; #KLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl me3e% " Z"Z"["<n" s"F!f 188 BEPNMH) seP nt
n rr~~~wd-9vssk-| ~pN TECHNI CAL FI ELD OF THE | NVENTI ON Thepe&ﬁﬁgﬁﬁsﬂyventl on
rel ates to novel classes of conpounds which are caspase inhibitors, in
particul ar interleukin-1~ converting enzynme ("ICE") inhibitors. Thi S
invention also relates to pharmaceutical conpositions conpri
conpounds. The conpounds and pharnmaceuti cal conpositions of 'jm]ﬂ"lamﬂm’”m
are particularly well suited for inhibiting 15 caspase activity a
consequently, may be advant ageously used as agents agai nst *166166*

interleukin-1("1L-1"), apoptosis-) interferon-y inducing factog
inter=eron-y- ("IFN-y") nedi ated di seases, including inflannatﬂmmmmwmmmwwn
aut oi nmune di seases, 20 destructive bone disorders, proliferative
-di sorders, infectious diseases, and degenerative di seases. This in\f&f% on
also relates to nethods for inhibiting caspase activity and decreasing IGF
productispn and | FN-y productionngndrneriods tarphseating interleukin 25 1,
-apoptosis-, and interferon-y- nedi ated di seases using the conpounds and
conpositions of this invention. This invention also relates to nethods of
preparing the conpounds ofECHNSCADvERAELONOFIQEBAURGROUNIN OF THE | NVENTI ON
Interleukin 1 ("IL-1") is a major proinflammatory and i munoregul atory
protein that stinul atesThebpsbEgat dnveatden zelekeantc pevelferation, the
producti on ofc@aggb%gloqnébm§bundé &n&'élﬁ %.QQZcH\@FQQé4Z§H§bEg£§J39§ﬁ05919 ro-
c

2 collagenase and ospho gﬁ % novi al | s and ch ndrocytes)
basophitl® and B8IFAGHHAT 8186? PXEPsn aﬁ&nﬁéﬁff’&%h??zgﬁ?l att®n. Oppenheim
J.H et al, |imhdbhiagysTodayis7inppntdbnbalect986)atds seich, it is 5
vol ved 11 ¢ Ea0as0a0e0eg) ScabetlpaLe eUdaEuL e LOLLTIBROTN RS
medi at or of |ﬁhﬁaﬁﬁﬁ@@ﬂ;ﬁdgyﬁptionhaamécéfdttlﬁélde@mpmﬂ-‘cml@fOf hfehlzartl | age
Do, 79 " 1oy CRELeR Be ppnttoulRafy UehL S0iflattor DARIIRLILT 2o
| . . :
(1986) } SArendch?’seaﬁﬂtb}%E}’ aﬁdlvFOnﬁﬁf!HFPFﬁ}é FRYinke 38, 151 (1995). IL-1
is also a hi gdt:ﬂyapbhgabubbpeuseﬁoast agenageayaidshdimsterliduidin-1J- O al Path
17, 145 (1988 5 wh 5 1985). It is
alternately réf e%r:égl)?t obgéﬁt' eocl Eélél?laggl#\?g W cltn% j?“‘lc%% estructive
bone di seases(E&ER) ascés%@’é%tﬁﬁrmlr‘&- ahtL 7" |)pmedm?§e@ndlssasasl le, R et

Sl ljnt J. Qxd:I‘udLﬁQt 1B§§ar|m241£6%y 8?§eéé882)au%&&ﬁr@raﬂ&§|¥§| ' feratll ve
i sorders, as acute el ogenou eukem mul ti el oma,

can pr BPrDte t FIEEFFV&% ‘g aﬂE&' onghﬂ?rarM‘ﬁ? ‘Pl\lsol%? ' Cancer

I nst. 83, 123iffl&OH}ouyi dbtedanmac| avladefeneCanies mas&% Zﬁﬁﬁs{ 1994). In
t hese di sorde r?vegélgla TJfl?és,?uﬂtgylgge&e%g?gcﬁ&onlﬂl%&erﬁ cyt oki nes such

as | L-6, WhIC can no nor devel opnen rtour Cancer Res.

54, p. 6243 (FERGse| ecqlvstbr@%n%@maylpgoa%%cpmﬂqﬁrmheam bl ood
nonocytes as p@Ndiy qfrdchﬁ:ulrad HAB A Oh & &S PRAS & riad 1 eg\ ah&elﬂehmnfio

distin ago i st for | L-1 nd JIL- al Proc. Nat.
Acad. e, GROPhEHSE 2orand TERTSE L et Rarm e diates; dfeRseh, 53R
| munol ., 19 thop. cd>1513Qu11c5*86a1Qc19®@r)po$Lthpnssoéytthims:tmmhtasora. bimiigi cal | y

35 inactive prARHSPEn Plds USratdd-dP ha€KSad of preparing the

compounds of this invention.

30 BACKGROUND OF THE INVENTION

Interleukin 1 ("IL-1") is a major pro-
inflammatory and immunoregulatory protein that
stimulates fibroblast differentiation and
proliferation, the production of prostaglandins,



WD 99/ 47545 - 3 1 8 SEP 2002 PCT/ US99/ 05919 conventi onal Ie,?grEPsz ence
and is ;; ;%Sssed by a signal peptidase. March, CJ., Nat 3

pp. 641- 6 9?f I nstead) plL-Ip is cleaved by i nter| eul?icﬂ'ﬂﬁ”@éﬂ‘?ertl ng -
enzynme ("I1CE") between Asp-116 and Ala-117 5 to produce the biologically
active Ctermnal fragnment found in human serum and synovial fluid. Sleath,
P.R, et al., J. Biol. Chem, 265, pp.14%26-14S28 (1992); A.D. Howard et
al., J. Imunol., 147, pp. 2964- 2969 (1991) |CE is a cysteine protease

| ocalized primarily 10 in nonocytes. It converts precursor IL-1j~ to the

mature form 2 8 89);
Kostura, M J. e %93%% oEnanErpsbRETbELE: %yué%“%‘ppag §E§%Q5§§ 5231
(1989). Pr oceﬁiwwmt@E |@aépﬁblﬁeéeésaﬁylﬂéph%hedWém‘fbell@ﬁ aadur e

| L-1ei 15 throuah Adphiaellcieakrane. %eﬁaélﬁaspaﬁe do 48, a menber of a
famly of hommcal | ed cas gs gge honol ogs have sequence
simlarities i te re@Poné I‘ﬂagﬁ ymeRS BYER  hohotgs
(caspases) i ndnwvdevEd 36 €ae b@EheE_l;enESd)s bﬂ-bﬁioﬁnasmﬁeaéﬂltéFaucheu) et
al., EMBO J , 914 199 Jed. Biol..Chem, 270,
p. 75250 (199%)]"’%:[&9‘“‘}? §Xng ? g?‘t"@%’%‘g ofisefhsf ﬁ%’l%’éa/‘ﬁpiiggéf‘) TY
(or |CErel -1 khetwaspadeasihtikihol EbnlelsalbothJa r&d}iatmem“ 270, p. 25
19870 (1995); sh@hri0bcDeUgnBi oficasnasss 2nt Wik rier Sin b f)tﬁ:@”’ 78, p.
739 (1994)), MCH 2 (cas ase-6 Fer nandes- Al nenri , Cancer Res.,
55) p. 2737 (£835y1 a@PPBEO%%Pgiano%na%ﬁ%&‘ﬁ'}e?ch%b%%% 3)Wood, D.D.

(Fer nandes- Al eenail,. , Tarehratis BheBhol 26 Chens, 26883); BéeB30gRdr(1994);

i chol |
(caspaser ) (ErBakeC &t ai tre8: 4RL Pacdd 95)“ q%%%gég%g%))

Fer nandes- Al ném‘ﬁnd TW.Bt and, Dayexrerd Rés. )A ch&pa’sél&-
(Mizio, M et . abgg)Cel 81‘-3( 2

(Duan, H. et.ap 8L h @ 3388 ST e e PCT/ ] s&’gt?og%{ig Bi ol .
Chem . 271(34%9eBt- 16#20%%17324 { 1@96):}9_%@% C.

et.al.15). BipkwhOhet),r282, e®.aB5787 65007 )g, E@smamd%ﬁl nemfl , T

t.al., P d 7464- 7469 99
((acagpase rl(i;: %ﬁ\aﬁgteé‘%é?l%l refe]ri-%{l)orro Therfts q"e'zéf:jll s?) J8‘f)a"'2’0"5%7 (1996)),
MCASP- 12 (caspasto1?) in (dast vectCiaerhond disedses EEBR laatt. 403, p. 61-69

(1997); Yuan, oY 898 MhHi@is '\éncE)q'[—uﬂ‘#iecq'ﬁ}}&rbn\@gyﬂqjaqql(elg%) )et ERI CE
(caspase- 13), Chem 73( 25

15702- 15707 (ig%)-}-——aﬂ%—ﬁ—@‘—(éﬁ%a&% Y, 283t(1892) TBilol Chem ,
273(45p0p. 2964852%5§réﬂ£B&at1\Eamsﬁrdéme such hmm}icﬁgﬁe as well as I CE

itself, is c 0 ex e
t ransf ect ed gﬂ??i??%%%ugdyﬁhg&?fagnﬁ%fq%‘%et e 1’3’ hggse 11I‘ogs wth
the peptidyl PTEMOHAI buner ¥l \@Howi a@p-&ﬁhQﬂMt h)EaR?et,ori‘e Results in

i nhi bi tion of yapPDt OfhSed nnpée ”963/ o8dd S(1¥910€! lyildanessadAaciuik et al.
Nat ure, 371, Il-“) Caspases al so appear. to be |nvoI ved in the

regul ati on of 154eat &P or (Erdptosilt tAgse disqxdeys. cell,
75, pp2641- 6521_.(1].98.'35() M innsl athd s qircaiuqtl(ﬁe'i lof Eﬁ;hep:p Ytk it (éJ.Q&B) ;

Net t - Fi or dal '§é d IM é‘; \91111&4 'can]'mc%llaé% %Qﬂf‘d? ’de%l%’oppnen:k:]‘?('l(a?xg:ggﬂr In
et al., Cancer Resg. 54, p. 6243 (19%4). 1IL-1 is
predominantly produced by peripheral blood monocytes as
part of the inflammatory response and exists in two

30 cdistinct agonist forms, IL-la and IL-1f. Mosely, B.S.
et al., Proc. Nat. Acad. Sci., 84, pp. 4572-4576
(1987); Lonnemann, G. et al., Eur. J. Immunol., 1S5, pp.
1531-1536 (1989).

IL-1p is synthesized as a biologically

3% inactive precursor, pIL-1f. pIL-1p lacks a



25 particular, I1CE or |ICE honol ogs are thought to be associ q?egﬁjg/iiq&the
regul at |W599/f4.,5§90pt osi s in neurodegenerative di seases, such zZe ner' s
and Parkinson's disease. Marx, J. and M Baringa, Sci encePCI359983919760- 762
(1993); CGagliardir~i, V. et aI , 30 Science, 263, pp. 826-828 (1994).

Ther apeutic appl ications for inhibition of apoptosis may include treatnent

of Al zheiner's disease, Parkinson's di sedsé, stroke) m-~ocardi al

i nfarction) spinal atrophy, and aging. WO 99147545 - 5 1 8 SEP 2002

PCT/ US99/ 05919 | CE has been denonstrated to nedi ate apoptosis (programred

(1095) - Vinyt e i SBoan) Ceet EFgy gl fha [k 1noF) BOGReste) bR, 1 B

and Green, D. Rign@a| pep8idape.348afalo5y;JAl nEm_kl,‘_EE 815.eppab4l-847Bi ol .
“Cnem , 270, p. (14312 (19%§)ceaéfuaﬁn\1w%rc1@v@d KRl inBLoheukin-pp 211

(1995) A transgeni ¢ nmouse W th a_disruption of the |CE gene is def|C| ent
in Fas- nmedi at 6@T4EEHLHTi §REKURJA, 148" k Petwesn, A@&l%ﬁ6e32§7A1206@)7(1995))
"This actsvity tef pr6Bukcs dhstbmsloétomlysawieeacs téemprategsaggennzyne for

"CE my not afPURE ScrertonSsrineehd STROPLE RIHE, ty?ﬁ%ﬁ%b?“%ﬁ%élﬁ?. :
15 Enzymati cakltyadcti Je BOPlhaChémen pFevipRisl4Sdest4sbed (a852) het er odi mer
conposed of t\ADDSUQHma&EUeQZQlan%plﬂmrﬁ@xockpa afgh | Gibeo BBk esykar wel ght,

respectively) hese subunits are dertved Troma 4 proenzyne (p45) by
way of a p30 (@A)t hr BGEhlénaZW%%%}%tE%t%ﬁ%a}ﬁ%}%ﬁﬁﬁ PElmarl Y

i’i&ocatﬁd yti ClﬁTﬂ@EBE?Eﬁyx l\tzé\ c@:%véii'ts ;Maéiwﬁsoﬁﬁ p;pd€§8cﬂe74 (199221 The
proenzyme has_been_di vi in ra one a pro omai n
(pra]) o 20 BREREBEPER o BERTburtifre 11 bt ARRS BaEEountiT ¢ 5B

Thornberry et 38k~ 393up1389(:asm\$tleztaalm J Caara s, &MA&&LIQM)
Full lTength p ha egn cpar é:gNAag,\_{:l% C

sequences. P BLies . 9ok pl ?gat o?’sizzﬁd%%lﬁgf?g? and é%%%%% Mli'he p20 and
pl0 cDNA and 36 ahﬁn@lﬁﬁlﬂegme@%r@%l%@w ghorabere yIkt1fl ., su

ra. Marime anghtahigh GEhbayel al dembenie sequenced and cl oned. They have high
amino acid and nucl eic BCE d( S£ attediets Dl 10g)a tnﬁénﬁb&lﬁrbeE f&ﬂ\iij{i‘rofD K. et

., Anr.. N.Y. 33-148 (199 35 SM t
o Proe. nabomalageuSoenivies ohfied Yasndhde O M2 HlpelCRLN) S €

PCT/ US99/ 05918a<t809e¢18€ﬂcé 19081 a fitel e shrige- mmml sste UI:églI(El’lS)f I CE has

been det er m n es da I 0. | son,
K.P., et ,8 éﬁeaég%g o5 Oé‘}zg}{ q{})@%% 4%1 a%%e <='ggct|%éé%e)igcgyn&\:ﬁ(eX| sts as
ab5 tet2r°arrer éPrthelan‘éFtW]o?l GAfRATY4) ERNTReY, ¢TRAnd ot her
menbers of themb&Es CFDi 3, fptmisamamdmen x«tam&qwl.io tehe sDnVQTSI on of

pro-l@F to IGQF or tothe oduct I Mi pllatlon
PCT/ US96/ 2084520bPRe: { o o P v vy NaaHelTe |nq(|:_or
herein by ref%ﬁaﬂ__m_a R7& kﬁm}me@&%ﬁj Jin TH verasl @ee pr el sor pr otein
"pro-1AF". Interferon-ga duci n ctor. (I.GF) an ap xi mat el y
18- kDa pol ypeﬁ)f?ﬁ% ?%a?)g Wﬁ?}?g{s ‘Iegccea\ ) %M%’ i%{(g’rf%ron ganma
(1 FN-y)25 | G F15870 (1995); ICH-1 (or Nedd-2) (caspase-2) (Wang, L.
et al., Cell, 78, p. 739 (1994)), MCH-2 (caspase-6),
(Fernandes-Alnemri, T. et al., Cancer Res., 55, p. 2737

(1995), CPP32 (or YAMA or apopain) (caspase-3)
(Fernandes-Alnemri, T. et al., J. Biol. Chem., 269, p.

30 30761 (1994); Nicholson, D.W. et al., Nature, 376, p.
27 (1995)), CMH-1 (or MCH-3) (caspase-7) (Lippke, et
al., J. Biol. Chem., 271(4), pl825-1828 (1996)};
Fernandes-Alnemri, T. et al., Cancer Res., (1995)),

MchS (caspase-8' (Muzio, M. et.al., Cell 85(6), 817-
35 827, (1%996)), MCH-€¢ (caspase-9) (Duan, H. et.al., J.



produced by activated Kupffer cells and nmacrophages in vivo fg Ehps @(ported
out of such cells upon endotoxin stinulation. Thus, a corrpound t t2

decr ease¥0 I@‘ﬁ"ﬁroductl on woul d be useful as an i nhibitor pET/ESWNsd1920 cel |
stimulation which in turn would reduce the levels of IFN-y production by
those cells. IFNy is a cytokine with i munonodul atory effects on a variety
of immune cells. In particular, IFN-y is #nvolved in macrophage activation
and Thl cell 25 selection (F. Belardelli, APMS, 103, p. 161 (1995)). IFNvy
exerts its effects in part by nodul ating the expression of genes through

t he STAT and IR pat BMeys, (5371 §3§5‘! ”dﬂ:erléﬁ‘9031572par(i‘§§é AnfehdRev.
Bi ochem , Tani guchi, J. Cancer, Res. cdin. 30 Oncol.

D. 62T (1995)
121, p. 516 (1@@%Basm%@ |§a1\6k1i‘?©n¥|:|\?y BF - 315 réeeBiob HGRAM 11373 e
defects in i mpnesTes +6$a0Cl1i Do pndrerLari@ss shameémt £, endoéwoxdc. shock (S.

Huang et al cien 5 1742.;1993); I S 259,
p. 35 1739 (19%—#%—&—%— 57 EXD: DK?EP‘? W% b%l%’? Cf’fh)%gl 47545
-7 1 8 SEP Q3P 4EUSOYWHS 9 %19®Mf)a)l Alﬁngam}_hﬁllun_z,, A7 F rappears
to be a potent;duhicessof (9% ¢) Progcs b ol bYchﬁ&Jsésli)H f%amer et al.

I nfection and | nmuni t 63, p. 3966 1995 H _OKkanura et Nat ur e, 378,
p.88 (1995): $raghi dletelsad -, EM: 48%6 Pp. 51327§19fh39%"5 | FN-y has
been shown tomﬁrnbm:&i tMidae, pat led D mmm:ecbqwﬁ,rncmaoarl ety of
inflammtory, ut o1 mmu di s dIS ases

conpounds capa ’de r@é.ﬁaﬁﬂ\ie nJL|¢e)3r)o’du i on 1?\/\/%1 e%ee'tuseg;l

anel i orafe thémlf_exﬁw)_f, IMWSbImt%mMWT ebl 9 F®clor dindgMLCE

conposi tions anrd iptdnds \c | &5 of ¢ egul atd N e cOMEr Si fsyprp-1G F
to 13 F woul da(be étEateful f)o?@%te)creasef ng |G F—ﬁer—I"FN-—_‘T“bduz(g’Pl(gn in15

vivo, and thus %648 #Rf53%rd9%fy the detrinental effects of these proteins
whi ch contribute to r der eases._ Caspase inhibitors
represent a class of %p(?& 3’3’ ?Itﬁaﬁngfﬂmq Sorft ﬁsnflk nmmation or 20
apopt osi s or Baétslel fRepts d:apaﬂndqoeq:ﬂ iichdudinty Epapto s IWlerhave been

U0 53/ 15076, VOGS HFT oSO WO S a5dot Vo daraBANEP AT

96/ 33209 and WPSIQFOTIOFR; OfutHSEsn h@at@mgszsﬂéﬁbmf@am%dmslggl 547 699,
618 223, 623 Eaaabam@ﬁ&%rw@l-ml%-lﬁ@pp@ﬁrardﬁ@a:hy&%%&esﬁﬂéoaia53

S, 716, 929, d 44 452 Such t hi hi_t f I CE b

obser ved toagllgg’% %&u@gf}%é’ ﬁ' Irrd‘%hrpg%"if-riyp%r 1% r?5u§§lira'n\;§éf’g§?

i nflammation @azd@n:idt |emf Rrd). ,ad@turesupprlesp -gr3cddé W 1¥94)eukeni a cells in
vitro (Fstrov et al. A Blraads 34 23807 4 ‘p)to'ﬂ@“?ﬁyblv%ﬁeéhothge'r

peptidic nature, such inhibitors arety i.cd haracteri zed by undesirable
phar macol ogi c ZFP8paLtERas PLs BERIFATHES odiy Lﬂeértr?,?rpét?@cprt&tsllér and
cel lul ar acti vuhy, pQoktoral., C4199/74754p.641-652 (1993); Miura, M.

et al., Cell, 75, pp. 653-660 (1993); Nett-Fiordalisi,
M.A. et al., J. Cell Biochem., 17B, p. 117 (19%3). 1In
25 particular, ICE or ICE homologs are thought to be

associated with the regulation of apoptosis in
neurodegenerative diseases, such as Alzheimer's and
Parkinson's disease. Marx, J. and M. Baringa, Science,
259, pp. 760-762 (1993); Gagliardini, V. et al.,

30 Science, 263, pp. 826-828 (1994). Therapeutic
applications for inhibition of apoptosis may include
treatment of Alzheimer's disease, Parkinson's disease,
stroke, myocardial infarction, spinal atrophy, and

aging.



-8 . 1.8 SEP n092 PCT/US99/ 05919 absorption, instability and{gapEr 2002

met abol iW@®Y/PIsédt ner) J.J. and D. W Norbeck, in Drud4 D scopeanys99/05919
Technol ogies, C R Cark and WH. Mwos) Eds. (Ellis Horwood, Chichester,
Engl and, 1990), pp.92-126. These 5 properties has hanpered their

devel opment into effective drugs. Non-peptidyl conpounds have al so been
reported to inhibit ICEin vitro. PCT patent application WD 95/26958; US
Pat ent 5,552,400; Dolle et 10 al., J. Med. Chem, 39, pp. 2438-2440 (1996).
It is not clear however whether these conpounds have the appropriate

phar macol ogi cal profil e3CEohbe bhenageuvnghrhypedsed uhediztordi ngly, the

need exists fQ;; o Po® Pé‘n?lérééréﬂtﬂédcé&?fE@SEhYehM w]_hem Laspgses. and

t hat have fav In vivo-activity, use as agents f é)reventl ng and
"treating chrohiRefnd Se@léeForhs oBCLEACE 5865t oErsl445rd¥39
| FN-y- nedi at adnﬂ&ea@eSanQSEwhl @s, Imétaﬂaat evy, BUut 0 rmwlgs) destructive

b 20 proljferative, _inf di RY OF
O B By ot "SRR b of AeBEhD, el P hachef S SR .0

and phar naceutlimwerhty, aEcept abt eaR5, deumues_smﬂr evtq, t;hatua:r:e useful as

be used ;Pghgl%fgfn'coﬁﬁgrt5C“%@%%rﬁﬁ%%éiéﬁﬁg%?%éé%f.5J2§§e A act o
agents, such BE9%ti bikttEaPSYRRAMORPDEESE avdER or %ﬁmtmlogcﬁn%flam’r&tory
agents forltgi”@ tg&?e} R@tdﬁfl@{%@@ﬂ?xtﬁsQﬁe@i§§@%%§pd’ﬁ§i@i‘§?(IQ%’Jﬁid— 1,

apopt osi s or ccor 0 a pr ed enbodi nen e
conpouhfls of Fhi% idventSSHERES %%%ab?%o%f ; hng tPthe A She of a

caspase and iIdE tmlstldu;stthecacfrmntyt@fréhatas Sﬁe@suqu&ssmg atf2v8y 47545 19
SEP 2002 PCT/tlé§19 g 9 i tid S P4 ngd pal kp;q,#%%t At his invention to
sses of C rb I

provi de novel onpounds represented a I "whi ch have
favorabl e i n Sdssrerafmees: i FEiIR &6 N:]FQJPaY)@CN ‘afferts wherein t he

various substddietioRISr deseidert, hey eigut lday Sirhibitt Rgo Ip‘l@ﬁ%t ive of
this lggentlon to prov'cméﬁ#ﬁ%f@%f%gIéé%l&é”?%ﬁ'ﬁéé”ﬁ%eﬂ'géev1ous1y
described as a heterodimer composed of two subunits,
p20 and pl0 (20kDa and 10kDa molecular weight,
respectively). These subunits are derived from a 45kDa
proenzyme (p45) by way of a p30 form, through an
20 activation mechanism that is autocatalytic.
Thornberxry, N.A. et al., Nature, 356, pp.768-774
(1992). The ICE proenzyme has been divided into
several functional domains: a prodomain (pl4), a
p22/20 subunit, a polypeptide linker and a pl0 subunit.
25 Thornberry et al., supra; Casano et al., Genomics, 20,
pp. 474-481 (1994).
Full length p45 has been characterized by its
cDNA and amino acid sequences. PCT patent applications
WO 91/15577 and WO 94/00154. The p20 and pl0 c¢cDNA and
30 amino acid sequences are also known. Thornberry et
2., supra. Murine and rat ICE have also been sequenced
and cloned. They have high amino acid and nucleic acid
sequence homology to human ICE. Miller, D.K. et al.,
Anrn. N.Y. Acad. Sci., 696, pp. 133-148 (1993);
Molineaux, S.M. et al., Proc. Nat. Acad. Sci., 50, pp.

w)
wm




10 nul ti-conponent conpositions. This invention also provi de S&et M%s for

using a ing the conpounds of this invention and rel ated conpounds.
DETAI LEM@%%%{DTI ON OF THE I NVENTION 15 In order that th%CT’Hv?%%?ngg '

descri bed herein may be nore fully understood, the follow ng detailed
description is set forth. The foll ow ng abbreviations and definitions are
used throughout the application. 20 Abbr &vitat i ons Ac20aceti ¢

anhydri deMeCNacetonitril eAMC jam nonmet hyl coumarin' n-Bu | normal -butyl |I.
DVF ; di net hyl f or mam deDl EAN, N- di i sopr opyl et hyl am neDVMAN, N- di net hyl acet am de

Liothyl ecner 007 3833195387, ) | Fhgch AYLE A RAGTuiF HECREDREE' B] Sulet ny
acet at eFnroc~ 9CE| hesepperetryoxpéasonl | BLOU pehgsPtRhEen-RYyK-KaN N, N -

t et ranet hyl ur gpi, 4R @XRfHapeL0PhRs Psh eHISE 1- hydr oxybenzgetrt azghe hydrat el
MeOHet hanol NVP™, N- net hﬁ]l pgr rolidi none~ TFAtrifluoroacet]c aci dpNA
~p-ni troani | i RB-TREOr&rm "¢d2phse" TRBIRFEIYD GRZERS 1 EhAt3Ps®a nenber of

the famdsy of tenzumes bifatwbnpdodesd| Gko(see shbldaiws. Natl. Acad. Sci., 94,
pp. 2007-2012 5 (1997) kocelbey! e ShBVor ne HEmin " L nL ol er Lo
S_

hepatitis-B virus, hepatitis-C Vvirus and hepati ti virus, respectively.
The term "Ki " IFEf 6EB-8o famalyeha ¢l beersliekad &9 &thR eppec¥sieness of a

compound in ipgRbbiErRpgtbhecaptbyity ©he apisdgetienzyfreIsyoh as Lo Lover
val ues of Ki reflect thher effec}lveéfss. The E% value is a derived by
fitting experiREht 8PPy 15&F&PHI Pt/ Y212/ 338 43 t PR LR PR MY ne"Ri net i ¢
eﬂuat iQos (see7)f2bk 1segehicﬁS%jEnmm?pﬁbmté@sne:v&ixeyby ni'?fér:éle@éﬁ,f 1975).
The term "int ron ga induci n actor” ar "I1GF' refers to,a factor
whichl s capabPh of SSRGS 1 HE BATogR otee e 8 BRet 18y “The
term "caspase"pnbt bELBIM. refer to a 20 conpound which is capabl e of

demonstrating detectabl eni pPdi ok Ahitha OGO 1 AT 6 SASPABESEF ) hEst @AM " | CE
inhibitor" refers tp a conpound which iIs g@gable of denonstrating

det ect abl e i nAPBFPFIR2BRLY CEB dfRR RRIRERT IS FotBLLRfAS i Drapll
caspases. | nhpboduenidh of iiosererory+reesmumny(IFN-det er ni@ErE 1sing the

et o Sescr bk 0] pCBENALES BbtRler e M e a8, |
an in vitro vivo and is exported out of such cells upon endotoxin
stimulation. Thus, a compound that decreases IGIF
production would be useful as an inhibitor of such T-
20 cell stimulation which in turn would reduce the levels
of IFN-y production by those cells.
IFN-y is a cytokine with immunomodulatory
effects on a variety of immune cells. In particular,
IFN-y is involved in macrophage activation and Thl cell
25 selection (F. Belardelli, APMIS, 103, p. 161 (1995)).
IFN-y exerts its effects in part by modulating the
expression of genes through the STAT and IRF pathways
(C. Schindler and J.E. Darnell, Ann. Rev. Biochem., 64,
p. 621 (1995); T. Taniguchi, J. Cancer Res. Clin.
30 Oncol., 121, p. 516 (1995)).
Mice lacking IFN-y or its receptor have

multiple defects in immune cell function and are

resistant tc endotoxic shock (5. Huang et al., Science,

259, p.1742 (1993); D. Dalton et &al., Science, 259, p.-
35 1739 (1993); B.D. Car et al., J. Exp. Med., 179, p.1437




WD 99/ 47545 - 11 1 8 SEP 2002 PCTNS99J05919 enzyme i nhi bit di® SEBr D% anpl e,
a prodr WYOMP84AF4f a compound typically denpnstrates |itt| eP@ivUSRO/08®I0i Vity
inin vitro assays. Such prodrug forns may be altered by metabolic or other
bi ochem cal processes in the 5 patient to provide an in vivo | CE inhibitor.
The term "cytokine" refers to a nol ecul e vthi<h nedi ates interactions
between cells. The term"condition" refers to any di sease, disorder or

ef fect that produces del eterious biological |0 consequences in a subject.
The term "subject” refers_.to an  animl, _or E one or_nore cells derived
froman ani mal .(18%&Perab ,onﬁhé’lirlﬁ A Srgnﬁﬁ??aﬁ‘ﬁs °pPef2rBRFSh
human. Cel | s maypdaeern odny Fieynprodoktudongbpul awltld i (H t edkdnureeldts 15

retained in tissue, L., clusterns, i rtalized._.c , fected or
" transforned ce?’ﬁs‘,’ Taiectiod gha ’Img@&%’ah%én frg%éghé%gﬁgf/’e been
physical |y or Phenurppetaply .alpsvae, BAE.tprAB" pb29Bht "SasUsikkeel €t this 20

_application refers {0 1aRMnBRMMBhs6Pr ¢f @3kl y1bygpns. The term "al kyl "
refers to a straighf-chained or branched, saturated aliphatic hydrocarbon

containing 1 to 6 carbonl&NokshasheeeRr fhowdt KehyontIatite @ &bt rai ght 25

chai ned or brapshadilvasatesatedtBpdivacar Botae oot @idd NPn £l dfimdk @ bon at ons
and at | east ope dogbl gsbgng. aI g;Lerm " ﬁkkg{)g}el‘j raer{deré.éteo a

st rai ght chai ne%InSFc FenEhed“uRsatarared ydrocarbon con alﬁ%sg' 2to 6
carbon atoms afbuat Fempoupde cepbpbéebofiddeaoedHing e¥Fl “1cypeiodalckyiion ref ers
to a noRg- or POlYAYSki GsePAD- 86 OHRELSor BYE ORATDOM &t 1% SYHHEM Whi ch may

optionally contaln unsaturated bonds in the ring system Exanpl'es include
cycl ohexyl, adbfaAt§r. PABPBOSAYES - and spirocycl opentyl. ~ g SEP 2002 - 12
The term *aryl" refers tRcacf@AglP! BEhpy¥eYEidits rdity KRB Wigdbiont ai ns
6, 20, 12 or 1~ carbogs Ln \A@}Pch at_least ong rin Ftheqrir}g systemis
aromatic. The &fyFegroabsndr “ihi SOPHGERLPBNCAIRF S | drfal gt si“ﬁé 0X

mul ti ply substbé¢utedfuwit hioRldecExasphgsI®IF aanyd IANHy pystierntibnclinde,
phenyl , ,aapht hyl . _an e y n : I Y ryl2 stoa
nono- yilgpol yc%/"lcl: ve gPé\gééggtgén?mﬁﬁgﬁg%%ﬁ%%ﬁs&% {Hg%%;gar 'c}ne c?reg{tgsrrrs and
1 to 4 heteroadbniheapdPratabpehvhicheglrt HiRUYS 1P S ddisegderst em i s
aromatic. Fletgn@agipssagées. sul fur, nitrogen or oxygen. The heteroaryl

groups of this invention.,are optional ly singly or | tiply suhstituted with
R--1. 15 The term "het er 5e3RHF "llf?}é?%f'gof% ge%%er%e-nr{gra p‘g%&/& ic ring
syst em whi ch cortpéusds usefy] Sfeurbbe etmimokhmf xnid amnedtieomoairons, in
whi ch t noNos e YGY C rin tiiQAal ¥ 4 i
8§ NMONOs, Okt BOTE YEY 1%5'@h. BeBY 248 AR AR QA {oh;HARA Sty

unsat urated bonds but 1s not _aromatiC. t er aat ons , I ndepen
sul fur, nitrogefE BRVeXDR®R. dateriked APKYIRatANt APRdAcatdons al kyl gxoup,

wherein a hydrioges: a1 o57Df whess) &yb70r owp 935/ cesaced s /aroaeyl radi cal .
WO 93/14777, WO 93/16710, WO 95/35308, WO 96/30395,
WO 96/33209 and WO 98/01133; European patent
25 applications 503 561, 547 699, 618 223, 623 592, and
623 606; and US patent nos. 5,434,248, 5,710,153,
5,716,929, and 5,744,451). Such peptidyl inhibitors of
ICE have been observed to block the production of

mature IL-1B in a mouse model of inflammation (vide

30 infra) and to suppress growth of leukemia cells in
vitro (Estrov et al., Blood, 84, 380a (1994)).
However, due to their peptidic nature, such inhibitors
are typiczlly characterized by undesirable
pharmacologic properties, such as poor cellular

35 penetraticn and cellular activity, poor oral



The term "al kyl heteroaxyl ~t reter~ tv an al kyl 25 group, jﬁf&?@?ydrogen
atom of yWwheoahky! group is replaced by a hetexoaxyl radical

~amino acid side chain" refers to any gxoup attached to t RETAUBR00BYR of a
naturally or non-naturally occurring am no acid. 30 The term ~substitute"
zefers to the replacenent of a hydrogen afomin a conpound with a subst

i tuent group. The term ~straight chain~~ Xefers to a cont~. guous
unbranching string of covalently bound 35 atons. The strai ght chain may be
substituted, but 1 8 SEP 2002 WD 99/ 47545 PCT/ US99/ 05919 - 13 these

substi tuents aéBsBth@oﬁarﬁ.nQEaﬁbEl@i'rﬁhcﬂ@a&f@'n@tdﬁblﬁw cal formlas)

parent hesis ar d her e tivity in nolecules or groups.
5 In particul aPlaggpéﬁt hgs‘gs ﬁs‘éd b?%rrl? 'cﬁ%wt han one
atom or group fechandediés, anthd:J:alt}ararm GMH .0Md)s .2 BN cE XL 9oi nt
(i.e.) the ato i a e n nt hesig, | ondgd both to
Hhi- B &ﬁwhg@{ Le n PAHEN has!, 15 pondgg. pot h | v

the atomor group I'n thé pareéen eses n ‘or” group i
after thé cl ospaoparémeﬁehag)hamﬁmn@@z@ququmestt useds "-N(al kyl) 2",
i ndicating twoeakkyligeogpggdond to an N atom An exanple of the second use

is "-C(ONH2", indicating a carbp rou and an am no ("NH2") group 15
bot h bonded to the indi ctg?rédp%%q'b‘g%l a‘?‘?ﬂﬁcp ds. BayeNEdsyr may be

rsegresent ed i nrepbetetays, mmbmlngathe widdcawl RS ipat@ny e: f '"NHz 20
tituent r I r r r
ubstiLuent s TRALDECLEPLESAN! S foaar g S . These oA 330;31 oLte are

known to the ractl er and may "be use nterc
exanpl el0a net&yl . sﬂhsMJ.Le@iL_lmn a3%:»henn/l 21438 2rkedyP b(ei%)represent ed in any

of the follow ng formns: ﬂ: ~~§'| ot c1dar nMever vophe\lé"l‘zre"':o‘15'1&2]‘%%r ms of

substituents such as rretyﬁg/\f%are used herein interch ange y. 3C O her

definitions ar€OERPURES t the aRRIQBYICYS PhafRecelpgicsdamrofiless S E P
2002 ' WO 99/ 4g54be PEh Y 4309 1HNS, .useful .

Accordingly, the need exists for compounds
15 that can effectively inhibit caspases, and that have
favorable in vivo activity, for use as agents for
preventing and treating chronic and acute forms of IL-
1-, apoptosis-, IGIF-, or IFN-y-mediated diseases, as
well as inflammatory, autoimmune, destructive bone,
20 proliferative, infectious, or degenerative diseases.

SUMMARY OF THE INVENTION
The present invention provides novel classes
of compounds, and pharmaceutically acceptable
25 derivatives thereof, that are useful as caspase
inhibitors, in particular, as ICE inhibitors. These
compounds can be used alone or in combination with
other therapeutic or prophylactic agents, such as
antibiotics, immunomodulators or other anti-
30 inflammatory agents, for the treatment or prophylaxis
of diseases mediated by IL-1, apoptosis, IGIF, or IFN-
According to a preferred embodiment, the compounds
of this invention are capable of binding to the active
site of a caspase and inhibiting the activity of that
35 enzyme.



-'14 Conpounds of this Invention The conpounds of one enbodi‘rr%rﬁEPAz%l this

i nvent i wo swas4gshose of formula I: ORs RS R2 R6 10 N N R-pCivifs9d/ds¥194
wherein: Yis: (a) R~ ,mH 20 O provided that when R~ is -CH then Y can
also be: (b) O~m~ OHOH25 Xis -C(R3)2- or -N(R3)-; mis Oor 1; 3 0RL
1s H -C(O R, -C(OC(O R, -S(-2RB, -S(O RS, -C(O ORB, -C
(O N(H RB -S (O 2N (H -RB, -S(0) N(H -RB -C (O C (O N(H RB
-C (0) CH=CHRB, -C(OCH20R8, -C(OCH2ZN(H)RB, -C(O N(RB)2, -S(O 2N(RB) 2, 1
8 SEP 2002 WD 991 47545 L US99/ 0 -. 15 .- S(0) N ya 0 N(R8) 2,
(0 CH2N(R8) 2, - CH2R8) LR é’ég’?%?%%l Spied 88 @S%% Eﬁ%g%&%fls@g% and
each R3 is ingeparidennbyel HolansSs adf noonpddnds deephasante®ebyal kenyl - R9,
or al kynyl - R9.¢ 0k R2 éodwﬂﬂeh%@?g@w@fam h;4Ne; pbOBBoErugL ch they are
- bound, forma 3 to 7 nmenbered cyclic or heterocyclic ring system wherein a
hydr ogen at om bound to any -al kyl or -cycl oal kyl carbon atomis optionally
10 repl aced by -R10, a hydrogen atom bo S “aryl or -heteroaryl
- carbon atomis optionally replacgd by - rogeng@t om bound to any

ni trogen atom of the ring sysLEFNLg\opt'
and each R5 is independent!| yr+H, '
-al kenyl -R9, or -al kynylR9, or R4 and one Rb togetfjfer with the atons to
whi ch they are bound forma 3 to 7 nenberedprcIic or heterocyclic ring
system wherein a hydrogen atom bound 20 to any -aPkyI or -icycl oal kyl
carbon atomis optionally replaced by R10, a hydrogen atom bound to any
-aryl or -heteroaryl carbon atomis optionally replaced by R11l, and a
hydr ogen at om bound to any nitrogen atam of the ring systemis optionally
replaceP with Rl; 25 R6 is -H

wherein the various substituents are described

herein.

It is a further objective of this invention
to provide pharmaceutical compositions, including
10 multi-component compositions. This invention also
provides methods for using and preparing the compounds
of this invention and related compounds.

DETAILED DESCRIPTION OF THE INVENTION
15 In order that the invention described herein
may be more fully understood, the following detailed
description is set forth.
The following abbreviations and definitions
are used throughout the application.

