PROCESSES AND | NTERVEDI ATES CROSS- REFERENCE [ 001] This application is a PCT
of 12/430, 207 filed April 27, 2009, which is a continuation-in-part of US
Seri al Nuwben10l26Bd6, 550, filed August 18, 2006, which eCaiusgopnsmsety
under 35 US C 119(e) to U S Serial Nunbers 60/709, 964, filed August 19,
2005, and 60/810,042, filed June 1, 2006, each of which is incorporated
herein in its entirety FIELD OF THE I NVENTI ON [002] This invention rel ates
t o procesgprAIMNE WRirer MEdiT2tia PRy VEHN S RATR RS TEINTQONAND PEREBR&IANOEDI t Or S,
in particular, serine protease inhibitors BACKGROUND OF THE | NVENTI ON [ 003]
Infection by hepatitis Cvirus ("HCV') is a conpelling human nedi cal
probl em HCV is recogni zed as the causative agent for nost cases of non-A
non- B hepgadtbgouNpg h an estimated human sero-pie val ence of 3%globally (A
Al berti et al , "Natural Hi story of Hepatitis C " J Hepatology, 3 1 (Suppl
1), pp 17-24 (1999)) Nearly four mllion individuals may be infected in the

Uni ted Stgi@s$ at?@ﬁre&em iy NbR Felfls &lneralli/' {Hh@rdRE 48R Iaﬁ)(gﬁﬁoféfpa}{icﬁﬁh gepatitis
in the United States,” Gastroenterol C1n North Am, 23, pp 437-4%5 (1994),

M J Al ter,beRad LS withYh Ile)%ecg %mﬁ%tm{aniaﬂd I)(%}fongglilcte.ed States, " / Hepatol ogy,
3 1 (Suppl 1), pp 88-91 (1999 [004] Upon first exposure to HCV, only
about 20% of infected individuals develop acute clinical hepatitis while
others apgRal t AbfaSSOhNRlel BR thPiG b QNin SRANL ANLOHS! ¥ thddhik WRipictOh 0T
i nstances, however, the virus establishes a chronic infection that ‘may
persi st f.Qr S AT : 2 E itis,”
FEVD M oo Bl e R U T i B g sy Bl st o O B
Survei l | : - I [ O r bLl SpinD 5-47
uruet 1 30 AAGEORLRCl R ofRRSRAAIES Gl ERR! Wiy AP
p1 ogr ess!fé’b‘?ioXtio\QPr Jeiddd ﬂl Y& of tﬂésle%m]élleéj T nﬁ‘ﬂ'ct%ﬁn%l}tcﬁﬂ'eé %?edéorés%emg €

an epato efrul

severe di sease states such as cirrhosi ar carcinonma (MC

Kew, "Hepatiti,s,C and Hepatocell|ular Caicmm', FE crobial o Vi ews,
T op 2 nahinssg g8y T PR AR Bl b A e IR SR BR R <
Associ at ed mﬁt%ith De. elogpent %% Hepat ocel | ul ar Carci noma,"” Pioc Natl
Acad Sa @5&?“@ ;gﬂﬁmgg Y549 '8 6?) Unfortunately, there are no broadly
effectiv reatnments for the debjli.tati i ogr.ession of chronic HCV [ 005]
CompounddWBEer i betiuuiyer assaeh s atveaiSRverg b ol STt o
protease inhibitors, usefyl in the treatnent. of HCV infections are

fi scl osedM I RIES JEIA DBt dTest | gk PRATGVY | 1 Pitls 2p Ul PIEPOHNGS e
processes and internedi ates for the prepaiation of these conpounds, which
|l ead to rEERMSHY SRR etheiiicHstener; OrapPyimadRtser svhgemanydacurery Aha s
223-22. There remai ns however, a need for econom cal processes for the

pr epar at icBHlcaged: ke 8k soybugindingsermrey 2ticley Hit) mestNEloN nrodisiivibh aithe
aspect, the invention provides Erocesses and internedi ates for producing a
bi cycl i c Ppyfeimsne requiresagqnisy it thatethe fabmgy erartigles arefibidst ites nefseitly imeckangiabduci ng
protease inhibitors. 1 In Fornula 1, Ris an acid protecting group which
can be r dnbweducundepsigrgrdindractyzsirattriven ¢npapd feiarei bnalsowdhermeh&iluiggtier
acidic conditions, R3 is, for exanple, /-butyl; under basic conditions, R3
is, for ehaimsifece afghdnpraspe getithgd; theingeroumdinly ogemabénr(i.¢ ogrdintpubest). B8 i s,
for exanple, benzyl. [007] Another aspect of the invention includes

pr ocesseyadndar, titedrighgplivat esofiged tvitk rqugk genditg dmasofe atidonp oannde ofatdFal nul a 2,
which is also useful in producing protease inhibitors. 2 In Formula 2, R4
i s H, an vopbitcangcoylastub sé¢mdwattbehaal mpkatthae agicles pidrop@ht Yo the st typt ofl
cycloaliphatic, an optionally substituted aryl, an optionally substituted
aral kyl , faiturai.copthtonadldeyradasios tat tthtt @derfret ef aly abrkyive giRindands béhd).arhis
optionally substituted aliphatic, an optionally substituted aryl, an

opt i onal ltyersbibddetaldati@dis vl diyde apparait vaeh iveinglah YMb&kIDS EiainihedeMatiecoad al kyl ;
and R5 is an optionally substituted aliphatic, an optionally substituted
cycl oal i phsafdnee t@mceiahic@NBdctitess Ubehiuhl, @Rk Bedthal dagra@idibh drakdny teuRSEH t ut ed
aral kyl, or an optionally substituted heteroaral kyl; or R and R 5 together
with the atomto which they are attached may forma 3- to 7- nenbered
optionally substituted cycloaliphatiq ring. [008] The processes and

i nternedi ates described herein are al'so useful for a process for preparing
a protease-inhibiting compound of Formula 3 shown bel ow. Referring to
Formula 3, R1 is RW, P2-, P3-L2-P -, O P4-L3-P3-L2-P2- ; Wis a bond,
-CO, -O0CO, -NRXx-,-NRx -C0-, -O, or -S-; Tis -C(O-, -0CO-,
-NHC(O -, -C(OC(O-, or -S2- ; Ris H an optionally substituted

al i phatic, an optionally substituted cycloaliphatic, optionally substituted
het er ocycl oal i phatic, an optionally substituted aryl, or an optionally
substituted heteroaryl; Ris H an aliphatic, a cycloaliphatic, a

. N - . T r



ring optionally contains an additional heteroatomselected from-0O, -S-,
or -NRX-, or Wien R and R together with the atons to which they are

at t ached wormoa2643ng, R7 and the ring system fornmed by RCan$23€¢/03268% form
an 8- to 14-nenbered optionally substituted bicychc fused ring system
wherein the bicychc fused ring systemmay further fuse with an optionally
substituted phenyl to forman optionally substituted 10- to 16- nenbered

tricycli Grihiagdbfaking afdekd MpalineSpefoRfiarRe RA@ LMY 1GHRYR0 ARhoktsr tike,
al i phatic, cycloaliphatic, (cycl oahphatic)aliphatic, aryl, arahphatic,

het ei OCyCﬂhQQﬁHP Iaé‘érh&moﬂ Bﬁ l§‘er&9é’&a{l%rblﬂaﬁ&ticcre])aﬁmqmr&thnh QEERRFY heckaT boxy,
sul fanyl, sulfinyl, sulfonyl, (ahphatic)carbonyl, (cycloahphatic)carbonyl,

((cycl oal IRha gqﬁy onyl ,
(heter ocﬂ:l oaltelﬁcfotﬁg%?gﬂ%gg%lggéﬁy(?ﬂg{(emﬁg{ag%%%cI oaétl%hag?f gln/?%fﬁcgltn ?egl)%%egr bonyl
(heteroaryl)carbonyl, or (heteroarahphatic)carbonyl, Ris

- (NH CRVRV- C( O) - C(O)) NHR4or - (NH CR4' R5' -CH(O—|)-C(O))-NHR4; R4 is H an
opt i onal Is)qﬁly[ stjtuted aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heter ocycl oal i phatic, an optionally substituted
aryl, an optionally substituted aral kyl or an opti onal Iy substituted

het er oar f[‘gd@%jil ; e %ﬂ’l%gdlﬂifenﬂh%rqul%irrﬁtrét i, shfdfl GRS g&%‘?@ M‘v&ﬂeﬁlg%‘olng% %na' 'y

substitu atic, an optionally su stltute cycloalip

t | tct | d
aryl . an f.‘ﬂ“é a#f Y I PRI, P?ﬁaé%i%@{*? SRa G apirel 1t ©
het er oar %lctlf e f’il% rlaP %tnlg)p(%ln 2l lr% f? C 1\§et %‘r;[logl}n P{ grg L& f(’y(e)aea(?olt}lfefyrmic Rler énatc[rlapd RS

t oget her Wi th re a orm a

7- menb d o || bstituted hat 009] 1
enbrrgdi renreﬁl?a i{%na %%8@%@8%%%}0%35}% r‘fgtgﬁ%é@di}i‘og E)r rru} a g ;S(r)ur:nlsudes t he

step of car boxyl dt| on of an azabi cycl ooctane of Fornmula 6, R 6 wherein R
is G 5 &é ive acem.c mxture of .cis

transoct iﬁ :locyc t Sant a?l{) %}?Fm thlere bl a(rzlélrlt aot>1<1§/ |Sréla@@|1 g el Whﬁel ®3t 1 0010]
I n sone enbo P4 is

H
opti onal |C§}mgﬂ%e§t |pﬁ‘ﬂf?létéi ilaPrSF%?ﬁ ﬁ‘&ams aﬁ‘d SptBh&I Wof}gsr%ge aff?]?%%imérag?l actiyg’
t |1 bst d h t | | titut | k
opt 1 onal 190 &iBEHs P Bl Sarhapie ool arial eéﬂ“?i%%@%‘t e mdPhioxy, an
t |1 bstitut | k | f bstj t ut ed -
O e b DA B e BB e TahL ety Y "
optionally substituted nono- or diheteroarylam no. [0011] In sone

enbodi mertt&bondach of L2 and L3 is independently a bond, -C(O)-, or - SO-
[0012] In sorre enbodi ments, Ris a G 6 alkyl, Cvio cycloal kyI C\/i o]

cycl oal k C6.10 ar

het er ocy ¢ clnle) ﬁéﬂl embediry ﬂ*)ér ﬁaﬁnk'gﬂrra-t ’1%5naﬁle$1é‘il18‘§¥ WO Wheel fhgt
heteroaryI-O 6 al kyl, each of which is optionally substituted with one to
thi ee sulSSEPHIFE §1"é%163h of PERRACERTT Y214 Ane BEZBRC 1108 TepERA ith AR t o
three aliphatic carbon atons in R may be_ i ndependently replaced by a

het er oat SR Shergicofiller Jeaterial adred thatsteto REqVidg angmdothermegyqagtion BHdRPENFY v

stabl e arrangenment [0013] In sone further enbodi nents, K isf0014J In sone
enbodi mean rqention 4 Thrplyrality of abragyg grains @re S@cée,dcﬁr@mﬂv@groumcons@legjef oal kyl -
C-12 alkyl, Clo aryl, C .10 aryl-GC -6 alkyl, C3- io lieterocyclyl, C -

| ohet er oéwdleg/ or @iseedgd ablkgﬁll alugina Epiet AhOaryd,, grejp a@ cqrpbihetions deropf.- Chaal kyl ;
and R is optionally substituted with one to three substituents each

i ndependeativeyeslethemiedilfer omtd@ab isp selectedatiom upe tgpoupheomsistirlg phatlfidesc lovbon
atons in R] may be replaced by a heteroatomor group selected fromQO NH,
S, SO omdBGE fiomt axidereandcambyatsinalteecofir r angenent . [ 0015] I n sone further
enbodi ments, R7 is [0016] In still sone further enbodinents, R and R7',
together with the atomto which they are attached, form|[0017] In sone
enbodi nents, Ris a C-lo aryl, C- 10 aryl-Q 12 aliphatic, cycloalkyl, C
. 10 cycl oal kenyl, C3 10 cycloal kyl-GC .12 aliphatic, C3- 10

cycl oal kenyl -C] i 2 aliphatic, C-l1o0 heterocyclyl, C3- 10 heterocyclyl-C 2
al i phatic, C5.10heteroaryl, or C5. 102het eroaryl -Cl1.12 aliphatic; each of
which is optionally substituted with“one to three substituents each

i ndependently selected from Goup J. [0018] In sone further enbodi nents, R

an

is[0019] In still sone further enbodinments, Ris H[0020] In yet still sone
further enbodinments, Ris and RRois H C Maliphatic, Qio aryl, C-to
aryl-C-n aliphatic, C- | cycloalkyl, C- | cycloalkenyl, C3- io

cycloal kyl -Ci -12 aliphatic, C3-10 cycloal kenyl-Ci -12 aliphatic, C3.io0
het erocyclyl, C3-io heterocyclyl-C 1.1 aliphatic, C5-10 heteroaryl, or
Cs |o heteroaryl C| n allphatlc [0021] In sti II some further enbodl nents,

o NSNS ST . . Y Y o NN A



[0029] In still sonme further enbodi nents, the conpl exing agent is
D-sparteine. [0030] In sone enbodi nents, the trans-/cis- ratio in the
racem c rwetorea2ed34conpounds of Fornula 7 is 1 to 2. [ 0®8Tjuskerossaes9
enbodi nents, the trans-/cis- ratio in the racem c m xture of conpounds of
Formula 7 is 40 to 60. [0032] In still some further enbodi nents, the
transVcis- ratio in the racemc m xture of conpounds of Fornula 7 is 1 to

1. [0033]gRiArsIESOrIBEIRN O friiedr gRdisnent s, the trcns-/cis- ratio is 60 to

40. [0034] In still some further enbodinments, the trans-Zcis- ratio is 80
to 20. [08%7] ! Pt byl anS iR fotrah N s ARG Rind RE ol BRBdiRéR of AL 10 1S
90 to 10. [0036] In still sonme further enbodi nents, the trans-lcis- ratio

is greatef.thafeR%Lo 2.[0037] In some other enmbodinments, the process for
preparing conpounds of Formula 3 further includes equilibrating a mxture
of the c nd 5 EQr m 9&55 AR i Nt / C i.t abl e
base to ggggﬁce§%9gfggéﬂ¥%)ﬁ%Py t éﬁs-agvég%gﬁﬁg&ggggﬁgkSﬁggﬁﬁﬁhﬁggN - "COOH
COOR 8 rejn t s:/ecis- ratjiq is greater than 80 to 20 [0038]
In sone %@ﬁgérO\g%gaédﬁ)fpr%s%‘[lg?cogﬁ@gtgrt% rlsosra]fﬁt’oa{_rn(apr eparing conpounds of Formula 3
For mi T8t nBrobendueigkeh dubhaht a Bhdi Tt Rl sSrER0R e 1y
irans-cis raienLc %iiq of.Fo&llla 8 wherein the trans-/cis- ratio is

gi eater tARATGE Y HPTEHIB "M some ot her enbodi ments, the process for
prepa png conpounds of Formula 3 further includes equilibrating a
trans-/cis- mxture of Fornula 7 in the presence of a suitable base to

produce a_predon n lv trans cis racemc acid of Forrmula 8 wherein the
trans-/cﬂgﬁavﬁgDi %gigé?gﬁ“Eﬁéﬂ*%@“@%?@?%ﬁ%ﬁﬁn In sonme further enbodi nents,
the base used in equilibrating the trans-/ci - mxture of Fornmula 7 is

li t hi um hEKQet Refedingite dei Gravings, £HF-unk an e ap phapivaiarticls 0P pegerding
2,2,6,6- tetranethyl pi pe pdide [0041] In sone further enbodi nents, the base
i s |ithi GorPrresialadipspt 41 $F PEcsed éVvEaioa2]n pertisdire FiQurithews Brbdusimsmtcle t he
base is sec-buty\ |ithiumand the conpl exing agent is '

3, 7- di pr dpYiis @ dpragiva rdselayedust 3A3is kpeiwhirfbe fib agrayiee avhashprduets 6¢me Heem c
trans-/t is-Nal koxycarbonyl - octahydrocycl openta[c]pyrrol e-I-carboxylic
aci ds of vraetyaf siz® suehasiiol exantphe largadiemeter gusoff plypsive Wheehproduasy, modasm 90 t o
10 [0043] In some further enbodinents, the

?r / u- N- aldicaneyar aptodiaprasve athedr medusisopd ntmall depyar cotoé-dbrasire ydeylgodeisd i s
frrcs- N-f-but oxycarbonyl oct ahydrocycl openta[ c]pyrrol e-1-carboxyhc acid

