the
outer tip of the corresponding cutter cap then in this enbodi ment the lines
are substantially parallel and the line through the outer tip of the cutter
cap is offset fromthe line through the PDC cutter tip by a radial distance

of at |east . 03%? : Al"[%%’al?ipgraﬂlsp(ffe{lgiﬁ{ %dwgéllpﬁdﬂlmi %%ﬁ?pﬂgﬁtr %atcé Rt %eetc{bﬁ cap

is offset, in a direction normal to the armond tab ace, from tter
tip of the PDC cutter by_.a forward distance af at .|least .030". Enbodi nments
i Scustbl o BraiiyRher Setionl HBLoF ifgbian aurdE S drast (T Of BT Cap.
In an alternative enbodi nent, the caps are instead made prinmarily of stee
(or nidéaeeenddpbleilayghi um or any ot her appropriate metal or alloy). Sone
mlling operations are better perfornmed with a netal, as opposed to a
tungsten carbi de, cap. Such a cap could have the shape and configuration as
shown in Figure 8.1n an alternative enbodi ment, a cap 180 nade of the

metal /metal al |l gy matiwei @pafmdys afldiairh onatheycibehs ehp Wirhittuge fiHhgs iyudesrdi de
or CBN outer tip 182. This inplenentation is illustrated in Figures 9 and
10, whghRhdardd Giinenekt30R¥A faftu@nd view and Figure 10 shows a side view of
the inplementation.” Such a tungsten carbide or CBN outer tip 182 nay be
brazed to the netal base cap 180 in the tip portion, or nounted thereto
with a fastener (such as a screw secured through use of a tapped hole on
the face of the tal _base cap).. Al.ternatively, .the tu ten carbpide or CBN
outer tip 182 mi;(}? be Trbatapa?@%é)é,cl%mgﬂ?lmf@gga%eﬂﬂp%é%f‘eﬁﬁa@tﬁbﬁ%& giein

ot herwi se adhered to the base cap 180 material in the tip portion. In the
enbodithesel sivetuec tfimshasuineludey g stenchiralz &gtue Vigchoardeldrates dihmtagsation ptse
cap a high tenperature braze material with a nelting point above the

mel t i shedubngdf ofcastihe hoeataciat st @drtidoobihe wse stritcourtdtont the POEBEtecUt t ers i n
the bit
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i s reconmended. The cap configuration of Figures 9 and 10 may have the sane
forward and radial offsets as discussed above with respect to Figure 8.

Ref er encewpD=20mom81sdde to Figures 11 and 12. In yet anot irel/USedodsdmwant t he
front face of the cap is offset fromthe dianond table face (for exanple,
by a distance of .030") but the outernost tip of the cap is either radially
aligned with the PDC tip or is offset rearwardly fromthe PDC tip (i.e., it
falls sone distance behind the cutting tip of the corresponding PDC cutter
as indicated at reference 190). In either of these instances, the

difference in the | ogakippa@iustdtelfmt BrurtteP cOfptififg eaPPHUAMhend Wabkeid ace
of the tip is acconplished through the use of an intervening bevel, ranp,

arc, - ' S t 0 L $, . | af i y
o1 ose s P Porsb 0Pt daP SAAGRSOLHS ot Han'bBuont BEuERRL Bt BEHE MR, |
any of .the non-bonded standal one or augnented substrate cutting structures
of "t hd? ?ﬁgpﬁart. This is advantageous in that when a bit is retrofitted
with the caps the underlying force bal ance attri butes of the bit
areminimally affected. During mlling or drill out the bit will benefit
fromthe underlying force bal anced | ayout. Another perceived advantage of
this layout is tlBat tlhe apbirtisiofetmms] GfrthicheomppsifigthanPDCi awtepanpobesimay
be enhanced by falling slightly behind the PDC cutter tip. The outer cap
tip withd fise pbeioh@F tiROGIptstaBRE: Edveshieds thavnalyoulB0a] ofSitE frdaefict bathepliomet al
surfaces naEing for nore efficient machining. In sonme enbodi nents the caps
110 onﬂp%yggployed on upream ng or backream ng sections of the drill bit
to enhance”the ability of the bit to m |l back through mlling debris,