20
Abbreviations

i AcyO acetic anhydride

[ MeCN acetonitrile

' AMC aminomethyl coumarin

' n-Bu normal-butyl
DMF dimethylformamide
DIEA . N,N-diisopropylethylamine
DMA N,N-dimethylacetamide
EDC 1- (3-Dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride

Et»0 | diethyl ether i




R~ is -OH) -OR8, or -N(HOH 30 each R8 is independently -al{kg/ISEP 2002
-cyclo ryl, -heteroaryl, -heterocyclyl, -alkylcyc}

- al kyl §*5¥$/4754fkyl het eroaryl, or -al kyl heterocyclyl, 8‘9@11:%\“ 8913

99/ 47545 PCT/ US99/ 05919 , - 16 wherein a hydrogen atom bound to any - aI kyl
or -cycloal kyl carbon atomis optionally,geplaced by R1O, a hydrogen atom
bound to any -aryl or -heteroaryl carbon atomis optionally replaced by
R11, and a 5 hydrogen atom bound to any nitrogen atomis optionally

repl aced by Rl; each-RO_.is-independent]y —het-epga.r_yL—rycl oal kyl, or

-heterocycl yl, wher %A‘qﬂ rogen—atof S b ARREate ﬁ'i—l%
-cycl oal kyl carbon at N‘:ﬁ" yorenyamethyaxy OnY vl gen atom

bound to any -aryl PungWét‘ roa ﬁﬁglﬁtprglgd;gi kl'h?%ﬁ%gﬁ/u bpl aced by
! i

;
R11, and a hydrogen!atom bpund to C%qum opt onal Iy repl aced.
by R1l; 15 each R10 isgiradepenstenti =, -NO2) -CN,
N2, - C02H, - O O) NiE 2B R by e IRy %"1&? 'avfg@{}f?r?ﬁg.tia: iyl , -0 al kyl)
-OGaryl, -Oalkylar etk yt e A ot = 20 .
-N(al kyl)2. -C(0) N —CCONEat oasb |, -N(H C

(0) N (H alkyl, -NHEREE O —N{arky yH—S—ary| ,
“Salkylaryl . -S(0) baFhr— s Oratkyt ?%fﬁ?i“%?f,‘é- EHENHE—=CH2N( H) al Kyl |
or -CH2N(al kyl)2, -alkyl, -cycloal kyl) -aryl, -heteroaryl, 25
-hleielrﬁcycl yl, l-a: kyl CMQ'JeOaﬂé&yd;] "@éé%@évylre%@ié(éwazera@éwe th{at

-a et eroc c ere om bound t.0 any -ar

- het groaryl rﬁ%ﬁd ér\(kg(]?rﬁ | and%fef gﬁ%q‘%;yr:fplearbzéaneb@ ti:ﬁalt a%bc@%ﬁd%cg%n at om
bound to any rseter@germaataomuihmmmu_@c_x_e,pl%,e@my A RZ0wNd each R11 is
I ndepen ently( -F, -d) -Br, -1, -N02, -CN, -NH2, -C02H, -C(O NH2,
-N(H) C(O H, ﬁ?h)&()O)NHZ - al kyl, cl oal erfluoroal kyl) -0O 35
alkyl, -Oaryl, -O al kyihgr yHermay W%{kyl"HC‘KT( H)Pégy'mGV“ refe@tgf cdU2 WO
99/ 47545 PC' Fep5994Q3939 v rlik, -Rddcal del @rpilrus Mrd kidpad i e1G@ NCH) al kyl

virus, respectively.

The term "K;" refers to a numerical measure
10 of the effectiveness of a compound in inhibiting the
activity of a target enzyme such as ICE. Lower values
of K; reflect higher effectiveness. The Kj value is a
derived by fitting experimentally determined rate data
to standard enzyme kinetic equations (see I.H. Segel,
15 Enzyme Kinetics, Wiley-Interscience, 1975).

The term "interferon gamma inducing factor"
or "IGIF" refers to a factor which is capable of
stimulating the endogenous production of IFN-v.

The term "caspase inhibitor" refer to a

20 compound which 1s capable of demonstrating detectable
inhibition of one or more caspases. The term "ICE
inhibitor" refers to a compound which is capable of
demonstrating detectable inhibition of ICE and
optionally one or more additional caspases. Inhibition

25 of these enzymes may be determined using the methods
described and incorporated by reference herein.

The skilled practitioner realizes that an in
vivo enzyme inhibitor is not necessarily an in vitro



-C (0) N(alkyl ) 2, -N(H C(0) alkyl, -N(H C (0O N (H 48P 2002

- N( H) C(@pNpasegl ) 2, -S-al kyl, -S-aryl, -S-alkylaryl, -S(Qépukylaseio

-S(0)al kyl, -C(Oal kyl, -CH2NH2, 5 -CH2N(H)al kyl, or -CH2N(al kyl)2. In an

alternative formof enmbodinment AA- RlLis H -R8) -C(0) R, -C(O C (O RS,
S (O 2R8, 10 -S(0)R8, -C(0)ORB, - C(O-Ngh)R8, -S(0)2N(H)-R8, -S(0)N(H)- Re,

-C(0)C(ON(HR8, -C(0)CH=CHRB, -C (O CH20R8, -C (0) CH2N (H) R8 , -C (O N

(RB) 2, -S(O 2N (R8) 2, -S(0O)N(R8)2, -(O (ONR8)2, -C(0)CHZN(RS) 2,

- CH2R8, -CH2-al kenyl -R8, or -CH2-al kynyl-R8; 15 R2 is -H and each R3 is

i ndependent | y enmymgn ia¥iid tagi.d Fiode eciaaipd.e - R3prafkeayFoRy, obraal kynyl - R9,

or each R3, teggbhanhdMtiipida st @r@n{o@ls\&*ya%st hqxetaéeobwadacé%mﬁ 3to7
menbered cyclic Qr heterocycli¢c 20 cy %aIC rin $Y ystem gnd one R3

toget her wi t hiPhélatdied @s\ﬁﬁl}’c?h t 1767 P PE T °F8Frﬁ“3y3b?o teERBer ed
cyclic or het pyoogckbo liingrsyshem bikehenicalhpdbogeneat bm bheind to any

Il CYELOGEEY! (EALRRNBLOTL §00LLenaldey sbapbaeg by - RIO, a
hydrogen ato oun -ar or -hetéroar carbon atomis
optionally replaced by TREl teé?mhyéb’égéﬁn&t"omelﬁéﬁﬁdt"@oaatn91¢|¢tul©gen at om of

the ring SySt@Hlbﬁ aetjllgraél ! XnE@QEéE@@nEYbe%eeﬁaéglB.Jro i s independent!y

-OH, -SH, -F) -CI, “Br NO2) “NHZ, - CO2H, - C(0) NH2,

-N(H) (O H, -N(H)C(O)NH’zhe 6§FF‘I SPBQPRQP“" BedrKyI Lo apurgisearal kyl aryl ,

ggglgﬁll( k?/:( l;&&b&anyslr orN(elﬁ)Eeal:k}zhatybrg)d(bl:glétk}dbl&lz\l?f_bﬁcl?éql\ﬁéaP<|£é<i/c|:all o Sep
, - ryl’

20QR \/\6%99}/47 %Sﬁéf#{cﬁgﬁé/ 6@939511%' Hzf N (Hgl C (0) Cal kyl ar§|, -N(H C

(O Oheteroaryl, -N(H) CTbeOakkpl Metubjeaty!| refRs) G Bwmcamimsl kydy to

-N(FDC(O)N(H)@M%I mB'(:ED ngaezm% frBlm(EQx Sn{fAN (BrafapN (H C

t
SN(H)C(O) N(H)él’?( ﬂ{é'f‘é{loéﬁyﬁ ma q@?mgrrlgg%%ﬂkma hugan ky|Cells ary| |
- S- alulflyl <(':1r|ylk Ta;S(K{a Zajﬁkf‘hy fSﬁlﬁ)) ahkylludiﬁécbatk%dat lﬁrﬂi\&dﬁ t%Q'é?lN(é‘D a: klyl
or - a ) &3 Cl 0a eter et OoCcycC ,
"0 ol B cyel bavRea by FARLR TEEYL rifFsnp TR 40d TP
wherei n a hydrogesfacbedbountranséoymedr gelds, - and erebly | deanah atomis

optional ly rep}&gegnbgnﬂglagga@ Hé{géo €8 %9?1599% to. any nitrogen atom

is optionally replace ; e ot substituents are as defined
above. Pref er%‘b?%tmlﬁﬂylbfa%ﬁ%r%‘ﬁove embodi nents: 20 mis O;
The term "patient" as used in this

20 application refers to any mammal, preferably humans.
The term "alkyl" refers to a straight-chained
or branched, saturated aliphatic hydrocarbon containing
1l to 6 carbon atoms.
The term "alkenyl" refers to a straight-

25 chained or branched unsaturated hydrocarbon containing
2 to 6 carbon atoms and at least one double bond.

The term "alkynyl" refers to a straight-
chained or branched unsaturated hydrocarbon containing
2 to 6 carbon atoms and at least one triple bond.

30 The term "cycloalkyl" refers to a mono- or
polycyclic, non-aromatic, hydrocarbon ring system which
may optionally contain unsaturated bonds in the ring
system. Examples include cyclohexyl, adamantyl.
norbornyl, and spirocyclopentyl.



R2 is -H one R3is -Hand the other R3is -R8, 25 -alkenyl-ﬁﬁ)Eﬁrﬂmz
-al kynyl -R9; or R4 and one R5 together with the atons to whilh ¥ ey are
bound forma 3 to 7 nenbered cyclic or heterocyclic ring system wherein a
hydr ogen at om bound 30 to any -al kyl or -cycloal kyl carbon atomis
optionally replaced by R10, a hydrogen_aé&ptbound to any -aryl or
-heteroaryl carbon atomis optionally repl"aced by R11) and a hydrogen atom
bound to any nitrogen atomof the ring systemis optionally replaced with
R1, wherein the 35 ring systemis: WD 99147545 _ 19 _ 1 8 S E P 2002

PCTNS99/ 05919 ~~ , 0 ~/ RE®ndl cbBhor&fl Nofdtdkrs T RO morddN o N, /N, Ro
N~ ~to N*~R~0 \N~~t0 \sN-Rt 1 S ~ ~~ ~~ ~_ | I.N / N R o ,;
,p /N, IN, o?%?yFﬁlﬁnré?geﬂﬁitf?Wew%%q e‘??lbttflé}ﬁ)o[\%i r‘-r‘gnt ﬂz&olrthlg C(R3) 2
or one R3 is avazbons 4niwhicHeathhemst -8 widgemf -tRE wimanlswstem RO. More
preferably, on | and e e | yd 5 4 d one RS
together with ?ﬁe@ﬁ’%ﬁ%#b .mﬁ%‘ghaﬁgyé%%%a%?%%% n%rg;eé%(?%? a%Je%nber ed
cyclic oB het ePBEjenpalyi Ring)yt om ThkeiRly sulsHitaHefidtoRBound to a

carbon atam of gkhRpieBYoEY 8EGM LEngPEy MG VideRIdAE L briBnYY],~ and any
hydr ogen at om bound tﬁ a 15 nltrogéa atomof the ring systemis optionally
repl aced by R1D8BBFB¥Ledapfohftralysepapteyloog 5 10 1°8 SEP 2002

PCT/ US99/ 05919 /R~ ~N  The term "hetercaryl" refers to a mono- or
polycyclic ring system which contains 1 to 15 carbon

10 atoms and 1 to 4 heteroatoms, and in which at least one
ring of the ring system is aromatic. Hetercatoms are
sulfur, nitrogen or oxygen. The heteroaryl groups of
this invention are optionally singly or multiply
substituted with RL.

15 The term "heterocyclic" refers to a mono- or
polycyelic ring system which contains 1 to 15 carbon
atoms and 1 to 4 hetercatoms, in which the mono- or
polycyclic ring system may optiomally contain
unsaturated bonds but is not aromatic. Heteroatoms are

20 independently sulfur, nitrogen, or oxygen.

The term "alkylaryl" refers to an alkyl
group, wherein a hydrogen atom of the alkyl group is
replaced by an aryl radical.

The term "alkylheteroaryl" refers to an alkyl

25 group, wherein a hydrogen atom of the alkyl group is
replaced by a heteroaryl radical.

The term "amino acid side chain" refers to
any group attached to the o carbon of a naturally or
non-naturally occurring amino acid.

30 The term "substitute" refers to the
replacement of a hydrogen atom in a compound with a
substituent group.

The term "straight chain" refexrs to a
contiguous unbranching string of covalently bound

35 atoms. The straight chain may be substituted, but



NS, / N, /N, /IN, ' HJCCH3 R-NCH8 SCH3 /N, ~s , of & REEQ®

Most pref@pelpisys one R3 is -H and the other R-is -C (H) peEhashodse?s - C
(CH3 ) 3 ; and R4 and one R5 together with the atons to which they are

bound forma 3 to 7 nenbered cyclic or heterocyclic ring system wherein
any hydrogen atom bound to a carbon atomef _the ring systemis optionally
repl aced by R10 and any hydrogen atom bound to a nitrogen atom of the ring
systemis optionally replaced by Rl, selected from 1 8 SEP 2002 WO

991 47545 PCT/US99/05919 - 21 ~N~/N~- / N, /N, /N, H3C H3 RI\NCH3 S
CH3 f ~N, ~ Shesw sudst@iddehhlsl arannekt er patrtvefnosé ptehdghed enbodi nent,
one R3is -H %ﬂﬂiﬁbe other R3is -CH3, -C(H(CH3)2 or 5 -C(CH3)3 and R4 and
RS are as defined‘directly above. According to anot her enbodi nent B, the
-present invention provi d8schepdapoufiardrlasy nhraenthepésepreYUsed O Re 0 RB

| 1~ ~~m- \ Mhe BNIRRQ deRate tonnBEtiviky OR RLAEutEA0ckChrbdbs(e) (f)
provi ded that when R§ is not hégﬁgﬂgn, R6™ and %é)together wth the nitrogen

to whichP t hey B @GdGH)2For RR Sef)are usgp G ur8asatesnlls 0 ~ ~m ~

that more than one atom or group is bonded to a
particular atom; or 2} a branching point (i.e., the
atom immediately before the open parenthesis is bonded
both to the atom or group in the parentheses and the

10 atom or group immediately after the closed
parenthesis). An example of the first use is
"-N(alkyl),", indicating two alkyl groups bond to an N
atom. An example of the second use is "-C(O)NHjy",
indicating a carbonyl group and an amino ("NH,") group

15 both bonded to the indicated carbon atom. A "-C(O)NHy"
group may be represented in other ways, including the
following structure:

)kNHz

20
Substituents may be represented in various
forms. These various forms are known to the skilled
practitioner and may be used interchangeably. For
example, a methyl substituent on a phenyl ring may be
25 represented in any of the following forms:

X

s NeiRouled

Various forms of substituents such as methyl are used
herein interchangeably.
3C Other definitions are set forth in the

specification where necessary.



~0 ~N ~O ~R-3 R ~ 8 SEP 2002 PCT/ US99/ 05919 (g) R12 is -

-(OQcycl oal kyl , -C(0)al kyenyl) -C(0)al kylaryl, -C(O al kyI het eroar yf
-C(O heP‘@Mé‘ff’yl or -C(0)al kyl heterocyclyl; R13 is -H, P&TRISP0SIH vyl
-al kyl aryl or -_alkylheteroaryl; and the other substituents are as

descri bed 10 above. Preferably, in (c) , (d) , (e) , or (f)

ethyl, n-propyl, isopropyl, cyclopentyl -1fphenethyl, or benzyl.

R8 is methyl,
15 Preferred

definitions for the other individual conponents of enbodinment H are the

sane as those set forth above for enbodinment A A preferred enbodi ment C of
this invention provides conpounds of formula l: 20 O5 RS R2 Rs N R~/ \ X N
\Y 4 wherein: Y is: WO 99/47545 (a) (b) 5 mis Oor 1; Xis -C(R3) a 10

-23 Compounds_of this Invention

The compounds of one embodiment A of this

invention are those of formula I:

(@] RS RS
R? //JL\\ RS
N N
10
R1/ \x T \
R4 o}

wherein:

(a)
R7

Im

H

20 O

provided that when R7 is -OH then Y can also be:

(b)
0
m
o
HO" H
25
X is -C(R3)2- or -N(R3)-;
mis 0 or 1;
30 Rl is H, -C(0O)R8, -C(O)C(O)RB, -S(0)2RE,

-S(0)R8, -C(O)ORB, -C(O)N(H)R8, -S(0)aN(H)-
-S(O)N(H)-R®, -C(O)C(O)N(H)R8, -C(0O)CH=CHRS,

-C(O)CHyORE, -C(O)CHpN(H)RE, -C(O)N(R8),, -S(0),N(RE),



R~)mHCor O m~ O HO H! 8 SEP 2002 PCT/US99/05919 Rl is H, -R8 SEP QRO RS ,
-C (0) Wo(¢788 ( -S (O 2R8 , -S (O RB, -C (0) ORB, -C pQudboigdhioB. -S
(O 2N (H -R8 , -S(ONH-R8, -C(0)C(0)N(HRB, -C(OQ CH=CHRB, -C (O
CH20R8, -C (O CH2N (H R8, -C (O N(RB) 2, -S (O 2N (RB) 2, , 15
-S(ON(RS) 2, -C(0)C(ONRS)2) -C(OCH2N(RS) 2, -CH2R8, -CH2-al kenyl -R8, or
-CH2-al kynyl-Re; R2 is -H and each R3 is independently -H an amno acid
side chain, -R8, alkenyl-R9, or alkynyl-R9, 20 or each R3 together with the
atomto which thei axg bound, forma 3gt0 7 merber ed cyclic or heterocyclic
ring system nRéPeNARA) hydrE&dOACAPOMBOLad ©6 (GhGH28(KY] 2 or - CR3RT oal kyl
carbon atom i scggtggmghyy_népl agedcpy-aﬁg)nya-nwrogen at om bound to any
-aryl or 25 -hetéeroaryl carbor. atomis optionally replaced by -Rl1 a

hydr ogen at om bound to any nitrogen atomof the ring systemis optionally
repl aced by -Ri1; 1 a BEPi2008 NHH984dH5HE PETind&PONAERHDy --R4 ald is - H
and each R5 is independently -H,  an angno acid si dg chain, -RB

-al kenyle- RO, ¥ping| RGHYI SRAE BRaRR anll” ondlikBRY bR he?T vt Y RRE BT ons to

whi ch they ar 2N oL ap 3 | i i,C ring
system wher eﬁbg h%%éo%lg% %t o%ng%%ﬁﬁ%gt)‘gigﬁye?{gl ékf/?é%?tgo gﬁ:ﬁgﬁ%ycar bon
atom is opti oRBE|HovRD| aEeEMpy R BO A RMGBPBYEA GYER BRMd to any -aryl or

-heteroaryl cpébero@yOIicSropti epaten, repeaced dyhydogen o ishwgen atom
bound to any 10 nitrogen ftomgf the )I{nﬁl ) sterrlnié opiionall I | aced
with RL; R6 i%C-#Y | FRY OFGfY‘:'%E%{, Y (?%(’c’ili? of 9%(%35‘(%) ach RBis
indepeﬂ@enHYre]]@iéfé’éd pEYCRDA| kyl hydPdyén abéhepO@id|to -8k erpeyc! ot ,
-al kyl cycl oal kyl -al kylaryl, -alkylheteroaryl, or -aéﬂlffll heterocycI%/lI , 20
wher ei n” a hydriefeereatyd boardor catery ialaptionallycrepdacad gy bditatomis

optional l'y replae@tbden Rl Gomanbysld 088 qmeﬁy%@nt&&ﬁlyofame #4n
-heteroaryl carbon ac'%)é(;m i's r(I;pti onal |y rlz%l aced R11, and a hydroggen at om

bound to any swsteyeks a@mﬁridJlsabJpYimmlagﬁQSb}'epRgced by Rl; each RO is

i ndependently -aryl) -heteroaryl, cycloal kyl, or -heterocyclyl, wherein a
hydr ogen atom bound to any -al kyl or -cycl oal kyl carbon atomis 30
optionably repl aced by F40is a- yahrdgachtRin bouirdependantlar yiH oran

-heteroaryl carbon atomis. optionally geplaced by RJl1) and hydr ogen atom
bound to any HMH#DSET AT sc%?)ﬁl’on%a&f‘ly r%@f%’@é % RE @ 47545

R®, or R4 and one R® together with the atoms to which

they are bound form a 3 to 7 membered cyclic ox

heterocyclic ring system, wherein a hydrogen atom bound
20 to any -alkyl or -cycloalkyl carbon atom is optionally

replaced by R10, a hydrogen atom bound to any -aryl or

-heteroaryl carbon atom is optionally replaced by R1l1,
and a hydrogen atom bound to any nitrogen atom of the

ring system is optionally replaced with R1;

25
R® is -H:
R7 is -0H, -ORB, or -N(H)OH;
30 each R is independently -alkyl, -cycloalkyl,

-aryl, -heterocaryl, -heterocyclyl, -alkylcycloalkyl
-alkylarvl, -alkylheterocaryl, or -alkylheterocyclyl,



- 25 ~ 8 SEP 2002 PCT/ US99105919 each R10 is independentl|yfgQ@tpr 208, -F,
-Cl, -Br 2, -CN, -NH2, -CO02H, -C(O)NH2, -N OH 0) NH2
-perfluo‘yga?Ivﬁwg\Io Oalkyl, -Oaryl, 5 -gal)kyl aryI(I_IIﬁEI—I)&’FRWgWDW(‘?-I)aryI
“N(H)-al kyl aryl, -N(alkyl)2, -C(0)NH) IkyI -CQ(0)N(al kyl )2, -N (H C (0O
alkyl, -N (H C (0) Cal kyl) -N (H C (9 Caryl, -N(H C(0)Calkylaryl, .
-N(H C(O Cheteroaryl, (H) C(O) Qal kyl hé téfsoaryl -N(H) C(0) Ccycl oal . kyl, 10
-N(H) C(0) N(H) al kyl, -N(H)C(O)N(alky )2, -N(H C (O)N (H aryl, -N(H C
(O)NiH alkyl aryl, -N(H C(0) N (H heteroaryl, -N (H C (0) N (H

al kyl het er oar wnerdﬁ(n-l)(:(mdﬂ(d@ecy(alt@m bplund- 8oakkyl ;alkrargr, -S- aI kyl aryl,

-S(0) 2al kyl | | Ck@#}K

- CH2N( al ky! )2 @JIEI#MI -cy&I( OQIkIé)éom- gré OBIEI-%PlIgtgé%\b’ar ﬁﬁgt eroc cI yl,

-al kyl cycl oal Ryl Y%Q@ﬁ%r%ﬂom b&‘-‘l@;&’l &t éF‘é’ar‘y?‘IrYloPr R"y‘f—"ﬂ”‘é?’éﬂ)cycl yl,
wherein a hydrc@g@bmtmmmm@pttaoam1yawb1a6edhspenbhr yan€agbon atomis

[ I 20 I d h dr d
atom | o Dpti o %?%wao&%n{élt% e BER TR RO GEpcRRERT RS L) s

-F) -Cl1, -Br, relpla-cmiz by &N - NH2, -C02H, -C(0)NH2, -N(H C(OH, 25

-N(H) C(0) NH2) -al kyl, -cycl oal kyl, -perfl uoroal kyl, -Qal kyl, -Oaryl,

-O al kyl aryl, -N(H)alkyl -N(H) ary N (H) -alklar -N(alkyli 2, -C
(ONH alkyl, -C(0)Nal%aAn R lﬁ( HP@FB?WR?”Y NETFD%( O)‘NEH%WW

-N(H) ¢(0) N(a c)l%al'k 1al kotd ,-heseaw!y):lyﬁ aIzKHI:éiﬁ{IA Qﬂ@ldﬁl

-S( O al k - I kyI - CH2NH2 - - CH2IN( Iﬁ or - 1)2; pr OVI ded
that i1y U hea e, O HALY, o GO 2

Anot her pr ef ebpedoeaﬁddd reptl abedf byhelBr eseh?drogemtatmsm psownd eso a corrpound

T TES ORI Y el TR oy [ iy P2 S
- C(0) al kyenyl rep&agra Byl &J‘yl' ané(e)h}'ﬂwaevea y@oun‘t‘(t’(ﬂ rer ocyc~. yl, or
-C(0) al kyl het gﬁe&ysgb_y;l atard 1tsh@p@§_hﬁ§l§yb§ép1§|@@a Syl as descri bed above

except tg1at both of the R3 groups may be -H

each R19 is independently -OH, -SH, -F, -Cl,
-Br, -I, -NO2, -CN, -NH2, -CO2H, -C(O)NH2, -N(H)C(O)H,
-N(H)C(O)NH2, -perfluoroalkyl, -0O-alkyl, -O-aryl,
-O-alkylaryl, -N(H)alkyl, -N(H)aryl, -N(H)-alkylaryl,
20 -N(alkyl)2, -C(O)N{H)alkyl, -C(O)N(alkyl)gz,
-N(H)C(O)alkyl, -N(H)C(O)N(H)alkyl, -N(H)C(O)N(alkyl)a,
-S-alkyl, -S-aryl, -S-alkylaryl, -S(0)zalkyl,
-S(0)alkyl, -C(0)alkyl, -CHaNHz, -CH2N(H)alkyl, or
-CHzN(alkyl)z, -alkyl, -cycloalkyl, -aryl, -heteroaryl,
25 -heterocyclyl, -alkylcycloalkyl -alkylaryl,
-alkylheterocaryl, or -alkylheterocyclyl, wherein a
hydrogen atom bound to any -aryl or -heteroaryl carbon
atom is optionally replaced by R1l and a hydrogen atom
bound to any nitrogen atom is optionally replaced by
30 RY; and

each Rl is independently -OH, -SH, -F, -C1,
-Br, -1, -NO2, -CN, -NHz, -CO2H, -C(O)NH2, -N{H)C(O)H,
-N(H)C(O)NH2, -alkyl, -cycloalkyl, -perfluorocalkyl, -0O-

35 alkyl, -O-aryl, -O-alkylaryl, -N(H)alkyl, -N(H)aryl,



In any of enbodinments A-D, preferred conpounds are those mhkge?ﬂitgg- is -C
(O R8 ovo99415®5 (O R8 ; RZ and one R3 are both -8 and thpeTotdvereséis i . s an
am no acid side chain, -RS, alkenyl-~t9, or alkynyl-R9; ox R4 and one R5
together with the atons to which they are bound orma ring system sel ected
from ri ~0 ~R o ~ R0 INSIN/N Rlo-Ns#R=0 R ~N~/R~0 t /N N/ / 18
SEP 2002 WD 99/47545 - 27 PCT/US991 05919 Rio (CHZ )n N\ | ~RI1 / ~0o /N
INNIi i, .-- ; RoRoi ~~~\ N. rNI/NNRle Ro Ro 5~-N "~

b NN N | o LR IRR ] Ry, N atky1i0 R~/ N1/ Rio
-C(O)N(alkyl)z, -N(H)C(O)alkyl, -N(H)C(O)N(H)alkyl,
-N(H)C(O)N(alkyl)p, -S-alkyl, -S-aryl, -S-alkylaryl,
-S(0)2alkyl, -S(0)alkyl, -C(O)alkyl, -CHoNH>,

5 -CH2N (H)alkyl, or -CHoN{(alkyl)s.

In an alternative form of embodiment A:

Rl is H, -R8, -C(O)R8, -C(0)C(O)R8, -5(0)2RS,
10 -S(0)R8, -C(0)ORB, -C(O)N(H)RE, -S(0)aN(H)-

-S(O)N(H)-R8, -C(O)C(O)N(H)R8, -C(0)CH=CHRS,
-C(0)CH,0RE, -C(O)CHoN(H)RE, -C(O)N(RB),, -S(0)2N(RE),,

-S(O)N(R8),, -C(O)C(O)N(R8),, -C(O)CH2N(R8),, -CH,RSE,
-CHy-alkenyl-R8, or -CHp-alkynyl-RE;
15
R? is -H and each R3 is independently -H, an
amino acid side chain, -R8, alkenyl-RY, or alkynyl-R9,
or each R3, together with the atom to which they are
bound, form a 3 to 7 membered cyclic or heterocyclic
20 cyclic ring system, or R? and one R3 together with the
atoms to which they are bound, form a 3 to 7 membered
cyclic or heterocyclic ring system, wherein a hydrogen
atom bound to any -alkyl or -cycloalkyl carbon atom is
optionally replaced by -R10, a hydrogen atom bound to
25 any -aryl or -heteroaryl carbon atom is optionally

replaced by -R11, a hydrogen atom bound to any nitrogen

atom of the ring system is optionally replaced by -R1;

each R1° is independently -OH, -SH, -F, -Cl,
30 -Br, -I, -NOp, -CN, -NH,, -CO2H, -C(O)NHz, -N(H)CI(O)H,
-N(H)C(O)NH2, -perfluoroalkyl, -O-alkyl, -O-aryl,
-O-alkylaryl, -N(H)alkyl, -N(H)aryl, -N(H)-alkylaryl,
-N(alkyl)2, -C(O)N(H)alkyl, -C(O)N{(alkyl)z,
-N(H)C(O)alkyl, -N(H)C(O)Oalkyl, -N(H)C(O)Oaryl,



IN/NIT . . ;0/ /RO" ~| ~~~1/ 1/ . Hor i , | proz idg t each of
t he rigg iﬁstens are optionally substituted with one or @e Toups.
WO 99/ M8PB4T8 1 g SEP 2002 ' PCT/ US99/ 05919 Al t er nat i vePGTUSI%PYr ed -
conpounds of enbodi nents A-D are those wherein R3 is -H and the other R3 is
met hyl , isopropyl, tert-butyl, -CH2SR8) -CH2S02Re, - CH2CH2SRS,
-CHzCH2SO0_R8. 5 More preferred conpounasl%f'enbodinents A-D are those
wherein R4 and one RS together with the atons to which they are bound form
the ring system /N 10 , and the other RSis H or one R3is -H and the
other R3 is mad¥ 1C (N Qatkntanel y, -NbH bCHPePhetexPayhounds of 15
Shm_wﬂ' {rﬁnts Ac@hrg@(é)]f@éﬁc%fmé@éfbﬂyﬁﬂd-ﬁm; ®eof Zg@mé\y%ﬂ thfhatogg to
iC ey ar erin ~ R~ an e ot her S
H. In the abo\ )%g?)nlg[ﬂ%ﬁ%bdm%g?&w?@@f{e?’er ably, 4-fluoro or
3},{14-difl uor o. -\Mastc mmmrsﬂyrpgmumm(omm)' Slkyvengion 25 are thosme )
erein_.R3 is ; R4 and. o R 1th the atons_t I C
t hey ar 8 boun’d\{%%{q)ﬁg“ﬁrﬁegt%@%ﬁgaf' NE’NEIQp@w)eI\E(Waﬂy{heteroaryf),
-N(H)C(O)N(H)cycloalkyl, -S-alkyl, -S-aryl,
-S-alkylaryl, -S(0)2alkyl, -s{0O)alkyl, -C(O)alkyl,

-CH2NH2, -CH2N(H)alkyl, or -CH2N(alkyl)z, -alkyl,

-cycloalkyl, -aryl, -heterocaryl, -heterocyclyl,

10 -alkylcycloalkyl -alkylaryl, -alkylheteroaryl, or
~alkylheterocyclyl, wherein a hydrogen atom bound to
any -aryl or -heteroaryl carbon atom is optionally
replaced by R11l and a hydrogen atom bound to any
nitrogen atom is optionally replaced by Rl; and

15
the other substituents are as defined above.
Preferably, in any of the above embodiments:
20 m is 0;
R2 is -H;
one R3 is -H and the other R3® is -R8,
25 -alkenyl-R%, or -alkynyl-R?; or
R4 and one RS together with the atoms to
which they are bound form a 3 to 7 membered cyclic or
heterocyclic ring system, wherein a hydrogen atom bound
30 to any -alkyl or -cycloalkyl carbon atom is optionally

replaced by R10, a hydrogen atom bound to any -aryl or

-heteroaryl carbon atom is optionally replaced by R11,
and a hydrogen atom bound to any nitrogen atom of the
ring system is optionally replaced with R1, wherein the

35 ring system is:



VO 99147545 - 29 i 8 StN NO2 PCT/ US99/05919 and t he ot herq{ R5SEFs 2082

Al t er naiwip/®lays4smost preferred conpounds of embodi ments A- Befisgedizone
wherein R3 is nmethyl; and 5 R4 and one R5 together with the atons to which

t hey are bound form t he ring system ~/Rto N and ~ the other R5 is H, and
Rl~ is 4-fluoro or 4,4-difluoro. Preferregd conpounds of enbodinents (B) or
(D) are those wherein Yis: Om 25 OH Z wherein Z represents -OR8 and Z
is: CH30, O0O0O0.~-0, OOO\ O/~~-000.,~ip W 99/47545 1 8 SEP 2002
PCT/US99/05919 - 30 0, , ..,.i0 O, RB Re N-~O

=y Rio R“\T

rR1O (\/Rm W /\/R1O I/s/Rm
% ’ /N 4 /N\( ' /N\( 1]

In an alternative preferred embodiment, X is
5 C(R®), or one R?® is an amino acid side chain, -RS,
alkenyl-R?, or alkynyl-R%.
More preferably, one R3 is -H and the other
R3 is -alkyl; or

10 R% and one RS> together with the atoms to
which they are bound form a 3 to 7 membered cyclic or
heterocyclic ring system, wherein any hydrogen atom
bound to a carbon atom of the ring system is optionally

replaced by R0 and any hydrogen atom bound to a
15 nitrogen atom of the ring system is optionally replaced

by Rl, selected from:



N~NOS~-N~00, , O/ 0O O/NCOR- ~N~N~ O , O, HiN-pgHSENZ2002 O O ~N~
O, R8Q. N ~ WO 99147545 - 31 1 8 SEP 2002 PCT/ US99/05919 O O 1 HZN N ~
N ~O Ov,volg 7§5/ ON- N1 PCT/US99/05919 v
-20_
R1
r/’\\N/’
N N N :
N— / ~ ~
/7 N\
HaC  CHs
R1
\N CHB rs CH3
{ = sy
. S o LR
~ ! yd
Ve
5 Most preferably, one R3 is -H and the other

R3 is -C(H) (CH3)2 or -C(CH3)3; and

R4 and one RS together with the atoms to
which they are bound form a 3 to 7 membered cyclic or
i0 heterocyclic ring system, wherein any hydrogen atom
bound to a carbon atom of the ring system is optionally
replaced by R10 and any hydrogen atom bound to a
nitrogen atom of the ring system is optionally replaced

by R!, selected from:



i nvention include, but are not limted to) Exanples 5a-5 568N 9a- 9q,
15a- 15fWOPBAISIBL,  17a-17e, 18a-18f, 20a-20t, 23a-23i, 5 %A/ PAY 434 25e,
26a- 26h, 27a-27n, 28a-28c, 29a-29s, 32a-32e, 34, Gl, &, 41, 42, 45, 46,
51, 52, 56, 57, 60, 61, 64, 65, 68, 69, 72, 73, 76-93, 98a-z, aa-az, and
ba-bb, 101, 102a, 102b, 108a-d, 110, t121 ti16a-h, 120a and b, 12 1, 122
a-v, and 123 a-c. to The conpounds of this invention nmay contain one or
nore "asynmmetric" carbon atonms and thus may occur as racenates and racem c
m xtures, single enant rs, diastereoneric m xtures and individual
di astereoners. Each ¢ -Qgenic carbon nmay be of the R 15 or s
configuration. Altho peci fic conmpounds and scaf f ol ds exenpk&@ied in
lepi in a parti r stereocHesd
configuration, younds and|scaN ol ds haJfing ejther the opppsite
stereochem strylat jany ,gi venychi/fal centen, or
envi si oned. A#}NsubQéisonepfc

N~N~ ~N~ ~ N~ OOO, , N~H%O,or~Na).Smdfmcmﬁ%J$ this
b

rms of tAfes expressly
included in tHe present invention, as well as$ pharmaceutically acceptabl e
derivative thereof. 1 B SEP 2002 WD 991 47545 PCT/ US99/ 05919 - 32 The
term "pharmaceutically acceptabl e derivative" nmeans any pharmaceutically
acceptabl e salt, ester) or salt ofdgudHester, of a conpound of this

i nvention or anr'Qth conmpound whi ¢ gpon 5 adm g stration to a

recipient) is caﬁgBre of Yprovi di ng irectly or [ndi H3) a conpound of

this invention or an actijve neta g or residug th - Phar maceutically
i nclude, for exanpl e,

acceptabl e salts_eof conpoundslof hi ¢ PAveti O
those 10 derived from|phar maceuti y acceptabl e i norgani ¢ and organic

aci ds and bases. Exanpl es of suitablg acids include hydrochloric,

hydr obrom ¢, sulfuric, nitric, perchlloric) fumaric, malefic) phosphoric,
glycolic, lactic, salicylic, succinic, toluene-p-sulfonic, 15 tartaric,
acetic, citric, nethanesul fonic, form c, benzoic, nalqgnic .

napht hal ene- 2- sul f oni c &“béﬂ%@ﬁ@?ﬁﬁygnf??écPagﬁeffﬁgreQ@P&%We?ﬁCh as
oxal i c, whil entRy rig rewid dhepletheac 8dt Aear L3 accEpHAKCE?) BagThe

enpl oyed in thedupparaid gt ens &5t aresakulde#sindd dnteectR¢ abegein
obt ai ni ng the conmpounds of the invention and their pharmaceutically
acceptabl e acid additi FRRYRT §& eqogbery8APPASRERPpPopFP&t e bases

i nclude al kalgrdBdrd i(rerert ioms @dioie sakk @ompeuadr b fetalbléer, .,

magnesi um, a niumand N-(Cl_4 al kyl)4+ 25 salts. This invention also
envi si ons th@’?ﬁﬁﬁ%ﬂ i%ation" of any basic nitrogen-containing groups of
t he conpounds di scl osed herein. The basic nitrogen can be quaternized with
any agents~known to 30 those of_orghkinary skilok iorREhe art including, for
exanpl e, |ower a | Aalides, s i h but yl
chloride, brom {e /ithyl,

di et hyl, dibu di anyl suff\dtes; |ong chal " halides as decyl, 35
| auryl, nyrist%k) stearyl ororfes, bromdes aod 9I?7545 - 33
8 fRa
H OR m

10 (c) (d) (e) (£)

provided that when R6 is not hydrogen, R® and v,
together with the nitrogen to which they are bound,

form a ring (g):



1 8 SEP 2002 PCT/ US99/ 05919 i odi des; and aral kyl halides A8cBERi WY benzyl
and phewetdoybsqdgr om des. Water or oil-sol ubl e or dispersibperpkosiasaies may be
obt ai ned by such quaternization. 5 Wien multiply substituted, each
substituent nmay be picked i ndependently of any other substituent as |ong as
t he conbi nation of substituents resultszaon-the formation of a stable
conpound. Conbi nati ons of substituents and variables |10 envisioned by this
invention are only those that result in the formati on of stabl e conpounds.
The term "stable"”, as psed herein, refers to conpounds which possess

stability suffici 0 al l ow manufacture and adm ni stration to a manmal by
nmet hods known i ndtYY@&\art. 15 Typically, such conpounds are stable at a
tenperature of 40 _C | ess, in the absence of nvisture or other chemcally

reactive conditjons} for at |east a week. Preferred conpounds of this
invention may be\reaadily absorbed by the bl oodstream of patients upon 20
oral adm ni st rat}ﬁ3 This oral availability nakes such conpounds excell ent
agents for oral Ry?&dm nistered treatment and prevention regi mens agai nst

| L-1-, apoptosi S+ I@ F-, or IFN-y-nedi ated di seases. It should be

under st ood t hat tﬁé conpounds of 25 this invention may exist in various
equi libriumforms, depefid ng o @rdikyilons d (eolydiieg 16l ce of sol vent, pH,
and ot hers knovvp to the practitioner skilled jnt gﬁ(art. Al'l such fornms of
these conmpounds! At k¥&ess|f HATEE ™Y+ hE (Y LRSI 1 n
particul ar, mnio)3efrddyelgdnpaunds (Of) aflkiyd heteanicyarlylespeci al |y those
whi ch contain al dehyde or ketone groups and carboxylic acid groups in Y,
may take& heni-acetal or hydrated forms. For exanple, conpounds of

enbodi nent A are in a dcet-dl, FedYdhenav¥yils: -33kyIamydo/47545 - 34 m-
HO ~1 1 8 SER1488%et FEENG991G92%19 Depending on the choice of solvent and
ot her conditions known to the practitioner skilled in the S art, conpounds
of this invention may al so take hydrated, acyl oxy acetal, acetal, or enol
fornms. For exanple, comgheurddeaf stibissitneansi areane deswvrdisdided f orns when
Yis o B ~m @R 10 H ORB and R8 is H, acyloxy acetal fornms when Y is: Oni
ORBOﬁlS acétal fornms when Y is and R8 is other than H

Preferably, in (¢), (d), (e), or (f), RB is
methyl, ethyl, n-propyl, isopropyl, cyclopentyl,
phenethyl, or benzyl.

15 Preferred definitions for the other
individual components of embodiment B are the same as
those set forth above for embodiment A.