[ 0044] | rGesonaiy,dirge diamatooditof abssivdé Whegh podess hdvera gareper thatgs goapothads  of
Formula 3 fuither includes resolving racemc

frm N-al kb clanh ey, meditahiydioayalkadd esrbayecivpaal paddaett havdadidnicer aleat ds t 0
produce a (1S, 2S, 3R) fral/u-N al koxycarbonyl oct ahydrocycl opent a|

c] pyr r ol erdatet ahidnoxtyut @0@@irdl. anfl 064 5Sthal Ab@MMOOH wiirh h@hile Rineld i dimndt s, cutdTe
resolution of a racem c m xture of conpounds includes the steps of i)

form ng abseivé whctlhpraducephdveal liymaet kthae iDRSELihaRRBoiti J00Chmst Althdugh NBe t he
salt fornmed by step i) to provide an optically active salt of Formula 9. 9

[0046] | Ries@ifBod bif thh@bragitdath 18Atts fornhgbrpld 4841k M0 efat YRI0RASEp &R N
resolving a racem c m xture of conmpounds is (R) a-am noet hyl benzene. [0047]

In some fsyidoitetor GHPHLABBL Sutoff NiRasPRV IR pr¥dR&lanY e dr@SBtidudarly) ultra-thin,
1,2, 3, 4-tetrahydro-| napht hyl am ne. [004 In sonme further enbodi nents, the

process {6 RESRA: Y HCAIRAYRAR cIOfrodiR st have bR eds MBS 3F0Emst eps of
esterifying the carboxylic acid of Formula 9 with a conpound containing the

R group:; : i = i : : und of
group tﬁ’cﬂ% sl%%éﬂ% tﬂHQ%_IIt 1 e e tﬂé:t%eeﬁ)trds%,rﬂi&%}s'fh Jo%@g ?%%‘fee%ng?gw

Formula 1, erelh R3 1s an optionally su or
ar al kyl . 0 Sh i j - A4:-0050] I'n
sone )énbcl)ll; di %@2‘3’% s%pg%lﬁatgh%c# cf glg iﬁgge]f giah%?eé pcglﬁgiqfr)l gbljg%{)rr%) gﬁl ﬁ%gpljco) uCI’{so ?Hrr{?ﬁged%&?u rt ]her

i ncl udes Qﬁﬁ%ﬁ%&%ﬁ%ﬂ%&@gkﬂ&ﬂgﬁﬁﬁ&sgiwﬁﬁrn”'a 1 wth RCOCH in the presence
of a coupling reagent to produce a conpound of Forrmula la. | a [0051] In

sonme enbodi nents, the reaction between the am no-ester of Fornula 1 and

R] COOH can be carried out further in_the presence of histamne, glycine, or
| ysine, in addition to a coupling agént.[0052] In sone further enbodi nents,
Ris P2- [0053] In sonme further enbodinments, Ris P3-L2-P2- [0054] In sone
further enbodinments, Ris P4-L -Pi-L 2-P [0055] In sone further

enbodi nents, Ris RN 0056] In sone enbodi nents, the process for preparing
conpounds of Formula 3 further includes the steps of hydiolyzing the ester
of a conmpound of Formula la, to provide a carboxylic acid and reacting the
car boxyhc acid thus obtained with a conpound containing the R2 group,
wherein R is -(NHCRA'R'-CHOH)C(O)-NHR 4, in the presence of a coupling

o F A/ —™=—



i) providing an N al koxycar bonyl - S-azabi cycloP 3 O]octane, ii) formng a
2-ani on of the N-al koxycarbonyl -3-azabicyclo[3 3 0Joctane in the presence
of a chelwOi2og/2agBat, iii) treating the anion of step i PCTWiSR10032659DN

di oxide to produce a cis /trans m xture of

N al koxycar bonyl - oct ahydr ocycl opent a[ c] pyrrol e-1-carboxyhc acids, iv)
treating the mxture of step iii) with a strong base to produce an

essenti alihyn 1pur & bxcadStodhndk, W%rabma/homst AL AGY CnPleiddisd bonded
ryrrole- I-carboxyhc acid, v) formng a salt of the carboxylic acid with an

optical | ypaché YRicRMoRfed ﬂ’dn)t aft aYatidd hﬁ;@th@gcc;nﬂﬁls&aalbtrasn%' drdin€sldeRf ®biise t he
salt provided in step vi), viii) renoving the N al koxycarbonyl group to

produce (o 3ARGARIM fachid ﬁh&ﬂﬁ@t@{'ﬁé thd’e{%ﬂ tﬂ?%t Qkh G} R¥ivet Qd@ﬂalemﬁ@rﬂi’l%w ate,

/-butyl ester, |x reacting the bicyclic of step viii) a protected

a.m no aCIngaftéHal( E@a&@e eggotﬂ\é}ﬁfceﬁl'ﬁer ddtéﬁ‘l'ﬁ(@ nﬁ’r%ﬁ@ al'e R&O%trﬂl?grﬁgftlgﬂ e In the

pi esence o |ng reagent, to pioduce de-ester o ormula 27, 27
X) renovi. p 4 0 i to

pr oduce t %nﬁgﬁr‘nﬁ o&g%%éfﬁ(ﬁ%mg (POFl%dgwe the %bg%m?é%tqﬁee%%ﬁ& éan%B a%dntféglrcorrpound
of For rruI a 28 wth a. cp|E)8rtlaectGeePerfalrl’n na%tlach of F Z%O?deHN CRPH 29 in the

1F0und1 Ng Qrgani er§ can . e us abras ves .
presence "0 up |ng reagen uce a tripepti ot hil ;30

th 1 1 1 f F | 0Ot
X ouce ST SR RS BrhaE 36057 fﬂé | Rish Bfopkl b BRI ?1)‘18%3559?3%1%@ °
t ti.d f F | 31 t d
RSB > A M%P?/ﬁgéhguaa%&w% RN R S st Sp s b o

Formula 33; 33 xiv droly the ester of the am tri t|de ester of
Formul a 384 ﬁP%‘B%Féé}(%tﬁ Qﬁ?ed‘a%&oflﬁerb‘t‘ts derageiey Wﬁ%g’ﬁﬁtzsa Z’Pe%(/))f
reacting the am de-tppeptide acid of Fornula 34 with an antnohydroxy am de
of For multhe at%asm 6}, tteﬁ@@s@égeﬁbe ddyond, uedyu#idi they opes e senditens caeivasres

hydr oxy-tetr eptlde of Formula 35, and 35 xvi) oxidizing the hydroxy gioup
of For nulegtigsilics G3p deigeceortpre ebipstiowing Formul a 4 [0061] I n some

enbodi ments, the oxidizing reagent used in step xvi) described above is
sodi um hypobhDstiesss thesfietiortstvssen dlerabemsive srainsrangl g wsuilkpicoq beine apyadesience of
2,2,6,6- tetranethyl pi pepdi nyl oxy free radical (TEMPO . [0062] In sone

ot her embodd-mBravent thiheabwasiivgi giatny fremgémppioged.d.nprsvay methl) paslepdesth above
is 1,1-di hydro-1 ,1, 1-tpacetoxy- 1, 2-benzoi odooxol-3( 1H)-one. [0063] In
sonme further bedvodigreeltisl tottheatopy o dlesabrasivetghiens. i ncl udes di ssol ving t he
conpound of Forrmula 4 in an organic solvent to obtain its solution, and

t hen addi ng.abecaeasd theantctfacesahpirator bétvadn thehbesios gams endsht werkpiccan be any
solvent in which the compound of Fornmula 4 dissolves, e g., nethylene

chl ori de The) Betdascalr bguigdgriadinglfor¢enor gani ¢ or organic, e.g., acetic acid
or propionic acid[0064] In sti |I] sone further enbodi nents, the process
further iThedcudesnseonesitdaattdlngtotthefotownkidiferalft nicbiansarpound of Fornula 4 to
obtain the conpound in a solid font Such a concentrating process can be, e
g , distillp}iLapidatiot hecsrb iefibn baidesn theduesdt @58 38Uhe woskpiee. Vacuum by
natural evaporation of the solvent. The solid formin which the conpound of

Fornul a 4 i3) ohtdicheébrfodion D8 mdal Gurfadel 8 SFrdlchi Béhdiiy Sramber yifib Ald {opeof and can
be of higher purity than that before being dissolved into an organic

sol vent and t B&as&@%lﬁﬁ%f At @tharticl&dtdh GeRdigth 8 WHRERk, HbysHedyiddhge
e

i nvention also rel s to a process of purifying the conpound of Fornula 4

[0066] In SO”%n&ﬂ?PQMﬂ@H&éJm&ﬂ&ﬂﬁ@&ﬂﬁ%@ﬂbﬂ%ﬁﬁﬁ@ﬁof&ﬁﬁﬂ di ssol ving the
conmpound of Fornula In an organic solvent to obtain its solution, adding

an acid to i?@re%@ﬁtt&'o?@oﬁ’cf aﬁl?ﬁ){lﬁ)gqﬂlﬂb’ﬁq%ﬁ% fFe%er&ﬂ: n@fbces%rbq okfd&bn, of thehe

concentrating the solution o conpoun a4 to obtain't
conmpound in a | & ic solvents, acids, and
solid forns hgélgi ﬁg%g%ﬁ%%@gl&?ﬁ%ﬁf@%&d&fée %%S%%]%%ﬂg{ﬁg%\}entl on fuit her feat ures
conpounds of Formula la, Wierein Rt is P-, R5is H an aliphatic, a

cycl oahphatic, a heterocycl oahphatic, an aryl, or a heteroaryl; each of

whi ch, except for H, is optionally substituted with one or nore
substituents eachi ndependent|ly selected from G oup J consisting of halo,
cycl oahphatic, aryl, heteroaryl, alké aroyl, heteroaroyl, acyl, nitro,
cyano, am do, anino, sul f onyl , sulflnyl sulfanyl, sul foxy, urea, thiourea,
sul fanoyl, sul fam de, oxo, carboxy, carbannyl, cycl oahphati coxy,

het er ocycl oahphati coxy, aryl oxy, heteroaryl oxy, aralkyl oxy,

het er oaryl al koxy, al koxycarbonyl, al kyl carbonyl oxy, and hydi oxy, R is an
optionally substituted aliphatic, an optionally substituted heteroal kyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or R5
and R6 together mnth the atons to mhlch they are attached may fornta 5-

. — 1 . " 4 T .



[0070] In sone further enbodinents, P - is [0071] The invention further
relates to conpounds of Formula | a show above, in which R is P3-L2-P2- ;R
i is H awmoabiohrzetssc, a cycl oahphatic, a heterocycl oal i phattseqiomsecay yl , or
a heteroaryl, each of which, except for H is optionally substituted with
one or nore substituents each independently selected from G oup J

consi sting of halo, cycloahphatic, aryl, heteroaryl al koxy, aroyl,

het er oar oyl 4.? aGtrollcd 'b%ﬁ@eroﬁbf@@lﬂ)owsq{&)vd%}alnﬁf@ ddhe ﬁt@ aefrtylh disShiréd Y hworn

sul fanyl, sul foxy, urea, thiouiea, f amoyl , am de, oxo, carboxy,

car bamoyl , cyghald 14,COXY, heteiocycloahphatlcoxy, aryl oxy,

het er oaryl oxy, aral kyl oxy, heteroaryl al koxy, al koxycarbonyl,

al kyl car bony{ ey, qi@fidaby 8Y Qidty gﬁgofhém’ﬁ@ r&@ﬁd@@%’cﬁlﬂ lﬁé%s 1's§115ﬁtt@ﬂea%€>v£’5hat' ¢,

Qh
an optionally substituted hgteroa | kyl, an opti onal y substituted

heteroaryl, ag.onpl gﬁ?cﬂlrlg\ﬁnt%ﬁ?&tﬂehﬁteg%e%ﬁ%é fgraﬂ{s a@ %@% eck0get her with

the atons to mhlc hey Jare atta nenbered

optional | MO 1% %%E tdg%c?g dggé?é)lﬁy1951ﬂ at hgatsp LRC t?.(réé &t ac(? mﬁ%n(ﬁothemﬁ]‘%ﬂe{ P Cy Ced

optlonally s 115 eterocyc |l e rrng
optlonaII cont i.ns a dd|t|on ete oat ntsele ted, f
e L R T R e b e R S e SR

b t't t d het t | | bstitu t ’
opt i onal (08B! Its&Piﬁi@tﬁ%@}rnﬁln'éorf‘%w%ﬁag hiofy ?t%%&ﬂ%@ﬁﬁt i geuls o
which they .are attached, may forma 5- ered opti onal

subst i t utBdTRYNGE P 6@%}9&06&91&1@&1% fet‘ﬁ ?PE H%WB‘é‘?“e%*a tereaﬂar rSythat
substitut d nonoc C|IC ,.a 6- to . 12- nbered || t ut ed
bi cyclic @Flé? 61619% 180 vg h Veempfqreiéutﬂe%%?%laatfﬁtap 3 dt?gtoliteml &

bicyclic ary n which each heterocycle or ary rlng optionally contains
an addi t |ﬂaﬁart0ﬁét>eﬁlasatv8?ﬁl BElagit toamed B Cewentlelal abgSVONRES- © or When R and
R6 together with the atons to which they are attached forma ring, R7 and
t he ri ng (9931 enfrf hisraatbopiment thenprerermilcls btheomtpig-at degstione e maignary
optional ly substituted bicyclic fused nng system wherein the bicyclic
fused ri rﬂéraély@ g seloptefl dionhiée sraypef wbresivafsnvlinsicontting of sasded erumetdpthenyl to
forman optionally substituted 10- to 16- nenbered tricyclic fused ring
system Roli gel plumzlajaphh 2tliQs; ZrQy.c Aaahgkizausteve 1styiciboaivp issainsdiam thehveaded or ar yi |
arahphatic, heterocycloaliphatic, (heterocycloaliphatic)ahphatic,

het er oar ynsecdak tobgyl alwnind damyly, thetuhdyi beydsed suérhlpnyhenty afitpis anveolioamblody | |
(cycl oahphatic)carbonyl, ((cycloaliphatic)ahphatic)carbonyl, aryl carbonyl,
(ar ahphatSGe poar hohWQ driet esromyic]atipg qyhdebiec Yioar BainGobain Abrasives, Inc. of
((heterocycl oal i phatic)ahphatic)cai bonyl, (heteroaryl)carbonyl, or

(het er oarvdbipésatrj 8)AcasMBnly ICuBiron Sgridn oanda3 Bt €mbitiog gaioupothacuanirtiallys an
optionally substituted al kyl 10072] In sone enbodinents, R - is /-butyl
[0073] | nvsbbe fesmbddi Guepdraionff 3t. PaulPREN; asd ¢dibidbtiohdthsoe Aeimdnogihamits, PrL
2-P - 1S [0075] Also within the scope of the present invention are the
conpoundsisObf abrafiveigRfiRPyém helAl,0l-2dB b @ii¢ kiRl $ap bk jub@narebodin@nts of this

3, 7-di propyl -3, 7-di azabi cycl o[ 3 3 | ] nonan-9-one [0076] In one aspect, the

i nvent i ofnveRGoURERIANRIT8EL&EInf 86mMECRBY BNGlaBlc FRGERAift-OdbatABrafilest Ingand
trans- octahydrocycl openta c]pyrrole | - car boxyhc aci ds of Fornula 7 COCH

COOR 7 GONPSL&IRAANEFSaR 2Rl zsagthama@téﬂne@tallgavaaa@lMbaﬁp@a&% of
Formula 6, N COOR 6 wherein R is G alkyl [0077] In one enbodiment, the

car boxyl %Hrémétl%@ b ASr, fMAmz'itgoagr%na&r&ﬂer@fau;z f&@a&@l’épf?&tﬂdrr&fbaéigf ml a 6
N COOR 6 in the presence of a conpl exing agent, and treatlng the 2-anion

W th car l?f?(ﬂlsﬂ( Oi(ﬂcdeoft 4 1%5%‘13(?;9 1‘?0 recenhg FRISBUEaiRT %Jdr ZRhsR T graln Iboth

-oct ahydrocycl opental c pyrr carboxyllc acids For mu

| ntg S ating
the compeandtsii R P Al AR, FE bl RbRAC S tﬁtb%%‘r%%ﬁér*éi of a
conpl exi ng agent and an aprotic solvent. [0079] In a further enbodi nent,
the base is sec-butyl lithium [0080] In a further enbodinent, the
conpl exi ng agent is tetranethyl ethyl enedi am ne, tetraethylethyl enedi am ne,
tetramet hyl -1, 2-cycl ohexyl di am ne, sparteine, or 3,7-dipropyl-3,7-
di azabi cycl o[ 3.3. I]nonane. [0081] In one enbodi nent, the conpl exi ng agent
i s tetranethyl et hyl enedi am ne, tetraethyl ethyl enedi am ne,
tetramet hyl -1 ~-cycl ohexyl di am ne, or 3, 7-di propyl -3, 7-
di azabi cycl o[ 3. 3. 1] nonane. [0082] In one enbodi ment, the trans-/cis- ratio
is 1to 1. [0083] In another enbodinent, the trans-/cis- ratio is 60 to 40.
[ 0084] In another enbodinent, the trans-/cis- ratiois 80 to 20. [0085] In
anot her enbodi nent, the trans-/cis- ratio is 90 to 10. [0086] In yet
another enbodlnent the trans -Zeis- rat|o IS greater than 98 to 2. [ 0087]