whi pstock attachnent equi pnent, or pull back through a casi ng wi ndow or
drilled casingassociated equipnent. It will be recognized that existing
bits or bit designs can be readily.retrofitted _to accept hhe caps 110. The
caps are robust ! nouJHleta@p%{e%ﬁ&CYagﬁ I weersini s At PREHES of SRe BRILTTUCHEF R | e
being structurally predi sposed to accel erated disintegrati on and sheddi ng
when ri $hiapa geli:@,ect\énm & egoumepnsiseng iof arresterizuiiasrshapad aftoapagrifsll shapg, apeval
formation. Bits retrofitted wwth the caps can be used to drill out steel
bodi edhgasanglighicel dhaps ocureed sepancihokapb] & halfa@higiticalcthage,fandna béhspherical
materi al s extendi ng the casing shoe bit choices of casing drilling

oper atshges. Bits of the current invention can also be used in one trip mll
drill systens where the bit is attached at the top of a whipstock for
running in the hole. The PDC drill bit including caps as described herein
can be advantageously used in conbined mlling and formation drilling
operations. In cordance therew th DC.cutter drill bit having a

P ural ity a PDCIdutt I8 ApptRCEalclath OubErest teirah sfbituieas gt g ten
mlling cap attached to the PDC cutter is provided for attachnment to a
drill catideygatsialot her drilling equi prent. The milling cap is configured for
mlling operations on a casing-associ ated conponent | ocated in the hole but
is not optimal for earth formation drilling operations. The drill bit is
rotated and them|Iling cap on the drill bit used to performa down hole

m | ling operatias. on ThieagRsitigasseainat edvigpsRotentap ruttutands whide bhea
drill bit continues after mlling of the casing-associated conponent to
driIIn%gdgﬁggpﬂm?qgmg@ﬂ;h formation. Inportantly, the same drill bit is
bei ng used, and thus there is no need to pull a mlling bit fromthe hole
before resumng formation drilling. The drilling of the earth formation
causes the mlling caps on the drill bit to be destroyed and thus reveal

t he di anond table surface of the PDC cutter which are then_used.i ngagi ng
the earth for mtion. “Iﬁéfa@wliaﬂa PoHAt léiwr@nl@? R EVHCTE SHBH l%ﬂu@aéaﬁm e
of a PDCdrill/mll bit. This drill/mll bit includes a bit body which

i ncl udengstenpaihidd euter taf mevatedfo the anctalanqtglallop ampiaterial.
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positioned on radially extending bl ades). Each cutter pocket can support
installation of a PDC cutter of the type described herein which may include
a prot ectwoeorwi3Bisng cap and thus permt the drill/ml| Poirtuse@ofssscs i on
initially as a mlling tool (using the cap structures) and then as a

drilling tool (using the underlying PDC dianond table after the cap has
broken or worn away). The PDC drill/m Il bit of Figure 11 is shown in an
exenplary manner as a full hole tool. It will be understood, however, that

the drill/m Il concept described herein using mlling caps over PDC cutters

is equally applijgabl eHcOappadnloynaRing 1500herbini A8 BPSHGkutE fifrtheFAhicl@d@mP! e,
the drill/m1ll concept could be used in connection with downhol e tools

conpr i siad; b= i i its,. PDC reanmers, PDC hol e
opene#é%ﬁgggghg%ﬁﬁ%ﬁgégE%%g?ﬁgﬁ%gggﬁggﬁgg#%é%%rs, PDC set gui de shoes and
ream ng gui de shoes. Mdire generally, the drill/mll concept is applicable
to downhol e tools expected to engage or cone in contact with any "casing"
or "casing-associ ated conponent” as previously described. It will further
be understood tH&t tH&cmpPriagly efaglaimmy weegin élewpoﬁméﬂ%éu@wrﬂa@um@n
cutter (for exanple, with respect to installation in the cutter pocket of
downhwueer ttgoimade ng ux magervi ydiHsretio friome het mateBBIC o whaehi b I migbtity( bf éhe, cathe
downhol e tool) from goi ng over gage or over drift dianmeter (that is the

di anetsgqctofe ik f@nicdsi de of the casing that can be "drifted,” or the nobst
constricted dianeter of the inside of the casing). Enbodi nents of the

i nvention have been described and illustrated above. The invention is not
limted to the disclosed enbodi nents. WHAT IS CLAIMED I'S: 1. Apparatus,
conprising: ac stryct ure confi gur for .installation, on.a P utter
el uding i angna terBPfafERr Sl 38 Rk M Fue AR H R cap
structuyre including a first portiaqn shaped to overlay w thout being