A preferred embodiment C of this invention

provides compounds of formula I:

(o] 1) RS
g1~ \x T \Y
R4 @) :

20

wherein:



ORB " mMORBHORB 20 and enol forns when Y is: WO 99/ 47%4p SEPO20BEP 200
PCT/ USOMOT/4t548 - 35 R8 'mOR~2 In addition, it should %W%;@#ﬁod t hat
the 5 equilibriumforns of the conpounds of this invention may 1'ncldde
tautomeric fornms. All such forns of these conpounds are expressly included
in the present invention. The conpounds_gf_fornula | may be synthesized 10
usi ng conventional techni ques. Advantageously, these conpounds are
conveniently synthesized fromreadily available starting materials.
Compounds of this invention may be prepared using the processes descri bed
herein. As can be 15 appreciét d by the skillgd practitioner, these
processes are not the only nmeans by whic hgv'conpounds descri bed and
claimed in this application may be synthesied. Further nethods will be
evident to those of ordinary skill in the y. Additionally, the 20 various
synthetic steps described herein may be dfmed in an alternate sequence
or order to give the desired conpounds. unId be understood that the
~conpounds of this invention nay be nodi y appropriate 25
functionalities to enhance sel ective biol ogjcal properties. Such

nodi fications are known in the art and include tfbse which increase

bi ol ogi cal penetration into dbgi ven biol ogi cal system (e. g., blood,

| ynphatic system central nervous system), increase oral 30 availability,

enf

increase solubility to allow _ 1 8 SEP 2~x WD 99147545 - 36
PCT/ US99/ 05919 admi ni stration by injectiow; a @r netabol i smand alter
o)
5 HOO H

mis 0 or 1;

X is -C(R3),-
10
Rl is H, -R8, -c(0)R8, -c(0)C(O)RB, -5(0)2RE,
-s(0)RB, -c(0)or8, -C(O)N(H)RE, -5(0)2N(H)-R8,
-S(O)N(H)-R8, -C(0)C(O)N(H)R8, -C(0O)CH=CHRS,
-C(O)CH,0R8, -C(O)CH,N(H)R8, -C(O)N(RB),, -S(0)2N(R8),,
15 -S(0)N(RB),, -C(O)C(O)N(R8),, -C(O)CH2N(RB),, -CH,RS,
-CH,-alkenyl-R8, or -CHy-alkynyl-RS8;

RZ2 is -H and each R3 is independently -H, an
amino acid side chain, -R8, alkenyl-R?, or alkynyl-R9,
20 or each R3 together with the atom to which they are
bound, form a 3 to 7 membered cyclic or heterocyclic

ring system, wherein a hydrogen atom bound to any
-alkyl or -cycloalkyl carbon atom is optionally

replaced by -R19, a hydrogen atom bound to any -aryl or

25 -heteroaryl carbon atom is optionally replaced by -R11,
a hydrogen atom bound to any nitrogen atom of the ring

system is optionally replaced by -R1;



rate of excretion. In addition, the compounds may be altert8 8% [;pqg-drug
forms the desired conpound is created in the body of th ati ent
as the%s{?}]?g“éf 5 the action of netabolic or other bioch ﬁ?’&’é?*’"g? cesses
on the pro-drug. Such pro-drug forns typically denonstrate little or no
activity inin vitro assays. Sonme exanples of pro-drug forns include ketal,
acetal, oxine, imne and hydrazone forTn;?-‘é)f'corrpounds whi ch 10 contain

ket one or al dehyde groups, especially where they occur in the Y group of

t he conpounds of this invention. O her exanples of pro-drug forns include
the hem -ketal, henm -acgtals agyiexyekehak? asylpaypeseéatiykefqal anacet al
and enol fornms that are described 15 herein. 1 8 SEP 2002 WO 99/ 47545 -
37 PC T/ US9920502 9a Chipdiie | ordimnd- RBt hoddkghEl cBhpodhds of this

invention are_ _Lehibitogs nd_Lnoparti I i phi bi .

Accordi ngly) t%ggg?}zgrr%o’tm% lgr ea%(gpg%%eRofE%g‘rggﬂé I n%%hag !ai %\E%?tl ng
events in |L-90,wapohtteey-are @Fund ahdrnFa- §- hed? anedberedasgsliand, thus)
the ultigmate aeth¥idYodfcif@tr PIOLSHLLR, | DhEAOTRE OT Yy dE8§@RCH oAU OI MTUNE
di seases, destructive bone, proliferative disorders, 1nfecCtious diseases,
and degener atPPd oF i ALK roxafYF 802t KBl corpleMmddt8M Lhis invention

inhibit the pggyféﬁgm q?ﬁ% SQF glol patﬂ%‘?%nﬁﬁrée%rﬁ-%{u%ﬁmgi ting I CE

Because I CE i s essential for the production . - ition of
that enzyne e3™¥éctd¥iel yoh| dek=eTREY bt FRRPOR 310N - hedPRE &anablphysi ol ogi cal

effects and s%g% Wcﬁ‘lﬁs_éﬁﬁ:{%f%genbé/térﬂ@@ﬁﬂ&_”got&ff%pr oduct i on of

mature | L-1. Tl I'nhi biting IL. ecursor actl vi ti/’ e conpounds
of thi 30 nverRitoFPEsT iaw ey thmcting a¥stem 115 rﬂﬂ%@%@%.yz@e@bﬁ&nds of
this inventi q”'rsl%L%?lj nhi bit conversion of pro-lG@F into active, mature 1A F
by inhibiting . Because ICE is essential for the production of mature
IA@F, inhibition of ICE effectively blocks initiation of IGd F-nediated 25
physi ol ogi cal effects eHgd isrﬁln%f_oms, by inhibiting production of mature
IGF. IA@Fis in turn essential’ for the production of IFN-y. ICE therefore
effectively blocks initiation of I FN-y- medi ated physi ol ogi cal effects and
synptons, by inhibitin r.oducti on ofy 30 ture A F and thus oducti on of
| FNry. *¥he conpounds o%’fﬁiss e Qo a'rl‘g?%)lﬁ}br i g {}]{)b? 6%\/%% abl e when
conpared with peptidyl inhibitors, such as those described in) for exanple,
EP 618 223, EP 623 592, Q9135, . WO 93/16710,_.US 35 patent_no.

5, 434, 248, \\D 95/ 35308,‘*%\? %9}@/ éé‘f’cf‘é?eng%]?%é@/'ﬁg% " Pﬁycfpi;ﬂ@fép 2002 .
PCT/ US99/ 0591 rTHus - hette noidaryitac eltatcatoayordydlsi t-aky et heaiods of this

i nvention willahgusshul fan oeutdealddRm caspase datidtdYod iy vo- The
conposi tions and net hods of this invention will therefore be useful for
cont r oPPi ng 1MRe¥ein pohydrogemrREPT KRHRA (4P A Bd¥oro% reati ng or
reduci ng the -ashAanRe®t cax®err idtpnori efdpeichafly lreblacepdmpses, |G F-,

or IFN-y-nedia condi tions) inclyding diseases,  di,sqrders ef fects.
Phar naceut i cdl c‘)"lrﬁﬁD e'?lt iac%r?én )&putr%l Ls'!ml r#’ﬁti%ﬁldjrco e%%éo%rﬁ%rrpound of
formula | or caysiear meesutiscaiftjcaeddt atplacdd mhddol andl a

phar maceut i calydt RfE R SRR it -aﬁﬂ%%'éﬂ&ﬂ%&%@%ﬁﬂ@ Iy

conprise an additional therapeutic agent. Such agents include, but” are not
limteBoto, HFPIRGET Y] gr%fat ory

each R? is independently -aryl, -heteroaryl,
cycloalkyl, or -heterocyclyl, wherein a hydrogen atom
bound to any -alkyl or -cycloalkyl carbon atom is
30 optionally replaced by R10, a hydrogen atom bound to
any -aryl or -heteroaryl carbon atom is optionally
replaced by R11l, and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R?Y;



15 agent, a matrix netalloprotease inhibitor, a | i poxygenaqe iSERi 2002 or, a
cyt oki nwQee4assni st, an i nmunosuppressant, an anti-cancer pagas99/05ary
anti-viral agent, a cytokine, a growmh factor, an i munonodul ator, a
prostagl andin or an anti-vascul ar hyperproliferation 20 conpound. The term
"pharmaceutically acceptable carrier~~-rgbers to a non-toxic carrier that
may be admnistered to a patient, together with a conpound of this

i nvention, and which does not destroy the 25 pharnacol ogical activity
thereof. Pharmaceutically acceptable carriers that may be used in the

phar maceuti cal conpositions 05 this.,invention Enclude but are not limted
to, ion exchangers, al uffRg, aIuﬁFn&HF§P§&P§PE Y| 88Hy hir§E saFuni Sb-
proteins, suchBas hdnanNeer untll budHg, bGPREL sG16Y HHges - NUBhC4@) H,

phosphat es, glLyu¢ine,o$REhi C gg&c@aue%a&mm sgLhakoa pabt«%@# 19l yceri de

m Xt ures of saturated vegeta fatty acids, water, salts of electrolytes,
such asfbrotanﬁnéleﬂﬁaVé, dNdBdpdky35 hydﬁbgﬁhlphogﬁﬂate}kpb@axtlun1

hydr ogen phosphahﬁkyl y¢)994é7ﬁ45)a1&91 1-g (SER (20R21PET/ US99/ 05919 sodi um
chloride, zinc _salt iumtrisilicate, polyvinyl

pyrrolidone, c@l‘ﬁh?égéa%&%d leﬂgﬂ Srﬂ@é@agggﬁyefﬂwéﬁé%%aﬂ sodi um
car boxynet hyl cnl(kht(pSﬁOanj/yaﬁyyl atR$H) ga®echeberocaryl,

| yet hyl pl k I | f- I sifyi
Grug el ver AR &%@Eﬁ ChEREaT PRBL IR o Bl fBE Feneql yeol 1000
succi ndtle) or-® Iﬁéﬁ? QU M kalevl ynelNiB) @éPi ¥éed %Mlces | n” phar maceut i cal

conposi tion CQ@‘pﬁ’élT(@gN@ﬁljé{r 9 a ﬁ?ﬁp@%ﬂwﬁ §I’f9§’ijé pts A-D as the active

conponent, methods dmnisteri n? hese conpositi ns may additionally
ot

conprise the ¥ &P GfOWIMIEFPAEYLo TNEHLGHP BE{HEhpl et errarylgent . Such
agents incl udag(flmxt(cane(mmyélaalﬁplno.,sam]agal; -igtaapaptory agent, a 15
matrix metal | oprof |f|h| bé @fzaf‘k%. poxgg@pgf}gyi nhi ?ké%l}%@[ cyt oki ne

ant agonl st, an | ressant an t1-cancer gk i-viral

agent) 1& cyt okq:WZar M rikyl, a@n’—’nﬂﬂﬂ%h@ﬂ@l’ 2r, ~alkrbst agl andin or
an anti -vascuj@i;cj‘yg)ﬁg}p_-[ oliferati one ngg %Qeggfoéféﬂrr] 1 pharmaceutical 'y
g9

effective anount" refers to an anount gctive in treaf or aneliorating

an IL-1-) apoptdsykcyciaglkyl gral kg3 ReHi a1 2K RERECRFYH, (R i ent. The
term "pr 0phy|€£lk}¢ﬁ£éﬁ/eﬁcf}ﬂﬁ1y1/e WHeHein éexfxyadﬁogaua@tmusunc?&&ffecti ve

in preventin or sub ant| | essening . L1- t05| F-, or

I FNPy nmedi at € Sl nafé %%Jf?%ﬁ(f n'i)%?fﬁ o?p'f:f‘ﬁ”é ﬁx/entl on nmay
be enpRoyed m‘-wlmﬂ/ebbt|R)1ri1alam®nmehydmg¢mmtr@hlbmgnd&§ &ty and | FN- ~~
levels in vi @f%éﬂ’raécﬁr?afé %giéﬁgdﬂg Pé?_iggé@ g ke g,gic}/ancerrent or

severity of erfects are drate 1 apopt05|s G F) or IFNvy.
Such net hods of treatnent) their dosage IeveI s and requirenents nmay be
sel ected by those of oreldamAkis|iddependdret By t-dw pm swai I@bl-airet hods

and techni quess:, V0 99id 54, B BEP, 2oo CTIARIAASO 10N o e

exanpl e, a conpound ‘of tHi's invention %e’ co

phar maééut i call (H)dc Q@b e aaf'dﬂfﬂlan‘tclf?ﬂfo%ﬁﬁ’h stRex f brexepEat i €t
suffering fromean | L-d-arap OpI@Sé:ﬁk légf -0 (1) dT%y: Medy ah e sease in 5

fhe severity EB?H A5G p%r?rse ek ”C?‘%"Hiﬁ@o%%’&%?é% T
-C (0} N(alkyl)z, -N(H)C(O)alkyl, -N(H)C(O)N(H)alkyl,
-N(H)C(O)N(alkyl)z, -S-alkyl, -S-aryl, -S-alkylaryl,

30 -S(0)2alkyl, -S(0)alkyl, -C(O)alkyl, -CH2NHj,
-CH2N(H)alkyl, or -CHpN(alkyl)z;
provided that if one R3 is -H, then the other
R3 is not -H.



i nvention may be used in conpositions and nethods for treatiq%tor
protecting individuals against IL-1, 10 apoptosis-, IAF, or 1l ﬁfﬁ 02 at ed
di seases over extended periods of tine. The conmpounds may be enpl oyed in
such conpositions either alone or toge%%er wi th ot her conpounds of this
invention in a nmanner consistent with fRe conventional utilization of
enzynme 15 inhibitors in pharmaceutical conpositions. For exanple, a
conpound of this invention may be conbined wi th pharmaceutically acceptable
adj uvant s conventionammpﬁﬁﬂm(Eﬁaiﬁnxeda@@bﬁééméng BdafntBecpresent

prophyl act i Gahjen t8fdrf Yrika AP W icorp@uRBObEC Eo2Rul B Vi gHals1Qver an

ext ended per,iod of time against |L1-, apoptosis-, IGF, or [FNy nediated
di seases. TH& ‘conpounds of fornula | may al so be coadm nistered with other
caspase or ICE inhibitors to increase the effect of therapy or prophyl axis
agai nst 25 various |L-1-, apogtoshge, |G F-p0r ojRFN-y nedi ated diseases. In
addi tion, the cgRpounds of thi nvention mayype used in gpnbination either
conventi onal al offit | ammat ory nts or with trix netat\ ygfot ease 30

i nhibitors, Lj ¥ <

I'L-1ei. The conpBynds of thislinvggdion c | so_pe adm
combi nati on WRED i nonoduT at QxS ie.qg., bropirimne, ar’i Ywgfan
al pha-interferon 35 anti body, j
99/ 47545 - 41 1 8 SEP 2002 PC TNS99/ 05919 interferon-al pha, H
diethdeithiocaVBanate, tunnfdhecrosistﬁéctor, nal t r&one and EPC?, with
prostagl andins, or with antiviral agents (e. g., 3TC, polysulfated

pol ysaccharides, gani chIifg Ic @AHIKY, Eca(@yging_ggg_k%_pha interferon,
trinethotrexatg%ﬁ%gFfanc cIov{r %iy' prodrugs. 0 Fé%;ag or rel ated conpounds
to prevent of® YeRY Y. nily Yidddase "SI BERTQETYHf | anmat i on.
When the conpd(dseodxddyslyhyent |- Ayl hatdeirocstdytd badconbi nati on
t her aplhes with ot her t R i.nj_ster t] or
concurE'roent ly to the pﬁ%n@h%]t er naé%@%m&aer %ﬁgcg‘gﬁ%gg#ggxh%%’%%hyl actic
conposi ti onsexecspt diingt tivothi of i thee R graummpmiagyeba ewnbi nation of a
conpound 15 of formnul 0 : f utdy c_or pt yl actic agent. The
phar maceut i cal corrposﬁ’!lo%@o&t%#??tﬁ\{%gﬁ%log&nﬂﬁafg éfggg%ﬁni stered orally,
par ent er al | ySOBROURAER | 3¥e okhese dyhenaigi:cal |y, rectally, nasally) 20
buccal Iy, vaginally oryyia.anai gant.ed LMQigr. We prefer oral
adm ni stration. The ph%r n%%elr}flk% %ﬁp()és@?(g\ég 6f this invention may
cont ailld any conventi onkR? aod-dmxiR® pEhar Rcdut-iC alndy thec ephalkl R3cakriers,
adj uvants or vehicles. [n sp cases, t pH.25 qQf the fornulation may be
adj ust ed wi t At pREFRACRELA CBLIES %Rﬁiﬁﬂeﬂ#aza%ﬁ“ﬁ?ﬁgﬁ§§es°6r buffers to
enhance the sipbhlity99fothe fornul ated conpound or its delivery form The
term parenteral™ aS used herein includes subcutaneous, intracutaneous,
i ntravenous, 30 intranR$cahdroné M dogatimay arith theasyons &b,
intrasternal ypt Q' c ' | £S5 I | S AC AR Ignjeegtd.on or
infusion te En?gueghggh%&%w%e%ng%e Ji:ig{rgoé 1t |egrfr:13$%21a:§}ltglg ﬁgnﬁaf or m of
a sterile ipjectwbl e preparatipn, xanpl e, 3§ as Ragil e inje¢table
aqueous or pl efgi hous raﬁ) Fa‘§1
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1'g SEP 2002 .

may be (RF§9M4R4£d according to techniques known in the arg
di spersing or wetting agents (such as,
The sterile 5 injectable preparation may also be a

suspendi ng agents.

sterile injectable solution or suspensiop,
parenteral | yacceptabl e dil uent or solvent,
Anong the acceptabl e vehicles and solvents that may be
wal er

1, 3- but anedi ol .
enpl oyed are 10 nmnnit ol

for exanple

in a non

for exanple,

,  Tween

-toxic
as a solution

WD 99/ 47545 - 42 PCTNS99/ 05919 suspension.1ﬁh§§Ps@g$ension

%gég%go(fgw tabl e

in
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fixed oil ma

sol v

beY En

oils, such as olive'oi
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es,
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30 polysorbate 60, cetyl esters wax, cetearyl al cohol, Zoctyagﬁﬁeﬁﬂ?ol,
benzyl al cohol and water. The pharnaceutical conpositions Jf s“Thvention
may al s8Y®&/47%645 cal |y applied to the lower intestinal tra®CTaysosual '
suppository forrmulation or in a suitable enema WD 99/47545 - 44 1 8 SEP
2002 ' PCT/ US99/ 05919 fornul ati on. Topically-adm ni stered transder nmal
patches are also included in this i nventf8n. The phar maceuti cal
conpositions of this invention may be adm ni stered by nasal aerosol or 5

i nhal ation. Such conpositions are prepared according to techni ques

wel | -known in the art oRlpkanatdeetliycalpredemies icompauhdsyfbe prepared as
solutions in salineg, enploying benzyl al cohol, o%ﬁother sui tabl e

preservat i ves FTRPSIMSRtSn A5 PoRBEefEOSE WhEZSE Bfoataigmshitiig vy,
fl uor ocar bons 3 h ubi; lain gk r di i a known in the
ot¥ed @B Qkhpegohu 1%'08&%%}’9, CHe?ch'tbﬁ'i:g'g, 9‘?.‘%%&

art. Dosage |evels of, between”about and gbou ny/ ody wei ght
per day, prefef8pFP2Ret e @25 Rand- ehaftH253R g/ kg body wei ght per day and
nost 15 preferably bet wagpeapoutetrandcbRptnes Bedymweisdfenper aday of the
active ingredient conpound are useful in a nonotherapy for the prevention
and treat nent age those, whpspidsRE- anfapRe) RandopeRhe rnwditat sHediaseases)

i ncludi ng i nf kgnyRtehytHbyeasespoaioEBPRNEndi $8agesyse@ndest ructive bone
di sorders, proliferative disorders, infectious di SeaSes, degenerative

di seases, necrotfT \Ji seases, inflammtory peritonitis, osteoarthritis,
acute pancreatihts, chronic pancreatitis, asthma, adult respiratory
distre%&)syndna ~(gl onerul onephritis, 25 rheumatoid arthritis, systemc

| upus erythemat osug, sclerodérma, chronic thyroiditis, Gaves disease,
aut oi mune gastritis, insulin-dependent diabetes nmellitus (Type I))

aut oi mmune henglyghc ageniaRsauto'nnune neut ropeni a, thronbocytopeni a,
chronic 30 ac?|§e %p% F?fs nﬁﬁs heRt a gravis, inflammatory bowel disease,
Crohn~s di sease, psori ashs,ratpPpi cydendethéi stharakd yg.mgggpldisease,
osteoporosis, nultiple nyel omarel at ed bone di sorder, |eukem as and rel ated
di sorders) nyel odyspl ashlremyativeky, ascte pyekegeedusompokrataof35 chronic
nyel ~g us | ] tAs j qﬁgi . £9/47545 1_8 SEP 2002
PCT/Usgg$0591gﬂggggﬂe%g%d§?$géégr%%%%? nu f?ﬁxghny%?%nggesgﬁsis, septic
shock, Shi gel fegethen v nre sattpmRase WibheRi hBeY!' aréi beune, formebr al

i schem a, nyogﬁédeg§i§yQ@gﬁa, spi nal muscul ar atrophy, nultiple sclerosis,

AlDS-rel ated 5 e glitis, HV-related encephalitis, aging, alopecia,
neur ol ogi cal dapagé\due to stroke) ulcerative collitis, infectious
hepatitis, juvelil ¢ diabetes) |ichenplanus, acute dernmatonyositis, eczenm,
primry cirrhasis,\uveitis, Behcet's di sease) atopic skin 10 di sease, pure
red cell aplasia, aplastic anem a, amyotrophic |lateral sclerosis, nephrotic
syndrome and system c di seases or diseases with effects localized in the

| iver @ other organs having an inflammtory or apoptotic conponent caused
by excess dietary al cohol 1§5intake or viruses, such as HBV, HCV, HGV,

yel | ow fever 334 ushe qepre §

. | eVt Wi rus, and Japanese encephalitis virus.
Typically, the pharmaceytigal SARCYLISaPive embodiment, R0 is

preferably, 4-fluoro or 4,4-difluoro.

Most preferred compounds of this invention
25 are those wherein R3 is methyl; and
R? and one R° together with the atoms to
which they are bound form the ring system:



this invention will be adninistered fromabout 1 to 5 20 tiaﬂgsb %rw%%y or
al t er natWO@PMTs48s a conti nuous i nfusion. Such adm ni strat i eer/osw/obaoused as
a chronic or acute therapy. The amount of active ingredient that may be
conmbined with the carrier materials to produce a single dosage formw ||
vary dependi ng upon the host 25 treated-amdg the particul ar node of
admnistration. A typical preparation will contain from about 5% to about
95% active conmpound (W w). Preferably, such preparations contain from about
20% t o about 80% acti ve conmpound. 30 Wen the conpositions of this
i nvention conprise a conbinatjion of a conmpound of fornula | and one or nore
addi ti onal the&&@eﬁh?coéhepr%ﬁh¥$a%tic agents, bcth the conpound and the
addi tional agent should be present at dosage |evels of between about | 0%
WO 99/ 47545 - 46 1 8 SEbELboprrpeligooreshipreferredosenpeonrdsoshge
nornal |y adm nésbed Bflehtls an NDrotdef Bdyel RHEABIn UpDN; & L ONgIENiH O a
patient'’ condﬁ‘;lon(i alﬁﬁgnena e dose of a conpound, copposition or 5
conbi nat fon of *t MY i el rPHeY e YRR nFRE 7 &S | 0 nekisR ARy are
Subsequent |y, hdwendloSage tore friguesysgteh: adm ni stration, or both, nmay be
reduced, as a function of the synptons, to a |l evel at which the inproved
@che synpt ons have been |0 alleviated to the

condition is retained e

desired level, treatngnt-sHdul d cease. Patients may, however, require

intermttent treatne o a long-term basis upon any recurrence or disease

synptons. As QnﬁiskkTIe afhl s hsa cigﬁ&, | ower 15 or hi gher doses
ic

r
than those recited above\nmay be reqU|re§g peci dosage and treat nent
regi mens for any parti cR¥d ipati-efliluosd loslependiifamm variety of f actors,

including the activity t 1§ 1s..compaund.empl oyed e age, .body
wei ght, general health g%es g:trae?,e%—?lnﬁ&lcﬁé; ,Ooftjier%bog)l"é%%%i @r zﬁligd;l?,) rate
of excretion, afeughenehivi@ted® Yt He:severity and course of the di sease, and
the patient's disposition to the disease and the judgnment of the treating
physician. IL-1 or apoptosis nedi ated di seases which may 25 be treated or
prevented by the conp this invention include, but are not limted
to, inflammatory di sefse8| autoi mune di seases, proliferative disorders,

i nfectipys diseases, generative di seases. The apopt osi s-nedi at ed

di seases whi ch may ed or 30 prevented by the conpounds of this

i nvention include degengrative diseases. |IL-1 or apoptosis nediated

| nflammtory di:seases Zuephomancle bpdaked orsprevppped include but are
not limted to osteoarthritis, acute ?ancreatitis,

5 chronic pancreatitis,
asthma, and adult respiratory ép45 - 47 1 8 Si§:§90 PCT/ US99/ 059

9 distress syndrege. Preferably the inflammatdry di sease @steoarthritis
or acute pancreatf?is. | L-1 or apoptosis nedi ated aut oi ne di seases which

may be treated or prevented includebut are not |limted tg,
glonerulonephritis?>rhgunatoid "y\\v//5\° L\W//Q\o

O O D=
o o O




arthritis, systemc |upus erythematosus, scleroderm, chr Owa@eﬁ[%yﬁ pditi.s,
G aves' G aut oi mune gastritis, insulin-dependent di S I 1itus
(Type 1), autoi nmune henol ytic anem a, autoi nune | 0 neut PEHAIFIY05919

t hr ombocyt openi a, chronic active hepatitis, myasthenia gravis, multiple
sclerosis, inflammtory bowel disease, Crohn's disease, psoriasis, atopic
dermatitis and graft vs. host disease. Pr¥ferably the autoi mune disease is
rheumatoid 15 arthritis, inflamatory bowel disease, Crohn's disease,
psoriasis, or atopic dermatitis. IL-1 or apoptosis nedi ated destructive
bone di sorders whi chpay be treated or~prevented incl ude, ocbut are not
limted to, osteoporcsis and nultiple 29 nyel oma-rel ated bone di sorder.

I L-1 or apoptosignediated proliferaiveldi seases whi ch~may~pe treated or
b pre not |imteq at ed di sorders)
3 syndrone, acut q

TRy
prevent ed incl ude, | eukem as a &
INE i a, chronic

such as nyel odyspl & | ogenous 25

nmyel ogenous | eukem ayy et ast ati ¢ nel anowa, ‘ib and nmultiple
myel oma. IL-1 or apogtosis nediated inféctious di seases which may be
treated or prevented include, but are nét limted to, sepsis, septic shock,
and 30 Shigellosis. IL-d or apoptost redi at ed degeneratjve.or necrotic

di seases which pay \De'treat ed or prevg

i nvention inclug PUt are not |imtedCo, Al zheiner's di$saSe,oOarkinson's
di sease) 35 cer \schem a, and /M 'di/@l i schem a.

Preferably, disease. = 48 ,5 10 15720 25 30 35 18 s E p
t he degenerative disease is Al zheiner's |
degenerative di seases which may be treated\Q
this invention include, but are not |imyged/to,
Par ki nson' s di sease, cerebral ischem .
nmuscul ar atrophy, nultiple sclerqggi$

H V-rel ated encephalitis, aging
stroke. Ot her diseases havi n
0)

ADT3

einer's di sease,
ipetrem a, spina

nmat ory or apoptotic conponent nay be
treated or prevented by the of this invention. Such diseases may
be system c di seases or diOSeas¥s effects localized in the liver or
other organs and may he caused by, for exanple, excess dietary al cohol

i ntake or viruse dfCh as HHV, HCV, I fever wi f ever
virus, and Japg encephalitis viru

?

!
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I'G F- or |FN-y-mediated di seases which may be treated or pridiéiPedlby the
compounego 0d/41skd s i nvention include, but are not limted peraksdidssigrat ory)
i nfectious, autoi mune, proliferative, neurodegenerative and necrotic
conditions. G F- or IFN-y-nediated inflammatory di seases which may be
treated or prevented include, but are not,limted to osteoarthritis, acute
pancreatitis, chronic pancreatitis, asthma, rheumatoid arthritis,

i nfl ammat ory bowel disease, Crohn's di sease, ul cerative collitis, cerebral
i schem a, nyocardjal ischem a and adél respiratory distress syndrone.
Preferably, the ipflamatory disease matoid arthfitls, ulcerative
collitis) Crohn' se, hepatitis of adult respirat i\ns‘;r/e{zj
syndrome. | G¥N"or N-yynedi ated i nfec g w&ases which y b treated
or prevented includ are not 1 8 SEP 2002 ©49 linited to

i nfectious hepatitis, i gptic shock and Shigellosis. | &F- or

| FN-y- nedi at ed aut oi mune di seases which nmay be treated or prevented

i ncl ude, but areﬁ 51limted to glo | onephritis, s}'&&gmc | upus
eryt hemat osus, s derma chronic tfiyr¢ |d|t| S, GraveNs d+. sease,
aut oi mmune gast r i~ nstkjndependent

mﬂellltu’&/kﬂkp\g/r\)\ juvenile

di abet es, aut0|nnune hennly ic anem a, autoi, sO neutropenia,” -
t hronbocyt open, i nyast heni a gravi s, t|p~ e sclerosis, psoriasis,
I'i chenpl anus, graftl vs. host disease,{acute dernatony05|t|s eczens,

primary cirrhosNs, i s, UVEItIS\\ e di sease, atopic skin

di sease, pure red cel apl%s: alr apl asti ¢ anem a, O15 anyot rophi c | ateral

scl erosi s and nephxotic syndrone. Preferably, the autvi mune disease is

gl onerul onephritis, insulin-dependent dlabetes nellltus gT juvenile
gol%

di abetes, psoriasis, grafReSAtihEAmPeIDEdssetoFrAgpdRYERELI Bdﬁr eferred
di seases whi clbutayam xtcruaaltmhmd mmevesmm@bleacsudebdhewamatd pathgitis,

-t ammatpry baels di sease. ol udl 99 o0 980568 95335,90¢ yhgerative

colitis, mflam*rator)/ peritoniti’s, 8@ shock, panct eat raumatic
brai n |n15ury, gt er AR 2hn, 2355%'@]5 t?@ﬁ 26§te6&¢th$¢t|%9aa%?ﬁrra

psoriasis, Al zﬁegmqe,s o] S@_S, ,Gza,t @pi,csdergsti ks, 5@; seukegl ag7and rel ated
L oorders, SUoth SV ooaPl o8 Y 9005, OhgTULl Bhe IVELRTR ¢,
treating or pramdarha-rhj:,arn.d:lb— Jlﬁﬂa,apmpboszsenredb aILEQI dizkaskléa-h,subj ect
conpri sing the 5 LR hadrg_ﬁ stﬁrzl plepns 0 ke §gbhegt any conpound,

phar maceut i cal™“conposi t'1‘on, conbi nat 1 on escrl éd herein and a

phar maceytical ly accept f’kkﬂee c?cﬁ{[fdlﬁfds ofltﬁlgEE’nggggléﬁ@ R 4éafiPain
PCT/ US99/ 05919 -50 Anot her enbodi nent of this I nvention provides a nethod

for decreasi n®IGFE FHFFuUCEBAMGF TS Su SFEE’P%@H‘BF‘FS?H% tRRSSPRY of
adm ni stering daruhenss iy enia ey adnpagedicpharoacest | sﬁhgmenpom tion, or

onbi nation 5 quea}cc’l&f&%‘er L AU RS FEE&'EH%EE""LLH ?ﬁ&g@% geca”i er.

Yet anot her enbo i's’invention provi dés a ne creasi ng
| FN-y product idsr s e zeongsjsec tEaddhstiesengenic sashonf MaynPai @{fethﬁgRto t he

10 subj est a%zcwmm mlrmuceumﬁbuganagébama) cO&hp&RARENARAON
descri bed herein t| cal | acceg 3 ble carrier. Al though this
i nvention focfé"@sé%gl sht?’ffé‘g’ %%‘o%ﬂ&ﬁna PYitSRFHQBA™A¥%r BRN f or
preventing andiepicted in a particular stereochemical configuration,

compounds and scaffolds having either the opposite

stereochemistry at any given chiral center or mixtures

20 thereof are also envisioned.
All such isomeric forms of these compounds
are expressly included in the present invention, as
well as pharmaceutically acceptable derivative thereof.



15 treating IL-1, apoptosis-, IG@F, and |FN-y-nedi ated di sepgeseP 2002
conpounds % this invention can al so be used as inhibitor¥ %ents for other
cyst ei né”%? {'e¥ses. The conmpounds of this invention are a %9919 as '
commerci al reagents which effectively bind to 20 caspases or other cysteine
proteases including, but not limted to é . As commercial reagents, the
conpounds of this invention, and their d vatives, may be used to bl ock
proteolysis of a target peptide in biochen1ca| or cellular assays for |ICE
and | CE honol ogs or may be 25 derivatized to bind to a stable resin as a

tethered substrate for afdd Hern @@m@@&h@gﬁegeglagpgb@@btgﬁge These and
ot her uses whi ch characteri ze conner Il al cyst ?1 r ot ease |3h|b|torS\MII

be evident to 48FGSER TV r AGRDSy Wi P rWaFﬁBtéFF 03FFeBtEE & I3 toni s
i nventi on be mmmaﬂlndn/sunﬁmﬂﬁ@mmh bhee&olbﬁwangompampaesfataiset forth

These exanpl es, for the J I rat.is nl and are not to be
construed as Iihi |9i§ e & s %%% tﬁehkﬁggﬁtﬁéﬁgﬁ R% . 35 1 8 SEP

2002 WO 99/475@@Lnﬂitr&$lp® L@ 20IES19@eGENERALCNEKHCBSOAHQEPNﬁdathPLC

condi ti ons: iz rees e: 4.6 X
150 mm Sol vent A%(f t%?/’o1 TFA Iati‘(%%lc%ca g C.émtj(? 3\51‘.8 R ET’SLSS%*’@‘%% TEA |/

99. 9% MeCN PCPIUSSH0LGEIVE fGGAboéﬁéﬂlSﬁtreﬁ?FBeBtB9€P°§G mnat a flowrate

of 1 nL/mn Colum: Q/am,armaetauclleasugreacse Cablber eastzeor188A, Col um
size: 4.6 x 150 nm Sal vent

. 0 0 .
0.1% TFA / 99.59%PREER® ditg%F lRVFn 2 é#i@%gdiéggog/x/of%%g@;ogggé%t mBh
at a fldw rat degfivednifreimnpharmaceutically acceptable inorganic and
organic acids and bases. Examples of suitable acids
include hydrochloric, hydrobromic, sulfuric, nitric,
perchloric, fumaric, maleic, phosphoric, glycolic,
lactic, salicylic, succinic, toluene-p-sulfonic,

15 tartaric, acetic, citric, methanesulfonic, formic,
benzoic, malonic, naphthalene-2-sulfonic and
benzenesulfonic acids. Other acids, such as oxalic,
while not in themselves pharmaceutically acceptable,
may be employed in the preparation of salts useful as

20 intermediates in obtaining the compounds of the
invention and their pharmaceutically acceptable acid
addition salts. Salts derived from appropriate bases
include alkali metal (e.g., sodium), alkaline earth
metal (e.g., magnesium), ammonium and N-(Cy_4 alkyl)g®

25 salts.

This invention also envisions the
"quaternization" of any basic nitrogen-containing
groups of the compounds disclosed herein. The basic
nitrogen can be quaternized with any agents known to

30 those of ordinary skill in the art including, for
example, lower alkyl halides, such as methyl, ethyl,
propyl and butyl chloride, bromides and iodides;
dialkyl sulfates including dimethyl, diethyl, dibutyl
and diamyl sulfates; long chain halides such as decyl,

35 lauryl, myristyl and stearyl chlorides, bromides and



HPLC Mass SQectral Analysis Mass Spectral Analysis: All mat 8 §%’ec?pq2al dat a
were covbeemsBdsusi ng a M cromass Quattro |1 triple quadr RSI/ESTHPSLN9
spectroneter (Beverly, MA) equipped with a cross-flow el ectrospray

i oni zation source. The mass spectronet er was coupled to a HPLC system
manuf act ured by Hew ett- Packard (HPllUO) The autosanpler for the system
was a Glson 215 (Mddleton, W) liquid handler. All of the equi pnent was
controlled by the MassLynx sof t war e package purchased from M cronass. Mass

spectral anal S f \/ 9;@)} h?eqm det erm ne
purity and co%?éli?crlng\@rrbl ec%l%#%{)h?gi%%gﬁéeous ’5‘9 nstances 18 SP
2002 WD 99| 47B4eneUTRbdor o8ides ! -Wazer virerell o BHMA ©Purity had been

det er ni ned bys 0t Def s BBy riadd oW hdyf asd | OB aldy Hyp fdH) Was used instead
- of the full chromatog raé)hy analysis.” In all cases, 'both positive and

negative ion SpREeFAIIRY TR0l | ected. 5 Mass Spectrum Acgui sition
Condi ti gns: For all expaiémeamily)ighe gmstpméd orexfcdf smmﬁen;wred in

el ectrospray W|thth cross-f e trode owsplltter
vas used 1 o e TS RS0 B8 b rtiien gt R b e
inlet 10 tenpernd Ae WS mbnt@tﬂml @ famhb el thepitisy npa il ok mesheset to

maxi m ze si gnglrmal é(;foz{eo%)' té 1 dpdtBRs. spectroneter was adjusted to
0. 65 amu FWHM and ta was col ected I'n centroid node. In positive ion

mode, the cone vol t age SREDIRAL NS HF SURS CHBIaNtE RN edd@RAERS 15 3.8 kV.
I n negabi ve immed hgr i ielvedgd o rsetodly 2hoéeanthatherempid | ary

vol tage was set t.0 sitive and neg ion node, the tine
to acquire alflhltthespfeo W%ﬁ%so%oss%%gﬁ g Mq '?hr?e §*"b. 25 seconds
bet ween scans'stRieletasas amgal $eaeiad fref 2 rhol emnipwmist hvran:l'expect ed
ol ecular velgils s 45512y 33¢ A0 RS ) A ThaniHalct U 4 ecul es

wth a expected mass nore "t han 350 _anu the mass to charge rat1 o scanned

was 200- 1000 arﬁ“t’-nléﬁliﬂfﬁ{%’arb&r 2 Paegiidi ﬁyoﬁsethﬂd@u#@% dir &F® ditaphy was
performed USImla:a\il\l@ AQuckS c@ﬂlpdiﬂﬂﬁd(el5ﬁ'em‘99éb'i@ﬂa\tﬂ tah tSnpadnidec! € and a

120A pore si qr. all .anal y§i Sy th 0 %. T Qruic acid,was conbi ned
w th water vmqeﬁn 4CPF20% fGr r:r}'lec,s acﬁ‘& t ggr% 1“\08'5’ &F&dloé:nt PRte gr adi ent

profil e consichtesiasli30 reattivieyg c\mtdhtisn% I\/BE@T afafleasi&nad wesksasi ng the
amount of MeCN i near | b Quen rte‘?i” COBLES f %@Q%lsﬂi?ﬁre RNGENz3L i was

hel d constant for, 2 m nutes fore retur ning to 1nit condi ti'ons. During

the entire af@afdily tat?éofxlb@\ﬁ |bé{t Ehfad 9°§rﬂ_t/rrﬁaﬁ‘ of mtggp&%won 53 51 8

SEP 2092 PCT/d@99/fitg sfthewilonf.ectrhae Gardi taveisabAlity mamaty g&udh t he
water to MeCN bothagttho /oform aci.d adﬁ:aclé %ﬂsedto quire the
i R

FIA data. Thé g’ﬂﬁf& SS AgRts |$1°/r IRIFLEH spectra
wer e acqui rednesitmerd Bmgk @reveatigne reg ingnssegaipRts géctlronet er in the

sol vent gi venpol o2 ¥NTHERGG FVETHEDS FN -y-mediated diseases.