R Y B o ~ . F AT



iii) treating the anion of step ii) with carbon dioxide to produce a
cis-/trans- m xture of

N al koxycsiokzoryi2émsat ahydr ocycl opent af c] pyrrol e-1 - car boxpCrasaciods2659 v)
treating the mxture of step iii) with a strong base to produce an
essentially pure trans- N-al koxycarbonyl - oct ahydrocycl opent af c]
ryrrole-1-carboxyhc acid; v) formng a salt with an optically active am ne;

Vi) crystalolhiirg ﬁriﬂearywdrgs,wevgrm cEapRRE Y tRert BBuDitd aifu@ YorigEednoshep Vi) ;
viii) removing the N al koxycal bonyl group to produce

(IS, 3aR, Qgghmﬂmggﬁmbgggg%ﬁgng%ghgpenta[ cj pyrrol e-1-carboxyl ate, /-butyl
ester; ix) reacting the bicyclic am noester of step viii) with a protected

am no acigyiaf Far il @nRfimend AMEHSIE t;éaé'o? s&ondF Q@raﬁ(f@%ﬁﬁltéaﬂg)e%é?ﬁ?da in the

presence of a coupling reagent, to produce an am de-es of Fornmu 27; 27

X) I emvi Hl &Q%nﬂ{a@ﬁ %&éw’kggﬂ@quacﬁle% Q%fr ggstaa@‘p%ﬁal%%% ré %Elhe?h&& | ¥he tO

pr oduce t e am no conpound~o ornmul a X1) reactlng e am no conpound

f F g t 9 th
or esence SR A g Helger it autpc%ﬂ%‘ Befs réaor WIEEE 50
i th Z i.de of 30, t

i) remylon fheproalectip 9%12(538? L8 ft@d? 1% 97 SERLbR, i o

produce a Tree am no- ppep XII

am no- tppe tj de of  For razi ne. c.acid in th

ot eence (gpIst fe pﬁcﬁgq?@a@swt’%e ﬁi&&wua 0?%@&@5? i %%Pefp%f
Formula 33, 33 xiVv Z t he ester of the de-t ep e ester of
Formul a 3%'&d" Pt & t&i‘ﬂ:gg qt%fﬁ{ Qgﬁcﬁtﬁeoﬁﬁl?ed@taéﬁ?lau%f(’fa@ra §‘4 y3‘4° R °Feacti ng
t he am de- peptide acid of Forrmula 34 with an anlnohydroxy am de of

Formul a aT% in the presence of a coupling reagent to produce a

hydr oxy- tetrape tide of Formula 35, and 35 xvi ). oxidizing the hydi oxy group
of For mull80135 + B prooembdiment. therseamiry boyd maﬁeﬁm i§ C&H@ﬂf@o@ﬁnﬂﬁw aﬁért—

enbodi ment, the oxidizing reagent used in step xvi) is sodlun1h¥pochlorite
and t he dSGoamigsdofeinic Mﬁﬁmaé@lag@twhi % NP er PPEEEEI 18fins — ¢.g. epoxy, polyester,
2,2,6,6-tetramet hyl pi pendi nyl oxy free radical (TEMPO . [0092] In anot her
embodi membenofineandxeyenate Ager waigemr atlkes duitables thepnogeiing os thermaplegtipyening- 1, 1, 1
- tpacetoxy-I, 2-benzoi odooxol -3(I H) -one. [0093] In one enbodi nent, the
process memiﬁ@rnoerbinmirigs@gmnles gbroginp that pan keorspd etide theHoHoming: gsifsnsodh
organi c solvent to obtain a solution of the conmpound of Fornula 4, and then
addi ng aryddinda Oy, Fihlend einderitbmtrade0@eu |Prafere and availhlle vaddy ditki arthdg/prodvst or gani ¢
solvent is nmethylene chlopde, and the acid is acetic acid.[0095] In another
enbodi memumbekS5p2@.CcELRS8GF 868008 rand GiPIG;siesine evld dntHatdonGpachy Sdlemidatsn of t he
compound of Fornmula 4 to obtain the conpound in a solid form [0096] In one
aspect, tOig undareht irade nanel Ruidghe@aRPVD @ed svailhblp unddr Yheng tdl dpgproduep ournlskrof
Forrmul a 4, conprising: i) dissolving the conpound of Forrmula 4 in an

organi ¢ 900 B6HIAP, ot SPA23 Aaiokiihd @id BY Dufee CoapgpalondT RS ulder i lfalodying 1)
adding an acid to the solution of the conpound of Formula 4, and iii)
concent r @hfaR@/pidiRctSIQINMBetsO N3l 29386 COHPOUTH Bf onk@bdBuliinett, tR KA Maferfahe
conmpound in a solid form [0097] In one enbodi ment, the organic solvent is
nethylen%oﬁph@%thﬂegﬂquﬁglaC|d is acetic acid. [0098] In one aspect, the
i nvention includes a process of preparing a conpound of Formula 8 N COOH

COOR 8 (6@®) CRIMPArickk NEhRAmRANY kel REd ahRZRRIrCHalORIANSMRS fiff@t m a 6 N
COOR 6 to give a racemic mxture of a and trans

oct ahydr QY& APEAE AL PrN i 294 cldoh &R0 YN didn E@Ghaﬁlapglry':c‘aftﬁg c@ncﬁtlo
and 7equilibrating a irans-/cis- mxture of the conpoun Fornmula 7 in

the pr eS%’l&®‘n‘3¥maﬂ &k tﬁx?%@on'a fis 1 QrcR! QUGHy & ALLAQMNA ér%oﬁrﬁé?ﬁgat%é

racem c aclid of Formu erein the trans -Zeis- ratioint COI’TpOUI']

of Forml u?/b{;]&l B GALE o L hé‘lﬂ%@%a&%m@()uﬁ‘[@%ﬁ cdt(fff GhreR &l ' alﬂ’s % ot one

enbodi ne e process further conprises equilibrating

m xture f 0 €. o lL e.base to
produce g %%@gé%gﬁghﬁggaP%%ﬁga%ﬁ%h%%%gﬁ?%}ghﬁ@%§%EF§§n§&%§§§wﬁé@§|ﬁfthe
trans-Zcis- ratio is greater than 90 to 10. [00100] In another enbodi nent,
the process further conprises equili%rating trans-Zcis - mxture of Formula
7 in the presence of a suitable base"to produce a predom nantly trans-cis
racem c acid of Formula 8 wherein the trans-Zcis- ratio is greater than 98
to 2. [00101] In one enbodi ment, the base is |ithium hexanethyl disil azi de,
l'ithium diisopropylamde, or lithium2,2,6,6-tetranethyl pi peridide. [00102]
In a further enbodi nent, wherein the base is |ithium hexanethyl di silazide.

[ 00103] I n one aspect, the invention includes a process of preparing a (IS,
2S, 3R) /ram N-al koxycar bonyl - oct ahydr ocycl opent a[ c] pyrrol e-1-carboxylic
acid conprising carboxylating an azabi cycl ooctane of Fornula 6 N



COOR 6 to give a racemc mxture of cis and trans

oct ahydr ocycl opent a[ c] pyrrol -1-carboxylic acids of Formula 7 N COOH COOR 7
equi | i br avoregloa2693ans- Zci s- m xture of the conpounds of PEDUs2e1a/ 032650 t he
presence of a suitable base to produce a predomnantly trans-cis racemc
acid of Fornula 8 COOH COOR 8 wherein the trans-Zcis- ratio in the
conpound of Fornula 8 is greater than 80 to 20; and resolving the racemc

rans- N- alk@eysabhamid finst RN E: Q6 el AREREAIEdRY af Abral dSARMELhELGR d
m xture, wherein R is C5 alkyl.[00104] In one enbodi nent, the resol ution

conpri sespbieondigt t91§icamy hatm &Héy auia@&atmﬂi\ﬁ%tla tﬁé}mgp@ég%tﬂg%elﬁﬁérﬁt\ﬂ%s Base, and
i) crystallizing the sal't formed by step i) to provide an optically active
cWhitkahly active

| f o : . i .
salt o %Q§e'§§‘ basdee. %hk%%éraﬁﬂl[og 6%13%% Qﬁfecﬁﬁ@&q)b%ﬁﬂﬁc H%%ﬁ

base is (R) a-am noet hyl benzéne I'n a fTurther e iment, the

opt i cal | %&%thﬁf‘%ﬂ@@li%ﬁ@h {eR t%g%ag%er%b&t%@g@%% ah&%@&&y&%ﬁyﬁﬁ%%&%‘m In

one aspect’, e 1 nvention I nc es a pro preparing a conpo

Formul a 4, ORS00 EALRONNH: 3HiNG. AN, A7AR! HGIORRL AL AU A COOR @
to give a racemc )% ur (0] S an Pr ans

t ahyd | taf cj | - 1- b e ! f .F la 7. M COOR
R S A e S e A s SR e O

presence  of. sui tabl e, base to produce .a predom nantl ians-cis, racemc
v or oy et RteEnAiERn s Bhien oREOR, ke e llRrats fe i
conpound of Fornula 8 is greater than 8Q to 20, formn a.salt with an

opt 1 oal | yerapbesucs K2pdag B Fiol Grewd el PRt beiESbevirbEs ot ep
to provide an optically active, salt of Forjul a 9est epf t he car hoxyhc

aci d of EUPHHINE SMARCITENED aﬁavec%lﬁf)fgiﬂrmlﬁgﬂ%ﬁepr@t@d@raau%tggfaﬁr&n? &f5UeThg t he
-COOR praotecting group to produce a conpound of Fornmula 1 wherein R is G
al kyl andvhen tempeTatife aiihe gradypapd drjgi&ace dpat depstabryy 458rC. oF al kgt by 2¥8f- I n one
enbodi ment, Ris /-butyl [00109] In one aspect, the invention includes a
process OBt [sRE kPN 720 cOmb GURBIPERUOI iGh &revides #p ramsupigo thermsd eRse0f i )
provi ding a conpound of Fornmula 7 which was nmade by the process descri bed

i n cl ai meavter than thegcHyaign gneyay neogisery taeeopinossaihp petive endashespicrfdler.j Jtiiy
crystallizing the salt, iv) estepfying the acid provided in step iii), V)

r enmovi ng noted tNt abRipshy digating stk isgrlew pr i thogrodiberd interface temperature is too low,

(1S, 3aR, 6aS) -/ -butyl oct ahydrocycl openta[ c]pyrrole-I|-carboxylate, /-butyl
est er, viexothgaidt feagionhmap peyc|thaefari tho dstlkarssof thtabmsivy atickelvamplpy etrdtt ed

am no acid of Formula 26, 26wherein Z is an am ne protecting group, in the
pr esence inbdbtainmgul derigedrepdgbertnjc teactipnoduce an am de-ester of Formula 27, 27
vii) renoving the protecting group Z fromthe am de-ester of step vi) to
produce to@E7am hoooaploadivderof atHodsmoha typ8, of 28tivd endptheasic tfilleg ntaleiahhano
conmpound of Forrmula 28 with a protected am no acid of Formula 29 Z- HN CO2H
i n the pmpasanrsancindathedip kdabton 8ageoicd tfonpriedgoep af fippephedeomistilofrul a 30,
30 ix) renmoving the protecting group Z in the tppeptide of Fornmula 30 to
produce aulffide@car@noRWomélppepbindexi@ds. FOMBRk2haddtiveisl oKX dctive @EBAJtINGmIchEIlers

am no-tppeptide of Formula 3 1 with pyrazine-2-carboxylic acid in the

presence ffn theCAHRI thgks BAGRAL bd BseRIiA GHbBdidRnRNIfdR: hRRVP I RStheldOf
Formul a 33,33 xi) hydrolyzing the ester of the am de-t p peptide ester of

Formul a 33ifc07iRd QAES cEPedMMAR; indRoRBRLISIR tRGEA AfnohQkRMkEyAht o3ktid 1)
reacting the am de-tppeptide acid of Fornmula 34 with an am nohydroxy-am de

of For mulegqckferh fillkrd fn RIc8SE MeRin@ipofht GOHR! NG K2 ALAFBE ulcl iPERBERefs
hydr oxy-tetrapeptide of Formula 35; and 35 Xiii) oxidizing the hydroxy

group of toll't:gﬁl Feler? AnderibH fﬁ%‘(i}gi% ﬁiﬁﬁutﬁ%@&@??&%d YxideOhilL el Qfﬁlé&]mihdgiog?e

aspect, vention I nc S a process r preparing a conpoun

For nul a r \Si : . Eo): il . .
N al Koy CSRR o pledPutl b BBl i MERMLIY @i ative flers ofhslon meltpe
N- al koxy - 3: i . in the.presence of a chelating
agent; i ﬁ”?g“?g %‘%ﬁt@%ﬁ@%&%ﬁ%’@%&% %Og‘gf(ﬁa)%e%‘? ?Sh&gsélﬁ)sbon di oxi de to produce a
ci s-Arans- m xture of

N al koxycar bonyl - oct ahydr ocycl opent af70J pyrrol e-1-carboxylic acids,



iv) treating the mxture of step iii) with a strong base to produce an
essentially pure trans-

N- al koxycsiokzoryi2eémsat ahydr ocycl opent af cJpyrrol e- 1- car boxpCirasaciom 32689
formng a salt with an optically active amne; vi) crystallizing the salt;
vii) estepfying the acid provided in step vi), viii) renmoving the

N-al koxycarbonyl group to produce (IS, 3aR, 6aS)-/-butyl octahydrocycl opent af

clpyrrol ¢l 13?: ar pRocy kiati&y in/thddH ¥lil @&SBlze tﬂamarfo%@sﬂlbmm&m eCa\éﬁEd © the
am noester of step viii) with a protected am no acid of rmul a 26, 26

wher ei n %q@%m%%n@ﬁhﬂﬁaﬂh@&ﬁ?&i&Emﬂk%ﬂﬂmﬂhﬁofﬂﬁmﬂk%%ﬁﬂ?ﬁxﬂBc& RRURHINg
reagent, to produce an am de-ester of Formula 27, 27 x) renoving the

protecting fpgﬁéﬂu Prife ﬁﬂé?ﬂh{ak) Qn(?medﬁﬁ@é El?cf/or%aél"vs Qﬂl'e?é) A Qb S%kigtﬁ‘vetlﬂﬁ ofiM Nno

conmpound of Formula 28, reacting the am no conpoun Forrmul a 28

W th a profechRel Iﬁ%’ 1lﬂglu§eﬁt ofife, BRF R eﬁ(‘)%fozﬁgf% %Bng%rgco?g)l&aﬂS:}s hgsgnee of a

coupling reagent 10 pro a tppepti d Xil) renoving the

L AT AR Y R, R S o
For mul a 31 i nyA?%)' 42 &g&g&%@@c'edcm@rf&ek; BERRISRa0k) RPN

reagent to produce’ an-am ester 0
hydr ol yzi the ester o

f F t d
an. an o\ BBARTY o el %@“ﬁ%@%ﬁ%ﬂeﬁ@g? Sl it RO B Rept  de
d of F la 34 with h d f F | a, 43 4 th
ot esence ‘GO ?B%ffﬂ ARy g Oteﬁﬂlwgf.%feﬁ By Py f”%??d&%sﬁu@%fe For ml a

36; and 36 xvi) oxidizin e hydro group 36 to ce the
conpound SHPCFSFIAPHIA ap@%i@%latr% &@@tpregﬁ%f Fﬁ@%ﬁrpmar} A BT
process for preparing a conmpound of Fornula conpr|5|ng t he steps of i)
provi di n@naéfﬁlakp%h%?g@aw%h% a nixgyrg of Kyelo pagd %Aé“]wfl&ﬁ flqd) to sy GFEHE a
2-ani on of the N-al koxycarbonyl -3-azabi cycl o[ 3. QJoctane in the presence
of a chelbqarqd mytaigb it ordey fo) cqrradg aiys RAaG redrd eoﬁ*wg%betmn flict wheehpttbn

di oxide to produce a ¢ -/tram m xture of

N- al koxy aeprlnespl - oct ahydr ocycl opent a| cJpyrrol e-| - car boxyhc acids; iv)

treating the mxture of step iii) with a strong base to produce an
essentialé¥ ure trans- ) ) ) ) )
N- al koxy ¢&{t1ony n sEpampedieipetsobe fraplipy phBp abpsivampoRghio RET @bragiye f or mi ng

a salt wth an optically active amne, vi) ciystallizing the salt; vii)
est epfyi ﬁ@lcﬂehkooaﬂ@ﬂidb?)%%ﬂéé(él iithorg embagiment,ythe pyrayieqgrging grasens in this mix