2t t Al Tl sEenged bR R AR R R $2RPEFCH] a second portion
extendi ng perpendicularly fromthe first portion and shaped to overlay and
be attached to an outer peripheral surface of the underlying substrate

| ayer. 2. The apparatus of claiml1l further conprising the PDC cutter and a
materi al for attachi rMhctdpparmrasasfdclgar 19 evheadin tieoffsyp pddces cicuswet tip toliehout er
peri pheral surface of the PDC cutter. 3. The apparatus of claim2 wherein
the mefi@srbdl mitefialdchMahiBe fh& oF thE Akt ?sniaﬁtv@ﬁétﬁéveﬂm th&\@andBhaZbnOlag@t eri al
is also present between the first portion of the cap structure and the
front face of the dianond table |ayer to provide an intervening cushioning
| ayer between the first portion of the cap structure and the front face of
t he di anond table | ayer wthout t achi t.he first.porti of the cap
Structure to thalr rorerRRgs of AR ARt Dt sl by Mo et o
claim2 wherein the material for attaching is a brazing material and

wher eidfigrgteinsamg REng Syith offortfa¢arf thairss porgien of ncjcap |St§@%@reat | east one
opening for flowi ng brazing material for attaching between the second
portion of the cap structure and the outer peripheral surface.5. The
apparatus of claiml1l wherein the cap structure has a front face and wherein
the front face @R the\ arthod! someirisirgy:i s parallel to a rear face of the first
portion which overlies the dianond table |layer. 6 The apparatus of claim1
wherein the cap pedyfidiak Wb Osd drfilont hafsﬁ'ﬁ‘fgea ﬁﬂl@ali’éﬁ?ﬁrﬁﬂ@ cbths HiRRErdiAGReOf
the cap structure is not parallel to a rear face of the first portion which
over| Io??lrei[ cgll?te?sl i#im Qﬁgtaa}gh 'ngl %%)eagtg%ge'dtt-orm? ﬁBE%%EP Pyl Iflotf%locﬁa!lrgolgﬂ %\ﬁ@%rs%lrf?cegggk

not para ron ce o Sstructure provides eren

rake angl e than is provided hy the front face of the : : .
o?ghe PIB cutter, wherein the rnlmlng cap 1s con 1gure?l or milling operations but is not optimal
for earth formation drilling operations;

using the milling cap on the drill bit to perform a down hole milling operation;

and
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di anond table |ayer. 8. The apparatus of claim®6 wherein the not parallel
front face of the cap structure provides for a different side rake angle
than is pwvowouedstsy the front face of the dianond tabl e PCagse0109364¢61e
apparatus of claiml wherein the cap structure further includes a cooling
and cleaning structural feature. 10. The apparatus of claim1 further
conprising the PDC cutter and wherein the cap structure further includes a
structural feature which accelerates disintegration and sheddi ng of at

| east the not attached first portion of the cap structure fromthe PDC

cutter.1l1l. The app@natdieo @il &4 &drf brihiddRIth GRMRCdrNObit REIRNy Edthfi8fioraANd
wherein the first portion of the cap structure covers nore than about 50%

of th (o) - ks el : f.claiml
Furt nt o] 8 oiink BeiBEARCNRRL SNER e ERRARRRELALAT e 0
structure caoyvers |ess than, about,.50% of the front. face of, the di anond table
ayer of 1 FRHEE Sap BoudshB: AR ebls rteield v 68a8 1o BrETRA fep
structure has a shape selected fromthe group consisting of a rectangul ar
shape diamend:pbls spdade of HRDC ghtterfar usshasagagire B cpith faaRtighape, a curved
segnent shape, a half-elliptical shape, and a hem spherical shape. 14. The
apparatus of claim1l wherein the cap structure is nade of a tungsten
carbide material. 15. The apparatus of claim 1l wherein the cap structure is
made of a met al 23et alThal nephodesdfeslniah .221firthEh@ompasingt fasmidly ghaturesln Wher ei n
the cap structure further includes a tungsten carbide outer tip nounted to
t he . . 2 0 . I } n
the o e P & e I s T B S pshia ot
netalaﬂyé%&jallay cap material. 18. The apparatus of claim1l wherein the
cap strudture Fufher includes an outer tip made of a material different
fromthe material fromwhich a majority of the cap structure is formed. 19.
The apparatus of claim 18 wherein the outer tip of the different nmateri al
is offset rearwardly froma front face of the first portion of the cap
structure. 20. PHe appdnlibiscastprsing: m 19 wherein the offset places the
outer tip of the different material behind a rear face of the first portion
whi ch overlies taiet sidgrimeiddihghblcettérgyoeket; 21. The apparatus of claim 18
wherein the outer tip of the different material is aligned in sanme pl ane