It should be understood that the compounds of

25 this invention may exist in various equilibrium forms,
depending on conditions including choice of solvent,
pH, and others known to the practitioner skilled in the
art. All such forms of these compounds are expressly
included in the present invention. 1In particular, many

30 of the compounds of this invention, especially those
which contain aldehyde or ketone groups and carboxylic
acid groups in Y, may take hemi-acetal or hydrated
forms. For example, compounds of embodiment A are in a
hemiacetal form when Y is:



General Procedure for the Preparation of Conpounds of Fornpéqgj ogggoodi-nment
C (Sch %1}'¥ ) 1 8 SEP 200Z WO 99/ 47545 PCT/ US99/ 05919 - Xy Pr ocedur e
f or théwg)rgﬁésr tion of anal ogs 5a-5bd. Scheme | COzBu-t REVPEFYR-N H H |
H2ZN Resm N~ NH QO 'N~~~"'" H OH O Fnoc~ 2gu-t HH N~ LR Step 4 R--CO2H N N

COHOONI R-NNQC2HHOHONHS5 Q CO/Bu-t Fnoc~N H H N~LR 2 Fnoc- N

Step 2 OOH Step 3 Foc~cN OHH OGN COH N |

4@7\%1/
HO

Depending on the choice of solvent and other
conditions known to the practitioner skilled in the
5 art, compounds of this invention may also take
hydrated, acyloxy acetal, acetal, or enol forms. For
example, compounds of this invention are in hydrated
forms when Y is:

o) RS
)
ORS
H ORS

10 and R8 is H;
acyloxy acetal forms when Y is:
O
m
O
R0 H
is

acetal forms when Y is and R8® is other than H:

o) RB
)
OR8
H® OR®

20 and enol forms when Y is:



3LRR -NHG N~ HN"" Resin Oln Schenmes |I-VIIIl) the Var ﬁﬁ%lmLR
refers {0 édagysps | i nker-resin and is defined as shown abovectAsswdsone | .
Step 1: A 6.7 g portion (0.8 nmol/gram | oading, 5.36 nmol) of 4-nethyl
benzhydryl am ne hydrochloride salt resin (Schene 1) was washed with DVF (3
x 50 nmL)) 10% 10 DI EA/DMF (3 x 50 ni) andsN-methyl pyrrolidinone (NVP) (3 Fnp
2Bu-t HH NI R - 55 x 50 nmL). To a suspension of the washed resin in 25
m. of NMp was added successively conpound 1 (~..1 eq, 3.5 g, 5.90 mmvl)
DEA (3.33 eg, 3.1 nL, 17.70 mol), 1hydroxybenzotriazo|e hydrate (g08t)
(~..2 eq, 797 ny, 5 5,90 rnnol), arid

O benzotri azol e-® N_BRR~t et r anet hyl ur oni um hexaf | uor ophosphate (~IBTU) (1.1
aq) 2.24 g, 5,94 ). Compound ~, was prepared according to the
literature proced of A M Mirphy et al, J. Am Chem Soc., 17.4, pp.
3156- 3157 (1992) e m xture to was rotated at room tenperature overni ght
using a wist acm shaker. The resulting m xture was filtered, and the re
sin was rinsed wi™. DMVF then treated with 12 nL of a 20% 15 sol uti on of
acetic anhydride i §e@VF for 30 minutes at roomtenperature. The m xture was
filtered, az~d the re5|n was washed successively with DM (2 ~t 50nL),

CH30H (50rr0 , 1:1. DWW CHCO a (2 x 50rrL) , CH30H (SOmL) and CH2A z (3 x
SomL). After drying in_vac gr f. resi 2 wer bt ai ned (0. 48
mmol / gxam | oadi ng). St ag™2? 3$6t&°§ ngf 38%%% 5@(%? iachﬁﬁ éﬁﬁﬁ mv! )
was added 25 stuaeflihr2086 Sokusi ofi Ohepr:pmpodmdwa cpih tDMFs 136 elftel cquspensi on
was rotated a 0 e ut e ﬁg@= A& edure
was repeated @33 9§E&§?§u§ggygﬁﬁggﬁegfghaas ? en mash ucceséﬁ%e y with
bM (2 ~c 40 ARPPOUTASORTE4EXRERSS1yHRTgluded im(Eha presgagoH (40 ni) and
NVP (40 mL). Tavang@spension of 30 resin in 40 nL of NMP was added
successively 2.92 g of roli 4.¢e , 3.0.tnL of DI EA (8
eq, 17.28 mmol) , 1.17 8f°%§?u(’ﬂse8% §°’g‘ﬁufﬁ1§blrﬁa¥aﬁ;§ FYERPSHZ8BTY (4
eq, 8.64 mmol psifipecaonxéntitonat rtethtiquas. r cuiwarsmyEatalye diayse ght and
drained_ Thi s, MQ 38644P845conveniently synthesized from readily

available starting materials.

Compounds of this invention may be prepared
using the processes described herein. BAs can be
15 appreciated by the skilled practitioner, these
processes are not the only means by which the compounds
described and claimed in this application may be
synthesized. Further methods will be evident to those
of ordinary skill in the art. Additionally, the
20 various synthetic steps described herein may be
performed in an alternate sequence or order to give the
desired compounds.
It should be understood that the compounds of
this invention may be modified by appropriate
25 functionalities to enhance selective biological
properties. Such modifications are known in the art
and include those which increase biological penetration
into a given biological system (e.g., blood, lymphatic
system, central nervous system), increase oral

30 availability, increase solubility to allow
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m.) , and briefly dried in 5 vacuo to afford resin 3. Step 3: A suspension
of resin 3 in 25 nL of a 20% sol ution of piperidine in DVF was rotated at
roomtenperature for 5 minutes. The suspghsfon was drai ned. 10 The
procedure was repeated over 20 minutes. The resin was washed successively
with DVF (2 x 40 nL), CH30H (40 ni) , CH2Cl12 (2 x 40 nL) , CH30H (40 nl)
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t enper atsur e fbhereire. hour, and filtered. The filtrate was evaporated, and
the residue was taken 10 up in acetonitrile-water and purified by
preparative HPLC to afford conpounds 5a-5bd. Product yield, analytical HPLC
conditions, HPLC retention time, product purity, and mass spectral data
obtai ned for exanples 5a-5bd, 7a-7at, 9a-9g, 15a 15 15f, 16a-16b, 17a-17e,
18a-18f, 20a-20t, 23a-23i, 24a24e, 25a-25e, 26a-26h, 27a-27n, 28a-28c,

29a- 29s, 32a32e are provided in Table 1 unless noted otherw se. Table 1.
Phvsi cal Data for Selected Exanr~les Ex.Yield (nmg) HPLC Gradient /tine
(mn)RT (mn)Purity (% Mass Spec
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60% 90% 2' 10. DARSPAfe XNatdld 4h06e3069' £Hfdp MWL, %k RB8ATAAMaAZd5. 35% 60% 9
609&90@62'6'5égéfggt%58§4t§§g6S¥g@éﬁn in inflammatory diseases,
autoimmune diseases, destructive bone, proliferative
disorders, infectious diseases, and degenerative

10 diseases. For example, the compounds of this invention
inhibit the conversion of precursor IL-1B to mature IL-
1B by inhibiting ICE. Because ICE is essential for the
production of mature IL-1, inhibition of that enzyme
effectively blocks initiation of IL-l1-mediated

15 physiological effects and symptoms, such as
inflammation, by inhibiting the production of mature
IL-1. Thus, by inhibiting IL-1B precursor activity,
the compounds of this invention effectively function as
IL-1 inhibitors.

20 Compounds of this invention also inhibit
conversion of pro-IGIF into active, mature IGIF by
inhibiting ICE. Because ICE is essential for the
production of mature IGIF, inhibition of ICE
effectively blocks initiation of IGIF-mediated

25 physiological effects and symptoms, by inhibiting
production of mature IGIF. IGIF is in turn essential
for the production of IFN-y. ICE therefore effectively
blocks initiation of IFN-y- mediated physiological
effects and symptoms, by inhibiting production of

30 mature IGIF and thus production of IFN-y.

The compounds of this invention are
surprisingly biocavailable when compared with peptidyl
inhibitors, such as those described in, for example,

EP 618 223, EP 623 592, WO 93/09135, WO 93/16710, US

35 patent no. 5,434,248, WO 95/35308, or WO 96/33209.
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a prostaglandin or an anti-vascular h

roliferation
20 compound.

The term "pharmaceutically acceptable
carrier" refers to a non-toxic carrier that may be
administered to a patient, together with a compound of
this invention, and which does not destroy the

25 pharmacological activity thereof.

Pharmaceutically acceptable carriers that may
be used in the pharmaceutical compositions of this
invention include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum

30 proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid,
potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium

35 hydrogen phosphate, potassium hydrogen phosphate,
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The ¢ompounds of this invention may be

employed in a conventional manner for controlling IGIF
30 and IFN-v levels in vivo and for treating diseases or

reducing the advancement or severity of effects which

are mediated by IL-1, apoptosis, IGIF, or IFN-y. Such

methods of treatment, their dosage levels and

requirements may be selected by those of ordinary skill
35 in the art from available methods and techniques.
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Alternatlvely, the compounds of this

invention may be used in compositions and methods for
treating or protecting individuals against IL-1,

10 apoptosis-, IGIF, or IFN-y mediated diseases over
extended periods of time. The compounds may be
employed in such compositions either alone or together
with other compounds of this invention in a manner
consistent with the conventional utilization of enzyme

15 inhibitors in pharmaceutical compositions. For '
example, a compound of this invention may be combined
with pharmaceutically acceptable adjuvants
conventionally employed in vaccines and administered in
prophylactically effective amounts to protect

20 individuals over an extended period of time against IL-
1-, apoptosis-, IGIF, or IFN-y mediated diseases.

The compounds of formula I may also be co-
administered with other caspase or ICE inhibitors to
increase the effect of therapy or prophylaxis against

25 various IL-1-, apoptosis-, IGIF-, or IFN-y mediated
diseases.

In addition, the compounds of this invention
may be used in combination either conventional anti-
inflammatory agents or with matrix metalloprotease

30 inhibitors, lipoxygenase inhibitors and antagonists of
cytokines other than IL-1B.

The compounds of this invention can also be
administered in combination with immunomodulators
(e.g., bropirimine, anti-human alpha-interferon

35 antibody, IL-2, GM-CSF, methionine enkephalin,
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interferon-alpha, diethyldithiocarbamate, tumor
necrosis factor, naltrexone and EPO), with
prostaglandins, or with antiviral agents (e.g., 3TC,
polysulfated polysaccharides, ganiclovir, ribavirin,
acyclovir, alpha interferon, trimethotrexate and
fancyclovir) or prodrugs of these or related compounds
to prevent or combat IL-l1-mediated disease symptoms
such as inflammation.

When the compounds of this invention are
administered in combination therapies with other
agents, they may be administered sequentially or
concurrently to the patient. Alternatively,
pharmaceutical or prophylactic compositions according
to this invention comprise a combination of a compound
of formula I and another therapeutic or prophylactic
agent.

The pharmaceutical compositions of this
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. We
prefer oral administration. The pharmaceutical
compositions of this invention may contain any
conventional non-toxic pharmaceutically-acceptable
carriers, adjuvants or vehicles. 1In some cases, the pH
of the formulation may be adjusted with
pharmaceutically acceptable acids, bases or buffers to
enhance the stability of the formulated compound or its
delivery form. The term parenteral as used herein
includes subcutaneous, intracutaneous, intravenous,
intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional and
intracranial injection or infusion techniques.

The pharmaceutical compositions may be in the
form of a sterile injectable preparation, for example,
as a sterile injectable agueous or oleaginous

— 00
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suspension. This suspension may be formulated
according to technigues known in the art using suitable
dispersing or wetting agents (such as, for example,
Tween 80) and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example, as a
solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are
mannitol, water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending
medium. For this purpose, any bland fixed oil may be
employed including synthetic mono- or diglycerides.
Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of
injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oil, especially in
their polyoxyethylated versions. These o0il solutions
or suspensions may also contain a long-chain alcohol
diluent or dispersant, such as those described in
Pharmacopeia Helvetica, or a similar alcohol.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, and agueous suspensions and
solutions. In the case of tablets for oral use,
carriers which are commonly used include lactose and
corn starch. Lubricating agents, such as magnesiume
stearate, are also typically added. For oral
administration in a capsule form, useful diluents
include lactose and dried corn starch. When aqueous
suspensions and solutions and propylene glycol are
administered orally, the active ingredient is combined
with emulsifying and suspending agents. If desired,
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certain sweetening and/or flavoring and/or coloring
agents may be added.
The pharmaceutical compositions of this
invention may also be administered in the form of
5 suppositories for rectal administration. These
compositions can be prepared by mixing a compound of
this invention with a suitable non-irritating excipient
which is solid at room temperature but ligquid at the
rectal temperature and therefore will melt in the
10 rectum to release the active components. Such
materials include, but are not limited to, cocoa
butter, beeswax and polyethylene glycols.
Topical administration of the pharmaceutical
compositions of this invention is especially useful
15 when the desired treatment involves areas or organs
readily accessible by topical application. For
application topically to the skin, the pharmaceutical
composition should be formulated with a suitable
ointment containing the active components suspended or
20 dissolved in a carrier. Carriexrs for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petroleum, white petroleum, propylene glycol,
polyoxyethylene polyoxypropylene compound, emulsifying
25 wax and water. Alternatively, the pharmaceutical
composition can be formulated with a suitable lotion or
cream containing the active compound suspended or
dissolved in a carrier. Suitable carriers include, but
are not limited to, mineral oil, sorbitan monostearate,
30 polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol and water. The
pharmaceutical compositions of this invention may also
be topically applied to the lower intestinal tract by
rectal suppository formulation or in a suitable enema



1 05af ''* CZH~Nh OHi | OOh Sag , O PCT/US99/ 05919 %%QOM@INGOZH
"HOOH ~~NHO/SahOQ)2HI\~NHOOHOOSa| N oo ~OHO
5aj so“’@’i‘%ﬂ"éOZHHO/ ~0HoOyak O/ OC \ NoothfT/UﬁP%SQSN C HO
5l NCZHHOOHOSam 1 8 S E P 2002

..44..

10

15

20

25

30

35

formulation. Topically-administered transdermal
patches are also included in this invention.

The pharmaceutical compositions of this
invention may be administered by nasal aerosol or
inhalation. Such compositions are prepared according
to techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance
bicavailability, fluorocarbons, and/or other
solubilizing or dispersing agents known in the art.

Dosage levels of between about 0.01 and about
100 mg/kg body weight per day, preferably between 0.5
and about 75 mg/kg body weight per day and most
preferably between about 1 and 50 mg/kg body weight per
day of the active ingredient compound are useful in a
monotherapy for the prevention and treatment of IL-1-,
apoptosis-, IGIF-, and IFN-y mediated diseases,
including inflammatory diseases, autoimmune diseases,
destructive bone disorders, proliferative disorders,
infectious diseases, degenerative diseases, necrotic
diseases, inflammatory peritonitis, osteoarthritis,
acute pancreatitis, chronic pancreatitis, asthma, adult
respiratory distress syndrome, glomerulonephritis,
rheumatoid arthritis, systemic lupus erythematosus,
scleroderma, chronic thyroiditis, Graves' disease,
autoimmune gastritis, insulin-dependent diabetes
mellitus (Type 1), autoimmune hemolytic anemia,
autoimmune neutropenia, thrombocytopenia, chronic
active hepatitis, myasthenia gravis, inflammatory bowel
disease, Crohn's disease, psoriasis, atopic dermatitis,
graft vs. host disease, osteoporosis, multiple myeloma-
related bone disorder, leukemias and related disorders,
myelodysplastic syndrome, acute myelogenous leukemia,
chronic myelogenous leukemia, metastatic melanoma,
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Kaposi's sarcoma, multiple myeloma, sepsis, septic
shock, Shigellosis, Alzheimer's disease, Parkinson's
disease, cerebral ischemia, myocardial ischemia, spinal
muscular atrophy, multiple sclerosis, AIDS-related
5 encephalitis, HIV-related encephalitis, aging,

alopecia, neurological damage due to stroke, ulcerative
collitis, infectious hepatitis, juvenile diabetes,
lichenplanus, acute dermatomyositis, eczema, primary
cirrhosis, uveitis, Behcet's disease, atopic skin

10 disease, pure red cell aplasia, aplastic anemia,
amyotrophic lateral sclerosis, nephrotic syndrome and
systemic diseases or diseases with effects localized in
the liver or other organs having an inflammatory or
apoptotic component caused by excess dietary alcohol

15 intake or viruses, such as HBV, HCV, HGV, yellow fever
virus, dengue fever virus, and Japanese encephalitis
virus.

Typically, the pharmaceutical compositions of

this invention will be administered from about 1 to 5

20 times per day or alternatively, as a continuous
infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredient that
may be combined with the carrier materials to produce a
single dosage form will vary depending upon the host

25 treated and the particular mode of administration. A
typical preparation will contain from about 5% to about
95% active compound (w/w). Preferably, such
preparations contain from about 20% to about 80% active
compound.

30 When the compositions of this invention

comprise a combination of a compound of formula I and
one or more additional therapeutic or prophylactic
agents, beth the compound and the additional agent
should be present at dosage levels of between about 10%
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to 80% of the dosage normally administered in a
monotherapy regime.

Upon improvement of a patient's condition, a
maintenance dose of a compound, composition or

5 combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of
administration, or both, may be reduced, as a function
of the symptoms, to a level at which the improved
condition is retained when the symptoms have been

10 alleviated to the desired level, treatment should
cease. Patients may, however, require intermittent
treatment on a long-term basis upon any recurrence or
disease symptoms.

As the skilled artisan will appreciate, lower

15 or higher doses than those recited above may be
reguired. Specific dosage and treatment regimens for
any particular patient will depend upon a variety of
factors, including the activity of the specific
compound employed, the age, body weight, general health

20 status, s-x, diet, time of administration, rate of
excretion, drug combination, the severity and course of
the disease, and the patient's disposition to the
disease and the judgment of the treating physician.

IL-1 or apoptosis mediated diseases which may

25 be treated or prevented by the compounds of this
invention include, but are not limited to, inflammatory
diseases, autoimmune diseases, proliferative disorders,
infectious diseases, and degenerative diseases. The
apoptosis-mediated diseases which may be treated or

30 prevented by the compounds of this invention include
degenerative diseases.

IL-1 or apoptosis mediated inflammatory
diseases which may be treated or prevented include, but
are not limited to osteocarthritis, acute pancreatitis,

35 chronic pancreatitis, asthma, and adult respiratory
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psoriasis, or atopic dermatitis.
IL-1 or apoptosis mediated destructive bone
disorders which may be treated or prevented include,
but are not limited to, osteoporosis and multiple
20 myeloma-related bone disorder.
IL-1 or apoptosis mediated proliferative
diseases which may be treated or prevented include, but
are not limited to, leukemias and related disorders,
such as myelodysplastic syndrome, acute myelogenous
25 leukemia, chronic myelogenous leukemia, metastatic
melanoma, Kaposi's sarcoma, and multiple myeloma.
IL-1 or apoptosis mediated infectious
diseases which may be treated or prevented include, but
are not limited to, sepsis, septic shock, and
30 Shigellosis.
IL-1 or apoptosis mediated degenerative or
necrotic diseases which may be treated or prevented by
the compounds of this invention include, but are not
limited to, Alzheimer's disease, Parkinson's disease,
35 cerebral ischemia, and myocardial ischemia. -
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Preferably, the degenerative disease is Alzheimer's
disease.

IL-1 or apoptosis-mediated degenerative
diseases which may be treated or prevented by the
compounds of this invention include, but are not
limited to, Alzheimer's disease, Parkinson's disease,
cerebral ischemia, myocardial ischemia, spinal muscular
atrophy, multiple sclerosis, AIDS-related encephalitis,
HIV-related encephalitis, aging, alopecia, and
neurological damage due to stroke.

Other diseases having an inflammatory or
apoptotic component may be treated or prevented by the
compounds of this invention. Such diseases may be
systemic diseases or diseases with effects localized in
the liver or other organs and may be caused by, for
example, excess dietary alcohol intake or viruses, such
as HBV, HCV, HGV, yellow fever virus, dengue fever
virus, and Japanese encephalitis virus.

IGIF- or IFN-y-mediated diseases which may be
treated or prevented by the compounds of this invention
include, but are not limited to, inflammatory,
infectious, autoimmune, proliferative,
neurodegenerative and necrotic conditions.

IGIF- or IFN-y-mediated inflammatory diseases
which may be treated or prevented include, but are not
limited to osteoarthritis, acute pancreatitis, chronic
pancreatitis, asthma, rheumatoid arthritis,
inflammatory bowel disease, Crohn's disease, ulcerative
collitis, cerebral ischemia, myocardial ischemia and
adult respiratory distress syndrome. Preferably, the
inflammatory disease is rheumatoid arthritis,
ulcerative collitis, Crohn's disease, hepatitis or
adult respiratory distress syndrome.

IGIF- or IFN-v-mediated infectious diseases
which may be treated or prevented include, but are not

\' N
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limited to infectious hepatitis, sepsis, septic shock
and Shigellosis.,
IGIF- or IFN-y-mediated autoimmune diseases
which may be treated or prevented imnclude, but are not
5 limited to glomerulonephritis, systemic lupus
erythematosus, scleroderma, chronic thyroiditis,
Graves' disease, autoimmune gastritis, insulin-
dependent diabetes mellitus (Type I), juvenile
diabetes, autoimmune hemolytic anemia, autoimmune

10 neutropenia, thrombocytopenia, myasthenia gravis,
multiple sclerosis, psoriasis, lichenplanus, graft vs.
host disease, acute dermatomyositis, eczema, primary
cirrhosis, hepatitis, uveitis, Behcet's disease, atopic
skin disease, pure red cell aplasia, aplastic anemia,

18 amyotrophic lateral sclerosis and nephrotic syndrome.
Preferably, the autoimmune disease is
glomerulonephritis, insulin-dependent diabetes mellitus
(Type I), juvenile diabetes, psoriasis, graft vs. host
disease or hepatitis.

20 More preferred diseases which may be treated
or prevented include rheumatoid arthritis, inflammatory
bowel disease, including Crohn's disease and ulcerative
colitis, inflammatory peritonitis, septic shock,
pancreatitils, traumatic brain injury, organ transplant

25 rejection, osteoarthritis, asthma, psoriasis,
Alzheimer's disease, atopic dermatitis, or leukemias
and related disorders, such as myelodysplastic syndrome
or multiple myeloma.

Accoxdingly, one embodiment of this invention

30 provides a method for treating or preventing an IL-1 or
apoptosis mediated disease in a subject comprising the
step of administering to the subject any compound,
pharmaceutical composition, or combination described
herein and a pharmaceutically acceptable carrier.
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Another embodiment of this invention provides
a method for decreasing IGIF production in a subject
comprising the step of administering to the subject any
compound, pharmaceutical composition, or combination
5 described herein and a pharmaceutically acceptable
carrier.
Yet another embodiment of this invention
provides a method for decreasing IFN ¥ production in a
subject comprising the step of admlnlsterlng to the
10 subject any compound, pharmaceutical composition, or
combination described herein and a pharmaceutically
acceptable carrier.
Although this invention focuses on the use of
the compounds disclosed herein for preventing and
15 treating IL-1, apoptosis-, IGIF, and IFN-y-mediated
diseases, the compounds of this invention can also be
used as inhibitory agents for other cysteine proteases.
The compounds of this invention are also
useful as commercial reagents which effectively bind to
20 caspases or other cysteine proteases including, but not
limited to ICE. As commercial reagents, the compounds
of this invention, and their derivatives, may be used
to block proteolysis of a target peptide in biochemical
or cellular assays for ICE and ICE homologs or may be
25 derivatized to bind to a stable resin as a tethered
substrate for affinity chromatography applications.
These and other uses which characterize commercial
cysteine protease inhibitors will be evident to those
of ordinary skill in the art.
30 In order that this invention be more fully
understood, the following examples are set forth.
These examples are for the purpose of illustration only
and are not to be construed as limiting the scope of

the invention in any way.
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GENERAL METHODS
Analytical HPLC conditions:

Column: C-18, Particle size: 5 p, Pore size: 1004,
Column size: 4.6 x 150 mm

Solvent A: 0.1% TFA / 1% MeCN / 98.9% water
Solvent B: 0.1% TFA / 99.9% MeCN

Gradient: A to B over 20 min at a flow rate of 1
mL/min

Column: Cyano, Particle size: 5 u, Pore size: 1004,
Column size: 4.6 x 150 mm

Solvent A: 0.1% TFA / 1% MeCN / 98.9% water
Solvent B: 0.1% TFA / 99.9% MeCN

Gradient: A / B = 99% / 1% to 50% / 50% over 20 min at
a flow rate of 1 mL/min

HPLC Mass Spectral Analysis

Mass Spectral Analysis: All mass spectral
data were collected using a Micromass Quattro II triple

quadrupole mass spectrometer (Beverly, MA) equipped
with a cross-flow electrospray ionization source. The
mass spectrometer was coupled to a HPLC system
manufactured by Hewlett-Packard (HP1100). The
autosampler for the system was a Gilson 215 (Middleton,
WI) liquid handler. All of the equipment was
controlled by the MassLynx software package purchased
from Micromass.

Mass spectral analysis was performed by
liquid chromatography-MS to determine purity and
confirm molecular weight simultaneously. In instances

H

mI

/
I



ONNQHF 1 / H!O NHHO7al ON-NCOH | H (10O HH O F¥8FS&P 1288 O-N-N

CQOZH | NC HOlan 0 \ NNCX¥H HOHHT7a0 / O HOH
St kg5

~O- H ap 1 8 SEP 2002 WD 99/ 47545 PCTNS99/ 05918 , CO2H H
OH2N~ OHH7ag Ol ~NC2HHzNI / HOOHI jar OOI \ NN CO2H HO
| ~HOHOHI O7as \ NN COzH HO | —-gé(D H

where the sample purity had been determined by other
means, a flow injection analysis (FIA) was used instead
of the full chromatography analysis. 1In all cases,
both positive and negative ion spectra were collected.
5 Mass_Spectrum Acquisition Conditions: For all

experiments, the mass spectrometer was configured in
electrospray mode with the cross-flow counter
electrode. A flow splitter was used to reduce the flow
from the HPLC to 40% of the original flow. The inlet

10 temperature was set to 140 °C and the drying gas flow
was set to maximize signal. The resolution of the mass
spectrometer was adjusted to 0.65 amu FWHM and data was
collected in centroid mode. In positive ion mode, the
cone voltage was set to 25V, the capillary voltage was

15 3.8 kV. 1In negative ion mode, the cone voltage was set
to 25 V and the capillary voltage was set to 3.5 kV.
In both.positive and negative ion mode, the time to
acquire a full spectrum was 1s with a switching time of
0.25 seconds between scans. The mass range scanned for

20 molecules with an expected molecular weight of less
than 350 amu was 70-500 m/z while for molecules with a
expected mass of more than 350 amu the mass to charge
ratio scanned was 200-1000 w/z.

Chromatography Conditions: Liquid

25 chromatography was performed using a YMC AQ Cl1l8 column
(150 mm X 3mm with 5um particle and a 120A pore size).
For all analysis, MeCN with 0.2 % formic acid was
combined with water with 0.2% formic acid to form the
elution gradient. The gradient profile consisted of

30 starting with 15 % MeCN: water and increasing the
amount of MeCN linearly over ten minutes to 90%. That
concentration was held constant for 2 minutes before
returning to initial conditions. During the entire
analysis the flow rate was 0.5mL/min.
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Froc~-N H ~ Fnroc® H N'NH H2ZN Resin HN "LR ON ~~'"'" 2 H OH ,NHF noc O ~
Step 2 ~~N COzH NHR ~ "NHF nmoc ~~N CO2Bwt Step 3 ~~N COzBu-i NHHHOHY
"LR ~LR 6 Fnoc~N OH Step 4 H O ;NHRt ; NHRs3 Step 5 Rs, CO2H Fnoc ' N N CO2H H
OHO~HH~O.LR9 Step 1: A 10.0 g portion (0.7?5 mml/gramloading, 7.5
5 mmol ) AgroPore-am nomet hyl resin (catal og nunber 800047) was washed with

DMF (3 x 40 nl), 10% D EALOWFIY3extdonnCohdDiFonad ANP: X 3njxctAlrerigf To
above resin e da1,£0 55 nmmo-~),
hBTU (1. 14 emaé%éd‘gggE§u€§§§étN Moﬁ&@?é‘ﬂ % 2% gﬁ% %803%%9(& ﬁS

PCT/ US99/ o5919was 7lsse<é 1tq4a@@ulqe 26hg FgA2dakap| ) Thanblowr gt Wiy . The
reagents were gden-gixes Ry/Ripbling nitrogen through the bottom of the

fl ask for two mnutes at roomtenperature. N, N-diisopropylethylamne (3.33
eq, 4.35 55 m,, 25 mml) was added and the resulting suspension m xed at

room terrperatu rnight, filtered, then washed successively with NVP (3x
40 nl) and DVF (3x 40 miAll The NMRsispewtsr heard reafedad tisifg al of a 20%

sol ution of acﬁdﬁe@“ﬂ)’&l{ﬁﬂﬁeﬂ& %xfi%o 31@!‘4}5” éyé@t?r&ﬁeter in the
solvent given.
10 SYNTHETIC METHODS
General Procedure for the Preparation of Compounds of
Formula I, Embodiment C (Schemes I-VI)



|0 roomtenperature. The mixture was filtered, and the resitng 3P Wghed-
successiwal geh NMP (3x 40 nL) CH2C12 (3x 40 nmL), 1:1 CH30H / 2C12 (3x
40 m), \gﬁgyl%gH (3x 40 nL). After drying in vacuo, 13. 76’(3%5?&96'%&resi n 2
wer e obtained (0.35 mml/gramloading). 15 Step 2: Seven reaction vessels
were each charged with 181 ng of resin 2 (0.48 muol/gram 0.063 mml) then
washed with CH2C12 (3 x 1 nL) and NVP (84x -1 nL). Then each vessel was
treated with I'1 nmL of a 25% solution of 20 piperidine in DM and m xed
(vortex) at roomtenperature for 15 mnutes. Thi roceduy was repeated in
triplicate. If’a’-’cﬂF?@g%lP%s“?%é?f%ﬁés"ﬁé&@hroéeaPPi@BSWFFHSh%P (3 x 1 nL).
The vessel s vesigerhdien treated with 500 ~C1 of a solution of 0. 4 M (2S,
4R) -Fnoc-4 25 am no- 1-Boc-pyrrolidine-2-carboxylic acid /0.4 M HOBt/ NWP)
500 ~,1 of a solution ofCO8Eu-M HBTU N N qnd 250 ~Cl1 of a seé{ iton of 1.6
M DI EA/ NWP and Fixed ffor 3 hours at .[ggﬁft_enp,erature. Af t f Xl ng, the
vessel s were dral 8% e procedure was repeated. p@fc St 3 The
resulting resin was Whsh 4 with NVP (3.5 J(Risk)yand then trﬁeat d with 1 nL of
a 25% sol ution of piperidiNg in DV and mxed (vortex) at rowmmtenperature
for 15 mnutes. The proce e as~[ epeat ed 1 8 SEP 2002 ~76 &

triplicate. The resulti,n§ refin washed with NMP (3 x ~.rd) then treated
with either acetic anhydride, o pLBpyl i socyanat e, met hanesul f onyl
chloride, or nmethyl chloroformate. FqQr acetic anhydrigde: \add 300 ~C1 5 of a
1.6 MD EAN NWP solution and ~. L of a sol uti onFBPC0. ' M acetsisp 2
anhydride/0.1.25 M D EA/ 0.07.5 MHO8t iz~ NWP. ~'or i ropyl isocyanate:
add 300 ~.1 of a ~..6 MDXEA/ NWP solution and 1 nL & aCtblfution of 1 M

i sopropyl isocyanate in Nvp. For nethanesul.fonyl 10 chlori de: add 604 ~, 1
of a solution of 7. Mpyridine in CH~CZ~ and 600 ~1 of a solution of 7. M

nmet han, esul fonyl chl or% i a 2. Fox nethyl chlorofornmafel add 500 ~1
of a 1.6 M DTEA/ solfut i én ndqlogh_ of a solstdpon OFmé—N 2Bt
chl oroformate in su f i,5 suepensi-ons were mixed for, 6

hour s at roomterrperaf"ureo t Je sl vgnt drai ned_and the coup) dure
repeated. Step 4: The resulQmH rgin was washey vrith NWP (3 & 2 .m)
then. treated with a 1;1 mxture o, TFA/ £/ R _ajoH oomter~pera tuRe for
30 m-.nutes . The resultingres~.n tBs then shefl with CH2CL2 (3 x 1nl)
and NWP (3 x ~.nL) . The resin was then treated th 500 ~C of a solution
of 0,4 M Fnoc-valine~carboxylic arid/0.4 M25 HOBt/ NVp, 500 /~I of a
solution of 0.4 M FI BTSte , amatCR ~ 3, of a Solution of 1.6 M D EA/ NVB
and m xed for 3 hours at rogmtenperature. After m x~.ng, the vessels were
drai ned and the coupling procedure was repearRed—N Step 5: The resuhting

resin was washed with NV (3 x inL) then treated uth,1 of a 25%
sol ution of piperidine in m xed (vortex§” atrot nper atut for 25
m nutes. This procedurg LRpeAat eccam triplicate. Th I anin was
washed with ~-rMP ~ a $9E R 2doz 99/ 47545 PCTI US991059191 _ 7~"(3 x
1) then treated with eith@r Q a solution of 0.4 M9-isoquinoline
carboxylic acid/ 0.4 M HOBt/ I\?\/Pelr 500 ul of a solution of 0.4 Mp-anisic

acid acid/ 0.4 MHOBt/ NWP. %he resuICEing m xtures were treated with 5 500
~.1 of a solution of 0.4 M HBTU NW and 250 ~.1 of a solution of 1.6 M

DI EA/ NVP then m xed for urs,at_roomite rature, the solvent drai ned
and t he procgau518éfeg‘6§allé§ﬂ$heépgsﬁ?ﬁ'ﬁ Te ?nr?/\g%r?r%%t'é Cwith 1.5 nL of
a 95% sol uti dAanEerTEAsin wadedsaddfsnedras showvmompove in Scheme I.

Step 1: A 6.7 ¢ portion (0.8 mmol/gram loading, 5.36

mmol) of 4-methyl benzhydrylamine hydrochloride salt

resin (Scheme I) was washed with DMF (3 x 50 mL), 10%
10 DIEA/DMF (3 X 50 mL) and N-methylpyrrolidinone (NMP) (3



10 tenperature for one hour then filtered. The filtrate was evaporated, and
the residue was taken up in a 2:1:2 mxture of DMF /acetonitril e/ water and
purified by preparative HPLC to afford conpounds 9a- 9g. 1 8 S EP 2002 W
99/ 47545 PCT/ US99/05919 - 78 O O (~ NH N N C02H H~O~/ OHOHOD9a H~N
OO,NHNCOYH~-NHOONHHOS9 H ~N~ g ~NHN~ NNCOZH/ HOHOHO
9c SP ~~JVIH N- NH N C®2H OO HH\ O 9d 8 ~ NH \ NCO2H ~-O~/ HOOHOD9e
OO,NHN~ NNCO2ZH/ HOHOHOO9 OO JdH N~ NN C02H/ HOH O H O 99

O
O
X 50 mL). To a suspension of the washed resin in 25 mb
of NMP was added successively compound 1 (1.1 eg, 3.5
g, 5.90 mmol) DIEA (3.33 eg, 3.1 mL, 17.70 mwol), 1-
hydroxybenzotriazole hydrate (HOBt) (1.1 eq, 797 mg,

5 5.90 mmol), and O-benzotriazole-N,N,N,N'-
tetramethyluronium hexafluorophosphate (HBTU) (1.1 eq,
2.24 g, 5.90 mmol). Compound 1 was prepared according
to the literature procedure of A. M. Murphy et al, J.
Am. Chem. Soc., 114, pp. 3156-3157 (1992). The mixture

10 was rotated at room temperature overnight using a wrist
arm shaker.

The resulting mixture was filtered, and the resin was
rinsed with DMF then treated with 12 mL of a 20%

15 solution of acetic anhydride in DMF for 30 minutes at
room temperature. The mixture was filtered, and the
resin was washed successively with DMF (2 x 50mL),
CHyO0H (50mL), 1:1 DMF/ CHCl; (2 x 50mL), CH30H (50mL)
and CH,Cl, (3 x 50mL). After drying in vacuo, 9.0

20 grams of resin 2 were obtained (0.48 mmol/gram
lcading) .

Step 2: To 4.5 g of resin 2 (0.48 mmol/gram, 2.16 mmol)
was added 25 mL of a 20% solution of piperidine in DMF.

25 The suspension was rotated at room temperature for 5
minutes and drained. The procedure was repeated over
20 minutes. The resin was then washed successively
with DMF (2 % 40 mhL), CH30H (40 mL), CH,Cl, (2 x 40 mL),
CH,OH (40 mL) and NMP (40 wL). To a suspension of

30 resin in 40 mL of NMP was added successively 2.92 g of
N~Fmoc-proline (4 eq, 8.64 mmol), 3.0 mL of DIEA (8 eq,
17.28 mmol), 1.17 g of HORE (4 eg, 8.64 mmol) and 3.27
g of BEBTU (4 eq, 8.64 mmol). The mixture was rotated
at room temperature overnight and drained. This



Procedure for the synthesis of anal ogs 15-18: ' wo 99f a~$@sSEP 202 Schene

|V CO2Bwiob/kmps~N H H N-LR 2 ~N-Boc Fnoc' N CO2H Step 1 pcn366055982 ]
PCTI US99f U5919 ~N~Boc Frmoc~Nr COZBu-t HOH I N LR 10 R3 Fnoc. NW\OH H O Ste
p 2 R3= CH3 or CH(CH3}z r R ~N~Boc "3 R~_N~N COzBu-t HOH O H N LR 13,
R3=CH(CH~z 14) R3=CH3 Step 4 R3 ~NH R~ NN O2HH O HO N H O 15,
R3=CH(CH~z 16, R3=CH3 Preparation of an§6og§ 15 and 16 (Schene 1V):

coupling procedure was repeated over 3 hours. The
resin was then washed successively with DMF (2 x 40
mL), CH30H (40 mL), 1:1 DMF/ CH,Cl, (2 x 40 mL), CH3;0OH
(40 mL) and CH,Cl, (3 x 40 mL), and briefly dried in

5 vacuo to afford resin 3.

Step 3: A suspension of resin 3 in 25 mL of a 20%
solution of piperidine in DMF was rotated at room
temperature for 5 minutes. The suspension was drained.
10 The procedure was repeated over 20 minutes. The resin
was washed successively with DMF (2 x 40 mL), CH,OH (40
mL), CH,Cl, (2 x 40 mL), CH3OH (40 mL) and NMP (2 X 40

mL). To a suspension of resin in 40 mL of NMP was
added successively 2.93 g of N-Fmoc-valine (4 eq, 8.64
15 mmol), 3.0 mL of DIEA (8 eq, 17.28 mmol), 1.17 g of
HOBt (4 eqg, 8.64 mmol) and 3.27 g of HBTU (4 eq, 8.64
mmol). The mixture was rotated at room temperature

overnight and drained. This coupling procedure was
repeated over 3 hours. The resin was then washed

20 successively with DMF (2 x 40 mL), CH30H (40 mL), 1:1
DMF/ CH,Cl, (2 x 40 mL), CH30H (40 mL) and CH,Cl, (3 x
40 mL), and dried in vacuo to afford resin 4 (0.45

mmol/gram) .