N al koxycar bonyl group to produce (IS, 3aR, 6aS)-/-butyl octahydrocycl opent a|
c] pyr r ol endy-rgagehisap|akpet, 35/ tomaboyt Sepereqnt biyw)blmr@a@ft they dotalhmixbii.ey ek¢leding

am noester of step viii) with a protected am no acid of Fornula 26, 26

wher ei n 2oiositan laminetbepemoicdondngghgploraypye gmint ipeesgnt es éne miofmag ragagionng
reagent, to produce an am de-ester of Formula 27; 27 x) renoving the

pi ot ect i ngowgrddup aBodtrsdmetdast nvdenest g tothl mixef.ci, xxclbdnppodsige tihenamnm no
conpound of Fornula 28; 28 xi) ieacting the am no conpound of Fornmula 28

wi th a pratbedibedt, dri arganiichahd afiatdrat (ot are@9) ib-thiN GOy 2B ge fidee ajprued&nce of a
coupling reagent to produce a tppeptide of Fornula 30; 30 xii) renoving the
pr ot ect i ngo@rasuerént by tvbRindepgretht itelel @ix. For sdtier 3thbbdinfeni) diec erganié besd

am no-tppeptide of Formula 31, 3 1 xiii) reacting the amno-tri peptide of
Formul a 3naterisl td. pysiarinnkis 2ric afak @xipk ifonagiodt 3mtdt dbeutMogseRraeboiolame0fipl i ng
reagent to produce an am de-tppeptide ester of Fornmula 33, 33 xiv)

hydr ol yzitRgtota éi:€ S tnene @nbbllighciTibarctiRPaRbIhgEnie Sl 168 m@Eriff @ M Aix3Ray Be Pr oduce
an am de-t ppeptide acid of Fornul a 34, 34 XV) reacting the am de-t ppeptide

acid of EQEfUmBu4hirhde@froRMLORNY & So¥t m&een@foy Refume! @mbtht 44 tenofah e
presence of a coupling reagent to produce a hydroxy-tetrapeptide of Fornula

45; and45m%YH%aR&hQﬁ%ﬂBgmkH?ﬂﬁMﬁﬁ@%&mg%QﬂﬁcﬁﬁmﬁﬂﬁaﬁﬂﬁmﬁéI&Qnﬁ&%g%9ﬁ1the
conmpound of Fornula 4 [00112] In one enbodiment, the oxi di zi ng reagent used
in step xvi) is sodiumhypochlorite and the oxidation is carried out in the
presence of 2,2,6,6- tetramethyl pi pendi nyl oxy free radical (TEMPO [00113]

I n anot her enbodi nent, the oxidizingcreagent used in step xvi) is
1,1-dihydro- 1,1,1-triacetoxy- 1,2-b§nzoiodooxo|-3( | H) -one [00114] In one
enbodi ment, the process further conposes dissolving the conpound of



Formula 4 in an organic solvent to obtain a solution of the conpound of
Formula 4, and then adding an acid to the solution [00115] In a further
enbodi merwQ 20tve12e3gani ¢ sol vent i s nethyl ene chl opde, amrdTiuse01amB1H59 S
acetic acid. [00116] In one enbodi nent, the process further conprises
concentrating the solution of the conpound of Fornula 4 to obtain the
conpound in a solid form[00117] In one aspect, the invention includes a

conpound a@foufiQhd e 48R AEoRY t& Mouat p&@bent BEVANLAE BESRE HeRCHIaPREk f)
herei n[ 00118] In one aspect, the invention 1ncludes a conpound of Fornula 7

made by thRr BMBSESSntOf thPhARAhNINEMICEIR: Mafer@l H WEmRT mfMe ANG INARS-
octahydrocyclopenta[c]pyrrole | car boxyhc acids of Formul'a 7 descri bed

herein 7 ﬂl,;aQQa%@J frddd aeaﬁ 12386 Hut ?6 D& bR BEREAR (hAGHY @l{e&e M%H@}J ;wh@é

Fornmul a 8 mad€ by the process of preparing a conpoun of For mul

el udes T3 EerlodgiR oo AR gl ok ge?%?%(}::{gggm%w?eso T
racer ¢ bk gl kaprcap oyl - a?g%ai;y% @/@}q 9&%&3&@4@/ i1 flSedeanhpxefe acid

m xture as crib Reréin e as He |nve i ncl udes a
compound fa ancFeO\I;w § ot%erntalgers El)c{t 1nrc1le% FAREDT i of Aoty ?ar‘.'{:l 1803 Pnlljen tﬁe
For mul a y car oxy atlng an azabi cycl'oocC qhe 6 or descri bed

h DE t 0012 F f
T R T %ﬁ%ﬁﬁef%f @Fé%%%ﬂ%{?%eﬁl%'&ﬁ%ﬁ?f%&g? %]té%g{gaﬁ BTt he
P di Tabl f th El Hand k t d
Py cs . AT i AP g Ogﬁ@raﬁgﬁtﬁﬁ&irml qﬁ%ﬂ%@ga%% SRS Ty are

descri bed Thona Sorrel) in O anlc Chenj str Uni.ver si Sci Books,
Sausaht o V@R@@ gitio ahye Bs}lvmfjﬁevsmeﬂa ng e@&?%ﬁ‘*ﬁ%@%&a%mb @fl@l&?f%ﬂe
Chem stry, 5th Ed., John Wley & Sons, w York (2(X)l), the entire

cont ent s Titter{ghisdinthgrange of doyt h%éotpam%@éa @39 ‘ieélfllar ence. [00123] As

descri bed herein, conmpounds of the invention nay optionally be substituted
wi th one [§20kor 85 gaassienadiahers, insume rrodispeat jabrasie raicdel | e dermmlug-thiBove, or
as exenpllfled by particul ar classes subcl asses, and species of the
|nvent|oﬁma{@GTEK?Cm§ﬁﬁ@§ﬁwﬁéﬂ@ﬂnﬂ?ﬁ@ttEW%WmﬁﬁﬁﬁﬁéWF@m dhieorepatdedot he
terms al ky], al kenyl, and al kynyl, each of which is optionally substituted
as set fdet hdbeﬂletthha[ 0425 onnsbaus &% ive oedbaut 259 mig|aRg| 2 thigkedsp of sfsethan t 0 a
saturated aliphatic hydrocarbon group containing 1-8 (e.g., 1-6 or 1-4)
car bon atebos.2.53mmal kydthaycobpdiownts bide dtickaegghif thy wheeh mciverkcenBautdl ®mnof  al kyl
groups include, but are not limted to, nethyl, ethyl, propyl, isopropyl,
butyl, i saoéblbqplt 2.2srem- Hotvgtiqustegtbbdimenty) t,he rwhp@maly Ihaveranhaspftcy ka,tioohat ranges
2-et hyl hexyl. An al kyl group can be substituted (i.e., optionally

subst i t utfed) abéit H0aoebout I1HOr eTiesdb gindnsient make bigattied, fmdhliaheteg hbagivel
("Group J") which consists of halo, cycloaliphatic (e.g., cycloal kyl or
cycl oal kanide) 100hetlesuey Corairy ciphiad hspliciogs., Thetigtcady sl mdlckinbosition of the

het er ocycl oal kenyl ), aryl, heteroaryl, al koxy, aroyl, heteroaroyl, acyl (e
9., (ahpRaitictambbayden inCysbrRRNS/ith Cthe girkyemy teactiligs to provide significant

(het erocycl oahphati c)carbonyl), nitro, cyano, am do (e.g.,

(cycl oal kyttadnteytd eprdempatam no, aryl carbonyl am no, aral kyl carbonyl am no,
(het erocycl oal kyl )carbonyl am no, (heterocycl oal kyl al kyl ) car bonyl am no,

het er oar yh@al bopy| @tded RNeLiRr @R abkyilCarRanbatanaoml kel ardveeeasbany!
cycl oal kyl am nocar bonyl , heterocycloalkylanlnocarbonyl arylanlnocarbonyl

or het er QgmhAizh @Qw&gﬂﬂér)fron@ﬁ%&%nﬁcﬁmﬂ of g%hlp B@l‘i bﬁ:talme%nventlonal abrasive
cycl oal i phaticam no, or heterocycl oahphati'cam no), sulfonyl (e.g ,

ahphat i C-,3fdic) Arsihe! didies BHhJARWD Cotﬁl%htﬁdﬁéyforlﬁﬁl%ns LR QHERAY 2Rl EARPY!

sul fam de, oxo, carboxy, carbanoyl, cycl oahphati coxy,

het er OCy%rg?QRllaﬁ’ﬁté %ﬁ%}{aﬂn ?{113{ oﬁtxgefca&%t HE B3Y bR ¥en a{eaibl?ys \B)ﬁ%}éms and b

het er oar y1 dl koxy, xycar bony ylcar onyloxy, and r oxy. thout
limtat| erfa?ﬂP hE@%%%? &hfa %g%{h&%ffﬂe i&é%ﬁ'alsd Pa%Ll (9§ rﬁ%%&h‘% (such
as HOOC- al kyl, a oxycar ony I and al car ony oxya cyanoal kyl ,
hydr oxyal kyl , al koxyal kyl, acylalkyl aralkyl (al koxyaryl)al kyl,

(sul fonyl am no) al kyl (such as (aIkyI9-Sq 2- annD)aIkyI), aninoalkyl,

am doal kyl, (cycl oahphati c) al kyl , hal oal kyl . [00126] As used herein, an
"al kenyl" group refers to an aliphatlc carbon group that contains 2-8
(e.g., 2-6 or 2-4) carbon atons and at | east one double bond. Like an

al kyl group, an al kenyl group can be straight 0 1 branched Exanpl es of an
al kenyl group include, but are not limted to, ally], isoprenyl, 2-butenyl,
and 2-hexenyl An al kenyl group can be optionally substituted with one or
nore substituents selected from Goup J such as hal o, cycloaliphatic (e g.
cycloalkyl or cycl oal kenyl ), heterocycloallphatlc (e g9, heterocycloalkyl

T . - S o T . T . o



het er ocycl oal kyl am nocar bonyl , cycl oal kyl car bonyl am no, aryl am nocar bonyl ,
aryl car bonyl am no, aral kyl carbonyl am no, (heterocycloal kyl)carbonyl am no,
(cycl oal kybabioyi2yesar bonyl am no, het er oar al kyl car bonyl amPa®/US2010/032659

het er oaryl car bonyl am no or heteroaryl am nocar bonyl ), urea, thiourea,

sul fanoyl , sul fam de, al koxycarbonyl, al kyl carbonyl oxy, cycloaliphati c,
het erocycl oal i phatic, aryl, heteroaryl, acyl (e g.

(cycl oal lh@h@ﬁp&k%elaﬁawlth%e éﬁﬁﬁ§£&&ﬂ%k%%%ﬁb%}ti‘c@é benybdrdarRBWi@ the 9. .
al i phati cam no), sul foxy, oxo, calboxy, carbamoyl, (cycloahphatic)oxy, or

( het er oarvxhalglemémn{e%%%% S chSEERNET, 8 s bk de?e'?ﬁlﬂl‘éd R TRARSRS AP N
“ammocar bonyl " and "carbonyl am no " These terns, when used alone or in

connect i %013 Wid-Rc@nathe %ra (s%e th&if ﬂoumng%rg%fa'%g? o] %psuw@éneaa of the

-N(RX) - RY or - , en use termnnally, and they refer to an

am de. gr Bmﬁ%g icRYs atﬁﬁ@lﬁﬂ\«%ﬁﬁg caf? l; r'?g) a'bg:&tQ)O'O &Ly é'eﬁs‘?ﬁis to Q.B&.F[rigéd Y

wher ei n are es of amdo groups inc

al kyl am )(;lg%r(%gsuéﬂmﬁss %hﬂ%%ﬁ‘f brﬁ)ﬂ%{ '&%&PF% Tm)% %%hgﬂ%&?ﬁﬁ“l@r P)ﬂlé its low

(heteroc eroara oary

het | oal k d :
e YA S 8 BB e,
"am no"

h f d dent |
o oaen Cti?‘fﬁpdporﬁa{l?t@ubSE%?&P%%%%& d%e@y?%ﬁﬁ%ﬁa? Sl WE‘%& fhel BgEDERACNT Y
hphat het h het | hat hat
R gl S

(cycl oahphati c) car bony| hati c pha 0 Icarbonyl
(ar al i phatrape Qﬂr%%ﬂwc O(nﬂeag 65 Hphat 1&? E%?@? ALl BT
((heteroc cIoaI|phatlc)ahphatlc)carbonyl (heteloaryl)carbon

(het er oar ﬁ%&ﬁ%{ﬁ?sc%%ﬂ%%w stapfially It Gp toReRIUER AT e dnteréaces ﬁf %bﬁd%e' ng
optionally substituted. Exanples of am no ps include al kyl am no,

di al ky! ariiese: 5?0@?%/@&%“??6”@/%%% thymtoriaggm of gm%ns qng thedt supqunding ofg4eS  gr oup
(e g , alkylcarbonyl am no), is represented by -NRX- Rx has the sane
meani ng é@n@éﬁﬂh@duﬁ%@v@Vd[QOWQDFH%Btmﬁéﬁn%éﬁéﬁwﬁ wepken (/| typigpl dhgmaked

al one or as part of a larger noiety as in "aral kyl", "aral koxy", or

"ai yl oxy ale¢apipositien demparauicoefody efgaeic (kong matgyipd p¢h) as i igyie| i S0P edegrees

i ndenyl , napht hal enyl, tetrahydronaphthyl, tetrahydroindenyl); and
tricycli ECefseusyand élenwrkbnihe grany ahtlidlok] pdl-eutyand fdl fromtthakhytico émtehd atenyl |
ant hracenyl) png systens in which the nonocyclic png systemis aromatic or
at | east bome sghdiyherom mgshiongtathbitgpicdliattrioon procesy.clTihe apragive ypgicknformedar omat i ¢
The bicyclic and tricyclic groups include benzofused 2- to 3-nenbered

car bocychonr ithegghov&descaainfuranlagoh eutfoad fioedlegr gtam pultbudesaphanyd 1kused
with two or nore C4 8 carbocychc noieties. An aryl is optionally

subst i t utaghcbrwilyt 4Tfcotee b thefilele gradiiion o irerfigadvfalse @hinphatthar (@rogndingl Kyl ,
al kenyl, or al kynyl); cycloaliphatic, (cycloahphatic)aliphatic,

het er ocy eba@hbRRatdue to th etdReNe kealibmhhatiiay aphakilt inRFydial theiedaar yl |,

al koxy; (cycl oaliphatic)oxy, (heterocycloahphatic)oxy; aryl oxy;

het er oar yb@ry; CampdredRAthk Groxyr, thé ebedieaiabph adcbfiX; endfo@ientsNgtRs oar oyl ;
am no, oxo (on a non-aromatic carbocychc ring of a benzofused bicyclic or

tricycli gratmlihvenRbd bR, no@@a\k&%}y affdlled By @6Mal (e Badhtion 3B ahGERTTQRY! ;
(cycl oahphati c) car bonyl ; ((cycloahphatlc)ahphatlc)carbonyl

(ar ahphatgh.g) Gl %Wéurroﬁﬂ@ﬂge(;rgﬁl\f&ﬂ)&ﬁma{a'l Béc%@sretb@ ¥l dimensioning of the wheel

((heterocycl oahphatic) ahphatlc carbony heteroaral|phat|c)carbony );
sul f Ony! a(l@ fornﬁhdtﬁﬁ%r {hg 9?(%%2&) % crﬁ%é er(a%thgr i¢ fillers. In
allphatlc S(O - or cycloal any e.g., |p atic-S);

cyano, %Ialcﬁ’culgy Qtrl‘%arx@r%en%ﬁr%aﬁggg% éhsa{‘ hfe AR of HE Q&rv[e tf(lf:igl‘rgl ‘f.%ﬁl% fo@ﬂ{)afti%ﬁ?%&ted

sul fam de; or car yl tively, an ary stituted.

[ 00131] | i f S e a (e g.
ono- | NB&/ asc{lpg eﬁ@ﬂ%ﬁ ﬁécloglg 1:11(?1 (Efltﬂéj%c??? ?ha't Fé%ll’fjlql &%Lﬁ) éf}‘ ct
(e.qg., (alkoxycarbonyl)aryl ((aralkyl)carbonyloxy)aryl or

(al koxycar bonyl )aryl); (anido)aryl (e.qg., (aninocarbonyl)aryl,

(((al kyi am no) al kyl ) am nocar bonyl )aryl, (al kyl carbonyl)am noaryl,

(aryl am nocarbonyl )aryl, or (((heteroaryl)am no)carbonyl)aryl); am noaryl
(e.g., ((alkylsulfonyl)am no)aryl or ((dialkyl)amno)aryl);
(cyanoal kyl )aryl; (al koxy)aryl; (sulfanoyl)aryl (e.qg.