with a front fagept cbh& Havirta BRMohOMaIE 1d/BCakPh ShdHSIHY Rbstéde [AefTRENO,
conprising: providing a PDC cutter drill bit having a plurality a PDC

cuttersy, .tﬁr%%,%%&%ﬂRB§§c&%x ngg; tyers including a mlling cap attached

to the cutte ut not ianond tabl e surface of the PDC cutter,

wh inth RN . ' fi. df i1l ti but .i t
opti mal for ear EHIFRGEHN SRCGHFITS KO et PUHET SyEIHGE Bl 0t ATYSRGd g on

the drill bit to performa down hole m|ling operation; andcontinuing to
dri || feont dagetof hedigpenshtailct Byethandsasecopdinorties comnsricavip rike Sbvhmosiqneahof
the down hole mlling operation, the drilling of the earth formation

causi rsgeaatd pogtast betirgpatfaohe¢d toranafutar iperiphdrilisnfaccaqf anomderyiag hdwtrae layee. di anond
tabl e surface to be destroyed so as to reveal the
25.  The drill bit of claim 24 wherein a first brazing material having a first
melting point is used to mount the substrate layer to the cutter pocket and a second brazing
material having a second melting point is used to mount the second portion of the milling cap to

the substrate layer.
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di anond tabl e surface of the PDC cutter for use in engaging the earth
formation. 23. The nethod of claim?22 further conprising formng structures
in the mwbDi2ag/©B&37wWhi ch accel erate destruction of the RCITIUSAEOO3GE66 N
response to drill bit engagenent of the earth formation. 24. Adrill bit,
conprising: a bit body including a cutter pocket; a PDC cutter having a

di anond table | ayer and an underlying substrate |ayer, the PDC cutter being
installed in cutter pocket; and a mlling cap structure including a first
portion overlying, but not attached to, a front face of the dianond table
layer and a secogd pari®il KiPBNEEIedS tiheldie tHe §e§énd0ﬁéttﬂng boirlt i€1c8E AR Ghe
portion being attached to an outer peripheral surface of an underlying
substr, . 25, The drill bit of claim24 wherein a first brazing
nater#g%%ﬁgggggoggfirst melting point is used to nmount the substrate |ayer
to the cutter pocket and a second brazing material having a second nelting
point is used to nount the second portion of the mlling cap to the
substrate |l ayer.26. The drill bit of claim25 wherein the second nelting
point is |ess tRdn tH&erdridlshit ode¢lainhdt Brsthet corpprisinga cerhiqningmategipl atyren 24
further conprising a cushioning nmaterial between the first portion of the
m | | i nige Sappeatidn phthednilimpnaiptaab tte diapend taBB.lajiie drill bit of claim 27
wherein the cushioning material is a brazing material used to nount the
second portion of the mlling cap to the substrate layer. 29. The drill bit
of claim24 further conprising a structure fornmed in the mlling cap which
accel erates despguct ifgn @f| tbﬂe?fm;lhin'l Y GRRcindfe Jﬂﬁioﬁfn‘gl aflibl ff o %lré?zllﬂg 24

wherein a front face of the mlling cap structure presents a different” back

rake angle.than the fr,ont face of t di.amond | e | r.. 31. The dril
S oRginds WG Sl R o drtGier Ron, e TR b ARk Subs BRIyl Lo o bsont s

a different side rake angle than the front face of the dianond table |ayer.

29.  The drill bit of claim 24 further comprising a structure formed in the

milling cap which accelerates destruction of the milling cap.

30.  The drill bit of claim 24 wherein a front face of the milling cap structure

presents a different back rake angle than the front face of the diamond table layer.

31. The drill bit of claim 24 wherein a front face of the milling cap structure

presents a different side rake angle than the front face of the diamond table layer.
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