25 Step 4: To a 0.05 mmol portion of resin 4 was added 2
mL of a 20% solution of piperidine in DMF. The
suspension was rotated at room temperature for 5
minutes, and drained. The procedure was repeated over
20 minutes. The resulting resin was washed

30 successively with DMF (3 x 5 mL), CH3OH (5 mL), and NMP
(3 X 5 mL). The desired carboxylic acid was then added
{4 eq, 0.2 mmol), followed by 0.8 mL of a 0.25M
solution of HOBt in NMP, 0.14 mL of DIEA (8 eq, 0.4



R ~N~Boc r3 Rt C42H Fnoc. H-N C02Bu-t O H St ep 3 OH I N-LR 18, SE836 CH~-z
12, R3=GyQ 994¢84s5 @ R ~NR- 3 RL_N-N COyH H O H O N H O 17,pRAseblobdiigz 1 S
R3=cH3 5 Synthesis of 2-(S)-piperazine-1,2,4-tricarboxylic acid
4-tert-butyl ester 1-(9Hfluoren-9-ylmethyl) ester. 1 8 SEP 2002 ao - To
a solution of 2-(S)-piperazine carboxylic acid (Lonza) (3g, 15 mol) in 1:1

HZO di oxane (30 nL) was added a sol ution®df “(BOC)20 i n di oxane (3. 3g,
| 5nmol, in 5L di oxane) while msu ntaining the pHat i1l with IN 5 NaCH . The

pH was mai nt ai ned .ever ours e ur e, ol. ut
adj usted to pHEB g %N 08I gdmlﬂg gﬁ@g%dntrea{fgaa lf‘hllni‘i'ﬁrmc C1
(3.879g, 7. 5 muitHe niiheuyd was mﬂ:ntadned neo®. Eerfipgratwper ouadnidgkt mi xt ure

stirred at ro ur e e t hg n was
filtered and t g%ﬁ&??%?e trrlg\ét Eégb\?\nﬂtﬁa; ‘-iél—i}gs)eclj %éé€91§$§gﬁ@g§<€r acted

with ethyl acet™it d2(¥ % P5)mifH39He (drHahi clijaﬁ?F/vvanHzﬁJraed 2% ¥ brine and
MySO4 figdtereciL)gndugoRCeBt Bl ednd ocyyole qal &r 8. A8, Ola|nd B ed linnas

disso7.ved in ethxl acetate - 5 and added tp h ne | 3.5 52%
yield) of whit@%&id a\Etg‘ F PoBFaFT %P %Hﬁ,e%% gy ¥ ’&lg)(s 1.55
(s, 9H) 2. 80- watex (s 8HEn, a8dgd4t® fime Fedin., The/ mhst;uﬁe-l}waﬁ (m 2 H,
7.3- 7.9 ppm ; St

resin 2 (8p37 lr§l|é9j rag%%gl( Egmnrr%?gﬁu/aééa%dl( gér?%‘)hré& 59325/1 so? utlon of

pi peri . di ne H?hBM‘éll TRESSH3peRLRRAF e r iR éd“eatrﬁsokﬁh‘?e‘ﬁ%r%ﬁliﬁ% for 5
m nutesy@nd drg aadaczbenmt@w@luwswﬁsm&gﬁﬁﬁﬁﬁe@/&ry ASr&paritises. The

resin was the ccessivel t (2 x 50 nmv) CH30H (50 nv) (
CH2C12 (2 X S%Pﬁ@) g?—f’ §0 ﬁlﬂ?"%’h# I\%P'% To a suspensi on of resin
in 25 L of NWP was addEdoéuct;e:ssema,l wr&]@g:mamrmm -Bued i pErsazi ne
carbox~.yic a ( 8 I) mm
1.0~ g of HOB%IPEZ %eeg‘?ti%é tmﬁ? nd&g‘%tsgadgﬁ%m n(ﬁsgqs&gcﬂtﬁ%

m xture was r &g ﬁe@b‘éﬁlﬂéérﬁf@énﬁ@@lﬁ% Ardhd giie- r?cFrdr%ﬁ'rﬁﬂjv &4

coupl i ng pr ocq@w elwszaspememwerl&m S.208N20t5§S 230 V&$H1 | hayy washed

successi vel SEP 0,
y %ﬁ 25a- ?5 -f%h, 27a-27n, 28a-28c, 29%a-29s, 32a-
32e are provided in Table 1 unless noted otherwise.

Table 1. Physical Data for Selected Examples

Ex. | Yield HPLC RT (min) | Purity | Mass Spec
(mg) Gradient (%) (M+H or
/time (min) M+Na)
Sa 1.0 5-45%/10' 4.66 92 475.2
5b 1.0 5-45%/10' 6.86 85 457.2
S5c 4.0 5-45%/10"' 5.98 85 469.2
54 1.5 5-45%/10" 6.82 95 467.5
Se 1.0 5-45%/10"' 5.52 95 418.2
5f 0.6 5-45%/10" 4.28 93 434.2
5g 6.4 10-60%/10" 8.57 97 504.7 (+Na)
5h 15.6 10-60%/10" 4.51 99 459.2
51 6.6 5%-90%/10"' 9.34 90 506.1
53 5.1 5%-90%/10"' 10.04 95 506.1
5k 10.7 5%-90%/10" 8.64 85 520.1
51 6.6 5%-90%/10" 8.72 85 540.1
Sm 6.8 5%-90%/10" 7.89 85 502.0
Sn 1.9 S%-0%/10" 6.46 85 494.1
50 3.8 5%-90%/10" 7.04 85 506.1
5p 6.8 5%-90%/10" 11.62 95 576.0
5q 2.2 5%-90%/10"' 9.72 90 508.1
S5r 3.8 5%-90%/10"' 7.27 85 462.1
5s 4.3 | 5%-90%/10" 6.46 90 470.1




WO 99/47545 PCTI US99/ 05919 - 81 DMF (2 x SO nlL)

CH3

OH § BEPT02,

1:.1

DM/ CH2 %g x 50 m), CH30H (1 x 50 nlL) and CH2Cl12 (3 x 50 Qég) and
briefl yW 9@ 4°n vacuo to afford resin 10. 5 Step 2: To 5PGIU8s
nnnl/gran1|oad|ng, 1.675 mmol ) of 10 was added 25 ni of a 20% sol uti on of
pi peridine in DW. The suspension was rotated at roomtenperature for S
m nutes and drai ned. The procedure was rggeated over 20 m nutes. The resin
was t hen washed 10 successively with DMV (2 x 50 mL), CH30H (50 ni), CHzC12
(2 x 50 nmL), CH30H (50 nL) and NWP (2 x 50 nmlL). To a suspension of resin in
25 nL of NVF s qdtieeldUcces$iRigly 2. 0BQ ohim FhPurualyl peMess Spec
N- Fnoc- al anipe (4|edmad. 7 m@ﬂ@dlﬂBQ7 of DI EA (4 €%) 6|7 rMeH)prl5 0. 905
g of HOBt (4l eq, 6.7mol) Awime 3®ig)of HBTU (4 eq. 3. 66| mmoMyNaThe nj xture
was rotated @t5ko n1$eﬁpera@ﬂré0®ﬂéfn|ghtlén@7drainé@. Thi s é86pki ng
procedure was repéated ovef0%-1®Ak/2"' The resin was then washed succeslsively
with DVF (2 X 50 gi)3- JCI—LOI-ﬁ?t)G%OS‘I’TL), 1:91 9BVF/ | CHBGL2 (2 x5B®-AL), [CH30H
(50 nL) and |CH2C12? (3 _x_ 30 Rf‘\‘ O%{P ed in vacto to afford resin 11 or 12
respectivel y| (V3% mhol / ¢ p 31T a 1.5§5 0 165°R%pB) portion
of resin 11 jor. 25 a2 20% sol ution ofl piperidine in DV
The suspensilor%a ner &tdre for 8°m nut es?78nd drdi ned.
The pr ocedurje—wast+epeat-ed—aver—Z VL1“t°° The—f-esultit ' shed
successi vel y| W h| DNF § 3 |x 25 ,7:(,92 CH3OHE( £8 nz) , ®and 30, NS (5 x 15 ).
The desired leasbekypHe—atig .,fwgo” En—ddded ’%eq Og86—HregFekl-owad by
0. 25g HOBt (dﬁg%nwnfy, 01 ongg IEA ( 0. b6 Rﬁnl) and>® 8§g
(0. 66nmol ) FLE—Yg?rH—ﬁng—— ared OO
over ni ght and dra| ne szﬁesbgsb@% S \M?%KH4- SA5 ?382 SgEﬁZZOOA
PCT/ U599/ 059 - [} I‘ f b U II LII A 5 iAIJI_ \J.u rTL),
1:1 DVF/ CHAO 37 (R x 15 rmfgf%%éﬁ(, oA At (4 x } nd
dried. in vaTEgptp o fPT U3 Hod s StEp A2 gE Pyt U5'3P'2°‘ :7-%
solution of |TFA ip water mgg%tb@Q/@dded to the resin. THe miXture wag
stirred at rOgHETEMREGAl UT & @ o P & NQUT, gapg (1] TEpgd. [T1E {54 3 ate (was
evapor at ed, {and the resi fdueo®asokakenito up in acetonitrlil e-water and
purified by [peefal ad.ee HPE& fgn®afdord cogpsunds| 588N0 |16. 4649.38 SER 2002
WD 99/ 47545 {0 ~NH \ N N tDQ&%HsH@VQ 'OJONHHO}MBa - 83 5
Sae 4.3 5%-60%/9"' 9.81 95 551.1
60%-90%/2"
Saf 0.9 5%-60%/9"' 9.98 90 547.4
60%-90%/2"
Sag 5.7 S5%-60%/9"' 10.31 90 526.2
60%-90%/2"
Sah 1.4 5%-60%/9"' 8.13 85 542.1
60%-90%/2"
Sai | 10.9 [ 10%-90%/10"' 5.88 85 584.2
5aj 4.2 10%-90%/10" 5.89 90 556.2
5ak 7.8 10%-90%/10"' 5.54 85 568.3
5al 8.4 10%-90%/10" 6.25 95 516.2
Sam 7.6 10%-90%/10" 6.49 95 474.3
San 6.2 10%-50%/10" 6§.00 95 500.2
5a0 9.4 10%-90%/10"' 6.68 95 581.3
S5ap 6.4 10%-90%/10" 4.30 90 500.3
Sag 5.2 10%-90%/10" 6.45 95 558.2
Sar 1.4 10%-90%/10" 5.38 90 561.3
S5as 16.2 10%-90%/10"' 4.25 95 475.2
Sat 15.4 10%-90%/10" 6.68 95 560.3
S5au 5.9 10%-90%/10" 6.70 90 498.3
S5av 4.1 10%-90%/10" 5.13 85 531.2
Saw 5.5 10%-90%/10" 6.53 85 570.3
Sax | 14.0 [ 10%-90%/10" 6.26 50 557.3




10 150 O ~NH N N C02H ~O1 ~ HOONHH O 15¢c O ~NH N~ N N&58 4D 0 H H

\'I o ~NAWOMINSHE , COYH 1 ~ HO ON H H O 16a PCT/ US99/ 0591 %c@ruddbtosdioN N
C&H~-0l ~HOONHC HO15d O~NH\ NNCO2ZHWHHzN~OONHOC HO
156 ~NH N~ NNCOHH/ I OOHH\ O15f O~NHI ~ NNCO2ZHH H2N/ O O N

HC H O 16b Procedure for the synthesis of analogs 17 and 18 (see Schene
IV): Step 5: Resin 13 or 14 was treated With 2 mL 25% TFA/ CHzCl 2 for 30 nin
and washed with DM= (2 x 5 n), 10% DI EA/ CHZC12 (2 x 5 L) DMF/ CH2Cl2 (2 x

5 m), CH30H {H-—+r)ane P-CA 23— —anc—dr-ieg—f fi—ve—rniretes— The

resul ting regifinas ﬁ?dgg Wid S‘PEI (3 %1 %rﬂt hI;ﬁu(jf’%ir;E fe ?/ﬁif}b £Stilc

anhydri de, o1 net hpxaceti g /t;ﬁnﬁ n)2C02 N M+Na)
5ay 10.4 10%-90%/10" 6.52 90 510.3
5az 9.2 10%-90%/10" 5.96 95 522.3
Sba 8.5 10%-90%/10"' 6.69 95 562.3
Sbb 4.6 10%-90%/10" 6.00 85 520.2
Sbc 8.8 10%-90%/10" 4.96 90 546.2
Sbd 8.2 10%-90%/10" 8.01 95 536.3
7a 2.1 5-45%/10" 5.28 86 440.2
7b 1.7 5-45%/10"' 4.12 94 390.2
7¢ 0.5 5-45%/10" 4.04 94 434 .2
7d 1.1 5-45%/10" 4.29 S5 441.2
7e 1.1 5-45%/10" 3.28 98 447.2
f 1.0 5-45%/10" 3.96 97 420.2
79 11.0 10%-90%/10" 4.00 95 483.4
7h 6.0 10%-90%/10" 4.90 95 439.3
71 12.0 10%-90%/10" 6.40 95 474 .3
73 6.6 10%-90%/10" 4.50 95 461.4
7k 4.0 10%-90%/10" 5.40 95 480.4
71 8.6 10%-90%/10" 2.61 95 435.3
7m 6.0 10%-90%/10" 4.29 CH 438.4
7n 15.4 10%-90%/10" 2.00 85 433.4
70 8.4 10%-90%/10" 4.01 90 470.0
7p 3.0 10%-90%/10" 4.61 95 434 .4
7q 5.7 10%-950%/10" 3.89 95 434.3
7r 8.8 10%-90%/10" 2.94 95 425.3
7s 10.5 10%-90%/10" 3.89 90 433.4
7t 6.9 10%-90%/10" 2.45 85 419.3
7u 11.6 10%-90%/10" 1.98 85 433.3
v 4.6 10%-90%/10" 4.60 95 489.4
W 13.8 10%-90%/10" 4.20 S5 453.3
7x 6.0 10%-90%/10" 3.90 85 483.2
7y 12.0 10%-90%/10" 5.40 95 489.2
7z 10.0 10%-90%/10" 5.40 95 517.2
7aa 11.0 10%-90%/10" 5.30 95 453 .8
7ab 10.0 10%-90%/10" 5.60 95 595.1
7ac 3.9 10-60%/10" 4.59 88 469.2
7ad 13.0 5-45%/10" 4.48 88 415.2
7ae 4.9 5-45%/10" 4,37 88 426.2
7af 20.6 5-45%/10" 4.68 86 405.3
7ag 14.9 5-45%/10" 4.78 82 406.3
7ah 9.5 5-45%/10" 7.40 91 447.3 (+Na)
7ai 10.8 5-45%/10" 9.21 95 480.8 (+Na)
7aj 8.3 5-45%/10" 9.14 92 481.1 (+Na)
7ak 13.6 5-45%/10" 8.05 96 464 .8 (+Na)
7al 8.1 5-45%/10" 7.04 o1 448.8 (+Na)
7am | 7.8 5-45%/10"' 8.54 90 480.4 (+Na)




acid, or 2-propanesul fonyl, chloride, or isop~ropy~. isocygnggre 2002

met hanesulfon | chloride, or nmethyl chloro~ormate accordl to éﬂg
proceduP® WletSt o prepare anal ogs 9 (scheme ril). Conpount "_ﬁ” %~ 85 -
wer e obtained as described is Step ~ for compounds i5 and 16. Conpounds
~.7a and 17b were pxepared by reductive am nati on using Na(QAc)3BH and HCHO
(38%in H20, 0,2 1.0 nL) and CH3COOH (0.2 wlL) prior to Step 4 and conpound
18c was prepared by treatnment with phosgene foll owed by anmonia prior to

step 4. 1 8 SEP 2002 WD 99/ 47545 PCT/US99/05919 - 85 OI N _\ N pbH ~N
HH2N I / O OB HAICKiH1® [[7a HYLC N- N BT CORth) | PHrdty [O Maks Bpecli7p O O
~N~ Cl \ N N CO2H [~-Qngy H @GrfadNentCl [H O 17c O N\ N ICOzH ~\MHE2RII /[H O O
NHCIH17dO~NN~NNCIJZHne/(mHIDONH1H Ze O O N ~d4+Na)
7an 4.3 5-45%/10"' 7. 88 460.9 (+Na)
7ac 13.5 5-45%/10" 7.45 52 460.7 (+Na)
7ap 2.5 5-45%/10"' 6.52 93 440.3 (+Na)
7aq 1.4 5-45%/10' 3.30 84 405.2
7ar | 15.10 5-45%/10" 3.79 97 413.30
7as | 15.70 5-45%/10"' 5.50 88 441.30
7at | 22.20 5-45%/10"' 4.49 94 415.30
9a 0.5 10-60%/10" 7.08 98 527.4 (+Na)
Sb 1.2 10-60%/10" 8.31 93 570.5 (+Na)
9c 2.5 10-60%/10"' 8.46 97 569.6
9d 1.2 10-60%/10" 7.22 85 562.1
Se 0.4 10-60%/10" 7.86 95 543 .2 (+Na)
of 4.3 10-60%/10" 8.11 96 542.5
9g 2.1 10-60%/10" 7.18 93 526.3
15a 1.0 10%-60%/10" 5.76 95 477.6
15b 3.9 10%-60%/10" 6.32 91 483.8
15c 2.9 10%-90%/10" 3.30 85 463.3
154 1.3 10%-90%/10" 4.26 95 531
15e 1.0 10%-50%/10" 3.10 85 482 .3
15f 1.2 10%-90%/10" 3.60 95 484.6
16a 2.5 10%-90%/10" 2.80 95 456.3
16b 6.0 10%-90%/10" 1.90 95 454 .2
17a 1.0 10%-90%/10" 3.30 85 496 .8
17b 1.1 10%-90%/10" 3.62 85 498.3
17¢c 2.3 10%-90%/10" 5.80 95 573.2
17d 1.6 10%-90%/10"' 1.60 95 §25.1
17e 1.5 10%-90%/10" 2.62 95 526.3
18a 1.0 10%-90%/10" 3.90 95 528.3
18b 1.2 10%-90%/10" 5.27 95 562.3
18C 2.2 10%-90%/10" 4.09 95 499.2
18d 1.5 10%-90%/10" 3.78 95 498.3
18e 1.2 10%-90%/10" 4.78 95 541.3
18f 7.1 10%-90%/10" 3.84 98 526.1
20a 2.0 5-45%/10"' 6.95 91 483.2
20b 1.3 5-45%/10"' 7.58 99 482.2
20¢c 2.5 10%-90%/10" 5.89 85 483.3
20d 4.3 10%-90%/10" 4.09 90 471.3
20e 3.6 10%-90%/10" 4.65 95 455.3
20f 12.2 | 10%-90%/10" 3.25 95 518.3
209 12.1 | 10%-90%/10" 5.01 90 487.2
20h 3.3 10%-90%/10"' 4.30 90 533 .2
201 5.0 10%-90%/10"' 4.16 50 485 .2
203 1.3 10%-90%/10"' 3.45 85 §31.2
20k 9.7 10%-90%/10"' 5.41 90 516.2
201 3.8 10%-90%/10" 3.73 85 504 .2
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rocedure for the preparation of anal ogs 20. Conpounds 20a-20t were

prepared according to the procedure descfibed for conpounds 5 (Schene I)

only substituting the appropriate Fnoc-am no acid for

Fnoc 5 Valine in Step

3 (Schene V). _ Schene V R3 Enpc= 2Bu-t St op—3—FrRe=N=N~C026tt—> | OH
H R3 00 H H N B Fiof kbl N-LHPECO 19| $Ted ™4 k- CAL T R-HEHF, # 00 N
HH O 20 Prephratidn 88'3-(-£¥ }€553n1n0-3-chloro 3 0
benzoyl am no) 3 .Mh\"s"!fol‘.t'L B SRy oHHeRe? C‘Ttﬁhwﬁgé)iﬁﬁui)-4-0
y a RN AN T CEY R D R HLF) S CEN Sl

X0- butyric ache %Q)l"°%m¢P°#ﬁdﬂ O3 ammot ofgdesii3dar 4t of 20%
piperidine it o s tbrarbih ol gt e are s 5y nutesnd i he

et H - £ X S atrgor 0 Th il
resin was was ?‘bg,t ccg::;g‘;‘r‘ c[’q;yg ,/1%!:-—(-&\7343:3? (HS%%C(U Ce) ,2 1 2
(tWI CE), CH30 gt(.pCI-CC):%?\éqg AV PR Fd{ﬁﬁ%" To & ISP EnsTan th%ig:jsl —tm 4 niL
of NWP was ad \Q§SLCC§§¢;; ‘/C_r%%_ 5/:‘%‘—\,'(_}‘ N o thyss::yu .LEl[ ,5;(_'-2 e 10. 528
9”3’})'4)7,542 185 R i Gfs."ﬁ = __()"%-eg?b%flou'd) MMPTgy 74 NPT SR WO

23a [ 21.0 10-60%/10" 8.11 99 495.4

23b | 25.0 10-60%/10" 8.94 99 539.8 (+Na)

23c | 26.0 10-60%/10"' 8.55 99 539.9 (+Na)

23d | 12.6 [ 10%-50%/10' 3.90 85 453.3

23e 8.3 10%-90%/10" 5.16 85 501.3

23f | 12.5 [ 10%-90%/10" 3.41 80 425.3

23g 1.5 10%-90%/10"' 3.34 85 452.3

23h 8.4 10%-90%/10° 3.84 90 451.3

231 9.0 10%-90%/10" 3.78 85 469.4

24a 1.1 10-60%/12" 8.76 90 480.5

24Db 3.1 10-60%/10" 5.14 90 375.4

24c 7.2 10-60%/10" 10.33 96 §31.0

24d 3.4 10-60%/10"' 6.51 95 426.5(+Na)

24e 6.9 10-60%/10"' 7.22 99 455.5

25a 1.8 5-45%/10" 5.38 85 455.2

25b 1.5 5-45%/10" 6.90 97 483.2

25c 1.0 5-45%/10" 8.09 94 497.2

25d 12.8 5-45%/10" 5.75 88% 453.3

25e 9.5 5-45%/10"' 7.76 90% 495.2

26a | 10.2 5-45%/10" 7.36 95 455.1(+Na)

26b 1.1 5-45%/10" 7.38 89 476.3

26Cc | 13.8 5-45%/10" 8.13 98 483.2

264 2.3 5-45%/10"' 10.35 99 503.0

26e 12.8 5-45%/10" 11.11 99 523.2

26f | 13.2 10-60%/10"' 12.11 99 545.0

269 0.7 10-60%/10' 10.89 87 523.2

26h 4.4 10-60%/10" 11.62 99 545.8

27a 5.0 10%-90%/10" 4.42 95 475.3

27b | 16.4 10-60%/10" 5.20 92 505.1

27¢ 2.7 5-45%/10"' 7.50 82 476 .6 (+Na)

274 1.6 5-45%/12"' 8.70 S0 503.2

27e 4.4 5-45%/12" 7.80 B2 489.2

27f 1.2 5-45%/12"' 6.95 85 476.3

279 2.5 $5-45%/12" 6.67 82 510.1

27h 1.1 5-45%/12"' 8.49 95 524 .1

271 0.9 5-45%/12" 7.34 90 484.3

275 4.3 5-45%/12' | 5.77 82 470.3




- 87 18 Str c12 PCT/US99/ 05919 0.52B mol) and 200 my oft 48§D R eq, 0. 528
eyt ure was rotated at roomtenperature overnPgmﬂJSW%?r ai ned. ‘

nmol )
Thi s coupflg

washed successively with DVF 5 (tw ce),

(tw ce),

suspensi on of

ing procedure was repeated over 3 hours.
CH30H (once),
CH30H (once) and CH2Cl12 (threegbi nmes),
l oo ng of this resinin 2 nL of 200 |0 piperidine in DVF was

and | :1
and dried in vacuo.

The resin was then
DMF/ CHzC12
A

rotated at roomtenperature for 5 mnutes, and drained. The procedure was
repeat ed ov¢rgX0 |myiedd@s] TheHPESI n TRETWAshed SRy 6|P‘$a—°\lﬂ tSPepVF
(twice), CH30H (oncepg) CH2Ci2adiemte) | CH30H (orce)*and|N éxﬂhﬂéb) To a
suspension ¢f reslin in 2| ntigle NMED)5|was added Isuccessiv
4- ani no- 3- ciTP7benzoi3c_acisd 464/6@,' 0,2 npotd, (. 1405 ni f HEANS8 efy, 0.4
mvol ), 27 ny DFiHOBLE (& eq.5-B53/@8dl) |and® 7%° oy jof $BTU[(4 &y 7-G3 4 mol ).
The mi xture [vaBmrijot at.€d_at Srdék/térnper at uf e’ dverini gt and dréi‘eéd  The
resin was them720 weshed| sbcdésdilgel viwith- TRE (twi¥®) |cHIMEq dnce)] and
1:1 DMF/ CHZCE®a (twilce) , | Ci93@B%(/dfRce) and5C$P(ﬂ7 (18 ee ti 87 -land Hri ed
in vacuo. THez8Bs| nOwas | hénitrdatdd \itht 2880 df o TEA i f8fatler r | h.
The suspensi[omeeas fi.b5t ef ed-46RE 100" t rat e vhE cancehtrated iT3rdcuc P5 and
purified by |[pzepdratdi.ve HPISC455 /dkf'ord the-4311 & rdﬁhnund (20132
Preparation|ofSb | 28.0 5-45%/12"° 11.80 4433
3-(~1-[2- (3,528 chl &r.G- 4¢ h\ﬁdl‘lé)’@\/lié‘rizo |l amd n®d - 4- mnf%'?:mpd‘ul £ fAA Gout wiyl]-py
rrolidine-2[305&ar banyl } { ami-d6k/40dx0l but4r8% aagid 120n cidfondnd 2 P Was
prepared ac¢oZ@eng ©c6t he rdééddPe used 40?4t hd pr¥haratioddf-20i yising
N- Frioc- met hilo2® he| __IWD 9p/ 4745%/1088 | 186 kb 2002 PET/lsoo/Hforg t he
first conmpomen®acoupl-&d {o5ré$i*ri18' and 3 5 chliorc2d-h rlrnyil\é‘? tzoicl acid
as the secomnd2#mnpofert . Pﬁeﬁéﬁdﬂpdn hf 3.56 52 408.2
3- ((1-~2-1 (i[s2ilnoldi.Ae- - SatBEAHL) 5 6.50 96 431.2
anino)-s-nethaﬁksulpoﬁvlroﬁoéﬁddﬁplAnvrrrﬂi%ﬁnp-9 83 445.2
car bonyl ) - ami 294 -14- 3x6-b 1\§r|4é§dé|0d (20r)7 - N Ene_n? hyl m,e‘?rﬁ_-;ﬁg_%$
oxi di zed t o [t®®L clor Pe€pohdisng 5${lOdne! usihg08 he methbd of 8498 -2rrosi and
D. P. Curraf, 29®tr ahe8roh 1et60%/ X0 ' nh 19858 100 1099 1081) : iti on
of 0.714 g (229mull) 6B NI FhOT6d®fHYl tystbihb in 287H of 3 %20l udion of
CH30H wat er [s299rled8att O WAs6 QRN 3168 442 o &5;,v|;,gfczké%gtp The
m xture was sZ?Predl?;ir O%gq%g @o%fu o £2r693 , g%;uf 430
acidified t o pPE2 uk] 15 and gx%Lé%Le wisti—t-hr-ee ~r—portions
of ethyl aceté?® T%5-70Thﬁné§’xﬂﬁani‘ oxdr3Bt-s AEé%‘driCd ({?zﬁ?%4§1d
concentrate 2;;: rqu%-;n agﬁﬁzﬁoinn Q{W o

Q3 3Rz :2.9 - 34350+ 2H=—412 f 2
nggctgf’ZEh 328 gde @ JHp-605/20" 4 2+3§;4>.32—{E5 2 h;F%g%éégéaub ?2} °
4H); exact (m¥aCcal 2ularbd TEOX 0 oloseT ki b eh020fqund-ri 3962, A
suspensi on af3892503mfnl [P " §£§73%3 105 Bt 6f 200225 p.pt.éﬁg re—m) DVF
was rotated la$2 4. & AZQ 91nﬁ§é%, ard ?gc r-xt-tt-e—was—dr ai ned
The procedure was repeated over 20 nlnutes. The resin was washed
successively with DMF (tw ce), CH30H (once), CH2Cl2 (twi ce), CH30H (once)

and NWP (tw

successively 200 ng of N Fnoc- net hyl
0.175 nL of DIEA (8 eq, 1.00 nmol),
ng of HBTU (4 eq,

over ni ght

ce).

0.50 mmol ).

To a suspension 30 of the resinin 6 nL of NW was added
cysteine sulfone (4 eq,
70 mg of HOBt (4 eq, 0.50 mmol) and 188
The m xture was rotated at

0.50 nmmol ),

roomtenperature
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procedurW0f487¥épeat ed over 3 hours. The resin was washed rOToUIssNel y with
DMF (twi ce), CH30H (once), 1:1 DW/ CHzCl12 (twi ce), CH30H (once) and CH2C12
(three tines), and dried in vacuo . 5 A suspension of 150 ng of this resin
in 4 m of 20% piperidine in DVF was rotéted at roomtenperature for 5

m nutes, and drained. The procedure was repeated over 20 mnutes. The resin
was washed successively with EWF 10 (twice), CH30H (once), CH2Cl12 (twice),

CH30H (once) and NWP (tw C a suspenS| on of resin of NWP was
added successively 5 ' of 1] g, q plecar boxylic aci eg 3 rrrml
O lo4 nL of DI (8 , of HOBt (

104 ng of HBTU ¢ 0. 3 e meture was [, ed at d 0Q

t enper ature overm ght and dr ai dN ThE resin wasNwaghed succe@Si th

DVE (twi ce), CHBOH (once), and 1 T Do/ creci2 (t\Nr"éf'é) CH30H ( ofice)o and
CH2~12 (three tines)) and d7ied in vacuo. The 20 resin wa$ht hen treated
with 2 nL of 95s TFA ing for I'hour. The suspension, filtered, the
filtrate was concentratgd ijn vgcup and purified by rajiv LC to
)N25FPepar ati on of vi( COzH
3-({1-[2- (3, 5-di 0 ,qH4’11yd oxybenkoy|,ami no) - 3- ahesll f enyl} pr ppi onyl ] -
pyrrolidi ne2- car¥s - ONO-tatyric acid u@ Sonp N vvas

prepared according to the procedure gsed for the pr -. on of PO ,0 usi ng
3, 5-di chl or 0- 430 hydroxybeﬁ20|c acid in place of 1 |50o- #ol i necar boxylic

aci d. WO 99/ 47545 - NCOZHIN~ HOHOHI 20bONCQDH
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NCopH/ HOHHNONGOC H O 20t Procedure for the prepar a? Sc?r? Sqﬂzanar 0gs
23. Conpworsda7fa8a- 23i were prepared according to the Pr oCei8sfRzST! bed
for conpounds 7 (Schene I1) only substituting the appropriate Fnoc-am no

acid for Fnocproline in Step 2 (Schene VI). ~ ~ s~P 2a0 WD 99/ 47545
PCT/ US991 05919 - 92 Schene VI COzBu-t fp 1 C02B~-t Fnmoc~H N H H2N Resm
F~~N "NHHI N~LR1 ON~~.. H2 HR5 mc~N ~ Step 2 OOHr ~a C02B u-t

Fmoc~H N ~ CO02Bu-t ,~ Fm-N VR5 HO/~HONI Fnoc~=-NH~ NtR22 N ~-RHO
21 Step 4 R-—-COzhi R4 R~ HHO~HOOZ23 5 Pre ati on of
3-(~2-[2-(4- Ami no- 3-chl or open oyI no) propi onyl ] - 4- nethyl §3, 4 hydro 2Hp
yrazol e- 3-carbonyl }-am n 2’aC| d .

prepared according to th pr*bc ur sc,ql bed unds on y
substituting 4-nethyl 4, hydr o°

99/ 47545 cl

Sar H @]
O
H
H
N N
s Sas H




~ a4 SEP Zoos PCTNS99/05919 - 93 fluoren-9-ylmethyl) in Step82SER00r for

. Fnoc- prolwoevgBahene |1) Preparation of 4-nmethyl -4, 5-di hydr&-,rmég@&g#@- 1,55
. dicarboxylic acid 1-(9H fluoren-9-yltnethyl) ester: To a solution of 650 ngy
(2 mmol ) of (10, 10-di net hyl 3, 3-di oxo-7~6-thia-4-aza-tricyclo [5.2. 1. 0" ]
dec-4-yl) (4-nethyl-3,4-di hydro-2 H pyr a%gl -3-yl)-methanone (J. 10 Am
Chem Soc., 119, pp. 8379-8380 (1997)) in 6 nm. of water and 14 nL of THF
stirred at O-C was added 420 ng (10 nmol, 5 eq) of lithium hydroxide. The
mxture was stirred at 0C for, 2 hours and at roomtepperature for 30

m nutes, diluted with 2® niYof er and washed wit & ether (20 nmL). The
pH of the solution R J &H9, and a solNHA 9 ng (2
mmol, 1 eq) of Fno

sfled ¢ Z
i NH3 difoxane was added. [The{jm Xt ur S
stirred at roomtenper e &V Y Hvashed with L g, N Noed +80HH
-mL"20Hport i ons of ethylnacgtat®. ghe]cofbi ned
d con®éntN“a in

2-3 and extracted with
organi c extracts were drwM tsba brine, dried (MySO4 N

vacuo to afford 690 ng (98%wwield) of a colorless foanuwhich was idenbified
as the title compound. 1H NMR (DMSO-d6, 500 MHz)8 1.2 (d, 3M¢, 3.2 25 (m
1H), 4.2-4.6 (m 3H), 7.1 (s, 1H), 7.2-7.5 (m 5H), 7.7- 4H). Exact

mass cal cul at ed Bor C2HLS8 e 350.13, found mfe 351.B P epaf a i on of
3-.({1- [2- (4-anjno-3-dhlofo RO COH
howy oL
9

N
benzoyl anmi no) - pr a - g9t i di ne- | ~"aniqo)k 4- X0yputy
ric acid (23i Q 799! 47545 18 SEP 20 CT/US99/ 05919 %% und
23i was prepangd/according to Qheﬁpr edu bed for conpounds © only
substituting N Froc- 4net ho¥ylrol i ne for Froc-proline (Schen®dl 1) in Step 2.
5 Preparation of N Fnoc-4-nmethoxyproline: To a solution of 73S ng (3 mmol)
of N-Boc-4hydroxyproline nmethyl ester in 20 nmL of THF stirred at 0C was
added 79 ng (1.1 eq, 3.3 mol) of 60% sodium hydride in mneral oil. The
nm xture was SRiqqesthrat fO€ Ithef prepatatiomnd WRiahpysi 9di-9a¢(0. 56 n, 3 eq,
9 mmol ) gwas added. The m xture was stirred at room tenperature overnight,
quenched by agldidriory;of saturated aqueous ammoni um chloride, diluted with
wat er, and extracted with three BonlL portions of ethyl acetate. The 15
conbi ned organi c ext ts were washed with brine, drieg ( 4), and
concentrat ed i repyretiQ ro besey a pal eStepld ow 0i g Thed 0i |y wa tq.}l?egu_yp in
9 nL of CH30H and 3 off water) and 378 ng (3 eq, c@u | T Hitm
hydr oxi de was addedy ixtiure was stifred at room20Qe r turg
overnight, diluted witm watler, acidM% 3 and extré&tell wilfh three
80 nlL portions of ethyl ace€tgte. The cbhbiXed organi c extracts weke_washed
with brine, dried (MyS04) and concentrated in vacuo. The resi dual g was
taken up in 10 nL of TFA and the 25 solution was stirred at; room
tenmperature for 2 hours, and concentrated in vacuo. Thaepasj guabpi | was
diluted with 6 nL of 10% aqueous sodi um carbonate and 3 niL |of di oxane, and
a solution of 9-fluorenyl nethyl chloroformate (779 nmg, leq,Y3 mol) in 5 nL
of dioxane . 30 was added. The m xture was stirred at roomtenperature
with three

overnight, diluted with water, acidified to pH 3 and ejftraqte
80 nL portions of ethyl acetate. The conbined or gafisg B @Hwvashed
with brine, dried (MyS04) and concentrated in vacuo to ford ap , H
' N
H
y o

O

Analogs of 7a-7at were prepared as described above in

Scheme I only substituting Fmoc-alanine for Fmoc-valine
10 in Step 3 (Scheme II).



WD 991 47545 - 95 1 g SEP 2002 PCT/ US99/ 05919 oil, which W& 58 % ed by
col um wo omansesr aphy over silica gel eluted with CH2CL2/ p&HB6dd/03491, tO
afford 600 ng (55% of N Fnoc-4-nethoxyproline: exact mass cal cul ated for
C21H2i NO5 me 367.14 found me 368.4. 5 To a 0.125 nmol portion of resin 2
was added 4 nL of 20% pi peridine in DVF. gghe- m xture was rotated at room
tenperature for 5 mnutes and drained. The procedure was repeated over 20
m nutes. The resin was washed 10 successively with DM (tw ce), CH30H
(once), CH2Cl2Stemite)d CHIBH(rce)f aredimVP (Bwbcg). 1T6Samsaspehsi on of

the resin in 4 g 0f . AMP y@s ?&ﬂﬂﬁ%%ﬂbﬁ?ﬁﬁlﬁ%lﬁgDﬁﬁ was
N-Fm)c4methoxyprollne(4 eq, 0.50 mol of DIEA (8 eqg, 1.00

mol ), 70 ny EPALeMmt (O COTRRFARIAS) TRRdS1BETHESSF HBY® (4 eq, O.50
mmol ). The nm xdusmgendion oiad eftainddombee precatiure oxer pepghitandodeai ned.
Thi s coupling acedure was;, repeated ver hqu The.resin hed
success:%el y vﬁo({ hmj[eﬁ\}%eﬁw € I53I0H YFondé he% E“EBEB%#Y‘E@EG\A@]%(W%),
CH30H (once) alid >CBXCIEL )(t m}a@Htl(ﬁ@s)nL an@HsRl2d(2 x Bdcwd) , TCHR0E resi n was
added 4 nt. of 2QYplpenidig (@ o His . mEBUEesM‘@ﬁeﬁQE&tegf afed

t enperature for 5 25 mnutes and drai ned rocedure was repea ed over

20 mnutes. THE st \afs XM ed @9@@@3§P§§F§SW?¥1YDNF4HW @®)N- CH30H
(once) , CH2CEhdd-W1e@)ine %Q?d(@n@e)nmemd NMP4 (i 68)DIFR e Sekgpensi on of

3C ea, 050 midl P, TN i 081 AR Rted? 19007 ol PG Be bt (4 ea)
0.50 mol ) anefl@BThy (@f edBTU .04 megl)0. 5Chempiltuiihewas xtoretedisatr ot at ed at

room tenper at e p\erleght 2ad deakiied: ThiSa£ouRld norpr o ﬁ%@d@s

repeat ed over hours he resin was
PCT/ US99/ 0591 PTOCeGUT R 3REd TSREEESS] PERY A ROVTRF (ThE cegsirchBoH (once),

1:1 DVF/ CH2CtRefit Waehkda SH2QEscanee) anthDinClee ( hyeant ), %’F}ﬁnd dried

mxtur d%as 1 G20 B at ?a%éﬂ%&sm > 2 O, PR S nEA ned e

procedur e wasCHe@éat €3l »ved BD) m amd edriekhein esicquondie wdsbhed sesdessi vely
with DMF ( tWsCqQy) 59 %9 nce) , CH2C12 ( twice ) , CH30H ( once )
and 10 NWP (tw ge) |7lgspen5| on of the resinin 4 nL of NW was added
successively 80 ng of 4 am no-3- , chlorobenzoic acid (4 eq, 0.50 mmol),

0. 17f5 gLTBf(El)BEép(s :eqp 3. Oolmhhoﬂﬁoﬁﬂl@ﬁ d'ﬂ?ﬁlS es(141931wa% Hagewls) and 18B
ng o q Xt ur e_was room
tenper&'lt%ure oV/‘g ﬁfgﬁt 98nd583‘3f¢ﬁ88 °":r'h81P%§"|' ‘?Ngﬁéﬁ[e ftessively with
DVF (twice), eu8pengdapeyjvaslrotbived @EIZQO(ue/mpﬁe:)a,tL@@(ﬂex( éGnce) and CHzC12
(three ti rres)mﬁngegrl sﬁd' B-¥aaua. %&Tpeoé@&fg%% L EU[LN A ML of

95% TFA in water for 1 hour. The m xture was filtered. "The f||trate was
concentrated 2R PaBHBEEo a?FSrHeﬁﬁlBH‘g H#SHh WA WRR19d ed by HPLC to
affoxd the tigshecesspouby ¢428h)DMF (3 x 5 mL), CH30H (5 mL), and NMP

25 (3 x 5 mL). The desired carboxylic acid was then added
(4 eq, 0.6 mmol), followed by 2.0 mL of a 0.25M
solution of HOBt in NMP, 0.35 mL of DIEA (8 eq, 1.0
mmol) and 2.0 mL of a 0.25M solution of HBTU in NMP.
The mixture was rotated at room temperature overnight

30 and drained. The resin was washed successively with
DMF (3 X 5 mL), CHaOH (5 mL), 1:1 DMF/ CH,Cl, (2 x &
mL), CH30H (5 mL) and CH;Cl; (3 x 5 mL), and dried in
vacuo. A 5 mL portion of a 95% solution of TFA in

water was then added to the resin. The mixture was
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stirred at room temperature for one hour, and filtered.
The filtrate was evaporated, and the residue was
dissolved in acetonitrile-water and purified by
preparative HPLC to afford compounds 7a-7at.