(am nosul fonyl)aryl); (al kylsulfonyl )aryl ; (cyano)aryl;
(hydroxyal kyl )aryl; ((al koxy)al kyl)aryl; (hydroxy)aryl,

((carboxy)al kyl)aryl; (((dialkyl)am no)al kyl)aryl; (nitroalkyl)aryl;
(((aIkylsulfonyl)anlno)alkyI)aryI ((heterocycloaliphatic)carbonyl)aryl;



cycl ohexa-di -enyl, cycl oheptenyl, cyclooctenyl, hexahydro-indenyl,

oct ahydr o- napht hyl , cycl ohexenyl, cycl opentenyl, bicyclo[2.2.2]octenyl, or
bi cycl o[ 3we.20jmasesayl . A cycl oal kyl or cycl oal kenyl grogpTa®saolos3zspei onal |y
substituted with one or nore substituents selected from G oup J such as
aliphatic (e.g., alkyl. alkenyl, or alkynyl), cycloaliphatic,
(cycloaliphatic) aliphatic, heterocycloaliphatic, (heterocycloaliphatic)

al i phati Grat3bWirs thetRRAME 1at ThK M fack ©Y GhO B LtEs03M, the bond. This
(heterocycl oal i phatic)oxy, aryloxy, heteroaryloxy, (araliphatic)oxy,

( het er oarglitRRal e bRop¥nsitd tEMthmpdHe HRFRAIONhdatiBIt I Qcu@Th Qi &t @ the use of
(ali phatic)carbonyl am no, (cyc?oallphatlc)carbonylanlno,

((cycl oalgROaliye)rlchPRALrG) LD ORI LRAB FeackiB] ¥ hE FbRRMORATLARlations, it
(araliphatic)carbonyl am'no, (heterocycloaliphatic”arbonylam no.

h Ui : i . N0, b i no,
((heter ogyc 59&] foﬁﬁgftﬂaﬂl% éegeie%d Gl %@?HMI@H} fR ab%b@%d%ﬁt?%ﬁé%b}aﬁﬁé&%@?ﬁ am no

or ((heteroaraliphatic)carbonylam no nirtro, carboxy

al koxycar Vil,. O y I % ((e ) .
(cycloalf%ﬁgf%c c%¥ %ny$§a%€3§ﬁb§§¥%23?§gfmé$?%%gpfgsgg?ﬁ%%§Pr@mmmﬂ
(araliph%ggg car.h le, (heterocycl oal i phati c) car bonyl,

((heterocy@lo%]Pﬁeatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl),

., h h s to,. | f I . 0..,. alkyl -.SO -. | - SCo-),
o Pyl Toan o G TR it 20PE Sy ntigy Bt uigh e Rl 4 en
t hi our ea, sulfagn or car.banp As .used.herein

“oyol ¢ II?J%%;PW e EE\?; i R P ?I;Iﬂ’awffe,thajé?re%ab%%l%gf?‘%%ﬂ%w & 1%, 2jpn o
i i i . 0013
ot o o Yot heles B B lgliehiatls ohsltee oahabirmies ol Sowb et duy basiiy,

group and a_heterocycl oal kenyl  group, each of which bejng optiagnally

subst i t uttElalomaed ackeing teEeaiiof ord haro veay lanesephsr ef grainpullipst Bleicdlél oal ky! "
group refers to a 3-10 nenbered nonoor bicylic (fused or bridged) (e.g., 5-
to 10- merfHerb@siprivticlyrvig] dhie meny geinmatleyt foky il aet pedorm pvalhipeh one or
nore of the ring atons is a heteroatom(e.g., N, O S, or conbinations

t her eof ) comgayeptleyilbhavg aiberter Bfeyppbal kyl group i ncl ude pi peridyl,

pi perazyl, tetrahydropyranyl, tetrahydrofuryl, 1, 4-dioxol anyl,

1, 4- di t hile@®#H m@)nmhtismltaﬂselcmmé@@i/ﬂdgsﬁwe artsadcdewniig§1G. 2nbip Rchewsyd |

t hi onor phol yl, oct ahydrobenzofuryl, octahydrochronenyl,

oct ahydr atibioghl onesa BP0 obat dbnsthe aitivtiofoythed ascording do epfadimelitngfl the present
decahydr oqui nol i nyl, octahydrobenzo[]thi opheneyl,

2- oxa- bi éayehtd2. & shbwetiy FIG.13; teabhbicy eftio]eXo@ned]aoadrying t@eralzabnaycoiahe 3. 2. 1
Joctyl, and 2,6-dioxa-tricyclof3.3.1.0 3" 7Jnonyl. A nonocyclic

het er ocy pr@edtkitentsrohp sgaifichetlyf fesedgmaint gullaoup helny thamdicetoyveticdul alsrasive

t et rahydroi soqui noline. A "heterocycl oal kenyl" group, as used herein,
refers tartiklodho®n ilOFIQRCWitheugh@ogall ofShe §rdinpAH-orelinddaragchipiiiphteddn Fid. gycl i )
non-aromatic ring structure having one or nore doubl e bonds, and wherein
one or nofigcledr thAiéhdid 419 sighiBibEntlly Fevder Reli€FORLHA M IcEindhis fidure@anQh F1&}..2.
Monocycl i ¢ and bicycl ohet eroal i phatics are nunbered according to standard

chem cal [p@3BNCBRadauicehe bIOAIAD]tiAc REFRT. BG4S lsifgailﬁka&lﬂy%w@e%ﬁﬁ paMeloRlikeny!
Su

group can be optionally substituted with one or nore stituents sel ected

from G oyps Jrfie Bs @8scBbéPRGEInCpdrRnds cuflhl Yperadbisehdtes afd 1A&KMAYr) than
cycl oal i phatic, (cycloaliphatic)aliphatic, heterocycloaliphatic,

( het er ocyghRaHibRNA AR f mALWbmed ©F BErRA N hoe oRhK DN sive article is the
(cycl oal i phatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryl oxy,

(aral i phatd ol aG0CURE Ot APORGHE O WhcriBl Pidrein IELREAR QY houfffl 1R &M dO
(e.qg., (aliphatic)carbonylam no, (cycloaliphatic)carbonylam no,

((cycl oal j o i i -bo, 1 no; 1 .

(arali pha"il%) ?‘c @%: %?%18%51 Iag%ﬁ%lﬂc{gb%ﬁ@?ee@g%ggngﬁg%ﬁ‘g%é%%@g?bo ylﬁg%mg%g?lmum
((heteroc i i i ti . 1 er. I b | am no,
or  (hot orbar oy BRar P Stbaf b B i R o e SEhEAR 1L B0

al koxycar bonyl, or al kyl carbonyl oxy), acyl ((e.g.,

(cycl oal i phati c) car bonyl , ((cycloalirhatic) al i phati c) carbonyl,
(araliphatic)carbonyl, (heterocycloa Iphatic)carbonyl,
((heterocycl oal i phatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl),
nitro, cyano, halo, hydroxy, mercapto, sulfonyl (e.g., alkylsulfonyl or
arylsul fonyl), sulfinyl (e.g., alkylsulfinyl), sulfanyl (e.g.,

al kyl sul fanyl), sulfoxy, urea, thiourea, sulfanoyl, sulfam de, oxo, or
carbanoyl)). [00141] A "heteroaryl" group, as used herein, refers to a
nonocyclic, bicyclic, or tricyclic ring systemhaving 4 to 15 ring atons
wherein one or nore of the ring atons is a heteroatom(e.g., N, O S, or

T " Y 2 % o . o o o,



145] Non-hm ting exanpl es of substituted heteroaryls include
Io)heteroaryl (e.g., nono- and di-(halo)heteroaryl), (carboxy)heteroaryl
, (aWbanwmamb@nyl)heteroaryl) cyanohet er oaryl ; amroimatSesioaseso (e. g.
Ikylsulfonyl)anlno)heteroaryland((dlalkyl)anlno)heteroaryl)

do) heteroaryl (e.g., am nocarbonyl heteroaryl,
| kyl car bonyl ) am no) het er oaryl,

a
((al kylpam-pahpk Ky0 (AihnQ ljﬁél&)éis) hﬁﬁ)erﬁ%e)’élamped by a vise. The number of
(het eroaryl )am no) car bonyl ) het eroaryl,
h
a

et er ogy&hbost élﬂ@%hcth@rvmwga%aﬁél@ﬂﬁé’ {h’en Qbunted and recorded into a computer
Ikylcarbonyl)anlno)heteroaryl) (cyanoal kyl ) het eroaryl ;

| koxy) R Wltﬁ Shd fd?amelr)&eﬁlg -8 Eﬂ(/l: Al 1 An xpenenced operator then
nlnosul onyI eteroaryl) (sul fonyl) het eroaryl fe g.

| kyl sul aqapm PSIGEO3EM o Al Y Abll) e sr?@rﬂlrx e opprtipns on (e

| koxyal teroary I oX teroaryl; ((carbox het er oaryl ;

(di al kyldaniaohaliy! ) heter o P ltion (s gﬁ NN eaa\lv{ﬂp AR bSAdAE LIRS Yhe
yC:EalgglfohC? anfaoary hetroal " ul-f o al k oaryl;
)(/Znog.l levarhe c)urrent ?)t rynd%: LR a(%’tn‘fle é&nn&kﬁ{e fes Hkgy n?’he) 1 stlné % Ee al y

00
ha
e.
(
am
(
(
(
(
(
a
a
a
a
(
c
(
c eroary het er'o | car eroaryl);

[
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(al kyl ) het er oar eroar

L AR i) flﬁg[%%iﬁ KOEHERERNAnd Fuflugmie i gpmesureg and

het er oar al k ed herein, refers t an a ti droup (€.g., a
- ol Ky gy ot Watgﬁt o BB Whrkpice A I%WS%;W @rrs‘zﬁ!s SN Phat] ¢,
aIkyI nd ' heteroar%] have been d fine @@%POVG 001471
"het er oardf KSA™PUETF oWHe aSibis A HRREIRRTTY (RREADL ooty APRYgR sy,

a - alkyligroup that is substituted with a heteroaryl group. Both ' aIkyI
and " het &vasERY Fémayal mtey AR arrd; wiss! wegviate (W WRY-e TBa Altiegtion leylssdhal | v
substituted with one or nore substituents such as al kyl (including
car boxyalAbyel uterﬁr&a@& Dafwiding MRE byaWEER k1 highge Abgpdute (G- ‘I‘tl?dfl@ﬁ*é%@}i“)the
al kenyl , al kynyl, cl oal kyl, (cycloal kyl)al kyl, heterocycl oal kyl,

(het er oc;?éllf@mak‘}q()é qaprasivgegticle inBetisr.oar yl | al koxy, cycl oal kyl oxy,

het er ocycl oal kyl oxy, aryl oxy, heteroaryloxy, ar al kyl oxy, heteroaral kyl oxy,

aroyl, héf@obar bl Relpfivier(oRaamhashyis thgirktioxof dlzer dlesalpre Gdiaky bEahrisongyariants

am nocar bonyl, al kyl carbonyl am no, cycl oal kyl car bonyl am no,

(cycloal&yHamkvﬂ%c&mbéhwhmnKthkapﬁh@aﬁbanyk&nﬂn@@k@naﬂkylmﬁdﬂ@wyluanino,

(het erocycl oal kyl ) car bonyl am no, (heterocycl oal kyl al kyl ) carbonyl am no,

het er oar ybmparb dmypeefimnmoce dfsthersivaraicky. Hardoothy RalaiiveoG-Rayiandabrisateaytidiy dr oxy,

acyl, nercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfanoyl,

sul f am de\ isolx 0A highec Belbann@giRatip QitlichB]s thea bas@etfemeintg ingproveaeyt Hasdicaup

refers to a fornmyl group or RX-C(O - (such as alkyl-C(O-, also referred to

as "al kylobaideonykin} thhsipedach Rkhanden ddtdeplined higi ehclderive efticefdmprdeiéteduis| y .

Acetyl and pival oyl are exanples of acyl groups. [00149] As used herein, an

"aroyl" @kingh@t elbors-aybd fo@fuliiond GadRedtiyt -CRos @fat arhgkRtc@anyl 1000 -. The

aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally

Substi t UtERAmARs BEIGWI AL liat ik ipd@shle IDOERIR oASivel TLRalETBIR thad Rangd I fHaXY "

group refers to an al kyl-O group mhereln aIkyI has been defined

previ ousl¥edt QL3 kbouNs gqused herein, a "carbanoyl" group refers to a group

having the structure -0OCO NRXRY or -NRX-CO O RZ wherein Rx and Rg have

been defimggd,Rbove and Rz can be aliphatic, aryl, araliphatic,
heterocycloaPlphatlc het eroaryl, or heteroarallphatlc [ 00152] As used

herein, gy)&ar b‘? foll%vﬁ%ﬂor&%le%%’tkglar Qggfyllqs PR ve afithe %“i(!_rlmed QIR X when

used as a termnal gro or - O O when used as an |nternal
group. a "hal oal i phatic" group refers to an
aI|phat|39é§%%%ﬁ§ﬁ%§$§¥%§%§kgﬁth 1- 3 hal ogen. For instance, the term

hal oal kyl Bﬁ{qdes the group -CF . [00154] As used herein, a "mercapto"
group re ars 1o - SH. [ 00155] As used herein, a "sulfo" group refers to
-SG8H or -SU3RX when used termnally or -S(C» - when used internally.

[ 00156] As used herein, a "sulfamde! group refers to the structure

-NRX- S(O) 2- NRYRZ when used terninalF@ and - NRX- S(O) 2- NRY- when used
internally, wherein Rx , Rg , and R have been defi ned above. [00157] As
used herein, a "sulfonam de" group refers to the structure -S(0O) 2- NRXRY or
~NRX- S(O) 2- RZ when used termnally; or -S(O 2-NRX- or -NRX -S(0O) 2- when
used internally, wherein Rx , Rg , and Rz are defined above. [00158] As
used herein a "sulfanyl"” group refers to -S-R when used termnally and - S-
when used internally, wherein Rx has been defined above. Exanpl es of
sulfanyl include aIiphatic-S— cycloallphatlc S, aryI S—, or the I|ike.
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[00172] In general, the term"vicinal" refers to the placenent of
substituents on a group that includes two or nore carbon atons, wherein the
substi t uewbD208rReBlt ached t o adj acent carbon atons. [00PZ3uskeromsrsey al , the
term"gemnal” refers to the placenment of substituents on a group that

i ncludes two or nore carbon atons, mherein t he substituents are attached to
the sanme carbon atom [00174] The terns "termnally" and "internally" refer

to the | oe@gi ONOfhisPex@hPIP albdile BtisklS Forkid@Rtith e AbARMOLR foRAUTARAl When
the group is present at the end of the substituent not further bonded to

the rest Qfut DeeBERLERIZET St gﬁam%n@&f(%ﬁh Kidut 25 18- of RAGERET 131;%({5}/ I is an

exanpl e of a carboxy group used termnally. A group is internal en the

group i s ,BLESE %’ralﬁs whi'8adth ddfoea Qﬁlmﬂg %Hpéﬁlklt u@\@ UedsP ofid Ptola@ssﬁg qlq(afd Lhe

substituent bound to the rest of the chemcal structu yl car boxy

(e.g., al&%ﬂ)’d&lar a)o the 3 |g9a'irlsa| ]{—/Ié/r n&%:pg li)ﬁ @fg%rh%é(s &k 9&%8%10 til aBkasive

al kyl - ary e exanpl es of carboxy groups

U.sed | nteERal ok 993l @V#weth%@t% 108t PXBIDE anflf OB, LRRLAESRA mono-.

bi-, and cyc I'c ring oal
heterocycloal phatrc et er f whi ch _has n defined
Cbove. | OOTTRIe AL sl v, IR .T%gedxttr%@‘ﬁ § St amssrvglmkfheﬁe% i< (o a

bi cyclic heterocycl ] ahtic ri stem or ic C allphatlc ring
system IRV e Ssraéatsfrfﬁégaytoeemh R A AN o SR
syst ens |nclud§[glle aEre not. Jimted adanantg norbarn g

bi cycl o( MBS TsVR PGS s 298I Wthe B"}‘]&%/‘E‘Ft ?‘}3/353? OPHGypal abrasive

bi cycl o[ 3. 2. 3] nony I 2- oxabj cycl g 2..2. 2] oct abrc cIo 2] octyl, 3-
azabi cycPH[%: fuila&ét i cXapIcp (b é&a&%&%t thgldﬁﬁ%“bﬁ 1moUs: trah%unl Ar bri dged
bi cyclic rrn% stem can be optronally substituted with one or

subst i t uéntos; ghét advhighyly [incorneEatery Py g frgnasoR i safirety-nyide &W%Sreprof t%\‘hd

hal oal kyl such as trifluoronmethyl), alkenyl, alkynyl, cycl oal ky

(cycl oal RD1ayiag Rificle wet &2 0By b dRRrgier Withek e%élv@me%ﬂ Ko aérrfeymancar%f |the

het er oaryl, al kox cycl oal kyl oxy, heterocycl oal kyl oxy, aryl oxy,

het er oar ybwsiye aawél wigh gwyaborefasmplation kgt tpxipd and eiyrllielahet &r Radiodgpmpaipd r o,

car boxy, al koxycarbonyl, al kyl carbonyl oxy, am nocarbonyl,

al kyl car batiyi atnil\rmt,ior@y@br@eiwwt@h:r Hothy |sami glomension) was 2.2. The performance

(cycl oal kyl al kyl ) car bonyl am no, aryl carbonyl am no, aral kyl carbonyl am no,