Cl O 23e Procedure for the preparation of anal ogs 24a-e. Coirboﬁﬁ?dgmﬂa 24e
were prewaoedrascording to the procedure described for comRausdsesyipSchemne
|1 only substituting either Fnoc-azetidine carboxylic acid or 1 8 SEP 20~
WO 99/ 475d5 PGT/ US99/ 05919 - 98 trans-2- phenyl Frnoc- azeti di ne carboxylic
acid for Fnoc-proline in Step 2. OPh NNCO2H/ HOH O 24a ONN C2H / H
OHOH024d,PhNCOyHHZNONHHC3°246 .Ph N CO2H ,NH OOHO 24c N
CO2ZHiNHOHONH O 24e Procedure for the preparation of anal ogs 25.
Conmpounds 25a- 25e wege prepared according to the 10 prpcedures descrl bed

for compounds 5 and he and Schene |1 nIy su st tu
Fnoc- 2(S) - pi pecg L5231 i ne in

cyt ent - | euci ne teb‘ 3 015
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Procedure for the preparation of anal ogs 26a-h. Conpounds 26a- 26h were
prepared according to the procedure described for conpounds 23 (Schenme VI)

only substituting Fnoc-valine for Fnoc-a) anine in Step 3. ~ g SEP 2002 WO
99/ 47545 - 100 O\ N'~1 C&ZzH/ HOH HO26a ON ~~~1 CO2ZHHO ~ HOHO
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O- NHO26d\ O\ N" CO2HHi OHONH O 26e PCT/ US99/ 0pg18& ?ﬂog"u\
CO2H i @&dbsamusd O 26f O kph \ N~ CO2H/ H OH O N H O 2egTIysod; \ C02H
Hi OHONH O 26h Procedure for the preparation of anal ogs 27. 18 gyp
2002 WO 991 47545 PCT/ US99/ 05919 - 101 Conpounds 27a- 27n were prepared
according to the procedure described for corrpounds 7 (Schene 11) only
substituting Fnoc-4, 4-difluoroproline “f of 2 Frioc- proline in Step 2. 5
Preparation of N-Hoc 4,4-difluoroproline nmethyl ester: To a solution of
9.63 nL (7.2 mml)\of oxaIyI chloride in 10.6 nL of CHZClZ stlrred at -78 C

was added a sol uti@n (13.2 nmmol ) of nethg s einl0 15 nL
of CH2Cl2. The sol gl a{m%i& | rect -78 C for 30 NSO| utqupHof 1. 47

g (6 mol) of NB hy@r o enethyl est CHCl

then added dreguise? The ni Hstirred C forol d 3 34 .
(24 mml) of trietlyl am ne was m5 ded The sol gtion was allewve to warm

up to roomtenperature andecstirred overnight. It vvas t g dilute with 100

m. of CH2C z, washed successively with 100 nL of vvater 00 nL of 1N HO,
and 100 nmL of brine,Qdriyed S04) and concentratedin va The resi due
S ma cczgnaphy over sj 2 yi Mt h ethyl
Byc-

was 20 purified by
acet at e/ hexanes 3) Htaolaffor .294 g (89% d) Ho - 0XO0- proI i ne

nmet hyl ester. 1RANRVR (50 ) b 1.45¢ H) ,
(m 1H), 3.75 (m |3I—I) 390(r*r1 , 4.80 (m 2,1H).Toa&0|umnof 808
ng (3.33 nmol) 01‘J N- Boc- 4- oxoproline methyl ester in 1gygnlL of C12

stlrred at 0C was added’® 88 nL m. (7.19 nmol, 2.2 eq) of DAST The 30 m xture

was stirred at OC for 2 hours) at roomtenperaturedo ur and poured
into ice water. Th@ noxyure s stirred at roomteerjt\% for ours
The organic pha d, smshed with @ Fi g and
concentrated i n OH T J:g
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WO 99147545 - 102 1 8 SEP 2002 ' PCT/ US99/ 05919 residue ek S68r 2002 ed by
col um choevmisqgr aphy over silica gel (eluted with ethyl gggh®b&eddexanes,
1:8), to afford 754 ng t79% yield) of difluorinated derivative as a pale
yellow oil. 1H NMR (500 MHz, CDC13) 8 1.50 (m 5 9H), 2.45 (m 1H), 2.70
(m 1H), 3.?25 (m 3H), 3.80 (m 2H)) 4.SQ_(m 1H). Preparation of

N- Fnoc- 4, 4-di fl uoroproline: To a sol ut7 o 3of~ 754 nmg (2.85 nmmol) of N-Boc
4,4 10 difluoroproline nethyl ester in 5 nL of THF stirred at 0C was added
a solution of 179 ny (4}327 mol ) of lithiumhydroxide in 5 nL of water. The

solution was stirred atjj OCJf or , at_room tenperatjure jf or 1 hour, diluted
Wi th water) extractad My ackePi ed t ONABRPA A3, X ed
with two 30 nL po s of acptate. The do ned! or ganijc ektracts

Q

wer e washed wiHN e, dried i d cdti€entrated in ford
652 mg (91% of acid as adpale yell oy solid. 20 A solution of 652 (2

mml ) of N-Boc-4,4difluordpfoline in 10 nL of 1;1 TFA/ 420 z was stirred
at 0OC for 45 mn, and concentrated in vacuo. The residue was taken up in 3

nmL of di oxane, and 5 of ,1 0% agueous sodi um car bo , followed
by a 25 sol ution_of 673 nyl(1,£q)} of c-Cl i et

m xture was stirrgd at r8omye § e for 16 mL of

wat er, extracted 4 2 Yo- portibns of diH&th flo pH 2,

and extracted W@t h Three 30-nP pcmti s of ethylciacetate. 30 The nmbi ned
organi c extracts wete washgd with 50a0rL of brine, driedratMyS04) and
concentrated in vacuo. The residue was purified by col um chronmat ography
over silica gel (eluted with CH2Cl12/ CH30H 10:1)) to afford 850 ng (88% of
N Froc-4, 4-difluoroproline as a WD 99/47545 - 103 ~ a s E ~ Zoo2

PC T/ US99/ 05919 br owni shsolid. 1HNWMR (500 MHz, CDC13} b2.55 (m 1H), 2.95
(m1H),3.80(m 2H), 4.20 (m 1H))4.30 (m 2H),4.55 (m1H),7.32(m 2H), 7.45
(m 2H),7.70 (m 2H),7. 90 (m 2H) .Exact mass cal cul ated for CZOH ~FzN04
me5 373. 11, f oundni e374. 4. WD 99/ 47545 1 8 SEP 2002 PCT/ US99/ 05919 - 104
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Procedure for the preparation of analogs %a-9g.

Scheme III
CO5Bu-t

[}‘1 Fmoc., LH/H
N N
“LR

1 o)\ u /'ll, 2
OH ~\NHF moc

O Step 2
Boc—N P
COH

NHR1 JNHFmoc

BOC’ %OzBU-t Step 3 BOC’N OQBU‘l
H

LR
6
Frnoc\Nj;(OH Step 4
H O
NHR, NAR:
Step §
FmC\NX/N COQH ———————— R1\'\I( COzH
H H 0]
o " H N H
H o
“LR 9

Step 1: A 10.0 g portion (0.75 mmol/gram loading, 7.5
5 mmol) AgroPore-aminomethyl resin (catalog number
800047) was washed with DMF (3 x 40 mL), 10% DIEA/DMF
(3 x 40 mL), DMF and NMP (3 x 40 mL). To above resin
was added successively compound 1 (0.87 eg, 3.88 g,
6.55 mmol), HBTU (1.14 eq, 3.13 g, 8.25 mmol), HOBt



#

HOl / HOHOHO27) FFCO NNG2HNI / HOHHOHC{O®pko2! \ OF

.V N=N COMbboddshis 1O HOO271 FF\ NNOQR2H I / HOHN%‘g‘égjggsglngF
CNI' \ HNCOZH N/ OHHOHO27n WD 99/ 47545 1 8 SEP

PCT/ US99/ 05919 - 105 Conpounds 28a- 28c were prepared according to the
procedure described for conmpounds 5 and 7 (Scheme | and Schene I11) only
substituting Fnoc-di nethylthioproline for’Fmdc-proline in Step 2. 5 ~--S N
NCOyHI / HOO NH~I Ho 28a, X=N 28b, X=C O ~-S N~ NNC2HHOI HOH

O 28c GENERAL PROCEDURES FOR TFE, PREPARAT) OO GRG0 . EVECDI VENT
reagents were then mixed by bubbling nitrogen through
the bottom of the flask for two minutes at room
temperature. N,N-diisopropylethylamine (3.33 eq, 4.35

5 mL, 25 mmol) was added and the resulting suspension
mixed at room temperature overnight, filtered, then
washed successively with NMP (3x 40 mL) and DMF (3x 40
mL) . The resin was then treated with 50 mL of a 20%
solution of acetic anhydride in DMF for 38 minutes at

10 room temperature. The mixture was filtered, and the
resin was washed successively with NMP (3x 40 mL)
CH,Cl, (3x 40 mL), 1:1 CH3OH / CHCl, (3x 40 mL), and
CH3OH (3x 40 mL). After drying in vacuo, 13.76 grams
of resin 2 were obtained (0.35 mmol/gram loading).

15
Step 2: Seven reaction vessels were each charged with
181 mg of resin 2 (0.48 mmol/gram, 0.062 mmol) then
washed with CHpCl, (3 x 1 mL) and NMP (3 x 1 mL). Then
each vessel was treated with 1 mL of a 25% solution of

20 piperidine in DMF and mixed (vortex) at room
temperature for 15 minutes. This procedure was repeated
in triplicate. Each vessel was then washed three times
with NMP (3 x 1 mL). The vessels were then treated
with 500 ul of a solution of 0.4 M (2S,4R)-Fmoc-4-

25 amino-1l-Boc-pyrrolidine-2-carboxylic acid /0.4 M HOBt/
NMP, 500 ul of a solution of 0.4 M HBTU/ NMP, and 250
gl of a solution of 1.6 M DIEA/ NMP and mixed for 3
hours at room temperature. After mixing, the vessels
were drained and the procedure was repeated.

30
Step 3: The resulting resin was washed with NMP (3 x
lmL) and then treated with 1 mL of a 25% solution of
piperidine in DMF and mixed (vortex) at room
temperature for 15 minutes. The procedure was repeated



for the preparation of anal ogs 29. Conpounds 29a- 29s meré
according to the procedure described for conpounds 5 (Schene |) only
substituting Fnoc-al anine for Fnoc-proline in Step 2 and using either

Frnoc-val i ne or Fnoc-al anine or Fnoc20 tert-leucine in Step 3. WO 99/ 47545
7 8 SEP 2002 PCT/US99/05919 - 106 O H"07602H\ HN-HH I / O- O29a\ O

/IC2HHI \ HNW HH~-N" O_ 029 \ OHOCOZHNN-NHI iN HO- HO
29g OHOCO2H\ HNHHI / O- OHO29h \ OCOZHI ~\ HNVHHI ,NO -

029¢ \ O 0201 Ml HdeeN fnd! Reutt QL WL VialdaMoleh bl ~ — H
(3 ¥ 1mL) then treated with either acetic anhydride, or
isopropyl isocyanate, or methanesulfonyl chloride, or
methyl chloroformate. For acetic anhydride: add 300 pul

5 of a 1.6 M DIEA/ NMP solution and 1 ml of a solution of
0.5 M acetic anhydride/0.125 M DIEA/ 0.015 M HOBt in
NMP. For isopropyl isocyanate: add 300 pl of a 1.6 M
DIEA/ NMP solution and 1 mL of a solution of 1 M
isopropyl isocyanate in NMP. For methanesulfonyl

10 chloride: add 600 gl of a solution of 1 M pyridine in
CH,Cl, and 600 pl of a solution of 1M methanesulfonyl
chloride in CH,;Cl,. For methyl chloroformate: add 500
gl of a 1.6 M DIEA/ NMP solution and 1 mL of a sclution
of 0.7 M methyl chloroformate in CH,Cl, The resulting

Compounds of Enbodi nent A Fornula | where R4=H and one RS. %%g%SgﬁZOCedure
a

15 suspensions were mixed for 6 hours at room temperature,
the solvent drained and the coupling procedure
repeated.

Step 4: The resulting resin was washed with NMP (3 X

20 iml) then treated with a 1:1 mixture of TFA/ CHCl, at
room temperature for 30 minutes. The resulting resin
was then washed with CH;Cl; (3 x 1mhL) and NMP (3 X
1mL) . The resin was then treated with 500 pl of a
solution of 0.4 M Fmoc-valine-carboxylic agid/0.4 M

25 HOBt/ NMP, 500 pl of a solution of 0.4 M HBTU/ NMP, and
250 pl of a solution of 1.6 M DIEAR/ NMP and mixed for 3
hours at room temperature. After mixing, the vessels
were drained and the coupling procedure was repeated.

30 Step 5: The resulting resin was washed with NMP (3 X
1mL) then treated with 1 mk of a 25% solution of
piperidine in DMF and mixed (vortex) at room
temperature for 15 minutes. This procedure was repeated
in triplicate. The resulting resin was waghed with NMP
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- 77 -

(3 x 1mL) then treated with either 500 pl of a solution
of 0.4 M 1-isoquinoline carboxylic acid/0.4 M HOBt/ NMP
or 500 pl of a solution of 0.4 M p-anisic acid acid/0.4
M HOBt/ NMP. The resulting mixtures were treated with
500 pl of a solution of 0.4 M HBTU/ NMP and 250 ul of a
solution of 1.6 M DIEA/ NMP then mixed for 3 hours at
room temperature, the solvent drained and the procedure
repeated. The resulting resin was treated with 1.5 mL
of a 95% solution of TFA in water and stirred at room
temperature for one hour then filtered. The filtrate
was evaporated, and the residue was taken up in a 2:1:2
mixture of DMF /acetonitrile/water and purified by
preparative HPLC to afford compounds %a-9g.



18 SEP 2002 PCT/US99/05919 O O /C2H\ NNV NH/ HO _ HHANSEr gmg OH O
/ CO2H \ HZN/ OC 29r COyHOH O\ ~ N~-N H H ~O 293 -
Pr ocedurelw?lg?/k‘{sﬁge preparation of anal ogs 32. Conpounds C%Zapf?‘.!lz-/éJ wjear?
prepared according to the 5 procedure described for conpounds 5 (Schene 1)
only substituting

2-(3-tert-butoxycarbonyl am no- 2- oxopyrrol i78i n- 1-yl ) - 4- met hyl - pent anoi ¢ aci d
(30) (Neosystem catal og nunmber BB02101)for Fnoc-proline in Step 2 foll owed
by Step 4 (Schenme VII). 10 15 1 8 SEP 2002 WD 99/ 47545 PCT/ US99/ 05919 -
108 Conpounds of Enbodi nent A F@r a | wherein R2 and R3 toggther W|th
the atons to which they are bound f rma5 menbered ring. Sche VI |

CO02Bu-t Step 1 Fnoc~N Hd—l NH_HeNTResin 1 O-N~ ~ FH- CI)2H N H
OHOHO 32
COzH 02H
\O .

9a 9e

\ /

g
e
=0
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Procedure for the synthesis of analogs 15-18:



COZBu-t Fnoc~N H H N~LR 2 Bo ¢~ ~,, NN H OO H 30 R~-C02mag
Step 4 36409;9%94% Bu-t L f'( WO 99/ 47545 - 109 \ O N ~ ~flg33/b§9N9 N H 00
N HH O 32a ~ C2H\ W HHO~ OONHHOS32b N ~,
N~NN~HOONHHHOZ32c 1 8 SEP 2002 PCT/ U599/ 05919 O N~ ~. N~ C02H N H
O H CO2H O N
- 79 -
Scheme IV
‘/\N,BOC
COoBu-t Fmoc’N\H s
Fmoc. H COH Fmoc’ 2Bu-t
H |
N\LR Step 1
2
Fmoc\ﬁ)}(OH
O Step 2
Ra= CH3 or CH (CHa),
Y
Ri- )\(f r COBu-t R{CO,H F"‘°°‘ r J;:%B”'
Step 3
LR
13, R3=CH(CHa), 11, R3=CH(CHy),
14, Ra= 12, R3=CH;
W
Step 4 N
Y
Rh

Preparation of analogs 15 and 16

H
Rj N
R1-u)}(N O-H
0 H
(0]

15, R3=CH(CHy)5
16, Ry=CHa

’U{L:H

17, R3=CH(CHy),
18, Ry=CHj

(Scheme IV):

5 Synthesis of 2-(S)-piperazine-1,2,4-tricarboxylic acid
4-tert-butyl ester 1-(9H-fluoren-9-ylmethyl) ester.



H 2dl N~ CX¥HNHOHC ONH O 32e Conpound of En‘ggdggjfnszé Formul a
rein Z=N-CH3 ~ a sEP 2002 - 110 schema vui Fnoc' Bu* H N. LR

i
N Step 3 1) 20% COClyl Tol 2) CH3- HWNH2 CH3 H3NN-N COZ.Bu-t |O H O

£0

N CO O
HN33 'LR C2H Step 41 iNOCH3 NN'NC2HNH~-OHOHOS 10 15 34
Preparation of

3- (~1-1 N- (i soqui nol i ne- 1-car bony3) - Nmetd&®/|~ hydr azi aocar bonyl ] -pyrroli.di as-
2- car bonyl }am no) - 4- oxo-butyric acid (34). A suspension of 0,250 mml of
resin-3 (Scheme VII1) in 10 nL of 20% pi peridine in DVF was rotated at room

t 3r at 5.m dray he. repeat ed over 20
mnutes. Thetd e rOIELeE B <18 dothert bl SR ARG 20 once)
1: 1 DMF/ CH, onzalhi ¢39, , LEHERL ) obie &) : Tarfh 0Gld iekangt HBeewl) mwep , and

briefly driegadd® &hsolgeiones P i Qloxdine §4.5Y, 0 18mhd8, M of DI EA
20% sol ution hosgene .1 n fol uene (3

(309, .75 TR dof1d, S0, Moo i oBLLT G, S peganc (T (g vene
hours. 5The rilz0Bre Yas piavasdnaimich ied resdn namouwms kad reioh CHz A |
o of et hy S RPRFAST RSt tbib o Bie 6T he il e wi o BeaPedRa: 't oom
t enper at ur e BGkr nitghiedntio dd &F vt threatesbiwith Fmoc-Cl (3.87g,15
mmol) . The pH was maintained at 9.5 for 1 hour and the
mixture stirred at room temperature overnight. The
10 resulting suspension was filtered and the filtrate
treated with 1N KHSO4 to pH 2 then extracted with ethyl
acetate (2 x 75 mL). The organic layer was dried with
brine and MgsSo, filtered, and concentrated to give
colorless oil. The oll was dissolved in ethyl acetate
15 and added to hexane to give 3.5g (51% yield) of white
solid after isolatiom. H NMR (500 MHz, DMSO-dg) & 1.55
(s, 9H) 2.80- 3.5 (m, 3H), 3.8-4.9 (m, 5H), 5.7 (bs,
1H), 7.3 (m, 2 H), 7.3~ 7.9 ppm (m, 8H), LC/MS (ES")
m/e 451.3 (M-H)

20

Step 1: To 5 g of resin 2 (0.375 mmol/gram 1.82 mmol)
was added 25 mL of a 20% solution of piperidine in DMF.
The suspension was rotated at room temperature foxr S
minutes and drained. The procedure was repeated over
25 20 minutes. The resin was then washed successively
with DMF (2 x 50 mbL), CH30H (50 mL), CH,Cl, (2 x 50 L),
CHaOH (50 mL) and NMP (50 mhL). To a suspension of
resin in 25 mL of NMP was added successively 3.5g of N-
Fmoc-Boe piperazine carboxlyic acid (4 eg, 7.48 mmol),
30 1.0 mL of DIEA (8 eqg, 14.96 mmocl), 1.01 g of HOBt (4
eq, 7.48 mmol) and 2.83g of HBTU (4 eq, 7.48 mmol).
The mixture was rotated at xoom temperature overnight
and drained. This coupling procedure was repeated over
3 hours. The resin was then washed successively with



18" SEP 2002 WO 991 47545 PCT/ US99/ 05919 - 111 was washed st8c@ERid® y with

- DVF (tW @R 99/495130H (once), 1.1 DVMF/ CH2Cl2 (twice), CH3O0H éﬁ”@@”ﬁgg CH2C12
. (three tines), and dried in vacuo. 5 To a 0.075 mmol portio { resin

in 3 nL of NW was added successively 52 ng of 1-isoquinolinecarboxylic
acid (4 eq, 0.3 nmol), 0.19 nL of DIEA (8 eq, 0.6 mml), 37ng of HOBt (4
eg, 0.3 mmol) and 104 ng of HBTU (4 eq; 13 nmmol). The mixture was rotated
at room| 0 tenperature overni ght and drai ned. The resin was washed

successively w (twce), nce), 1. 2 w ce), CH30H
(once) and Cl-lzak'g I(?lg/ﬁregé“t Vﬁs),&gﬁg {ij é’g‘)i’n]]\/‘;lc%ﬁ/lg%?&?r (&.él ff %ﬁs
treated with 4mbil,ofE98H TEAx |50 vieltlerarfdCE,Mtoeur(3 FhéOnimkt ur endas filtered.
‘The filtrate : eptt ased, i torpffordan, ojd, which was purified
by HPLC o af f SFACERE. BrePa en Datls thiar AP e dth e o erpod ment. A
Formula | wherein R3= R3= H ONNQC2HH[Q HH2NONOC HOGL 25

3-({1-;(35An1 ngttng!?':Oﬁ"Q_'g’ éﬁb’!ﬁ%ﬁ Mo X M]Mddﬁ?gi%\.@s%%mnééf7 |

-am no)-4- 0X0-pnu rc | . e rea a escri J Or conpounas only
substituting FﬁBc%@Fyﬁaﬁﬁgf 7 %{- aﬁpgﬂﬁwescislﬁﬂgtoéb %fe(%cﬁfeﬁfedoﬁ 9 ¥ afford
4.3mg of the tDmMFe cODhposmshensGdBE Yd&=SH)ot30 ad etd 250dn (HdntfleratM@ 09/ 47545 -

112 FOF NCEHO k2ol QNI G HAE Ik SERARAZE RIS HEAYRP10 ~

3-(~1-[(4-Am n chl or o- benzoyl am acetyl - 4,
di f | uor o- pyr r oPY&¥ n@0 2neR byl Thihi iRHU - WBEH-BIRYashed d (&2). Prepared
as descriged fglic€08POwaTls Wity Qnly spubal)i t WHyog Hsecwal)y ciomg chgr
Froc LA e 1 S 2By ol PETBIE Lo Guaf Lot id O o e 1 g Poun
suspension of resin in 25 mL of NMP was added
successively 2.08g of N-Fmoc-valine or N-Fmoc-alanine
(4 eq, 6.7 mmol), 1.17mL of DIEA (4 eq, 6.7 mmol),
15 0.905 g of HOBt (4 eqg, 6.7mmol) and 1.38 g of HBTU (4
eq, 3.66 mmol). The mixture was rotated at room
temperature overnight and drained. This coupling
procedure was repeated over 3 hours. The resin was
then washed successively with DMF (2 x 50 mL), CH5;0H
20 (50 mL), 1:1 DMF/ CH5Cl, (2 x 50 mL), CH3O0H (50 mL) and
CH,Cl, (3 x 50 mL), and dried in vacuo to afford resin

11 or 12 respectively (0.35 mmol/gram, 5g).

Step 3: To a 1.5g ( 0.165 mmol) portion of resin 11 or
25 12 was added 2 mL of a 20% solution of piperidine in
DMF. The suspension was rotated at room temperature
for 5 minutes, and drained. The procedure was repeated
over 20 minutes. The resulting resin was washed
successively with DMF (3 x 15 mL), CH30H (15 mL), and
30 NMP (3 x 15 mL). The desired carboxylic acid was then
added (4 eq, 0.66 mmol), followed by 0.25g HOBt
(0.66mmol), 0.12 mL of DIEA (4 eq, 0.66 mmol) and 0.89g
(0.66mmol) HBTU in NMP. The mixture was rotated at

room temperature overnight and drained. The resin was



- 113 5 1 8 SEP 2002 PCT/ US99/ 05919 GENERAL PROCEDURES F@RB SEE 2062EPARATI ON
OF COVPQWYI99/48835 EMBODI MENT C FORMULA | AND EMBCDI MENT D F%/gs YSIEREI N |
Y= C (SCHEMES | X-XXI'1) Schenme | X Route A H2ZN ~~ s R3N Rs 3 g O-Re H~.
RS ~( R IOH EDCOOOOCHORS TFAr R~ RB ~-N R5 R~-COzH R3 R3Ra RS H~
RS r H2ZNNR5 100 NEDPCOHO R8 OO0 HQRs Route B ChzR3 R3Na ~ 1) H?
R~-R3 RBN Rs H~ ~ 2) EDC, R~-CO2H H O O oBf4 Do oBu-t TFA V R3 R3Fta Rs H2N
R\HNR5 s.-- Re RRs RBNa R5 O~ W~ RS OHEDCHII ORe OOOH WO

991 47545 Sour cessf sﬁ%@g#gp‘,ﬂrfg%%\]@tlﬂ?s %e;)_gﬁﬁ%ﬁggggggg?l%olm 18 .

SEP 2002 PCT/ US99/ 05919 ~Bl yt hi 1, , J. 98-6100
(1994) . mL), 1:1 DMF/ CH,Cl, (2 x 15 mL), CH;0H (15 mL) and
CH,Cl, (3 x 15 mL), and dried in vacuo to afford 13 or
14.
5

Step 4: A 2 mL portion of a 95% solution of TFA in
water was then added to the resin. The mixture was
stirred at room temperature for one hour, and filtered.
The filtrate was evaporated, and the residue was taken

10 up in acetonitrile-water and purified by preparative
HPLC to afford compounds 15 and 16.
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/N .120 pp. 80-86 (1998) . CO2R VO 99P37545 - 115 -~ g SEP 2002

PCT/ US99/ 05919 Ref erence Structure ~N~ ~Mer our, J Y, et al., Tetrahedron N

‘Lett., 32) pp. 2469-247 (199 COzH ~Rossen, K., Tetrahe ron Lett., 36,
~N Cl H 35 36 8 Wt NB H O OOH

| pp. 6419- 6422 (1995) . osch ne
39, R=CH3 t@)( COzH CID)K OzH

O O

H2N @)
Cl

A
Boass dediicansde

15¢c

(5 M r Negpasde

16b

4

Procedure for the synthesis of analogs 17 and 18 (see
Scheme 1IV):

Step 5: Resin 13 or 14 was treated with 2 mL 25%
TFA/CH,;Cl, for 30 min and washed with DMF (2 x 5 mbL),
10% DIEA/CH,Cl, (2 X 5 mL) DMF/CHaCl, (2 x 5 mL), CH,0H
(5 mL) and CH»Cl,; (3 x 5 mL) and dried for five

10 minutes. The resulting resin was washed with NMP (3 x 1
mL) then treated with acetic ahhydride, or methoxacetic



44, R=4- MeOPh pol yvi nyl pyridine toluene 1 N NaOH MeOH O Pd(Ph3P)g H zN
DVBA ~C6H5 CH2ClzI DMF B u-t N ORH O~ OO H O-CsH s 41 R8C5EP 49802
R=4-MeOPh NH, S O CEt Bu-t N Fnoc,~N S HO OOt 37 Bu-t ONR-,N~ S HO
O Et 38, R-CHg 43, R=4-MeOPh O Allot™ ONHO-CsHS5 40 B~-t ON~ S CO2H R’
NHOONHHOA42, R=CH3 46, R:4-IVECI_3hB4 _

acid, or 2-propanesulfonyl chloride, or isopropyl
isocyanate, or methanesulfonyl chloride, or methyl
chloroformate according to the procedure used to
prepare analogs 9 (Scheme III). Compounds 17 and 18

5 were obtained as described in Step 4 for compounds 15
and 16.

Compounds 17a and 17b were prepared by reductive
amination using Na(OAc)aBH and HCEO (38% in Hz0, 0.2

10 mL) and CH;COOH (0.02 mL) prior to Step 4 and compound
18c was prepared by treatment with phosgene followed by
ammonia prior to Step 4.



WD 99/ 47545 - 116 1 8 SEP 2002 PCT/ US99/ 05919 5- tert-Hutl\8l S8P 7002

(9H-f 1 uow@n)gayd‘tgret hoxycar bonyl am no) - 3- net hyl PCT/US99/05919
butyryl]-2,3-di hydro(1, 3, 4] thi adi azol e-2-carboxylic acid ethyl "ester (37).

5 A stirred suspension of polyvinylpyridine (2.63g, 25mpl) in a solution
of 5-tert-butyl-2,3-dihydro[1, 3, 4]thiadi azol e-2-carboxylic acid ethyl ester
(36)) (J. Med. Chem 34, p. 439 (1991))8 (2.16g, 1Omol) in dry tol uene
was treated with the dropw se addition of |0

(1-chl orocar bonyl - 2- net hyl - propyl ) -carbam ¢ acid 9Hf | uor en- 9-yl net hyI ester
(4.76g9, 2. 1mmol) in 20 of  anh drous tol uene. After sti rr| ng fo

hours, the suspension W& ﬁ% “and the filtrate v@as

q ‘ i ojto-ihe 15 organi c Ia er S sep?E)aH
washed with water, H arfhydf ous sodi um g : pon
give a yell ow of lbNparificat® sh chr omatlg phy gtl th

hexane/ et hyl Hletale gave 2.66 gﬁ( % yi el d}2Nof Yhe title @hp 37) as
a clear, viscous 20%0il. 1H NWR (500|9r|z, CD30D) §CI0. 89(d, 1. 5H) o 3 (d,
1. 5H) , 1.00 (d, 1.5H) , 1206 (d, 1 .5H) , 1.22 (t, 3H)17d 1.28 (s 9H)
2.12-2.22 (m 0.5H)) 02.3p<2. 42> 0.5H), 418428(m 2H) 4. 44S(m

2H) , 496501(@ 61(d 25
0.5H), 6.10 (s, (0. 3 2 (m
2H), 7.56-7.64 COzH
3-(2- Acetyl am no- [1 2,4

t hi adi azol e- 2-car lic acid et hyD ester (38
(Scheme 1X) (0.508g, 0.92bmuvl)in CH3CN (ZO nl) g added di ethI i ne (1
m.). The solution was stirred at rgomtenperatur&for 42,hours,
99/ 47545 - |17 1 8 SEP 00 P / Up99/ 05919 the sol vent renoved in vacuo
and the resultant oil '\\Mt CH2Cl12 (4x). The crude oil was
di ssol ved in CF eit@dHam ne (0.26nl, 1.86mmmb1l) and acetyl
chloride (801, dd d. The solution was stirred at room

>y f A 2 hours. The sol vent was evaporat ed,
and the crude matepj al dissol vedHl n ¥t OAc and washed with 0.5N NaHS04 (2x),
saturated NaHCO03 (2ZXx) and rine and was dried over anhydrous Na2S04,

filtered 10 and evaporate to glveayellowml Purification by flash

col um chr omat ogr aphy on si I i capgel using hexanes/EtQAc (95/5 to 90/ 10%

yi el ded the product as a y %VE/I?O(O 301g, 89%yield). 1H— 500M—|z
CDC13) b 0.B8 (dd, ,116145( 1H), (s 3H)
2.09-2.19 (m y 091 5H), 2 6521-27 (m
O. SH), 5.30-5.8B6 {m D. 5H), 5H), 6. 0 . 5HY, 31(m
1H). Analytica 3 Hn xt ure of tH er eoner . 98m n.

3-(2- Acetyl am no- Ibutyryl) 5-tent-butyl - 233di hygro-[1, 2 4]?h| adi azol

e-2-carboxylic acid (3 . To a solution of 38 (0.301g, 0.84nmo MeOH
(10Om) 25 was added 1N NaCH sol l?u on (I.7m, |.7mmmol). The reac io was
stirred at roomte eraturne/f\gJ urs and sol venQ

resi due was dISSO|Vrd ih E

: erﬁon “~The
and washed w t hn). 58 04y (2%) rine
: Ulk\a @M £i1teredfany 30;\?%60%0' wgfove t he
s
o-N
H

OH277g quas at i ve) O PrApa i of
2- (Benzyl oxy- 5-Y et rahyd -3yl)-carba jci d al Pyl {ést 5| (40).

WD 991 47545

O

| e
/ H2N e} H

C! o)



- 11B 1 8 SEP 2002 PCT/US99105919 ' Conpound 40 was prepaf gdsi{H’ @002

3-al l yl oxycar bonyl am no4- hydroxy-butyric acid tert-butyl ester a .
modi fi cm({?ﬂ‘r”é‘f t he procedure described in Bioora. Med. Cﬁ@'ﬁ’l”s?_%é’é“ﬁ’ Vol . 2,
No. 6, pp. 613-618, (1992). 5 To a solution of DVSO (27.52 g, 3S2 mmol ) in
CH2C12 (240 nlL) at -78C was added oxalyl chloride (24.4 g, 192 mmol). After
15 mn, a solution of 3allyloxycarbonyl ggg no- 4- hydr oxy-butyric acid
tent-butyl 20 ester (41.44 g, 160 mml) in CH2C12 (100 m.) was slowy added
and the mxture was stirred at -78C for an additional 1.5 hours. DI EA (62.0
g, 480 mMmvl) mesceditesl fowl tihe pregaxetibdh onedanaleogs MO roomtenperature

for 15 mn. I (300 m),
washed with o@%ﬂg’( %%&‘ &q*?ls éé’féja %é%gr‘#l_ﬁi '%_{?t and brine (400
mL x 2). The prqpredure a@ﬁeﬁrcma%e@rﬁ@d eRmepcuRds of olSchemesd4, anlivt ered and
concentrat ed dubstacuet iry Dt apEiatld FhdS- SRl | L dVFpradiRe- benzyl

al cohol _(48 444 20 mml% foll owed )y 3A nol ecul ar sieves (30 g) and

pt ol uen@suf oq{achaﬁﬁ &1 ¢ iERy)3 err%eac ion mxture was allowed to stir for
4 days and TFA (96 nlL) was added. The resulting suspension was stirred f or
one houx thersehvemmonrated in vacuo. Ethyl acetate (500 nL) was added 25 and
the mxture was filtered through Celite. The filtrate was washed with

saturated NaHC03 (50 x 2) wat er (400 nL x 2), amg br (300 m x 2).
The organi c sol Htr ugpver anhytdgqus I)da%g(M nte ed

evaporated in vac‘h 0 g of pale 30 yellow c s str rred
w th hexane (400 nL ive 31 g of crude pro uctofr lipwer | ayer
resi due. Chromatogr&phyHum et hyl acet 3e / hexane (4/96° 2/ 8) afforded
6.97 g of ant|-2(benzylox xotém0 Obr an- 3-yl ) - car mf& id allyl
ester (" WD 99/4754% - 11 18SE 02 PCT/ US99/ 05949 (hi d%er Rf),

4.53 g of syn diastereoner and 12.97 ¢ of Pne mixture of t he di astereoners
(overall yield 53%9. 1H NVR (500 MHz, CDC13) for ant i st er eoner
2.412.45 (m H), 3.02-3.07 (m H), 4.28 (br, H, 4505‘t go’%!%%“srr)
4.80-5.15 (m 2H), 5.24-5.32 (m 2H), 5.48 (s H), 5.88-6.100 (m H)
7.31-7.56 (m 5H); for syn diastereoner: b2.49-2.53 (m H) 2.83-2.B9 (m
Hy, 4.57-4.65 (m 4H), 4.87-4.90 (m H), 5.12- S 30 (m 3H) 5.52-S.53 (d,
H, 5.88-6.00 (m H), 7.31-7.39 (m 5H); 10 retention t| nal yti cal
HPLC: 10.49 mn for anti diastereoner and 10.37 m nRi stﬁ@@ﬂ'mer;
LCMS: mlz = 292 (MtH+) . 15
3-(2- Acetyl anmi no- 3- et hyl butyryl )-5-tert-butyl -2, 3di hydroo[
t hi adi azol e- 2-carboxylic acid (2benzyl oxy-5-o0xo- tetrahydr of ur aht ) am de
(41). To a solution of (2-benzyl oxy-5-o0xo- tetrahydrofurarﬁOSyI) car am ¢
acid allyl ester (40) (0.385¢g, 1. 32mm1) 20 in DVF (2ml) and CH2C12 (2nml)
was added Q n Ph3 4 136g, 0.12mmo1l) and the
sol ution §f’" FF@% gf‘ Pdo%%#’pegagﬁ ﬁ‘&‘ﬂ' TR"sol ution of (39) in
CHzCl 22q 4. Snt)anand'lmﬁn(ao) Bﬁmpt\lwisaddedylf-olrlomeﬂy pgBTolddiseg,
1. 24mmo1l) an?,g%éﬁgﬁg ggo)l43§ BRbhty e hedet i(@giyas stirred at room
r

tenperature "|e sol'vent was evaporated. The crude

mat eri al \NaSAdlsaegbnedohnoEt 0AQ 32nahmeAs bed eistih Q. 3N MakB04(Z2y¥y, saturated
NaHC03 (2x) and br| ne and \é:ﬁ? dri ed 8 %Fdanhydr ous . Na2S04, fil ere 30 and
ERowME o a

evapor at ed t Bi§e¥édinge s P &5 SOBY CEMRERAEVBFS
chr omat ograptny.ngaee t hadt thee miatrpaendaEd Bradsied .m Ther protedihast er eoner s

(374 88% 0 3) 0 1.19-1. 34
or}® 1 o425 Ggp ]"‘#egu\r-r/?"gg e ge?js %h% Fesinugbaliba o 29 L
99/ 47545 Pcrﬁusgeﬁesgféy With DME (Ewice) H30H (once), CHyCl;

(twice), CH30H (once) and NMP (twice). To a suspension

of the resin in 4 mL of NMP was added successively 189
mg of N-Fmoc-methyl cysteine (4 eqg, 0.528 mmol), 0.185
20 mL of DIEA (8 eg, 1.056 mmol), 71 mg of HOBt (4 eq,



-"120 3.03 (m 1H), 4.S6-4.93 (m 3H), 5.02-5.20 (m 1H), H84%>88 (m
1H), 5. 3P0%9dB4ém 2H), 6.86-6.95 (m 1H), 7.20-7.43 (m ii?r ?Aﬂé@k i cal
HPLC (C18 colum), (m xture of diastereoners) 8.58mn. LC éU +%/

m e=519. 2 (I\/H—I) . Preparation of 3-~I3-(2-acetyl am no-3-nmethyl-butyryl)
5-tent-butyl -2, 3-di hydro-11, 3, 4] t hi adi azol e- 2car bonyl ] - am no) - 4- oxo-butyric
acid (42). 10 A 45 nmg (O CB?mml) sanpl e83f 41 was hydrol yzed according to
met hod A (see Schene XXII1) to give 17 ng (45% vyield) of the title
((:(I\)/ITIzi;)ungS Analoytgz%almmolkcagglg0%O|mlgj;m5 Hg'r'bsrm eql,‘COM§2%E n')olrf{.ezﬁge' 3
5-tert - Butyl - 3#ip&ure meshoryabedzey! appomokedpezrhyrbubyeynigbt3-agidhydro-[ 1,
3, 4] thi adi azolg- A, bmﬂa'ltsccasgiéﬁgh&oega%rre< $ik. reiBacayeRLed by the

met hod reporte ove for co usi ng_ani soyl | oride to g|ve 216y
(50% of the MwnSueTéenﬁsaha ¥asahh&RolpREGS §HFFSSS}H3NMRW€-5@0DMEIZ

SD%?tbsO 92 (Eshick)SHEH,6H980h6e) 1. Shi, 11103ME‘¢ %ﬂﬁl (téni(ge)(g 5|1'|) SI-% o3
(s, 3H). 4, 15% o8 é‘ﬁ{’céman‘i Gt 65?5_1246“:(11:'% esig AR 4 ‘ﬂ 6. 08
25(s,05H) vacu®.(s, 0.5H), 6.75 (d, 05H) 6.85 (d, 0.5H), 69I (d, 2H) ,
7.59 (d, 2H).

5-tent-Butyl - 3-[2-(4-net hoxg benzoyl am no) - 3- net hyl but y‘l"—ﬁll 2, 3-di hydro-[ 1,
3, 4] t hi adi azoPeSPSPERBORY| PE B0 aBF dof ahlispreparednpy TheChr Béédure

descri bgg for psgewdghyelhm waslapbtdeédvat Qboﬁ\hﬁehpéisgtﬁﬁgp%lﬂdsas a

white solid. 1H N 0 13),.b0. 92
(d, 1.5H), 1.877¢ ( Ng’%é’z‘éw‘g orhe 1%%%9“5%0@%@9@%‘%8550"“
PCTN89910591920 mZmutem UI‘Eé-I):;eQ:uS?wQs4x6a$hed055¢¢es§1%IYSwlﬁh5H)1F3 84

(s, 1.5H), g&w§cég (Fx (9il'|)(‘o1'ﬁ:e1)4 (C%-Ich 5Fl)tw1@e%5 E‘?I;;OQ §§hce§ %?m@ 95 (m

2H), 7.75-7.8
5-tert-Butyl - [gziwl%t hox3R b nSWSPems R - 8 neesim bir y2 yn} -of 3NMP hydr o- [ 1,

3, 4] t higdi aZOh@s%@@é@%ﬂéé@ss@lﬂ'@ly 38 mi of 4-amino-3-chlorobenzoic

(2-benzyl oxy- 5- etrah dro furan- 3- 1d a and 45b i 10 Was
prepared by tfAE* é b3 oS e 'r?edﬁﬁ‘? o f%‘r rﬁuﬂg éﬁé O?%I%' efcrude title

conpound as 4muiohtte2'émngarcsf HOB;:chEqnaQeznmholl\)asamr’rélmgj bf HBEEH
chr omat ographyél %ut ngrm h %%t@e%g%g_&g—i@%gé yl acetate
er

(6/4) to give the onent as a single ast er eoner
(45a). Anal yt FeBEPEFPLETS I\ﬂ"fﬁlﬁsﬂeﬂfb‘: cr cfb!r%md 19. B rﬁ?ﬁlle"M/Rﬂ(l%O MHz,

CDC13) ZAcsi ngleadheatan@@é@ss:)v& e bMBH twiedy, (chi;63H) (orke?8, (#nd 9H) .