( het er ocywbwatrkgit weardoo ny thanfeetghat (the thermead et aaiokiyibm oK yHe) pyaitdodydedthaio,

het er oar yl car bonyl am no, heteroaral kyl carbonyl am no, cyano, hal o, hydroxy,
acyl, neroaptoyreadtkiyié sntbiffavaydf, ths wbfasvy , graineand thwilosreandisg lofgmizybgnd,

sul fam de, oxo, or carbanoyl. [00177] As used herein, an "aliphatic chain"
ref ers t ocsaltihgamdhgdvalr grsinraicglitin @aldi lpi@t ik, gabhupglh ehig discladuky/1s ot oulxs,

al kenyl groups, or al kynyl groups). A straight aliphatic chain has the

st ruct ur dimife@Hy px6fferathRecicy, if is cdnt@mpléted franwhatthatdnpoatire isdhighcnthas 527
straight aliphatic chain that is substituted with one or nore aliphatic
groups. Reeamenad, atdoptpatition e gyfitehasl bbehs tdothGtatt BrocéSHdevio thoeligh Q IS
hydrogen or an aliphatic group; however, Q shall be an aliphatic group in
at | east apiatibneicance. The term aliphatic chain includes al kyl chains,

al kenyl chai ns, and al kynyl chai ns, where al kyl, al kenyl, and al kynyl are
defi ned QQQMER2[00178] The phrase "optionally substituted" is used

i nterchangeably with the phrase "substituted or unsubstituted." As

descri beqodey el thﬁ%ﬁfg‘l@da% e@stastv%nrctwttt foRtfe L@t BRLLORAIN BRnAMRRL I t ut ed
with one or nore substituents, such as are illustrated generally above, or

as exenplif,i.eek BY oP ehbd:ﬁlj ﬁfseéﬂle@§ﬁleg%l alﬁh’ll?r?l ﬁiséhefbras?%dgr s &34 info

i nvention. As descri erern € varl a Ies R, as we

other va Iﬁ&ilﬁlrg%gmalﬁé}‘:%\rmgﬁ ng BF‘o%Essl %h%ﬁf&%% tntﬁ);dﬁ&d?(ﬁth@ g, al%?t a{%‘éhrs U”' ess

othermnse no eac e spec groups

and %s i K%rﬂeﬁgkv% &R bmﬁfe%'rﬁn.cﬁﬂo&% @%@)d{; YreSiH, %tohtté"t ed
mnth one st uents escri bed herein. tuent
specific group is further optionally substituted mnth one to three of hal o,
cyano, oxo, al koxy, hydroxy, am no, P{tro, aryl, cycioaliphatic,
het erocycl oal i phatic, heteroaryl, haloal kyl, and al kyl. For instance, an
al kyl group can be substituted with al kyl sul fanyl and the al kyl sul fanyl can
be optionallysubstituted with one to three of halo, cyano, oxo, alkoxy,
hydroxy, amno, ntro, aryl, haloal kyi, and al kyl As an additional exanple,
the cycl oal kyl portion of a (cycloal kyl) carbonyl am no can be optionally
substituted with one to three of hal o, cyano, al koxy, hydroxy, ntro,
hal oal kyi, and al kyl When two al koxy groups are bound to the same atom or
adjacent atons the tmo alkoxy groups can fornta rrng together mnth the
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t he scope of the invention Additionally, unless otherw se stated,
structures depicted herein are also neant to include conpounds that differ
only in twe?2preeessse of one or nore isotopically enri chedTaiSeos/03566
exanpl e, conmpounds havi ng the present structures except for the replacenent
of hydrogen by deutenumor tritium or the replacenent of a carbon by a C
or C-enpched carbon are within the scope of this invention. Such conpounds

ar e usef yh of AT SXAMRYUL .10 A% FRENE (Ve préRRIdSin OF scPiPRaSixind Bh@lnegi ¢ad assays
[00183] As used herein, EDCis |- C)dlnethylanlnopropyC)S—ethyIcarbodllnlde

HOBt is iyl 6{’9}{9%}&%6 ?@é%lﬁr thEHEHE rbstn NadY A QIMERHGE kdHafRkdEontaltdr d S
tetrahydrofuran, TFA is fluoroacetic acid, DCMis dichloronethane, DVAP

is 4-di m%ﬁ&%ﬁ%@i?@%de?%sﬂ? PAR BRApirie ﬁilhﬁl‘éprﬁl@b{ 'ﬂ?et Jtﬁ‘is%‘a?tﬁvle WFedrSied

di et hyl f or mam de, ‘t pf fuor oaceti ¢ acid, and

ben/yl °X>éﬁé‘té§88¥ltlme§,%g Il %é gongen%oﬁaltaﬁ}a&%%@té'Ml&eha% Vi Ohned 00184]
As used herein s for proton nuclear magnetic resonance,

TLC standg rTh%m) e X%fth%%&ﬁ% QLR elxamF SQ&a?%%?%n?fﬁ%Anﬁ'ettegr\ﬁﬁldf at es

[00185] I'n one e i nvention roce
|nterned|at rln d of Fo as outlined in Schene |
56 7 5 (TAd) <8ty pl'te%ﬂ b Refedindl rdirii g rtef st hproWient B

3-azabi cy, of For nmul Chim Acta , 42, 67,
(1959) i %%L@*gsffg RS ﬁl&tﬁ‘tlé‘ﬁ‘f"énpattlﬁy’i‘ @3}6@3{9&% ey bbbl o
IS, ty i.sobut Sln known net hods. See, . e.g., T. G eene
i B & MRt hratte gL M eRg Gespnis e sEdt dapigh onn
Wley and Sons, .Inc. (1999)[00187] Carboxylatlon of the N
aIkoxycaﬁﬁ%h??“@oﬁfﬁﬁt@9%¥ F@ 3.0]octane of Fornmula 6 is achieved by first
formng a 2-anion of Formula 6 in the presence of a chelatlng a ent (for
for mat i on0G0] si g llowhiggnevidesgicongpaptive pgipple of gn abrpsiysaficle dpt fogped © 5
Og. Chem, 1998, 63, 2; Donald J . Gﬁllagher et al., J. Og. Chem, 1995,
60(22), roordirgyPmbHimertsTiesarbed bekinet al ., J. Am Chem Soc, 1991,

113(25), 9708-9710, Donald J. Gall agher et aI., J. Org. Chem, 1995,

60( 25), SonBaplsyExagde Pet er Beak et al., J. Am Chem Soc, 1994, 116(8),
3231-3239. The 2-anion of the al kyl carbamate of Forrmula 6 (not shown in
Scheme 1)0§3d] pr bpthiscekappla, razbrasihve asticle oap demgd ofittFthenablore-8oted ebragivast r ong
l'ithium base (e.g., r-butyl lithiumor secbutyl lithiun) in the presence of
a conpl exrawy tagenth differgnt, actiee fillemetlhyheichiyt, ehedidntbnef AOs;-ZrO, abrasive
tetraet hyl et hyl enedi am ne, tetranethyl-1|,2-cycl ohexyl di arni ne, or

3, 7- di pr @pah bidnded vdihaabati 25yied @nBondcrystalohladedbrisivezran whadlded aypr omirgng ol vent .
Suitabl e aprotic solvents include, e.g., f-butylnethyl ether,

t et r ahydrcofitaihem , Harid, dxmesmmmydmhmmemnSmb&é&ﬂenbhyeamhﬁvégmnudﬁwameornula
6 can be treated with carbon dioxide to give a racem c m xture of

t r ans- | cidéffezence deth@ay the doratilai®on &f thixogxatph afd \WrefoerhilatidneabbiainSExamipi-1 r ati o
is 30 to 70, 40 to 60, 50 to 50, 60 to 40, 80 to 20, 90 to 10, 95 to 5, or
greater tamha8nlyone typeQPhEBle filrr, T iehhbdbsRNbEMulthS. coapkexim@wagent nay
be optically active, such as, for exanple, an optical isoner of sparteine.

An opti cabl i 86 tbrRil£eAP treffdrh@laagﬁmt riams bNEdERr AsaTEtabb® 18abbPPARL i on to
gi ve a product having an enantioneric excess (e.e.) of fromabout 10%to

about 95%cSpRpartd th a sERMMKe BlixiAd contalner O'the FHRRM of h3WBrasifP grBl 4&n8A54) . The

trans-/cis- mxture is equilibrated to give a predomnantly trans acid of

Formula § ‘M&%Qh r\w]?s;ﬁou}é'dafﬂ% i §epafa@et Ehdifer89 hiR @Qh pg@dérore;igtang@ﬁﬁo S5, or
greater than 98 to in the presence of a suitable base. Suitable bases

i ncl ude, riy@ro. Hrich MeBRY qar%tetwtsgméd%tza ge?teditﬂ LR HbhSOR fRylRTfle.
lithium 2,2,6,6-tetramet hyl pi peri : I n anot her e dtnent the
use of 3, ro [.3: 0 t i
I S R S R e S I S L
i Soner.s..o 9 I dj d
obV|ates‘fﬁeﬁégﬁiﬁgg%%%ioﬁhi %§mn§dg%g§?(iRalggg%H?é&ﬁr% J%e of hﬁ%%p
conmpound of Forrmula 8 may be resolved to provide a single enantioner of
Formula 9 . Known net hods of resolvigg racem c am no acids may be used and
i nclude, but are not limted to, crysStallization of an optically active
am ne salt, preparing a 2-carboxylate ester with an optically active
al cohol followed by crystallization or chromatographic separation, and
preparing an optically active Nal koxycarbonyl derivative followed by
crystallization or chromatography. In one enbodi nent, the (R
a- am noet hyl benzene or (S) |-am no-1, 2, 3, 4-tetrahydronapht hal ene salt of
conpound of Forrmula 8 is crystallized to produce the am ne salt of Formula
9 [00191] The free aC|d of the salt of Formul a 9 obtalned by extractlon

o o I o Y



Schene Il OHNOOGCHHNJI J I CbzHNv J O CbzHN H I 19 20 21 OH OH Cb/ HN
CbzHN OH 2N <] V - 110 22 23 [00196] In Schene 111, the

met hoxymewbybewmi2és4of Cbz- norvahne of Formula 20 is preparas2iyp/osmact i on of
Cbz-norvahne of Forrmula 19 with nmethoxynmethylamne in the presence of a
coupling reagent such as, e.g., EDC. Reduction of conpound of Fornula 20
with a hydpde reagent such as, e.g., lithium alum num hydride or

dnsobut yl,ga4ikt RHRRYArthdeaid ddndh@OPekaAt Hie RSN the?fbrflfveantflld Or QfaiPr ovi des
a norval mal compound of Fornula 2 1 Preparation of the corresponding

cyanohy dp&eRfon Q! #B4 lifpré e inShEGRicQ¥AadlY FrEAGIE 1 MPcLAMRO LR 1R mk U R 21
with an al kali netal cyanide such as, e.g., potassiumcyanide, in the

presence 40f ,@Alcak h@lgdgtg@%@ﬁngt%gﬁ%‘fi te such as, e.g., sodiumthiosulfite.
Hydrol ysi s of conpound of Forrula 22 in the presence of HO in a suitable

sol vent as j : I t . from
about 507§%B§0 ?Q@e%%’F%Qﬁéﬁ?gwiﬁ%gg%%ﬁﬁgggﬁﬁ¥ﬁg%§@g%%ﬁg@g?ﬁé 5§§%exanoic
acid (not_. i.chy: i ted.t,0 t ri i . 23 by
PR L T S i o R L L e L
prepared f.rom.c und, 23 . by .reaction with .cycl opr |l am,ne.in th resence
of a couﬁwpﬁﬁmFggggﬁ S?ég Hé%?‘%%gigﬁﬁg%fﬁﬁ%ﬁ%b%ﬁnggx?%gh%b?wé? %%e 0 give
a conpoun?.of Foqnq*ﬁt18 i s @chheve under anmn redggingéc ng%tionf such
as, e g. SHUPSIERTIH 19 Ry ChPL SERROUILOBA 48T HR EaFary “‘?‘6 57" n

anot her egq%gi nt, as illustrated in Schene |V below, a cycl opropylam de
of For mulIPA™8"S*OSYFepared using the Passepni reaction (see, e.g., A
Doeming et al., Angew. Chem, 2000, 112, 3300-3344). Schene |1V [00198]
Referring to Scheme 1V, reaction of Cbz-valinal 21 with cycl opropyl

i socyani de of Formula 25 (avail abl e from Gakwood Products, Inc., West

Col unbia, SC 29172, USA) in the presence of trifluoroacetic acid,
optionally in the presence of an asymmetric catal yst provides the

cycl opropyl am de of Formula 24. See, e.g., Schreiber, et.al., Og. Lett.,
2004, 6, 4231. The internmedi ate tpfluoroacetate (not shown) is hydrolyzed
durng isolation to yield conpound 24 directly. Renpval of the Chz
protecting group to give the conpound of Formula 18 is achi eved under
reduci ng conditions as previously descpbed.[00199] In another enbodi nent,

t he hydroxy-acid conpounds of Formula 23 nay be prepared according to

met hods described in US. Patent Nos. 6,020,518, 6,087,530 and 6, 639, 094,
each of which is incorporated herein by reference in its entirety. [00200]
Al t hough the processes shown in schenes |1l and IV above illustrate the
synthesis of a specific conmpound (of Formula 18), the processes in schenes
1l and IV can be used to produce other conpounds of Formula 2 . [00201] In
anot her enbodi ment, as illustrated in Scheme V, this invention further

provi des a process and internediates for preparing a conpound of Formula

4. Schenme V 34 [00202] Referring to Scheme V, a bicyclic am noester of
Formula 1, wherein Ris tbutyl, is reacted with a protected amno acid of
Formula 26 (wherein Z is an am ne protecting group and can be renoved under
acidic, basic or hydrogenating conditions different fronthose used for
renoving an R protecting group) in the piesence of a coupling reagent, to
give an am de-ester of Fornula 27 The protecting group Z is renoved from
the am de-ester of Forrmula 27 to give the am ne-ester conpound of Formula
28 [00203] Reaction of the am no-containing conpound of Formula 28 with the
protected amno acid 29 in the presence of a coupling reagent gives a

t ppeptide of Formula 30 [00204] Renoving the protecting group Z in the

t ppepti de of Formula 30 provides a fiee ami no-tripeptide of Fornula 3 1

[ 00205] Reaction of the am no-tppeptide of Fornula 3 1 with
pyrazi ne- 2- carboxylic acid, of Fornmula 32, in the presence of a coupling
reagent yields the am de-tppeptide ester of Formula 33 [00206] Hydrolysis
of the ester of the am de-t ppeptide ester of Fornula 33 provides the

am do-tppeptide acid of Fornmula 34, [00207J Reacting the am do-tppeptide
acid of Fornula 34 wth the anino-hyﬂ{oxy am de of Fornmula 18 in the
presence of a coupling reagent gives the hydroxy-peptide of Formula 35
[00208] In the final step, oxidation of the hydroxy group of the conpound
of Formula 35 provides the conmpound of Formula 4 4 Oxidation of conmpound 35
may be achieved with a variety of known oxidi zi ng reagents, such as, for
exanple chromc acid in acetone, Dess-Martin pepodi nane ( 1,1 -dihydro-
1,1,1 - tnacetoxy-1l, 2-benzoi odooxol -3(1 H)-one), sodium hypochlonte in the
presence of TEMPO and, optionally, an alkali nmetal halide such as sodi um
brom de [00209] In sonme enbodi nents, the configuration of the hydroxy group

1 o~ T o - [ ~r~N a2 A~



mai ntai ned at a tenperature in the range of about 0 OC to 100 OC,
preferably between about 20 0C to about 40 OC The base and peptide coupling
reagent awe 20twenémdded to the m xture, which is naintai REU/BROIQ/OBBEPEr at ur e
in the range of about 0 OC to about 60 OC, preferably between about 20 0C
to about 40 OC The base is typically a tertiary am ne base, such as

t pet hyl am ne, dwyo-propyl et hyl am ne, N-nethyl nor phol i ne, DBU, DBN,

Nret hyl i mgar@® e, preferably tpethylam ne or diisopropylethylarme The
anount of base used is generally up to about 20 equival ents per equival ent
of the anypgis Mistelably at least about 3 equivalents of base Exanples of
peptide coupling reagents include DCC (dicycl ohexyl carbodiimde), DC

(duspropyl carhod p i C
(duspr opy! car liod PR dekendl sk 8wl GRIPRRLPTLAGHRDR (4nheTARbngaz

H uor de D ayarl RETRnrar ettt r?%i?%ﬂ%%lr}‘]yﬂ@rf’%% PO e e e
hoxal | uor,gplas ?Mﬁﬁ%ﬁ e RPN BNk IORROSTE) 9 v BEP (RO

pazol - 1- am no honi um UoF ophosphat

(0- benzot naz et ramet h roni um hexafl uoi ophosphat e), TBTU
(O benzot nﬁrécg%l?er?l% rFaCf\lIOI?\flﬁl{rorWl dfye% ar Coﬁclh "Woni um t et rafl uoroborate ), TSTU

O CN\- d t t t HATU (N
[Cai et hy! ai o) yoﬂﬁ‘i““‘fy%‘h"te?ﬁcré?@re% BT b e R ant T ¢

N- net hyl rreth hexaf | uor.opho ph N- oxi e bi s 2- 0XO0-

5 o ohdin S oA ‘?éroé‘HlCSP?l%iE‘)% BB (PoRE 3@“:&%@%18@3 gl an

pazol -1 -yl oxy s(pyrro dl phos honl um tetrafl uorophosphate), BrOP

(br onot p@(@f%@ﬁ {}1‘ ffﬁ% hexafl uorophosphat e), DEPBT (3-

(diet hoxyphosghor yl oxy)-I benzot pazin-4(3H) ,..or PyBr.OP (bronot
ps(pyrrol i di né) phoSiHo EWJP??&%P‘IC‘H@HBBHH% phieggin ﬁe@urﬂewf atgeweeralam
PyBrOP are preferred pepti de coupling reagents. The anmount of

coupl i ng ¥Fewlfstse fiom the cfe cpavgies of Sg‘b]ﬂ@t N3BL3y13RAoNE Plw, BF. z\%&i‘pents
Opt i onal reagents that may be used in the am de bond-fo pning reaction

i ncl ude BWRPB(ZRAiRneedeandmiatiopytheyaethe) or active esterreagents, such as
HOBT (1- hydroxybenzot pazol e), HOAT (hydroxyazabenzotnazol e), HOSu
(hydroxysucci fi r ni Be)cutafongse] ma@n&tﬁyéﬁ@ky\v@mﬂ@mm@yzf ahrafiiveagriiox ani de),
in amounts ranging fromabout 10 about 10 Cequival ents [00214]

Al t er nat iiverksent iopeangayf trcaads @rbautiSh@ewenthyy aoliemdetaMaixequi val ent of the Ri
carboxylic acid, such as RWQGEO X 1, P2-Q=O X 1, P3-L2-P -CC=0 X1, O

P4- L3- P3- L2- P2- QFDeulnff wheet sicord@e@ Xlalim il swigergin ¢hepplurhldty of sbrapveegraieact i ve
than COCH in the coupling reaction Exanples of -CC=0) X1 groups include

gr oups weemeris€la prémdey abrsiveCEpai@)aRd @Isbqosdare algrasiveagraiphtht pdmery abragivg graiifSH, - SR,
-SAr, or -SeAr [00215] Acid and am ne protecting groups as used herein are
known i n being séledted B@e theezr@up, colsiMihGoé srrde dornSeclddbt gel alubYiet @aihd, W, oups i n
Organic Synthesis,” 3r Edition, John Wley & Sons, Inc (1999), and the
earlier enOl goms and cdobisatioaotheesfapd &8 pimaguirhmldomppratbetidengb@t aoips f or
aci ds include r-butoxy, benzyloxy, allyloxy and net hoxymet hoxy Exanpl es of
sui t abl e ap5ati 66 pérbht grmemalfaﬁabmarasfaﬁeswer%mu@gzvshlﬁlbuor enyl met hyl carbamat e,
t butyl carbamate, benzyl carbamate, trifluoroacetam de and

p-tol uenesul f gnam g Aubi RREI &Eo@hxgnfbcc@allmgr OMRSciAtRe KRAND Hohd@tmafeil be used
as the RW, P -, Pi-L 2-P2, or L3- P3- L2- P2- poi tion of the protease

i nhi bi t ol Y gﬁphg@,@iin%%agr oups are reported in the foll ow ng
publications WO 97/43310, US 20020016294, WO 01/81325, WO 02/08198, WO

0177771 13, WO;02/ OB B0 \PnO4/:082dRs 1o \Gaifi?d OBiedéin tﬁéQ)rgé’f{lcoQ&fa%ateP{é@ls
01/ 74768, WO 99/50230, WD 98/ 17679, WO 02/ 48157, US 20020177725

O e i BABE SRR s Py TeL By BB, Yo 02107407, e

20020032175, (5 2005088001 s S8 5.3 huriueaBy® WS s 8, vo

00/31 129, WO 99/38888, WO 99/ 64442, WO 2004072243, and WO 02/ 18369, which
are incorporated herein by reference jin their entireties [00216] Al t hough
in Schene V only a single stereoi somdt is illustrated for the conpound of
Forrmul a 4, the present invention is, however, intended to include al
stereoi somers of Formula 4 which are depicted in Table I Al these

stereoi soners can be prepared in the same nethod by using reagent(s)

contai ning carbon aton(s) of a different steric configuration, e g

, ABRASI VE ARTI CLE W TH | MPROVED GRAI N RETENTI ON AND PERFORVANCE BACKGROUND
[ 0001] The present invention relates generally to abrasive articles and
nor e partlcularly to an abrasrve artlcle mnth |nproved graln retentlon and

o r F AT o,



the bond. [0006] In a third enbodinment, there is an ultra-thin, snmall

di aneter cutoff wheel that conprises a plurality of abrasive grains and an
or gani ¢ bevodomakesstal with an active endothermc fill er PeRtuseéialo3mddded
thereto to provide an endothermi c reaction that inproves grain retention.
The plurality of abrasive grains are selected fromthe group consisting of
seeded or unseeded sol gel alumna grain, A 2(VZrO grain and conbi nati ons

t her eof . ThQiB&LEK&LRERLREHT} Lot il %¢§%§1§Et§r%lof|s§lﬁ§&l B 1R mbRRRpbiAe group
consisting of sulfides, low nelting point oxides and conbi nati ons

t her eof . BRIgEF DESCRI PTI ON OF THE DRAW NGS [0007] FIG 1 is an inmage of an
abrasive article according to one enbodi nent of the present invention;
[0008] FI G 29 arf GRABVAR oL LRAR: &f cifinf OIWERAGH AAles AOLARIN R Hief | ©
showi ng a | argenunber of grain pull=out according to the prior art; and

Lo o eni ent sl e WRERoTRAR: Bhe FERPEETNY EE%%%E%%%%@ TE
EMBCODI ME 0] ' I aw FIG 1 [
abr a1 ve AP Spo AR sh e iEn A ARRSr 11 %0t " he present i nventi on

In particular,,F GrhelcﬁQﬁ“\@hetef‘actco%@{ A% VGt LRt 90 L@ TaPLaR e wheel
product. As is known rn'the ar £5°°abras) Ve Wheé products cone in a variety

of sizes such as, for . e di r cutqf.f abrasive wheel
productsFOWBH$ﬁ§¥ﬁﬁ5hE§E§H%ﬁI%ﬁ?ﬂgﬁ@i%gggﬁﬁﬁgé?ﬁﬁ?%ﬁﬁﬁﬁter d smal | di ameter
cutof f abrasi el products. neral l.y, large. di aneter tof f abrasive
Cheol | prodact {F oy B BIERRE Secorit b daphug: BhIEn b RS el Bn ol g e
di aneter cutoff abrasive wheel products e a dianeter that i reat er
than aboRABOISRETSEHI" p L0E° Pﬁ%h?ﬁbﬁigfata%%g@g REECCARY Velugigar f PR cut of f

abrasi ve wheel products have a dianeter that is | ess than about 400 mm
Althoughoﬁﬁéwaéﬁﬁﬂpﬁ??%n of the abrasive mix used to formabrasive article
100 that follows is preferably suitable for small dianeter cutoff_ abrasive
wheel product $2-and hfofuothahesl eegoading ta ai {.ruhargip the actiug pndethsrraie dillet ut of f
abrasi ve wheel products that have diameters |ess than about 250 nmm those
ski |l ed inptqrigbisgrasentiin ¢ rangefabpytd 2ttealout Hepgsmnply vadupe i theskendmgntdrigt m
abrasive article 100 may have applicability for large diameter cutoff

abr asi ve wheell3.pr obliscewofanheeteagcerdingi tarataimr 1, oulessfif thebydwhe eatighefedctip oduct s
as well.[0011] In one enbodi nent, abrasive article 100 is an ultra-thin,
smal | di anédtearmisofildiesdnatbnad o Wi ereaniic bend wetesd if o thearnghefagione 0dB& t¢ hat
conpri ses abrasive grains and an organic bond material with active filler
mat eri al sbadded thereto such as active endothermc filler material(s).
These active endothermc filler material (s) provide an endotherm c reaction
at "normal dry4.cut Thengutafdontled iaorsding @ dacul evietein the np@ffatheckcatpristrea
interface of grains and their surrounding organi c bond. Cenerally, active
fillers dimdne thisedgéstrdmoaidad’ alhmasiab@s 25@menhance gri ndi ng performance.
Active fillers, also known as reactive fillers, are designed to be

physi cal | y andf.or Tiheditafivhyel acdokdify toldidsh Qeviereal thy cpfotfviigel exienReled,

i ncreased cutting rates and cool ness of cut. Dependi ng on various

par amet ensickieikdbss AsantaBeut2i sz@mand geonetry of the abrasive tool, the type of
grain and bond used, and the operating conditions encountered, active

fillers can dgsonery cutoif &vifetl 4da6rdin@! toQWMiMg15, hvherdi eceAMB®ndshas bEtwetd on
bet ween the abrasive grains and the workpi ece bei ng abraded; 2.) Prevent

t he abr aspMg o @nad Ls 26@ppi ng", i.e., prevent netal particles from
becom ng wel ded to the tops of the abrasive grains. 3.) Decrease the

i nterface tenper at-ff& et WREN 1 LDRIRIOIRIN G, FhALAShAEQMF BB MREHPIREE 4-)
Decrease the required grinding force. These actions generally can fall into

the fol | QuiRg.4i ihekLE, Eﬁ%ﬁﬁm@ﬁh®q§hb&n£&$UbriCatio” to reduce friction

bet ween the abrasive %?aln and the workpiece. 2.) Chem cal corrosion of
nmetal surface o Vv I o] ; i grains
or swarf partﬂ%legf$?§%$3§F%$%gg?%£¥ﬁgkagHk%&%ﬁ%&ﬁﬁéﬂﬁiwg%ﬁ? y@%ﬁyghe
integrity of the nmetal surface to facilitate the formation of chips. 3.)
Prevention of bond abl ati on by inhib!}ing the free radical process of

oxi dation of the bond material used to firmy hold the abrasive grain in
pl ace.4.) Controlled bond erosion allows new grains to cone into play and
di scharge old worn abrasive particles. 5.) Heat dissipation by highly
endot herm c reaction which helps to dissipate heat away fromthe grinding
interface between the abrasive grains and the workpi ece. [0012] As

descri bed herein, using at |east one type of active endothermc filler
material that provides an endothermic reaction to reduce the tenperature at
the interface of the abrasive grains and their surroundi ng organi c bond at

.



by Dynea Oy, Finland, under the trade name Prefere and avail abl e under the
cat al og/ product nunbers 8522G 8528G 8680G and 8723G resins sold by
Hexi on Spwoi2aloiedBhem cal s, OH, under the trade nanme RuraprsSao®si6sand
avai |l abl e under the catal og/ product nunbers 9507P, 8686SP, and SP223; and
resins sold by Durez Corporation, TX, under the follow ng catal og/ product
nunbers: 29344, 29346, and 29722. |In one enbodinent, the bond materi al
conpri seshasidé Whégsin material. [0016] In various enbodi ments, types and
amounts of active endothermc fillers are chosen in order to provide an
endot herm ¢ reactipR @loff WRIRcoing 6 Bihnh 1Y wiHRRGH thi Msive WAL & QL&D fopor mal
dry cutting conditions" refers generally to those conditions encountered at
Lhe. or ai nDOMhd b RLSBREwRlre ARl BAIR LT privkled bkl CHb @l fjsphee!

during dry cutting of cormon nmaterials for h I's designed to

cut/grind. An,neff [, V€ nHHEP ' M6 :des an
endothermc r %%ct ilgﬁhg%éeﬂrl]%f nma fﬂ?@&%ﬁﬁ‘éﬁ‘g&g%ﬁ? flgc;ﬂrlé.a #J}{uljggté/ Oggﬁréélt(ieons
typically_jinc v - Qull i . . de i es in
exoess obont S iy AR Mdblh SR R ROL R KRR RN 28 e
to ultratlif, 4y, GO WhselSyqunheh.d end Lo kT anster  fSAL, Vet aul ckl y
and to ré&at {l%erma aeegra I'ng tenmperatures very qui ckly at the grai n/ bond
interface. In the ultraszthin_ wheel f th resent lication, the active
endot her AT [P Bt BEaen 1200 Sl ResrenELy it 808b0the condi t1 ons
typically encquntered dur.i dry cuttjing .an t heref ore, reduce the
tenperature a ij't he{}&‘r %ﬁt?#ﬁ’g%&l TR SRS alF’eQQJI‘f’]i‘%‘dnitﬁe H@E‘W%f ﬂ{caf‘%%&e grain
retention and |longer life. In various alternative enbodinents, the active
endot her FES9Y f%&%ﬁd&%‘%ﬁ ' GR C%W&&P%BE%?F droz yeserdsd WY AP at the
grain/bond interface is %ﬁf | east. abgut 4500C, or at |east about 5000C, or
at | east HB&f O gtae andicompingtions ghesgodt yr e whi ch provi des an amount of
thermal energy greater than the activation energy necessary to deconpose
the active ené%t heFlif euteff [whepl aqeprding teotleim havheigianhe Rlrdidacf Abraridt e i s
slow or if the grain/bond interface tenperature is too | ow, exothermc
react i ongratipyargedegted frona thef grpep canhistinghpfcknd¥Y 3M32 haMAkt A% Vls.a4h 81 e can
play a roll in obtaining the desired endotherm c reaction. [0017] In one
enmbodi memiK40afRI e IR2R.cand gpabinptiane thicteef.endot hermic filler material that
provi des an endotherm c reaction is selected fromthe group of filler types
consi sting of 2%ul f Tlkesutafiidvicomraseidinigny Poim0,oxhales thaAphoitexhabretivare | st
of active endothermc fillers fromthe sulfide types that nay be used in
enbodi nmergransgd prekmt pragsegetofiabae A5 coabonitdl pechenthyniotuame/teiahmixs ul f i de, copper
sul fide, and conbi nations thereof. A non-exhaustive |list of active

endot her m ¢ f R4 er hef cwooff twieel asomtdigt fongaipoltwineiolabe pippdisy bhabrasiey be
used in enbodi nents of the present invention include bisnuth oxide, |ead
oxi de, tigmioxtcdepranch pamaiynaliraGns gtaire aedfa. sehloddant hlabsivan goie taerpoidiament , it
is preferable that the active fillers of the |low nelting point oxides have
a nmel ti ngbpeivekralhedetiy salaoiad r3RAk: gegy @asistir Fietsled HQb8dcddhas gelskintihed i n
the art will recognize that various other fillers nay be added to the
organi ¢ kel ATRYeZi08kralimadl @atbida@o@nhassaidiiec phmbiytdtaidlcompriasbv@ecarticle
100 to cut, lap, grind, or polish. The fillers may include active and/or

i nact i ve abbilthekSabofit H)@Kgmftéﬁt&ifﬂ{eitml dhsulnt @fabAGive ¥Rid byl JoRinge. MY i ncl ude
Cryolite, PAF, KBF , SO, Nad /KA, and combinations thereof. A
non-exhausti ves| i sthOfutd AR Y&ofdild BTchifBY, WRGEHUR LB AdaGABIsive GRGOFTh,
CaSiq 3, Kyanite (a mxture of Al2q 3-Siq 2y, Saran (Pol yvinylidéne

chl ori de); schNeRRgRM M gl cordSistifl o EtamiVOQGEsPAWRRE andc@fRRL shel | flour,

stone dust, feldspar, "kaolin, quartz, short glass fibers, asbestos fibers,

bal otini, surpace-ffe &gv&fhieﬂeagg(%gi%n% t§ Slalich GANWAAE; itﬂi@orgﬁfﬁ%% &’E’ﬁa‘?egﬁl )

pum ce stone, cork powder an ations thereof. In-a preferre

enbodi ne j e material such as PAF, which is a m xture of
K3Al F6 a%émﬁ%%&gghgéﬁnhgkggged to the organic bond material in order to
corrode netals and reduce the friction between the wheel and workpi ece.
[0019] In certain enbodi nents, the fﬁ%nulation of the abrasive m x used to
form abrasive article 100 nay be as | lows. In one enbodi nent, the
abrasive grains present in this mx nmay range from about 35 to about 55
percent by volune of the total mx (i.e., excluding porosity). In another
enbodi nent, the abrasive grains present in this mx may range from about 40
to about 54 percent by volune of the total mx (i.e., excluding porosity).