TR ARADK TR TA ML %&1@&991&{%30% JokegT iﬁj"(g’ézg}??‘% 2 5

6.37 (s, 1H) tusesm, (ahd 1d9ied 6l193vaNo 2H)The T OBy wWips (tmeISH;J)eEYtQ‘@ (d

2H), 7.92-7.9%; {2 Wl - o s o Y Jit?&f'%&cﬂ{‘t aifed 8@ OfoR solid as
a 25 3:1:2 mxturg of di astereoners (45b). Anal ¥ tical HPLC:™ M crosorb C18

col umm. 19. 00¥agof bitexsfl 0L hf il lthRheYE S RPNt X8%G %) 17 vaco ni xt ure of
3 di astosyr eomea:sd BufiBled By Dpddat iOHEIL o HHord. fie (it De 5H), 1.03

d, 1.5 1.10 (d, 0.75H), 1.16 . 30 (s, 0.75H), 1.17 (s,
(225H) Py ?g‘“lgg"‘%%ﬁ’l 24 (s( 1 125H)H? 1.28 (s, 1. 155 H) 7 5 is, (s

3.375H), 212218(m) 0.33H), 2.32-2.42 (m 0.67H, 2.43-2.51 (m 0.5M)
2.61-2.67 (m 0.5HL, 2.84-2. 2&3(( 5H._ 2 96,3.07, (m 0.5H) 3.85 (s,
3H), 4.58-4 711r%mrQHon @%13-( 1- [2 . (3,5- d:.chloro 4 -hydro

benzoylamino) -4-methanesulfonyl-butyryl] pyrrolldlne-z-
30 carbonyl}-amino) -4-oxo-butyric acid (20p).

Compound 20p was prepared according to the procedure
used for the preparation of 20i using N-Fmoc-methionine



WD 99/ 47545 - 122 1 8 SEN 2002 PCTNS99/ 05919 0. 16H), 4 8@ g% nt]'sZZI-l) 4. 91
(d, 0.5 99/%5%513(n) 0.33H), 5.14-5.18 (m 0.67H) §5 d2 5.46
(s, 0.1 (d, 0.32H), S.58-5.62 (d, 0.52H), 6. 17 (§CT6153%'%9'96 20
(s, 0.16H), 6.34 (s, 0.32H), 6.50 (d, 5 0.32H), 6.62 (d, 0.16H), 6.67 (d,
0.52H)) 6.86 (d, 0.33H), 6.9l (d, 0.67H), 6.94 (d, 1.0H), 7.24-7.43 (m
5H), 7.61 (d, 1H), 7.70 (d, 0.33H), 7.41s@d,-0.67H), 7.76 (d, 1H. 10
Preparati on of

3-(~5-tert-butyl-3-(2-(4-methoxybenzoyl am no) - 3- net hyl - butyryl) -2, 3-di hydro
(1, 3, 4) t hi adi asolthe2-frsforsaAnpananto)conrdbast k@t yesénadi dapded) 5: A 30m9
sanpl e of 45a4uas 1w A et ASAETHAE a2 P0d 5 sBcbhRe cSRPBABNKXI 1) to
give 8md (30%yield) of the desired product. Analytical HPLC (M crosorb

C- 18 columm, acetonitrile/ water, with TFA buffer) 12.85m n, 1H NWR (500
VHz, CD30D) 8ritepdrhtlidrmoHH)-, [(]l-Z_'&-([S(J.sﬁzkﬂulnblZ.ﬁe213&athhn§kH)) 2.40-2. 48

(m 155 578488072 %%%&%fé? (R N p AN

Pr epar atl on oFaZbenWJt)e'rétmlmﬁlyIi@x[% Felch @eyids (201) .
benzoyl am no) y3rEBNHetHflY Iidtednd dﬂa@yféﬁﬁdlzed to the
(1, 3, 4] thi adi azol e-2-carbony ld‘l} am ngz§ 4- 0X %I’IC aci d 46b_%3 . A 30n
sanpl e of 45hCPRELSERCELNDR SHLEARS: MFHEEs FRfadehPafoPfzBd UcchFfhg to

met hod B (seeaﬁaherrePXXIddr)rath 3@ taiahe d2 200 184 % ynelﬁﬁ; oizshelsiesi red
product S Xt ur, of re . Iy M.crosorb cyano
col umm) O? ?hlg?g?n Te l?%d%ﬁl—%@e&g(}lﬁ)% 8 é@o?[ g(lﬁn%rﬂ?ﬁ
1.09-1.12 (mmebﬁxyllcwt&mesln( 24sm-gIOét§ lQFH) SOQHQSOQ 3@ THROH).5H) ,

2 36-2. 55 / 2 , g5 (m -
(m 1H), . (%watx\;@ g%ﬁ%%fsat N\ P%!'#USQ 788,67 éﬁ:}h} 6%]%3”85 (s(m3H),

4.18-4.27 (mo’&%le 5: 27T§63@1¥Wr§rb’ases§er‘se 7at2H)C)°“7 Wpﬁr@@ une 2H).
Scheme XI 0 CGioiN 48WhO-Nildted- wikh~wltlr', ~abittifie® €O P-12 (sind z OzBu-t

15 6N HCl, and extracted with three 100 mL portions of
ethyl acetate. The combined organic extracts were

dried (MgSO4) and concentrated in vacuo to afford 0.700
g (89% yield) of sulfone: *H NMR (DMSO-dg, 500 MHz) &
2.97 (s, 3H), 3.49-3.59 (m, 2H), 4.25 (m, 1H), 4.30-

20 4.38 (m, 2H), 4.46 (m, 1H), 7.33 (t, 2H), 7.42 (t,
2H,), 7.70-8.00 (m, 4H); exact mass calculated for
C19H19NOgS m/e 389.09, found m/e 390.2.

A suspension of 0.250 mmol of resin 3 in 10 mL of 20%
25 piperidine in DMF was rotated at room temperature for 5
minutes, and the mixture was drained. The procedure
was repeated over 20 minutes. The resin was washed
successively with DMF (twice), CH3;0H (once), CH,Cl,
(twice), CH,0H (once) and NMP (twice). To a suspension
30 of the resin in 6 mL of NMP was added successively 200
mg of N-Fmoc-methyl cysteine sulfone (4 eg, 0.50 mmol),
0.175 mL of DIEA (8 eg, 1.00 mmol), 70 mg of HOBt (4
eqg, 0.50 mmol) and 188 mg of HBTU (4 eg, 0.50 mmol).
The mixture was rotated at room temperature overnight



48 Ol ~HNwW / 1O ~NHO51 ONQGHW I / HNHHO5{254ﬁP12@2H~NO

COZB u- twobe/47545 US99/05919
1- (2- Benzyl oxycar bonyl am no- 2- et hyl - propi onyl ) pyrrol i di ne -carboxylic

acid tent-butyl ester (49). 10 To a solution of proline-tert-butyl ester
(47) (2.00g, I2mmol, in CH2C1l2 (15nl) was added

N- car bobenzyl oxy- 2net hyl al ani ne (3. 05g,” I8mpl), HOBT (2.36g, | 7nmol) and
EDC (3.43g, |8mmol) and the solution was stirred at roomtenperature under

-N2 for 48hours. The sol v s 15 evapor at ed he crude nateri aI di ssol ved
o Erone and Sapp gsransds . 1a5s Coupliae BHE Y (et KRGS SRROET w i 1
0. 5N NaHS04 (23) hoaasurawhd Na bl 3wé 2 xya shneld mdamesmdfa/]@s vd.ltlhe(lDMIVel’

- anhydrous NazS te n orat ol 689,
10032) 1H NMVR ?ggbk}ﬁi {':%ﬁg) g%’?‘fvtg’go 5 ﬁ%"w) Q'JXH)&HY%E‘? ¢’ ﬁ? &ﬁ 595 (d,
6H), 3.21-3. 79((anetl—iymd4C85C¥i)r(tshrelﬁ-l)tlmSSZ snﬂgdgmed%m vacga (br s,
1H), 7.1%¢- 7 49 (m 5H) Anal ytical HPLC (Cl18 col um) 10.66m n. LC M5 (ES+)
me= 391.3

1-[ 2- (4- Met hox@‘ EBﬁESE}FEaﬂ’Pn%S DS AP AyPE gribt iRy 81 M RE- 39&ar boxyl i ¢
acid tent-butypipetedihndO)in OOF swasit retatodd 44 (rbda{)g;,er@e&ﬁmle) fior BeCOH

20mL dded Pd 1 Xt H2 f

> hout . The. mEATHF € ned | FLRTREE | nrBlpP ot WA TR Y8y che
sol vent renovedOi ninate®. t oTHe etelsin dﬁﬁ&)rwa@i'@doismccﬁmssvsllb/ wa s hdP¥&ol ved
I n CHZC;LB (25”Hw§8éi) éﬁd}%%ce% JUHRY), 201 Pe NI &R HCJHrRIé)dE‘ar(d‘BO”DNZ

DI
2. 8mmol) were The sol ution was Stirred at rqQom erature under
for |8hours. WPZO E¥iceht WER & cTRRRRNSIPN &fudesid tlﬁ‘e3oF‘F-' afs¥¥Pved in

Et CAc. The or gadls Ca €S Es \EGe MESRET Vi 4 hngO FN1NaHS04 (2x), water, saturated

NaHC03 (2 d bri Th h d d Na2504 d
nd ovapor it ot POTBTU SRTDERATH G S el o o7 FBiEdy B 2Pl Col um

chromat ogr aphyo £ ePLEA n(p veq h CH OIS NeO3 1 9@/ I)ft HOB8/ 2% etjo Qi-%e the title

| 00 b
(5 Tom 3o oo Doyt B gt SR (PO Cen o0 F g‘é“i;“ bRt (m

1H), 3.84 (s, 9, rqtél%‘e@l 5 XoRM ﬁmratelr@ooc’&mz £ angodrpingd. 1H)
7.77 (d, 2H . P&l ydsoalwdPlua KB adauByi®ed§mwith DMF (twice),
CH,0H (once), and 1:1 DMF/ CH,Cl, (twice), CH30H (once)
and CH,Cl, (three times), and dried in vacuo. The
20 resin was then treated with 2 mL of 95% TFA in water
for l1hour. The suspension was filtered, the filtrate
was concentrated in vacuo and purified by preparative

HPLC to afford the title compound (20r).

25 Preparation of 3-({1-[2-(3,5-dichloro-4-hydroxy-
benzoylamino) -3-methanesulfonyl-propionyl] -pyrrolidine-
2-carbonyl)}-amino) -4-oxo-butyric acid (20s).

Compound 20s was prepared according to the procedure
used for the preparation of 20i, using 3,5-dichloro-4-

30 hydroxybenzoic acid in place of 1-
isoquinolinecarboxylic acid.
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1-t2-(4- gaa enzoyl am no) - 2- met hyl - pr opi onyl ) pyrrol i di néBZSE:%rzﬂli’xyl i.C
acid (2-benzy oxy 5- oxot etrahydro-furan-3-yl)-am de (51). PEI/ESHOSAM on of *
50 (325ng, 0.83mm1l) in dioxane (Snli) 5 was added triethylam ne (463A ,
3.32mmol) and TMS triflate (642A, 3.32mvol) and the solution was stirred at
| 0oO-C for 5 hours, then at room tenperatype for 18 hours. The reaction was
diluted with water, adjusted to pH 8 with saturated NaHCO3 and extracted
with Et20, 10 dried over Na2S04, filtered and evaporated to give a white
solid (230ny, 83%yield) which was used directly in thesmgm;, step. To a
solution of (2- benzylo - 0x0-t et r ahydr of ur an- 315 yI -garbam c acid allyl

ester (40) (1.027¢g n CH2C12 (20ml) was (543ng,
3.48mp1) and PdgF Ot 1) and 2mred at
roomtenperatur € uderHNZOfo 2q m ut es. u} onHof

1-(2- (4- et hoxy-b yl am - prop| on

pyrrolidine-2-carbxylic acid "(81 ng, 2 45mo1l) CHZClZ (5 )Ovvas added,
foll owed by HOBT (0.534¢%2 3.95mvol) and EDC (738ny, 328\4mm1) The reaction
was stirred at fature for 18 hours under . _$he solvent was
evapor at ed, the crudg di ssolved in 25 Et ed with 0.5N
NaHS04 (2x), satdaRstt (2x9028nd brine g i epCarethydr ous
Na2S04, filtered ed tngi ve a vyel solf d. oPurfi fifcation by

fl ash col um chr ofratpgr aphy? ng with 8yl acetate/ 0/80 to
50/ 50% , gave the productH as; pal e yell ow sdlid (760rrg *61%)y| el d).
1HNVR (500MHz, CD30D) b20 53 (d, 6H), 1.6S-1.93 (m 3% 96-2. 14 (m 1H),

2.60 (dd, 0.1H), 2.77_(df, 0.85H), 2.94 (dd, 0.85H), 3. @2%*311 (m 0. 2H),
3.42-3.52 (m 1H, @. L (m 1H), 3.B4 (s, 3HQ 4,38- 6 VO
002 PCINSQ9/ 05919 3H) R4 _Ad, 5.70 (m
1H), 6.96-7.03{(m| 21K, 7. 2B-7(43 (m 5H)) 7. 7 9R ( SCn(gﬁytlcal
HPLC (C18 col u . 32,0 4PN pH LG VB (B8N e=524 O 3 H5
Preparation of H H

99/ 47545 - 126
3-({1-[2-(4- net hoXy- begpgoyl am no - 2mret hyl - pr opi onyI]-zp,yrroI i di - 2-car bonyl

} - am no) - 4- oxobut yrigogckd (52). A 6l nmg (0. 14mmol e) |l e of 51 was

hydrol yzed 10 acgor ng to hod C (see Schgnme XXI II) to ord 30ng 160%
yield) of the t¢ ;mcal HPLC c79mRH LC VB
(ES+) nle=434. 2,902 - =270 H XN H

N
cl H o
20k
H
O Oh.
’ 5 (o] r\f‘ S
N\ ﬁ N OoH ” /COzH
0O @]
Y 0P N H HO o NJ\WH
Ho X cl Ho 3
20e 201

| ci
O
o X N | ﬁ?
N N "9 COH HO oZN )
cl
o
e o H
o E{/Q( 20m

N
o - 0 =X
| AN HJ:;NE COzH CID/‘LH N} COzH
7 °o NJ;(H HO o N/Q(H



0COr~-~ 83 ONoO Cost eu X 54, X=H, Y~MeO 58, X=Cl, Y=NH211g SEFvDO2N N_/ H
Ol \ 1RyQosMls O X ,w. ~ Y X 56, X~H, Y=MeO 55, X~H Y=Mp@-1R500/455%h - Y=NH2
59, X=Cl, Y=NH2 OzH Y/ 0o NHH x 57, X=H, Y=Me0 61, X=CI, Y=NH2 5 xo0 x-
L~- (4--~ethoxy-beazayl am no) - 3- nethylbutyryll pyrrolidi ae-2Carboxylic acid
tent-butyl ester (54). To a suspension of H-val-pro-Qaul~Cl (53) (2.011g,
7.44mol) in CH2C12 (20nml) was added D2EAL(3.2nl, 18.4mmol) followed by a
sol ution of 4-nethoxy-benzoyl chloride (1.26g, 7.4mmo1l) in CH2C12 (5ml).
The sol ution was stirred at roon1tenperature under nitrogen for |houx then

concentrated. 'the zesultingloil. was dissolved in Etcwcs@ﬂﬂhmashed W th
0. SN ~SO4 (2x), WO 9Qj47 2 saturated NaHCO3 (2kx) and brine, then
. vacuo to give t titl :E;?és & a 814g, 94% ) NNR (SOONPE,
6H), 1.46 (s, 8- ? 3,81- N1
H),06. 19
HPLC (c' 10. 18R, N ncent@a@£
solid CDC13) b 1.05C(dd, 3.65-3. 74 (m 4.32-4.4
1-[2-(4-thhoxy-benzoy|an1q&% o3; met hyl but yryl ) pyr rol i &he- 2- carboxyllc aci d
(2- benzyl oxy-5- oxot et r ahydr An- 3- yl) amde (56). A 1. 079 (2 67mMmol)

3H), 1H), 4.81 . 78Kx(d aly |caI
8 SEP 20
yano
columm) 10 200
sanpl e of 54 was di sseg 5% TFA in CH2C12 (40nL) an&; e red at room

tenperature 13,for_ 4hgurs ol v nt was concentra&ed vacuo to give 55
as a white solid °39N 1 i eftOfids used i n thefnex
_LCOzH
HO 1) N
° ’ J\r(
20p o
Q\ ~
N COzH S
HoN 0P N H N COH
H
Cl o)
° HaN PN
20q H
Ci o)
20t
Procedure for the preparation of analogs 23.
5 Compounds 23a-231i were prepared according to the

procedure described for compounds 7 (Scheme II) only
substituting the appropriate Fmoc-amino acid for Fmoc-
proline in Step 2 (Scheme VI).



To a solution of 40 (1.796g, 6.17mmvl) in CH2Cl12 (20nil) 20 wag ] d DVBA
(1. 11994y 9372%‘?%0') and Pd(PPh3)4 (0.683g, o.59mml) and th?e S ?Utl n
stirred at TOOM tenperature for 20 minutes. A solution of P6B/YSIY8IRY
2.67mmol) in CH2C12 (17nl) and DVF (2m ) was added, followed by HOBT
(0.811g, 6. mmvl) and EDC (1.16g, 6.04mvl). The 25 reaction was stirred
at roomtenperature for |8hours under 8. -The sol vent was evaporated, the
crude material dissolved in Et OAc and washed wi th 0.5N NaHS04 (2x),
saturated NaHCO3 (2x) and brine and was dried over anhydrous Na2S04,
filtered an8§cBemPo¥hted to give 30 a yellow solid. Purification by flash
chromat ography eluting with ethyl acetate/ CH2C12 (10/90 to 40/60% gave
the title conpound as palee.get! ow solid (910ng, 63%yield). 1H NVR (500MHz,
CDC13) 8 0.96 (dd, 6H),f1.84-2.19 (m 4fepi12.25-2.38 (m 1HG0Bu45 (dd,
1H), 1 8 SEP 200Rc. Bl 47545 PCTTUS99,059T9 - 129 2.B0-2.98 (m 1H),
3.60-3.72 (m 1H), 3.882-3.95 (m 1H), eld) 3H), A%sna9sH(m 6H),
5.41(s, 0.2H), 5.53 (d, B~gH), 6.67-6. 1H), 6.88-6H99 {d, 2H),
7.22-7.57 (m 5H), 7.71- 7?@ (d, 2H). 5 Analytical HPLC (cyansR

col um) (mi xture of 2 Hia® er%o 9.21nmin. LG M (ES+) nf@= 538.3 (MH).
3- ( f 1- (2- (4-Methoxy-benzoyl 0)0H3- et hyl - butyryl ]

pyrrolidi ne-2-carbonyl, -am no)-4-oxo-fputyric acid (57*34. |0 A 125ng
(0.23mv1) sanple of 56 was hydrol yz&d according o) od § Fg Schene
XXI'l'l) to afford 60ng (58% yield) of the title cor[r"B und=RAn Iy@ cal HPLC
5.71mn. LCM (ES+) me=448.2 (MtH). 15 Preparation H

4- Am no- 3-chl or o- benzoi ¢ aci d: A suspension of 4-am no-3-chNorobenzonitrile
(4.82g, 31.S8mvl) was heated to reflux in 6N HC1 (140nml). The precipitate

di ssol ved upon heating to %ve a colorless solution. Upon Rupt her heating
the solution becage 20 §lo py&Afjter 9?ours phg,gpegactl%é:i‘z%o ©OLBa room

tenperature. The reSONT GPE was fddltered, then difs ved in THF
and the sol vent evapoF*at . _Jdhe Kespdue was repeajedly co i\
tol uene to give a white sold dl—g JPY. 59% vigld) JIHyNVR (5008Hz, ! 25
CD30D: CDC13 1:4) 8 6.80 (d, 1H), N‘ZFE% (dd, 1H),{:1* : (d, 1H). Anaﬁ“y.ﬁ cal
HPLC (cyano col urm) 8. 73ni n22 0 21

1-[ 2- (4- Ami no- 3- chl or o- benzpyl am no) - 3- met hyl but yryl ] pyrrolidi ne-2-car boxyl
ic acid tert-butyl ester (5 é 30 To a suspension of 53 (1.707g, 6.31mol)
in CHzA 2 (25nml) at O-E%R4| By¢d DI EA (3. 2nl, 18.4rmmol) fol l owed by a

sol ution of 4-am no-3-chl orgbenzoic acid (1.298g) 7.56nmmpl)) HOBT (1.005q,
7.44mmol) and EDC (1.456g, 7.58mpl). The resulting m xture was stirred at
0'C 1 8 SEP 2002 - 130 for_15 mnutes then allowed to warmto room

tenpera~ure and stir for 38 HfuLs. The sol vent was evaporated and the
resulting oil dissol vy~ ed with 0.5N NaH504 c2x), saturated
NaHCO (2x) and brine cél giXe i solid (2.68g). Flash chronatography
usi ng MeOH CHZC13 t1/99 co 2/ H 2.0LC (76% yield) of 58 as a white
solid. 1F:-NN.R (500M2, CXC13)"b 505 (dd, 6H), 1.47 (., 9H)) 1.86-2.29
(tn, 5H), 3.62-3.78 (m 1H), 3.78-3.5;r (m 1H). 4.39 (dd, 1H), 4.79-4,89
(dd, to 1H), s.7; (d, 1H), s.~s (d, 1H), 7.s2 (dd, 1H)) 7,75 (d) 1H).

I- ~gi {Z i Xa!PrUB:EEaﬁFﬁﬂnBtf)CQLLU{F)- [tﬁ-(l?%nﬁho-ﬁclaﬁo(r%s; ) 121 e=424.3 (M-E)
-t2-(4- no- 3- or os beaxoyl am.i.nq) - 3- ut.y.

oyrrol i di nRESEEKLABAPE) PR SR CrT B PRy b Ainbas = 2i-

5 pyrazole-3-carbonyl}-amino) -4-oxo-butyric acid (23gqg).

from

Compound 23g was prepared according to the procedure
described for compounds 7 only substituting 4-methyl-
4,5-dihydro-pyrazole-1,5-dicarboxylic acid 1-(9H-



t et r ahydr o- f ur an- 3- yl)-am de (60).) A 0.632g (1.49mvl) sang SePf2088. was

di ssol vesloigngpfdse TFA in CH2A z (2onLl and the solution stip Hﬁgggbsd'lgom
tenperature for 2 hours. Residual TFA was =enpved by i 0 repea

concentration from CHzZC12- (3x) to give-the product as a white solid. A
385ng 11.04mpl) sanple was allowed to reagy with 40 by the nethod used for
conpound 56. The title conpound 25 (60) was isolated as a yellow solid
(265ngy, 45~ yield). 1H DIMR (500MHz, CD30D) S 0.89-1.12 (m 6H) ( 1.72-2.26

-(m SH)) 2.49 (ﬂﬂuo.@eﬁ%‘byltﬂe@l@yiﬂcﬁs@ef"ﬁ&r Fnft-pddlife7F8here9613. 09 (M
0. 3H), 364377n;:H%S .944.10 (m iH)) 4.20-4.7.3 (m 4H)) 4.76-4.95
(m 1H)) 30 5.57(5%®B.4H), 5.61-5.70 (m) 1.5H)) 6.79 (dd, 1H), 7.23-7.43
- 5H)) 7.48-7.61 (m 1.4H), 7.68-7.81 (m iH). 799812(r’r)06|—|) 18

(

SEP 2002 WO 99/ 4 994 05€ 3 o (qy

col umm) (m xture ‘?pg glg:g%lt?e&eoﬁers 1111%0 Ae{%l)%%r' %&r?@b%ﬁ ?’ +) m e=557. 2
( MHH) .55 dicarboxylic acid 1- (9H-fluoren-9- -ylmethyl) ester:

3-(~1-(2- (4- Am no- 3-chl or o- benzoyl am no) - 3- et hyl butyryl ) - pyrrolidi ne-2-car
bonyl } - am no) - 4- oxo- but%trj Cc acj

d 10 15 A4 0. 08mmo1l) sanple of 60
was hydrol yzed TR cdr8Ph ’t?f*rﬁe%rﬁm“AR?( ske %&nﬁ’%ﬁ#’r 0 Sl‘a‘F%BYEIWBOng (80%
yiel d) of Ehe t3 tj-edi:@mdlfn(thlaH4le{Ea(-5&ﬁMyhlo¢93®D) ) f]ﬁ@c(—ddylGH))
1.78-2.38 (m 5 5 3 6 (m 4
7.04-7.21 (m 1 “‘%‘%@é ‘%m}"%‘% 2’%#3?:3[3‘??61 (%ﬁﬁfh%tlién&ge | |v(s (Bstg
m e=467. 30(M+H)A_5c£hm_>§gg_,|:rﬂdc9 Nog om&-ﬂalaoeszmﬁﬂ) N HD & n@ooﬁ ~Bu 63

O 02H HO ~ O O3 ¢ O Hmg 204 QU_NCN. iy 'éQlQI% at 0°C was added 420 mg
1-(2-(4- Hydroxy 3, 5-di et hyl - ror%oylamno- - met hyl butyry glrlrrolldlneZC

arboxylic acid (3t tromRA e &ﬂ e d3thium, he‘t’dsr(?P‘&fiFon 36‘21{‘ Eparad from
53 and Fnoc- Cl)st(ia8eed,atl.c®2mfel) 2i hoartsy dhduat Dhbort 108t e Yé@su sl dest

30 minutes, diluted with 20 mL of water and washed with

15 ether (20 mL). The pH of the solution was then
adjusted to 9, and a soclution of 519 mg (2 mmol, 1 eq)
of Fmoc-Cl in 3 mL of dioxane was added. The mixture
was stirred at room temperature overnight, washed with
ether, acidified to pH 2-3 and extracted with 3 40-mL

20 portions of ethyl acetate. The combined organic
extracts were washed with brine, dried (MgSO4) and
concentrated in vacuo to afford 690 mg (98% yield) of a
colorless foam which was identified as the title
compound. 'H NMR (DMSO-dg, 500 MHz) § 1.2 (d, 3H), 3.2

25 (m, 1H), 4.2-4.6 (m, 3H), 7.1 (s, 1H), 7.2-7.5 (m, SH),
7.7-8.0 (m, 4H). Exact mass calculated for CyoH;gN204
m/e 350.13, found m/e 351.3

Preparation of 3-({1-[2-(4-amino-3-chloro-
30 benzoylamino) -propionyl] -4 -methoxy-pyrrolidine-2-
carbonyl}-amino) -4-oxo-butyric acid (23i).



WO 99/ 47545 - 132 1 8 SEP 2002 ' PGI/ US99/ 05919 di et hyl anj geg@Brigh. The
sol uti OQV\AQ?@ istéi rred at roomtenperature under N2 for 3hourS and the

sol vent &{dporated. The resulting ozl was dissol ved i RCEAEPHSNB ) and
3, 5-di net hyl - 4- hydr oxybenzoic acid (0.302g) 5 1.82mmo1l), HOBT (338ng,
2.5mol) and EDC (0.456g, 2.43mmpl) were added and the solution stirred at
roomtenperature under N2 for | 8hours.. Thg sol vent was concentrated in
vacuo and the resulting oil dissolved in EtOAc, washed with 0.5N NaHS04
(2x), saturated 10 NaHCO3 (2x) and brine to give the crude product as a
white solid (Oc@tepund|zsh walsr prepagedphycelrdtinggtei the VpOblc€dREE2 (1/99 to

2/ 989 3 1594 Vd f bt || 500 _CDC13) b
1.06 /% dg?ng) 85)‘{1@‘:4#“%@ y‘d‘gﬁ) %?Om%.c’ug‘g\-é’gb. §5§?mgq?§ﬁ,thgﬂ.’é4g( g,H%gH)QD,C 3) .65
15 3.75 (m 1H)sthexypmplgme for) Hnocspgelang? (Baneme) 114, 80- 5t8® ¢m 1H),
5.53-5.61 (m 1H), 6.77-6.85 (m 1H), 7.42 (s, 2H). Analytical HPLC (cyano
I 17.53min. LC-MS (ES+). me=419.3 (M+H). 20
i?l;??L-ﬁydrog%géﬁ%$Qﬁ%ﬁé I&5§W§89ﬂéWFﬁg?3§%ﬁ8€ﬁ9?butyryI]-pyrrolidine-2-9
ar boxylic aci 2- be 0XYy-50xQ-.tetr rosfuran-3-yl):am de (64).
Pr ep)a(t)r/e:j frolm aansaorhzi%lgll?;nyf)%e)sgrét ﬁ%dagggﬂg%guﬁfeﬁﬁécg%'t o gi \(/e %i tle
conpound (64) hysizodymireljiclel owtbyli ¢s26r( 38288, Mk 206 yTEF dtitHeBVRE( 500MHz,
CD30D) b 0. 83- ,73. 88- 213 , , 1 48- 2. 54
0. 2H)? 2. 61 (dﬁﬁzg_”ﬁ.@g‘a_d?@é. 73 gﬁdﬁl’%éﬁ&,f’?g o“i'?%l.z)g9°(€rﬁé%;bkﬁ?gé.&§6a3. 76(?)m
1H), 3.95-4. 0PYdRide)in Ainpzazzoiy 3TRS Wiysuze g9ag nstipyedsalsosCag (m
(7). 2132)8 %62 (SH;SJff"x G4 Hdﬁr,?gia&ll) maghga}- Soaﬁ)déﬁl((l)C)s@;&L,_ 73t 2dqg/. f§2r£ﬁ16!1)6|'|),
: al _k cyano_colu mxture_ o
di ast er eoner s)w%.afg]%aéﬁy llf&-el\)élfbéﬁ'% ﬁ?%zsgﬁ’f% frpToom L emREEASHES o
09/ 47545 PCT/ US®IGsht9 quéBBhed by addition of saturated aqueous
3-(~1-(2-(4- 5 ' I | i : t b - li di
(~1-(2- (4-Hy u%r%h@%??&gy a?fﬁgé’% G\ggﬂ'ﬁkal%’%?@%q Z%SE”%’T%%J;EHV”O | dine

- 2-carbonyl } - am no) - 4- oxobut yri c aci anpl e of 64

was hydr ol yze¥isha&daegi B§mEoPREE hBES A0f seeh G tREabg 1 | ) Th® afford | 3.1 ny
110% yixd d) Ofcotbd nleidt lo@ gafipouRETrafbel wéi € abadHiLC wianer Hiod Unayid&. 28mi n.

IC':S-ZHNB~( ES:)% m(ﬁ:g%%é) EQQWOACéntSlg{%Ee@ 1 RS T MR 2L tISaEfHe 66 _n 15 N

yellow oil. The oil was taken up in 9 mL of CH3;0H and
3 mL of water, and 378 mg (3 eq, 9 mmol) of lithium
hydroxide was added. The mixture was stirred at room

20 temperature overnight, diluted with water, acidified to
pPH 3 and extracted with three 80 mL portions of ethyl
acetate. The combined organic extracts were washed with
brine, dried (MgS0O,;) and concentrated in vacuo. The
residual oil was taken up in 10 mL of TFA and the

25 solution was stirred at room temperature for 2 hours,
and concentrated in vacuo. The residual oil was
diluted with 6 mL of 10% agqueous sodium carbonate and 3
mL of dioxane, and a solution of 9-fluorenylmethyl
chloroformate (779 mg, leq, 3 mmol) in 5 mL of dioxane

30 was added. The mixture was stirred at room temperature
overnight, diluted with water, acidified to pH 3 and
extracted with three 80 mL portions of ethyl acetate.
The combined organic extracts were washed with brine,
dried (MgS504) and concentrated in vacuo to afford an
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1-t 2- (2+9bHobhkes en- 9-yl - acet yl am no) - 3, 3- d|nethylbutyryl]P@¥é¥@@b%ﬁpe-2-car
boxylic acid tert-butyl ester (66) . To a solution of H-pro-QBu (53)
(1.033g, 6.0mol, Il, Schenme 5) in CH2C12 (20nl) and DVF (5ml) was added
Frnoc-t Leu- OH (2. 337g, 6. 60mvol, |, Schenme_5)) HOHT ..1.53a, 12.1nmmol) and
EDC (2.30g, |2.Ompl) and the sc=ut=an sPPrred at roon1tenperature under N2
for ~. ho~~rs . The solvent was renoved ?n vacuo) and the =e_c::

brine The or giic ThaR g Fardctehyy poy bR pagat: A
layer was dri etildver aadhypdided Ni2BOGHaRH2 VEifratZdt: ko i vt ol @0 el | ow

- solid (3.650).nd! @) cfyfoe@imearahmesaﬁbﬂg};a:@fﬁéheéﬁa@% ma@590 to 20/ 80%
give the title conpound (66) 253 yi_el.d) 14N VR_(500MHz, 5

CDC13) b 1.09 (& cud@red tey (CglH 5 T/?93é72é4 kPuBh) m/g 383472 (m 1H),
3.76-3.88 (m 1H), 418443(m4|—|) 548567(m1H) 728744(m4H)
7.55-7.64 (m 2H) . _Anal vtical H cyano_col um

11. 95ni n. (LC- €E§+)1grzﬁ g?f’%{&/ﬁ%?@lﬁeggh 2 b fab 2 ROnE o™

| -12-(4- thhoxykb@np@yhdanno}nSPBFdinﬁhﬁymibuuyeywagyrpohtddnet2Ioamboxylic

act d tert- DUl Werfst 8k b8 kor TS AyfoLULI 0a0R-BMLA. 5030 B-98uwRLL 1N DVF

(8m) was adde i et hyl am ne ution sti at 15 room
t enper at ur e f of2s KERE24RE PHSrSBPv@hFu%ﬁéporE?%dreQ%% ¥asureFhgar esi due was

repeategby conseekeatiodllr aitEHBEE2 (£3x¢e) Then{osuldndg) pi try@s, di ssol ved
in CH2Cl12 (9nﬂ) and Dlgﬁ ééG?A 1. 49 Pan§:4-Q§thoxg benzoyl chloride
(190ngy, 1. 05m': d REEL A | was 2%t rre® dnder Nz for

| 8hours and tmmssehsepn oénthﬂtra$em im Yamloof TGP ress dagédeds di ssolved in

E1 Ot and vashed et 0151 DSFR04of 20) wn 381 ATl NRHEDR LX) 2pg b ne

then dried over an rou eva orated to

(0.529g). Fl adh 525m@ﬁﬂ-émapo§?épﬁ9 %fq RIEA A8 Y. Usi 1§ WE@W 042@:1!29(1/ 99 to
2/ 98% gave theg nbtatemoaapundséZm@&y» Jﬂ%ywlgﬂoﬁkﬁmwwé@z, CD30D) 8

.01 1.4 77 1H), 2.81
(dd (()S7H) FD"sn?%s“"_’t‘?g‘? 6“%%‘“%“’63 ‘ﬁa%sl(‘ﬂﬁt 13L FTRIM o érrno :t,?)

4.29-4.49 (m temperatu®eSePorphghtHnd KRusiged. 0. WsHy  cOBBing 73 (m

0.85H}, 6.94- 7, QéeéﬂkeZJ;&s ZeBZar?eéloxéé& f“'ﬂou:?s 61- ’fhg3ré§1n11bgs . 74-7.84
(m 2H). Analytical HPLC (cyano col um 1 SEP 2002 ' WO

99/ 47545 pClegggpg5gggces§33ely with MF (tw1ce), CH3OH {once), 1:1
1-[ 2- (4zdvet homfbenngaigmtn@)cé), 3-aii,oet hyinceut yhyl bpycagl i(dhpee2- car boxylic

acid (2-benzy Qxy-5-oxot.e f n-3-yl)-amde (68). To a solution of
67 (0. 90g, Hﬁéﬁi) Ecéﬁ %Esn%fj"?% was added 2, 6-1utidine (2. 1nt,
| 8. Omol) and TNBtrlfIate (2.3nml, 11.9mv1l) and the reaction stirred at

room t enper at wi,e t Hadepshg {9k Ldé@@wsan@:.e IGSWipdoi gixtuig pas diluted
with CH2C12, washed with 10% NaHCO3 (2x) and bri'ne then dri ed_ over Na2S04,
filtered and The mixture was rotated 'at “room temperature for 5

25 minutes and drained. The procedure was repeated over
20 minutes. The resin was washed successively with DMF
(twice), CH;0H (once), CH,Cl, (twice), CH3OH (once) and
NMP (twice). To a suspension of the resin in 4 mL of
NMP was added successively 156 mg of N-Fmoc-alanine (4

30 eg, 0.50 mmol), 0.175 mL of DIEA (8 eqg, 1.00 mmol), 70
mg of HOBt (4 eq, 0.50 mmol) and 188 mg of HBTU (4 eq,
0.50 mmol). The mixture was rotated at room
temperature overnight and drained. This coupling
procedure was repeated over 3 hours. The resin was



10 evapor ated. The residue was dissolved in CHZC12 t hen tliga mth DI-EA
(0.6 5mmol) and 4- nmet hoxybenzoyl chloride (0.355g, 2 and

al | ovvedwpc?ws‘?ﬁ“ﬁ under N2 at roomtenperature for | 8hours. PGFH@"’B’P&%@ pr oduct
was purified by flash chromatography, eluting 15 with CHzZC12/ MeOH (99/1) to
yield the title compound (274ng, 28%yield). 1H NVR (500MHz, CD30D) b 1.01
(s, 1.4H), 1.11 (s, 7.6H), 1.73-2.25 {nmeé64H), 2.47-2.77 (m 1H), 2.81 (dd,
0.7H), 2.91-3.11 (m 0.3H), 3. 61 4.03 (m 3H)) 3.84 (s 3H), 4.29-4.49 (m
1H), 4.49-5.00 20 5H), 5.46 (s, 0.15H), 5.58-5 % 0.85H), 6.94-7.04
(m 2H), 7.2¥V2E P (ﬁﬂccgsoswﬁle’ﬂ?l%% (typced 7&??139 (‘ﬁFC?H) 1ahal yti cal
HPLC (cyano Qﬂpﬂﬂ@HQEﬂ§twtﬁleé)2 digol el €ete) sand 1.1 7(t39@en. LC- M5
(ES+) m e=55 %yl'r alfl vacuo.. o

3-(~1-[ 2- (4- %&E"ﬁ BRSPS 78 £ ¥ %i et hyl but yryl ] - pyrrol i di ne- 2- car bon
yl -am no) - 4- oxo- butyri c acid (69) . A 1l17ng (0.21mvol) sanple of 68 was
hydr ol yzed 3Q_.a r (sge ¥chere ls f 40ng (410
yi el d) %f thgot%?%eq%%q ounge%ﬁggégflggﬁoaPE% p?égklhlﬁg %& ?%g

m e=462. 3 ( MFHE. leEUqGSEPszer@@ateﬁs@t Fops teslpsmé#ﬁex\foeﬁ say. N~
--_-~ ~0o~N HlQuEE%CM%Bthaiﬁ@dl 7’1‘?:19 rNcQauré wabl Nebleahleh ové!ro O-~1H
HzN ~ HO O N ~I O d F %ﬁf te.rt- eutoxgaar onyl ama, . no- 3)
3-di mat hy7. - BGt?F?Pfeﬁyrrg FdFesﬁQ ?aéaVB A sugErgsHER ylwé%?ePMf701 To
a suspensi on (ofviklepr, OCHBQH~IH€J‘1C(52 00y,CB, 66mdimel), iCHOH-26Gh2e(2a/t) was
added FA ( 5 ) .t calo ut o oCzt Leu- OH
(1. 955?’9 5o RMED thw}E et 8% 3 65U2p5hSign o 8%)Eh §E%gh 3h g‘m?f§f95nnn1)
were added aN¥Pt Hésséﬂd?ﬁoﬁugﬁﬁﬁﬁéﬂeéﬁdép g af fioémﬂénﬁerature f ox
7.8hours. ReppygdoBeh¥eRt hBiMacyg, e Issozovmﬁlow EbOi\esamﬁ Yeshegh Wi th
FlaO 0. 5N NaHS04 (ZXé sat at ed Na CIgS % rine. Dried over

anhydr ous Na2%029and Qaﬁﬂ? ed Pogi & B @ttlflﬁqcoﬂpéﬁnﬁm°¥b 3y 99%
yield) . 1H NBBRng500NERZU CDCa@gd) 6.60. mB81(s, 9hk miktdbe(was 9H) , 1 88-2

504 558 (moutyed 9t 19l §Shberdrfyetopiphiant dnaYapdideds (e 5
~1- CZ~ (2 eeni?‘ﬁb&ngso‘)lésbé‘tir§h9lfi‘§sﬁvﬁé}i Bytbaﬁ%arrbw}ce), CH30H

-pyrrolidz. necdcépxbonyl gur2 cuZeda. MBhivd X amslon @) @rnaccd,tast - butyl

ester (77.). (th¥gé98£megﬁ5 and dried in vacuo.