I n one enbodi nent, the organic bond material (e.g., resin) in this mx my
range from about 25 to about 45 percent by volune of the total mx. In

anot her enbodi ment, the organic bond material (e.g., resin) in this mx my

. ~rN 2 o o o e - o



surroundi ng organic bond at these |ower levels, which can be from 250
degrees Celsius to 350 degrees Celsius, is substantially Iess than the

t enper at Wwe0u12693¢ i nterfaces of the top surface. Beca®se/ush@otasper at ur e
at the interfaces of the grains and their surrounding organic bond at the
surface level is very high, the bond becones weaker (a typical thermnal
deconposition tenperature of an organic bond material such as a resinis

500 degrees Ceghsi upje @it QUM LRI INe ©N%iBID Rerdt thhbGadi€¥sld Rikkhaigut and
fall fromthe surface instead of being steadily worn out through the

typical abdsEdttih #Mnpl HCHEH-25 thELAPE ASdr %8t Y Td1Gth&tt@ied from the o
above-described fornulation suffers from’less grain pull-out because it is

| ess adver sel yg af f%&ﬂof?%hée@%déﬁii%gt?%ﬁﬁq?oi QBerdh tﬁ%&‘ctib@%ﬁfoﬁéﬁﬁé fiier t he

grains and their surroundi ng bo erial due to the endotherm c reaction
occurrin : i i t he
A R L L e R it e L
inventio%xﬁ¢§ not adversely affected by thermal degradation at the
interface of 'the grains and their surroundi ng organic bond material because
of the di mensiygQni of the, wheel and the fQrnmulation of the .specific types
of abrasive gfa nePd LoD EERalieie ) PHeRL R e bERURRER ikl |28
been found heiein t gt théluse of thg act.i ve fLIIeﬁ§ in the f@%ﬁU#%%ionS
not ed abOVASTRES Yl e dhs BRSPS, 18%8%8%?‘?1 BA° SIS ORRY Y9 7%y s t hat
result in cooling effectthat lowers. the tenperature at the interface of

t he abraé?G%f@}%?%%bﬁﬁﬂt(ﬁgwﬁg%ﬁﬁmgﬁ?@n% fifiteracts the propensity for
ranpant ther degradatjon to occur. In additjon to the use of_ these
active fill e?? t hat "prd W@e‘ér?c%‘ﬁ%&% Iﬁ%Fﬁi“&Qg’e‘é{ $718{hg HQPIH% 9ot Hbt ed
formulations, it has been found that the selection and formnul ati on of the
above- i dSAYGtRsrae Bl Austgrdl e Senaresnds bprd mateHy isdp A paeHPhthort VPt fe
significantly less grain pull-out than the conventional abrasive articles.
[ 0023] Flriputd. j s a m crograph i mage 200 of a conventional abrasive article
show ng a Iarge-nunber of grain pul | -out holes 210. Note that for ease of
illustration éhly Bharafpffwhschagsardinedqclayp|28swirren grecutnfigrbdehennatises ¢l oser
| ook at i nmage 200 shows that this abrasive article formed according to the
prior ar tdidmeser ghay eanges| fepngyebont oam topbept Apmpul | - out hol es 210. An abrasi ve
article with this many grain pull-out holes will not performwell and
consequent |y 2| | Heevatd! whest besprding teckpar0, ixodq thelautodomlpest ¢aamisesx t he
conventional abrasive article showmn in FIG 2, FIG 3 shows a m crograph

i mage 300higfnesrleshiaasibye 28rmincl e f ormed accordi ng to enbodi ments of the
present invention. As shown in FIG 3, the abrasive article forned

accordi ng to éwbodimeattsff ofhetlhecprdegentcliimvEhtwiercilhals idmnest iic dedeyn f ewer
grain pull-out holes than the conventional abrasive article shown in FIG

2. Al t hougbut @ malahnd ebout e nghai n pul | -out holes are highlighted in FIG 3,
it is clear that there are significantly fewer grain pull-out holes in this
figure than iB4.Fl GheZutdf@OREl BeLdNS & ¢lhign 20 vaRtarethardutodt whdeh cdrhfsises3 has
significantly fewer grain pull-out holes, this article as described herein
per f or me ag uidetngtioPer aide® Asmhdbitel tausbut 88t s | onger than conventi onal
abrasive articles. One neasurenent of performance of an abrasive article is
the Absol ute & Ratti culdtewhisgateti@nérdRahinP2@SyiRRSE theRAANRRRI BorhySrisad t ai ned
by nounting the abrasive article on a portable nachine for a dry cutting
appl i cat i,@Rpkbhat whgy have a maxi num operation speed of about 80 m's. A

wor kpi ece material with typical dinmensions (e.g., 600mm (|l ength) x 100
(width) x 6 (thi ckigssloMhccR%oRfeGh BIRESs RheRinVihS SorasdtEw ARGty Pi €Ces

of cuts fromthe workpiece material” Is then counted and recorded into a

conput er dz% a%tgrggr a? 090 ., tRerk %rrﬂ%l?qg%ﬁ%ioﬁ fs J}%}ggatq’? hlgaﬁ MSe@ bl GsmAN

experienc or then manua ucts y using tﬁe grinder to
performcutti op WoTak i gl . i:S1tion
Cyst om connect ad vt AR 4B RUER R ER She: MiRAT ERAHLR 1o
grinder, and cutting tine during the testing. The testing lasts until the
abrasive article is fully consuned. ﬁ?e dianeter of the tested article is

t hen neasured and recorded. The weig of the remai ni ng workpi ece materi al
is weighed and recorded as well. The conmputer systemusing a commercially
avai | abl e software application determ nes nmaterial renoval rate (MRR) and
wheel wear rate (WAR). The application cal culates the Absolute G Ratio by
dividing MRR by WAR. A hi gher Absolute G Ratio indicates that the
performance of the abrasive article is better. [0026] The Relative G Rati o,
which is the ratio of the Absolute G Ratio of abrasive article B divided by
the Absolute G Ratio of abrasive article A (reference), is used herein to

o Y o o - - ~ O~ i "



mx wth the powder resin, PAF, and pyrite m xture. Then the abrasive
article was forned and tested in the sane nethods as a conventi onal
abr asi ve wot2ooleewshi ch has been nentioned above. The di memAiSeon0nB26she
abrasive article in this exanple was 125 mmin dianmeter with 1 mm
thickness. Its Relative GRatio was 1.6. The resulting perfornmance
i nprovenent was due to the fact that the thermal deconposition of the

pyrite regditemdtal®rd8NRha mii@iablvith BE adtiVe Rhd AKRSmRS fill D Shatthi PRI E tHFaI N and
their surroundi ng organic bond, resulting in inproved grain retention and a

longer | it &rovid030dnddt8rnfiO lrdaeMb thaP b e Lrfn CABRRMAhMEInSXAPRI-AitP b an
abrasive article not fornmed according to enbodi nents descri bed herein.

g (e ! ; . :
fpar a !a‘tﬁ%sﬁﬁ g!églg %\r/eés_eil]e%%g zl%gnbtjrhl@ of ddp SoRXIANP Bgsee@&l_ cﬂ%%i%?éﬁesoﬁfgél lafilnfinas

formed with t asive grain, but with ferent active

R e s T e

abrasive graln was a nto a

m Xing ¢ i ej 5 .of diquid resin.. i t he
abrasiveQQ%%PQ%!%ﬁ%ﬁ%h#gnJﬁ$%g%gﬁ?gggggwgg%ﬂ?ﬁg ?g}%ht%??%ﬁggﬁg¥%?%9exanple
and the for mh&&k%% %?ove in Exanple 1 was that only one type of active
filler, PAF, F&Tn {he bond fornulation. That is, pyrite was not in this

formul ati on. particul ar bout 11 | bs .of ,powder. resi nd about. 13 | bs
of PAF vere pibpar bif PR teparvdin i Hy P sho ki R R AR e
abrasive grain wiith the liquid resin ]t ar

Cont ai neii i Rl an rarom R D M. ik NARE RS e
article f d tested in.the sane nethod as described in Exanple 1.
The dineﬁ@?@n2%£§¥ﬁggg%ﬁgéf9@bQWFWéﬁ§“Pgethis exanpl e was 125 mmin
diameter with_1 mm.thickpess. The resulting Rel ative G Ratio (conpared with
a convent i onaPabr aSieertalf tyhepleacsprdingatosclpil &7 nhresip fhe phgaliy ?T( aRRUVG j fe of
the abrasive article or grain retention did not inprove in the sane scale
as in Ex&insds preprat Bipsiangerrd 2ot 89 Hetbriicd Srsteett Ryry ollinge/tast Mccur during t he
cutting operation. [0032] Wiile the disclosure has been particularly shown
and descri bed49-n cbij eweff ivdiehrachrdpgetoetipiag3 brivsusinghe glurhisy ebpbrasive wi | | be
appreciated that variations and nodifications will occur to those skilled
in the argrainsTheppifsora primpnyj gbragvey araimded $t sreendayagbrsiee apsperibedriglaa ms are
intended to cover all such nodifications and changes as fall within the
true spi rbtasigé gtalnebedigselectsdi frem@rorgrivi atsistinigof s¢edidreinperdedisol g¢l abintina- t hi n,
smal | diameter cutoff wheel, conprising: a plurality of abrasive grains, an
or gani ¢ tzong Ated:efiiOalgragmehdagonibatativies therkdfeandnthe erimaty, gravhepepnses hetwaet | ve
filler material conprises an effective anbunt of an active endothermc
filler mabeuti2@lo dtvat 106rpercentad tlerotehnmhatunesfrbaisive gain vohdimaror mal dry cutting
conditions. 2. The cutoff wheel according to claiml, wherein the plurality
of abrasi ve gnrai nsTlay @tEeivbed ectofdigniotchém gopwereianisd stindgryabrasieedaéh or
unseeded sol gel alumna grain and Al 2gq 3-Zrq 2 grain and conbi nations

t her eof . iSselethre fiout @€ trowp ealsisaecof @iange bads| @irfedandwdaiddkn the plurality of
abrasive grains are selected fromthe group consisting of SG NQ 3M21,
3MB24, NZ Pl us2. ZFTheZ&itoff Kdlcl «£B2GiBg 1 RRER 37aRdercianthe Rakhionond hererf . 4.
The cutoff wheel according to claim1, wherein the plurality of abrasive
grains i%oﬂPﬁﬁgath@ganﬁﬁﬁ@p of about 35 to about 55 percent by

volune/total mx. 5. The cutoff wheel according to claim1l1, wherein the

plurality of abrastyec @i SUIRIIHSH c@ailﬁarﬁmhyreﬁhﬁ@@ﬂgyﬁc 962 Matdidd i@

secondary abrasive grain, the primary abrasive grain being selected from

the group&onsh $tnB9ohoHeBAE St 44 ASERIEH ciRhe/ARlI nftk UM na grains, Al 20 -
Zr O grains and conbi nations thereof, and the primary grain conprises

bet ween about 420 t > - the al r.gsi.ve grain
by vol une. 6 %ﬁe<§ﬁ{§q&ﬁ %%%a@%&%@%%ﬁgﬂ?ghtwg?%@f?gﬁﬁgg%T%hFﬁg&gﬁggnic
bond mat e | =0 | MR i.al: . I cordi ng
o cl ai m T ehar SRlfort o1 ol PR TRL BE b fine SNBAS b, APRE, 1cRPCE

about 25 to about 45 percent by volune/total m x. 8. The cutoff wheel
according to claim1l1, wherein the active endothermc fillermaterial is
selected fromthe group of filler types consisting of sulfides and | ow

mel ting point oxides. 9. The cutoff wheel according to claim38, wherein the
active endothermc filler material is selected fromthe group consisting of
pyrite, zinc sulfide, copper sulfide, |ead oxide, tin oxide, bisnmuth oxide
and conbi nati ons thereof. 10. The cutoff wheel according to claim1,
wherein the active filler material conprises Cryolite, PAF, KBF , K2SO4,
and NaCl /KO and conbinations thereof. 11. The cutoff wheel according to
claim 10, wherein the active endothermc filler material is present in a

~r a1 I A N~ o e o 4 - a oa



ZK40, ZR25B, ZR25R, and conbi nations thereof. 23. The cutoff wheel
according to claim 20, wherein the plurality of abrasive grains is present
in a rangeoabicaineass 35 to about 55 percent by vol une/t otralr/usenwo/022659 The
cutof f wheel according to claim20, wherein the plurality of abrasive
grains conprise a primary abrasive grain and a secondary abrasive grain,
the primary abrasive grain being selected fromthe group consisting of

seeded Ol xliRSHRIGE, 5RMuBCKkidRHIESHRbifHRh the®b2d 3-2Zrg 2 grain and
conbi nati ons thereof, and the primary grain conprises between about 20 to

about 100 pergent pf. LQgr %ﬁé@ho&?ﬂ?@ﬂo AfimaBr FRLVE 6 &kile BYdIMRIHIBHIRD. The

cutof f wheel according to claim 24, wherein the secondary abrasive grain is

sel ected IS ' | A8Sme Rithd

car bi des.nga%égm %S'%ges%?lg?%aﬁ\g/\ﬂiﬂeﬁ%{gggégg?oﬁgg(?l(g)gr%lng?};m 20, e{bﬁ%érﬂé(?{raﬁ? e (ljr gani c
bond material 40 1S resh: I ak. : .accordi ng
to claim 20, ﬁﬁe?gf%3?ﬁgﬁggé%ﬁ$§§%g%gghgﬁggkhﬁ ?gﬁgﬁ%ggﬁggﬁﬁ%gaﬁgﬁgi of
about 25 t - . 8..T f eel
accordinfhggﬁ%ﬁgi%@%d?ﬁéﬁgE%P%y?%%hggﬁ%tgéghag%ﬁ%}%%%n$?$ﬁ%#%ﬁgf%rfél IS
sel ected rqq1the group of filler types consisting of sulfides and | ow

mel ting ﬁ’ﬁht‘oxides. 29. The cutoff wheel according to claim 28, wherein

the active endothermc filler nmaterial . is_.selected fr t he grou

consisting of tyr: 1B Suithah&lpfPht il T ouivrae SERME SR oxi de.
bi smut h Q%ide nd con@jnation? t her eof . g?. The cutoff wheel according to
cl ai m 28 diaRIrLs &1ah ranges ngh ehodt (g0 gPoulér B  endot hermic filler material to
t he organi c bond nateri [S,in the range of about 0.136 to about 1. 31.
The cutoff whabl abicids ‘@L?%aw i Gl Adr whaEeip fhe Cé‘tﬂ% Vrcchfrerisesghpr i ses
a dianeter that ranges fromabout 75 mmto about 250 mm 32. The cutoff
wheel acdyelgiergetdhadialpsh2onmpher ei n the cutof f wheel conprises a thickness
| ess than about 2.5 nm 33. The cutoff wheel according to claim 32, wherein
the thickness4-s bEtweE atisel aagodingnto sftimatsb urhegein thenthickress Thbepigetnf f
wheel according to claim 20, wherein the cutoff wheel conprises an aspect
rati o t haborQiges apd abauaBdmm40 t o about 160. 35. The cutof f wheel
according to claim 20, wherein the cutoff wheel conprises an abrasive

wheel . 36. Thé0.cut Blfef cupfewihedd eeerdingity ¢lainch aiwhed® tharvarosi whach eoraptsasi ve
wheel is used for dry cutting applications, where thernmal degradation is a
pri mary pneshectratyethat megch SninsiyputdP to dpputl@x a-t hin, smal | di aneter cutof f
wheel , conprising: a plurality of abrasivegrains and an organi c bond

mat eri al with5an atld auofémiiedl heronding fd ¢lhier 3 hatherdimthe adtdidwhdee cehmisto
provi de an endotherm c reaction that inproves grain retention, wherein the
pl ur al i t ynabrasibe abécke grains are selected fromthe group consisting of
seeded or unseeded sol gel alum na grain, A 2( ZrC grain and conbi nations

t her eof and whzr ei Thd duefbwhdeV fecemddthettb elatim 61, fwhetott therabresivawhdebiseddefot ed from
the group consisting of sulfides, Iow nelting point oxides and conbi nati ons
t her eof . d3Bcuttilpapplidatibis, Whee thcatglQe glaidioh & Lhrahdty Broduoriebeinechbliempl ural ity
of abrasive grains are selected fromthe group consisting of SG NQ 3M21,

3MB24, NZ Pl us3. ZFTheZ&utofEKdkbel 4E8RMng LRARR of aRdl peepdihd alaidd) Swikdh@n apd . 39.
The cutoff wheel according to claim37, wherein the plurality of abrasive

grai ns i SRS fhtel tomrisedNTBa@ive &NGUhatdIt 0 about 55 percent by .
vol une/total mx. 40. The cutoff wheel according to claim37, wherein the

plurality of ahrastyec@s@iiscCRIRNIS fo @1aRh ISTBNHcrBR RS Ind&ivd! Rl ndRdiaf
secondary abrasive grain, the prinmary abrasive grain being selected from

the o OURFRASL #LbNE. R, PeRARHal cibRhRHRAnsOly 0¢! alumina grain, Al 205-2rO
grain and conbi nations thereof, and the prinmary grain conprises between
about 20 to about 100 percent of the total amount of abrasive grain by

vol une. 41. The cutoff wheel according to claim40, wherein the secondary
abrasive grain is selected fromthe group consisting of ceram c oxides,
nitrides and carbides. 42. The cutoff wheel according to claim 37, wherein
the organic bond material conprises a dry resin material. 43. The cutoff
wheel according to claim37, wherein_the organic bond material is present
in a range of about 25 to about 45 p%kcent by volune/total m x. 44. The
cutof f wheel according to claim 37, wherein the active endothermc filler
material is selected fromthe group consisting of pyrite, zinc sulfide,
copper sulfide, |eadoxide, tin oxide, bisnuth oxide and conbi nati ons
thereof. 45. The cutoff wheel according to claim37, wherein the active
endothermc filler material is present in a range of about 12 to about 50
percent by volume in the bond material. 46. The cutoff wheel according to
claim 37, wherein the volune ratio of active endothermc filler material to
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