20 The resin was treated with 4 mL of 95% TFA in water for
1 hour. The mixture was filtered. The filtrate was
concentrated in vacuo to afford an oil, which was
purified by HPLC to afford the title compound (23i).



- 137 1 8 SEP 2002 PCT/US99/ 05919 An 871ng (2. 08mm1l) sampp esEPf 2002 was
di'ssol vegoigghaeH (I 5nl) and 10% Pd/ C (200ng) added. The Wﬁ)o? gNas
stirred under H2 for | hour then filtered through Celite an e sol vent
evaporated. This resulting residue was 5 reacted with 40 according to the
procedure used to prepare 56 to give 889rrg (71%vyield) of the title
conmpound (71) . 1H NMR (500MHz, CDC13)~ 8°0. 93 (s, 9H) , 1.44 (s, 9H,
1.78-2.18 (m 4H), 2.29-2.49 (m 2H)) 2.76-3.04 (m 1H), 3.50-3.70 (m 1H),
.3.70-3.85 (m 10 1H), 4.20-4.37 (m 1H), 4.49-4.7B (m 3H), 4.78-4.98 (m
1H), 5.12-5.26 (m 1H), S 40 9 (m 1H), 7.107.78 (an 3{H) . Anal yti cal

HPLC (cyano col um) 1¢m on. .
i ng)- 3, 3-di met h Py e gt

-1-(2-(4-Amino-3-ghl o

boxylic acid (2 eptdr o- f ur a 4)-amde (12) JA «

sol ution of 456 -088mo1) Jof Jr1 ijn cHec1P 2041)  was tr@atﬁg wifh

anhydrous TFA (5 I anr20 room t enpeflat ure under far 1 hour
ness. The Tesicdue was repeatedly cdi¥tentrated from

and evaporated to
: vacuum The resulting residye
CH2C12 (20nt), cooled to O then treated with DIEAJ(1. §ml
I?hﬂrb

di ssolved in
N 8L 2., 46mol)
foll owed 25 by 4-am no- 3- Or o- benzoic acid (2 N ; 2H
(183ng, 1.35nmp1l), apd E R79ny, 1.45mmol). T suﬁting xtufe yas
allowed to warmtyp rfomjfe '4'5 ure _and stirHfdr T8hours. THE 3w vyrit was

N sigre S80I ved in Et GBc 30 then washedowith
X . 5N Nakiso f2x), saturated NaHOCO23g2x) and bri ne.
The organic | ayer 8 dri edoovey S04, filtered and evaporatlgd to give a
residue that was fyupbfied by fI%shochrOWat ography, elyuting with CHzC12/ MeOH
(99/1 to WD 99/47545 -23638 1 i SEP 7002 PCT/ US99/ (591p 9¢¢3 af fordi ng

2-car

285ny (57%yield) of the title ¢nmpund (72) as N
(500MHz, CD30D) b 0.91-1.24 (m MY, 1.70-2.27 HH 247-
1.5H), 2.99-3.13 (m@QO0. . 39-3.53 (m HeNsH) (

| 2kt 4. 53-4.97 (o) 4H), 5.46 ('8, ,
3.88-4.02 (m ﬂGO- : ( 0.6H), 6.80 (d, 1H), 28n22-7.77 (m 7H).
Anal yti cal HPL g0 colQ Me of 2 di astereomners) 15.9%_16. 23m n.
10 LG M5 (ES+) m /1. 2

)

3-({1-[2-(4- Am no-

. o]
“chl 950 benzoyl 8ni no) - 3, 3- di methyllbutkryl ‘@\ er*; di ne-2
- car bonyl - ami no) - 4- oxog Bt yric acid (73). 15 A A@ (ONO7 s é of 72
was hydrol yzed accqrdifig t/%( h Q.\A\:égfe Schepa ¥ 11) t® afhord 25a0 (74%
| 6
hege XYI

[
yield) of the tit on}\)ﬁun s HPL'E cyano colum®’1 61 n.

LC- M5 (ES+) nfe=481_3 (MH) o Boc~N~N~Cl+ H AI2I3_OC~N COpH H

0” °N i

H

O~/ C6H5 74 40h2N

Ci o)
23d
o]
ull\“/ COoH
@)
HoN o) NL,(H
Cl H o)
23e

Procedure for the preparation of analogs 24a-e.

Compounds 24a-24e were prepared according to the
5 procedure described for compounds 5 (Scheme I) only

substituting either Fmoc-azetidine carboxylic acid or



~N~ NHII O~/ G NH. y 75 R-COZH RR~N~N H O O-H | 7163-36%32@2V ‘1 8
SEP 2002 ' WD 99/ 47545 PCT/ US99/ 05919 - 139 .
{2-] 2- (2YP@Y41PRBXy- 5- oxo- t et r ahydr o- f ur an- 3yl car banoyl ) - pPEFAISIUTNMYL- yI | - 1-
met hyl - 2- oxo- et hyl ~carbam c acid tert-butyl ester (75). To a solution of 40
(6.69g, 23.0mol) in anhydrous 5 CHZCl12 was added 1, 3-di nethyl barbituric
acid (DVMBA) (3.97g, 25.4mmol) and Pd(PPhyd 4.(1.12g, 0.97mol). The sol ution
was stirred under N2 at roomtenperature for I5mn, cooled to O-C, foll owed
by the addition of Bocal a-pro-CH (BaChem (5.087g, 17.8mmol), HOBT (3.60g,
10 26. 7mmol) ardnEPC-phehl; PRodradd)idiihe caxbdstyiing @i ifwr was al | owed’
to warmto ro mo'E:er%%rﬂture agg%étir under N2 for |8hours. The sol vent was
concentrated fRovaFuo and the Fesidue dissolved in EtOAc, then washed with
0. 5N NaHS04 (2x), saturated 15 NaHCO3 (2x) and brine. The organic |ayer was
dried over anhydrous Na2S04 and evaporated to give an orange oil (12.23g).
Fl ash col um chromat ograghy on silica gel using Cl2/EtQAc (80/20 to

60/ 40) gave the titl , 86%yield). 1H
20 NMR (500MHz, 9/1. 3tdbm 3H) 1. 69€@29 (M ‘
4H), 2.45-2.67 0. Al 2. 86 (m :

3.49-3.84 (m 4.244.95 ( .

1H), 5.4S (s, 0.45H), 5.63-5. ( :

Anal ytical HPLC (cyano cojym) (m Xture of 2 di astereopgys) 15.99, 16.33mn.
LC-M5 (ESt) me=476.3 ( MfH) . O~ N-NO. ~HH2ZN ~ OO-NH C 76 30 18

S EP 2(~2 WD 99/47 PCT/ U§39/ 05919 - 14

| 1- (2- (4- Am no- 3- chl qr o- yesz0yl ani ,no) - pr ogd | ] dyrr@lidifs-2-carboxylic
acid (2-benzyl oxwﬁj%(e ahydt G- f ur an- 3- Y Nafm . A4C8Y9g
(3.99mMmo1) sanple of 78 i C z, (20m) WaI 5 N reht edpW tfh a/gﬁ%q_qous TFA
(5mLl) then stirred at r mue rature under X2 for 1 h 8N vVapor at ed

to dryness. Tha residue vwgs repmeatedly concentrated from CHQCle(Sx) t hen
dri ed under vacuum The resulting residue was dissolvagd in CHzZC12 (20nl),

cooled to O-C~4Q thgn ated wth DI EA (5.6nml, 8eq, 32.1nmol),
enzic ci -”AM0g, 5.3mmo1), HOBT (0.824g, 6.|mmol), and
NIRRT L) N sul ¥ ?j"rn'xture was warnmed to room
I rs.
t GAC

4-am no3-chl o
EDC (1.197gq,

t enper ature and q;Nrréﬂ f ho The sol vent was renoved in vacuo and
the 15 resi due drssolved ino en washed with distilled water (3x) ,
0. 5N NaHSOQ (2x) ( saturated (2x) and brine. The organic | ayer was
dried oger Na2S04, filterzeel and evaporated to give a residue that was
purified by flash chromat ography using CH2C12/ MeCH

d P as a yellow s

Procedure for the preparation of analogs 25.

Compounds 25a-25e were prepared according to the

10 procedures described for compounds 5 and 7 (Scheme I
and Scheme II) only substituting Fmoc-2(S) -pipecolic
acid for Fmoc-proline in Step 2 and coupling either
Fmoc-valine or Fmoc-alanine or Fmoc-tert-leucine in
Step 3.



20 (99/1 to 97/3% . The title conpound was obtained as a whj § eserolziog
(1. 2219, woddysasl d) . 1H NVR (500MHz, CD30D) 8 1.15 (d) O. 91,,@%

(m 2.75H), 2.41-2.54 (m 0.5H), 2.55-2.70 (m 0.5H), 2.7 d ) |2|) 303
(ddd, 0.5H), 3.59-3.75 (m 1H), 3.75-3.98 (m 1H), 4.26- 5.01 25 (m 5H),
5.41-5.57 (m 1H). 5.60-5.76 (m 0.5H), 6.706.92 (m 0.5H), 7.15-7.48 (m
5H), 7.48-7.68 (m) 1H), 7.68-7.88 (m 1HPP 8 15-8.34 (m 1H). Anal yti cal
HPLC (cyano colum) (m xture of 2 diastereoners) 14.44, 14.89m n. LC- M5
(ES+) nle=529.3 (MtH). 30 ONO~NOv O77 O WD 99/47545 - 141 1 8 SEP
2002 PCT/ US99/ 05919 [1-[ 2-(4- Met hoxy- 3, 5-di net hyl - benzoyl am no).

propi onyl ] -pyrrolidine-2-carboxylic acid (2-benzyl oxy
-5-oxo-tetrahydro-furan-3-yl)-amde] (77) was 5 synthesized from75 and

3, 5-di net hyl - ' benzoi cid according to e used to
prepare 76 to ¢ orrpound (1 18g, 4% ylel d H NMR (500MHz,
CD30D) s 1.40 (% . 8 4¢dd’ 0. 5H)
, 2 . 62 (dd, 0.} .62:;3.94 (m
3H), 3.71 (s, 3H)Y4. : 5 (m 4H) . ( . 25H) ,
5.52 (s, 0.25H), 5.63 (d, 0.4H), 5 7 (d, 0.1k, 717745(% ,
7.45-7.65 (m 2H). Anal y28acal HPLC (cyano col um) (m xs4are of 2 15

di astereoners) 15.06, 15.39mn. LCMS (ES+) m e=538 ( M+tH ) Preparation of

4- Acet yl am no- K| ormbegZoi id To a solution of

4- ani no- 3- chl oen ol cacil (J0. 0g0420 8. 3 1§ -H( 100nL)
was added acety 921 1 1) tl‘{é S tlrred at
room tenperature 4 Ealxgrg g~aapor at e® duct
precipitated from hexanes t red anderlcgd to give a | te solid
(11.73g, 25 94%vyi el d). 1H- VR (506MHz, CD30D) 8 2. 2B, 7.92 (dd,

1H), 7.99-8.16 (m 2H) alytlcal HPLC (cyano col umwf ,84mn ONOO\ N
~J HO~-NON/ HC 78i\( 30 1 8 SEP 2002 WD 99/ 47545 PC T/ US99/ 05919

@* 23

5 Procedure for the preparation of analogs 26a-h.

Compounds 26a- 26h were prepared according to the
procedure described for compounds 23 (Scheme VI) only
substituting Fmoc-valine for Fmoc-alanine in Step 3.



- 142

1-[2-(4- %esfg}g i no- 3- chl or o- benzoyl am no) - propi onyl ] pyrr ol i’& |§e 2- car boxyl
ic acid ony 5- oxot et rahydro-furan-3-yl)-am de (78PCT/BR¥M&?I8d from”
75 and 4-acetyl am no-3-chl oro-benzoic 5 acid according to the procedure
used to prepare 76 to afford the title conpound (146ng, 19%yield). 1H NWR
(500MHz, CD30D) b 1.2B-1.52 (m 3H) 5 1068-2.38 (m 4H) , 2.20 (s, 3H),
2.41-2.88 (m 1.5H), 2.96-3.10 (m 0.5H), 2.96-3.10 (m 0.5H), 3.43-3.75
(m 1H), 3.80-3.96 (m 10 1H), 4.25-5.00 (m %), 5.42-5.54 (m O0.5H)),
5.63-5.78 (m 0.5H), 7.13-7.48 (m O05H), 7.79-8.14 (m 2.5H), 8.56-8.70 (m
0.5H). Analytical HPLC (cyano colum) (m xture of 2 diastereoners) 8.64mn.
LCM5 (ESt) me=571 .2 (MtH) . 15 ON O\ Nv O/ O-N 79 HO\

1-[ 2-(3-1sopropoxy-bepzagyl am no) - propi onyl ] pyrrolidi ne-2-carboxylic acid
(2- benzyl oxy- 5- oxo$20 ro-furan-3-yl)-anmde (79). P;,ﬁzpared from75
and 3-i sopropoxher {\d ﬁC@rd;i.,ng to the-pgpcegr eq to prepare 76
to affordtheIeEI i

1.27 (d, 6H), 33-1.52 % H69-2.31 (m

2.63 (dd, 0.7H), 2.78 (dd° 0.4H I 3.03 (dd, 0.8
3.78-3.94 (mIH), 4.274. 7(rr) 20), 4.47-4.87 (
(d) 0.3H), S.64 (d, O

4H) 54bm.Hh))553
72(d 0.2H), 698712(%fll-|) H.19-7.47 (m

9H) . Anal ytical HPL® (cyano SEP 2002 ' WD 99/ 475 PCT/ US99/ 05919 -
143 col umm) us. g t"ér %qars) 14.54, 14 8511 . LGV, (ESH)

m e=538 ( M+H) . N N ~NIH 0 0 5 Qui noxal i nee2- d" aci d
{2-(2-(2-be - 5- oxot 8t an- 3-ylcarb yi) - pkrr in-1-yl]-1me
t hyl - 2- oxo-et hyl [-am de (8 E epared from nd B-qgyn | j 4reO2
carboxylic acid according to the focedure us prepare® 764t ojaf fiord the
title conpound (122ng % yield). 1H NVR (500M+Hz, CD30D) bOT.IN- 7 (m

3H), 1.68-2.F43m AHY 2.3 70(m 0.85H), 2.70-2.954 m 0.75H0 3.06
' 8503(m6H) 5. %7 (d, 0.5H, 5.55,

(d, 2H), 5.67[(dd 7.037.53 (m 5H) 7.8Q28. 06 (m

2H), 8.06-8. 34 2H) , @. Hn 1H) A no col um)
(m xture of 2 di astereomalos) H 'n. LC M5 1 —5 '\@590-1 O N
26¢
o
/@/‘Ln 002H
0]
~o0 o NL{H
o}
26d
O
| H ’(n’
= 0 H
26e O

Procedure for the preparation of analogs 27.



Sep 2002
000 08l WD 99/47545 - 144 1 8 SEP 2002 PCT/ US99] 0591l
1-[ 2- ( 3WBex9@g345xy - 4- met hoxy- benzoyl am no) - pr opi onyl ] pyr r opaiussrese@ar boxyl i
c acid (2-benzyl oxy-5-oxotetrahydro-furan-3-yl)-anm de (81). Prepared from
75 and 3-benzyl oxy-4-nmet hoxy benzoic acid 5 according to the procedure used
to prepare 76 to afford the title conp oggg (142ng, 58%yield). 1H NWR
(500MHz, CD30D) b 1.14 (d, 0.3H), 1.27 2 (m 2.7H), 1.66-2.30 (m 4H),
2.47 (dd, 0.4H), 2.59 (dd, 0.6H), 2.77 (dd, 0.6H), 3.02 (dd, 0.4H))
' 2 gé % Zg Egl) &%au@dﬁz'ﬁa%ﬁﬁ) G&te Zﬁepér&ﬁ a(écoﬁch‘m 4t019:'h42 86 (gl éH) 63
(M 12H). An®¥R %%\Fr%phf%%%@ %ﬁﬁﬁﬂ&?ﬁ&%?’?&%% eroa}ﬁfers) 12. 28,
© 12.44nin. LG ﬁ{&iﬁﬁjﬁtm?%ﬂﬁc&(wfld&r@bﬁlyﬂ@xﬂoﬁ,fﬁnﬁ -peidiinebenzoi ¢
acid. Am xture e ydr oxy- 3, 5-di net hyl - benzoic acid (3.32 20 g, 20
mmol ), allyl Hto o% 7.26 g, 60 rmDI), benzyl tri et hyl ammoni um chl ori de
(455 ngp 2 mol) and KZC03 (6.9 g, 50 mmol) in DVF (50 nmL.) was stirred at
room tenperat:s&r%atﬂ:ﬂcﬁa hoping. pdd1es 1 26 1 R sl 1 i iy @istil-.acetate

(200 m.), wash water, brine. 25 The organic | a er was dri.ed over

Na2S04, filtehed SiRtwriaibred et §h Wacllo & FHiNe & P ChReoEda8r as an

oi }SOTPTE) efstarnvszaos g efll wfednyalh Saddred g:: 12% Aoolasi ad&\@deat/ met hanol (50
mL or I ur S renpve

met hanol and E‘fgL{Lﬁ‘e%nrsesul t 4& 32% vr\ngns i 19 %t 2’%6}{?’{]}1%\3\%?8:’{98’500 m.),

washedl®i t h étshyil @fetca‘tzéf/lhexaﬁéle( 301pti®0 wey. sThorgduebus7s aYerfams

acidified at QCWd h concaARi L A6l 4570Ith(|60rgn pla'fZ N_'gia,% pesul ted
precipitate was, col |l ected by filtration gnd wash e(J wat er, dried WO

09/ 47545 - 14WAXPXYPER GO I EYE 9S§SF0591 ¢ S0 Tt °r’ﬁ &ﬁz%au‘t{ﬁﬁt%h%%ford
3.86 ¢ (yi el ddy) opuiset.i t I'Thet atiprownd whid NYR rr=@D aM-iz)78€®Ci8i b 2.33

(s, 610, 435 &3] CHy 200, Sg288 30 I oS A28 A 0, 6. 07-6.15

(m , 7 79 anal'y m n;
LC I\/S 191 z =agged. M ﬂhﬁ 5©l®t~1cm Nas alloMe@ @-00 war@ uP Ho2room

1-[2- (4- Al l yleppedaru@ieC Ringr %‘tQ.W'o@@r%MroD'ﬂnWal 1@hen diluted

pyrrolidine-2-carboxylic acid benzy] oxy-5- oxo
t et r ahydr o- f i ég?lfiaﬁﬁdgﬂé é? washed successively with 100 mL
of water, 100 mL of 1N HCl, and 100 mL of brine, dried

(MgSO,) and concentrated in vacuo. The residue was
20 purified by column chromatography over silica gel
(eluted with ethyl acetate/hexanes, 1:3), to afford
1.294 g (89% yield) of N-Boc-4-oxo-proline methyl
ester. 'H NMR (500 MHz, CDCl;) & 1.45 (m, SH), 2.60 (m,
1H), 2.95 (m, 1H), 3.75 (m, 3H), 3.90 (m, 2H), 4.80 (m,
25 1H) .

To a solution of 808 mg (3.33 mmol) of N-Boc-4-oxo-
proline methyl ester in 13 mL of CH,Cl, stirred at 0°C
was added 0.88 mL (7.19 mmol, 2.2 eq) of DAST. The
30 mixture was stirred at 0°C for 2 hours, at room
temperature for 16 hours, and poured into ice water.
The mixture was stirred at room temperature for 2
hours. The organic phase was separated, washed with

water, dried (MgSO,) and concentrated in vacuo. The



Prepared from 75 and 4-allyl oxy-3, 5-di chl oro-benzoi c acid 1a to the
procedur 0 prepare 76 to afford the title conpound 47% .

yi el d). ‘?ﬂ%gs (500MHz, CDC13) ti 1.05-1.58 (m 3H), % ngis%?n 7H) ,
3.39-3.90 (m 3H), 4.05-5.01 (m 6H), 5.22-5.62 (m 3H)) 6.04625(m i H),
6.94-7.63 (m 8H). Analytical HPLC (cyano colum)(m xture of 2

di astereoners) 9.69, 9.89nin. LCM (ESHOM€=604.2 (MtH). 20 O C ~ N~N HO
| ~HIO p~NC 3 HS8

Z-12-(3, 5-Di chl or o- 4- hydr oxy- benzoyl am no) - pr opi on¥ |
pyrrol i di ne- 2-E2F %G| 2= RPELE Dbz APHNS chxgpatography over

Ejetralhyd(rjo furmfcallg)eﬁm@lpuw@)wltn% JE“EQltyEg agemnake-pex8Rek). 23m1):owgs

| SSOl ved I n Jea W an

Pd( PPh3) 9 (32 ‘br%z'é%d‘i %é y2a \%Dgu"%\b“@ég?%ﬁél"%?ég 18SE
P 2002 , PCT/ caesgeelmgrsnwe@lnat lmxcmar (5@ MBz, Wweb@kg) to Ir.cam (m,
tenperatgre fogH)thyrqu (nlpenl!g’ | ug eh Wit h gﬁZC%27§nng\/a§ﬁ?d Wi th VRt er (2x)

and brine. The sol vent” was concentrated in vacuo and the résidue purified
by flash chrorfdtlogragty BhontBiiica gel using MeOH CHzCOl z (1/99 to 3/97) to

give the title corrpound (93.2ny, 71%yield). 1H NWVR (500MHz, CD30D) 8 1.16
d, 0.25H), 1.28-1 49 27 2.48 (dd, 0.4
g.39-3.5|;)(r‘r) efgra (m Bp-of 7@'1%%"’ @ 3H)%l%§ %g]ogr'@_%im 1H§ 4. 24 Z?) 4.48
2 4.57-4. 92 4 64 (d, 0.8
z(3m75 (sz 0.5H° 7. |%w7“tzf§9? %4(%29 33 5)585&‘ 2y §96%3°§D?10§8 63((m v

0.4H). Pal yt m@mmo@:(qﬂs,mﬁ) gl hyrn e6itext GneSOmLZOﬂlﬁEF%EDmBe@)an 57,

11.82mn. LC M8 Gas) ala/d%d5@4 s%l%\‘élewb& Qv&l 0. B mmol) of
1- (2- Henzoyl ami ,no-,propi on Jd{)%/rro i di ne- oxyI ic 20 acid

(2- benzyl oxy- S-3FFWLY; driar- 3oy PY- Hﬁfﬁé (gye  splebieRd¥#F om 75 and
benzoyl chl oristd raeebradi NGt dorhe pr, oaeduoem usefbdia thiep e 76 Heuwf f or d

Chsoy oo SR A " B LD oo
2.74-2.%% (m p@ BHP,, 3ng3 eptgadtedHyith. Awo33 ¢omk rportdonsy. & - estl%l(m lH))

4.22-4.86 (m a‘J:'é)t»at% 46'1&1% mddhedd o aﬁé%!cf&a&é"& re-Whskda 0. 5H)
5.72 (d, G 1H), 7.20-7. 842867(m 1IH)

Anal vt cal HPWEER PEge | Srd asrsba) v dor IR TER 0/ CHS Eo 147
col um) (m xt uraé fofrd? edicamger (@Wwr 9 2b8id3aslh. pane vellowWsdESt) m e=481. 2
( M+H)

20 A solution of 652 mg (2 mmol) of N-Boc-4,4-
difluoroproline in 10 mL of 1;1 TFA/ CH,Cl, was stirred
at 0°C for 45 min, and concentrated in vacuo. The
residue was taken up in 3 mL of dioxane, and 5 mL of
10% agueous sodium carbonate was added, followed by a

25 solution of 675 mg (1 eq) of Fmoc-Cl in 5 mL of
dioxane. The mixture was stirred at room temperature
for 16 h, diluted with 20 mL of water, extracted with 2
20-mL portions of diethyl ether, acidified to pH 2, and
extracted with three 30-mL portions of ethyl acetate.

30 The combined organic extracts were washed with 50 mL of
brine, dried (MgSO4) and concentrated in vacuo. The
residue was purified by column chromatography over
silica gel (eluted with CH,Cl,/ CH3OH 10:1), to afford
850 mg (88%) of N-Fmoc-4,4-difluoroproline as a



ONO'N/~/ HO/ \ | OH\ 85 5 I|soquinoline-1-carboxyl i@ 8P 2002

~2- ( 2- baing wbarsds 5- oxot et r ahydr o- f ur an- 3- yl car banoyl ) - pyr r @ldrAlisdg/dsoys 1- 1net h
yl -2-oxo-ethyl}-am de (85). Prepared from 75 and 1-isoqui nolinecarboxylic
acid |0 according to the procedure used to prepare 76 to afford the title
conmpound (732ng, 53%yield). 1H NWR (500Miz, ~CD30D) 8 1.22-1.56 (m 3H),
1.70-2.34 (m 4H), 2.43-2.71 (m 0.9H); ¥#%3:2.89 (m 0.5H), 3.06 (ddd,
0.6H), 3.423.81 (m 2H), 3.84-4.01 (m 1H), 4.29-5.00 (m 5H), 15 5.47 (d,

0.65H), 5.55 (s, 0.3H), 5. 67 (d, . OSH., 5 ( : 5%1) 7.21-7. (m 5H),
7.49-7. 83 (m(bz. 1,S|}?7.%%31-‘85.04H(WR1W)§IQ)°, .245%.‘3221?( z-cﬁ%k()l"}' 8@7-9.06
(m O. ?H) : )Anm@l,)em' clad, ?BL)IC-;I) (3nsa u(rn{a, @H)Z, di axt e(;neonraogusonm, 18HD4m n.
-LC- M5 (ES* e=h31 2 : H ~ H 5,0 Cl as H
1-[2-(4- Am no-45-5§’hﬁ&’o-%ﬂet’/hé%y-qﬁ"énzl\% I’ar?iz'go% p‘r’“opuzﬂw ?-’ B)% r(ér %I!l}lhé 2-carb
oxylic acid (2Z-1sénzyl,0H)25 Fxexd- thetgsalopdraprfagedn L8y £} o BumFdd 04 816) e
Prepared; from d 1% & GRI40r0- 2- met hoxy benzoic acid according to
t he progsedure33§e' af'o?h%mdtqgn%f ggqud‘1 WO 99/ 47545 - 148 ~ a sEP 2002

PCT/ US99/ 05919 the title conmpound (330md, 61%yield). 1H NVR (500MHz,
CD30D) b 1. 22 (d, 0.25H), 1.29-1.50 (m O0.75H), 1.682.36 (m 4H),
2.38-2.89 (m 1.5H), 2.94-3.14 (m 0.5H), 3.37-3.98 (m 6H), 4.27-4.98 (m
6H), 5.44-5.50 (m 5 0.4H), 5.53-5.56 (s, 0.1H), S.60-5.75 (m 0.5H), 6.50
(s, 1H, 7.17-7.45 (m 4H), 7.73-7.90 (m 1H)) 8.498.70 (m 1H). Analyti cal
HPLC (cyano col um) (m xture of 2 diastereoners) 16.39, 16.82mn. LC M5
(ES+) me=559.2 (MFH). 10 ONNO~NI ~HOO/ HC 8 OH\ | 7

1-[ 2- (4- Acet yl am no- 5- chl or o- 2- net hoxy- benzoyl am no) propi onyl ] - pyrrolidi ne-
2-carboxylic acid (2-benzyl oxy



15 5-oxo-tetrahydro-furan-3-yl)-amde (87). Prepared from 7f ageP 2002 .
4- acet yl ¥y §egRa£hl or o- 2- met hoxy benzoic acid according to He procedure
used for 76 to afford the title conpound (364nB, 64% yi el dfCT/YBRINGRIY
(500MHz, CD30D) b 1.20-1.27 (m 0.25), 1.3S-1.49 (m 20 0.75H), 1.72-2.30
(m 4H), 2.23 (s, 3H), 2.42-2.58 (m 0.6H), 2.59-2.68 (m 0.5H), 2.73-2.86
(m 0.7H), 2.993.11 (m O0.7H), 3.41-4.971¢-5H)) 4.29-4.97 (m 5H),
4.79-5.56 (m 0.5H), 5.65-5.73 (m O0.5H), 7.18-7.44 (m 4.3H), 7.90-8.09
(m 2H), 8.71-8.B5 (m 0.7H). 25 Analytical HPLC (cyano col um)(m xture of
2 diastereoners) 1S.61,516, 0 mn LCM (ESt) me= 601 1 ( MtHT . WO
99/47545 - 149 O ~NNJO GO Fa SEP 2002 PCT/ US99/j059] 9 F

N%/ H c N N COH

0X

Pyri di ne- 2- car box CO,
i -5toxgt e raggdr,g-fBr an-g— bandy! )% pyf r olff di n- 1-yI

aci d~2-[2-(2-benz
)-15 rrethyl-2"—‘25"xo-thy| - amQre Prepareddrofm 75 and ~ g
pyri di ne- 2- car boxyl¥'c acid according to the procediire used for ¥6 t

the title conpound (233ng27&42% vyield). 1H NVR (500MHz, CbgOD) b 1.30-1.59

(m 3H), 1.68-2.36.(m 4H), 2.38-2.57 10 (m 0.6H), 2.57-2.69 Fm 0.35H),
2.71-2.87 (m 0.4H)7Y 3705 ddy—8—65H), 3.39-3.93 (m $§ . £9 (m
5H), 5.49-5.S5 ( N  77COm 1. 2H), Tcd$ 7. 60
(m 1H), 7.89-7.9 H), 8. .12 (m 1H), 8

Anal ytical HPHN{CYEno 15 cob At ure of 20di N
LCG-MS (ES+) me=48t:3 (MtH) . OH- NEN HZN | ~ hi (IO O ~N C 89H20

| 1-[ 2- (4- Am no- 3, 5- di chl aare- benzoyl am no) - pr opi onyl ) pyrr g¢i di ne- 2- &r boxyl i
c acid (2-benzylqQxy-5-oxotetrahydro-furan-3-yl)-amde] (89). Prepared from
. 2

75 and 3,5-dic e used for
76 to afford t OCMt%H
CD30D) 8 1.21-1.58 {im H) ,f3.43-3.74
(m 1.5H), 3.77-3.92 (m H
PCT/ US99/ 05919 - 1SO 5 Ho 8
F
F
| N CO5H
P NQKH
Ci H o
F
CO,H
H5N NL(H
cl H o)
Q F
CO,H
@ L
9 !

c o 27n



4'51(m 15H) 4.50-5.01 (m 3H), 5.41-5.77 (m 1H)) 7.1%5 7 EERE
7.66-7. 7g§|) Anal ytical HPLC (cyano columm)(m xture 05919
36ni iy

di astereoners LCVMS (ES+) nfe=563.2 (MtH). N N HP
1-[ 2- (4- Met hoxy- benzoyl am no) - propi onyl ]-pyrrolidine-2 10 carboxylic acid
(2- benzyl oxy- 5- oxo-tetrahydro-furan-3yl)-amde (90). Prepared from 75 and
4- met hoxy- benzoyl chl ori de accordi ng t o ties procedure used for 76 to afford
the title corrpound (404ny, 50% . 1H NWR (500MHz, CD30D) S 15 1.19 (d,
.0.3H), 1.29-1.58 (m 2.7H), 1.S8-2.3B (m 4H), 2.43-2.69 (m 1H), 2.74-2.86
(m 0. 6H), 2.900®Paundsn2&R-438c YeTs 9r¢9aefﬁfﬂ acopyding7fo3the (m 1H),

3.84 (s, 3H), ﬁr@@edluz% c{ergcﬂb'éld) for ééméoﬁﬁdéms 4n8H), (8cBime’t Gy 0.5H),

.S. 73 (d, 0.1H) 2
5 Da- b aa (i SESSTy I PRSI ERARE 8895%%%&%#%18%@31% (m 29,
ast er eoner s) £dS. Hihc -HrodGmien inL Gt QES+) nf e=510. 2 MH) . " ONNHDO

H/ Og591 ' 18 SEP 2002 WD 99/473545 PCT/ US99/ 05919 - 151
{2- [(9 Oxo- 9H—f|uorene 4- car bonyl ) - am no) - proplo | ~pyrrolidine-2-carboxy
c

m

I d)

acid (2-benzyl ox xot et ydro f uran- 3-yl )Q anyde ( A1$. Prepared from
75 and 9- oxo-9H QBUId 5 achlQrdhn Kt he \r ogs re used
for 76 to afford||th tli-tle co u 403ny, i

(5
CDC13) 8 1.38-1. %, 43- 2. 89
2 79 2. 89H(n?0.35l—|), 3.11 (R oNésH, 3.68-3.86
35-5.03 (m 5.42-5.90 (m©91H)

2.59-2.72 (m 0.3

(m 1H), 3.92-4.09 m 10 1H)

7.06-8.00 (m 12H). Analytical HPLC (cyano columm) (m xture of 2

di astereoners) 12.30m n. LC—IVB (ES+) me=582.1 (l\/H—l). OCWN~NW~/ HIIO
OO- N/ C 92 15 28a

1-(2-(3,5-Di chl oro-4- nﬁ?'ﬁd&f benzoyl am no) - pr opi onyl | pyrroI|d| i i e-2-carboxy
lic acid (2-benzyl oxy-5-oxotetrahydro-furan-3-yl)-amde (92). Prepared from
75 and 3, 5-di chl or o- 4- net hoxy-benzoic 20 acid according to the procedure
used for 76 to C OH@I R?Mﬂ

(500MHz @30D)G%féqk%h%7i§8c£bﬁkﬁs W én@ﬁsﬁ@&&%%%%@m 4H) ,
2.39-2.9%% (m 1.5H) P IHENT @mFOBM?IFb‘ Is(ﬁ HBMES YRf-¥EFEI)3. 74-4.00 (m
1H), 3.91 (s, 3H), 25 4.26-5.02 im 5H), 5.42-5.81 (m 1H), 7.08 (d, O0.4H),
7.21-7.43 (m 4.6H), 7.S3-7.69 (m 0.8H), 7.85-7.97 (m 1.2H). Analytical
HPLC (cyano cdampophisxbfir Bmbéd2ment A Formula I where R4=H and one

R5=H3

di
@)
1-
[i

15 Procedure for the preparation of analogs 29.

Compounds 29a- 29s were prepared according to the

procedure described for compounds 5 (Scheme I) only

substituting Fmoc-alanine for Fmoc-proline in Step 2

and using either Fmoc-valine or Fmoc-alanine or Fmoc-
20 tert-leucine in Step 3.



' diastereoners) 10.79min. LC-MS (ES ) me=57B.2 (M-H) . 1% gEPsEZﬁlZZOOZ WO
99/47545wg; 9/05919 - 152 OWNNHO/ ONHDO93

Qui nol i ne-6-carboxylic acid PCT/US99/05919

{2- (2-benzyl oxy- 5- oxot et rahydr o-f uran- 3-yl car banoyl ) -pyrrolidin-1-yl~1 5
met hyl - 2- oxo-et hyl }-am de (93). Prepared from 75 and 6-qui nol i necar boxylic
acid according to the procedure used-fpoe76 to afford the title conpound
(344ny, 71%yield). 1H NVR (500MHz, CD30D) 8 1.11-1.58 (m) 3H), 1.69-2.40
(m 4H), 2.42-3.15 10 (m 2H), 3.80-4.01 (m 1H), 4.29-4.99 (m 5H),

5.445.54 (m 0.5H) -5.73_(d, @oq,m) 5.73:5.79 (¢, [0 1H), 7.18:2.43 (m
5H), 7.56-7.67 (m 1H) 8H08 d 8. 13- (n® 1N §'4oos. Fn 2H) ,

8.88-8.99 (m Uanoc Xt rer\of
di ast er eoners 2M 1 50m n.H LC I\/S (ESH+) 318 (
99/ 47545 Sche Il CbzZ~N~N H O H 94 R~~ NH O COZH 97 HFENIQ ~11a
SEP Z002 PCT/ US99/ 05919 gy, 153 28
_COH 0 Lo COH
N H
> Ir“\* L AL
N 0 HO °c = ©
20b 29h
COoH CO.H
N J\(N\)\ I(N\)L
=N O
29¢
I‘ O CO-H CO.H
H
NJ\'(N N H N\)L
o = o)
29d



Cbz~ ~N --.---. N H O C02Bu-t 95 RM\~N H O C02Bu-t 96 R~~N1@ BEP- 8020 H 98
0. R8 5 WD 4947845 2- Eenzyl oxycar bonyl am no- pr opi onyl ) - pyr r opc#iu’es/@oes boxyl i c
acid tert-butyl ester (95). Prepared according to the nethod described in
Pierre Chevallet, Patrick Garrouste, Barbara Ml awaska & Jean Martinez in
Tetrahedron Letters, Vol. 34, pp. 7409 471 (1993). A m xture of
Cbz-ala-pro-OH (10.0 g, 31.2 mml), tetq’ butyl brom de t180 g, 1.31 nol),
benzyl tri et hyl ammoni um chloride (7.12 g, 31.2 nmol) and KzC03 (180 g, 1 30
-mol) in N, N-dinethylacetan de (DMA) (225 nL) was stirred at 55C forg

hours. The reactiop mjsrure wgs cedPal to roomterrp at re anddi Iﬁte Wi th
one liter of ice- ter eﬁtrate vm'g'h et hyl ac &

- organi c | ayer v amty us Na2SOQ er d d evapbrafed in
WO 99/ 47545 - 5”1001 8SEP' 2082 . PCT/Lgp9Re5919 ' Vacud to giYe 14 g
of oil, which was purified by flash chronat ograpy usi ng exane/ et hyl

acetate (95/5 to S0/50) 29m afford 11.73 g (yi eId 99. 70) 9he title
conpound as a clear oil. 1H- NVR (SOQ:d\/Hz CDC13): b 1.25-1.50 (m 12 H),

185225(m4H)3o (mz, 25457(rr)2|—|))507511(m2|—|)
5.69 (d, H), r entHontlrre on analytlcal HPLC. 11 07
mn; LC MS: n1

NIT HTfill <t X Qﬁa
Y=NHz, Z=H Y—A@NH Z H 9 , X=Cl, Y= NH Z 0 ,.4 H 10
CO2H X

/CO;,H

Procedure for the preparation of analogs 32.

Compounds 32a-32e were prepared according to the

5 procedure described for compounds 5 (Scheme I) only
substituting 2- (3-tert-butoxycarbonylamino-2-oxo-
pyrrolidin-1-yl) -4-methyl-pentanoic acid (30)
(Neosystem catalog number BB02101) for Fmoc-proline in
Step 2 followed by Step 4 (Scheme VII).

10

15



97a, X=Cl, Y=NH2, Z=H 97b, X=G, Y=AcNH, Z=H 97c, X=C, Y—g l\@% ‘
1-[2-(4- % §‘-5chl or o- benzoyl am no) - pr opi onyl ] pyrrol i di ne-"2-"Car xyI ic
acid text- butyI ester (96a). To a solution of 95 (10.50g, PEF/EWMBI% n MeOH
(100m) 15 was added a suspension of 10% Pd/C (5.00g) in EtQAc (50mL). The
m xture was stirred under H2 for 48hours) filtered through celite and the
sol vent evaporated to yield a waxy soliglg This was dissolved in CH2C12
(100m) and DMF (50ml) and the solution cooled to OC. 20

4- Am no- 3-chl or obenzoic acid (5.82g, 27.2mol), DI EA (14.58nl, 83.7mvl),
HOBT ( 3. 779, C<xp Sumads ) o i nemmlinien t6 8y, Fdbdudiardl wheeed nalidedndnis t he
solution sti r HoQ r 2 hours The
reaction m xﬁﬁr\éeju\?\é/ég ?Ette%évre tfrl:EngEt @tlv?/é‘shrﬂ(?s'egg \%I tﬁh'd&%_&g%m (2x 10%
NaHC03 (2x) arftemhe ﬁ%dtl’l’e‘l“*ﬁdrl ed over MyS04, filtered and evapor at ed. The
crude product was purified by flash colum chronat ography, using

CHzd 2/ MeOH §Sdme twIP7/3% to yield the title conpound WD 99/47545 19
SEP 2002 PCT/US99/05919 - 155 as a CD301 3.85 6.71 5 1H) . (MH, white
solid (7.75g, 70%yield). ?#E_NNR (500MHz) 7) b 1.27-1.67 (m 12H),
1.82-2.14 (m 4H), 3.48 , 4.26-45pp{m 3H), 4.81-4.98B} (d,
1H), 7.15 (m 1HPmok. 50 (dgy 1H), 7. 5—e—Arabyti cal HPLC §3m n LC VB
(ES+) m e=396.3 1- [2 no- 3- chl or o- benzey am no) -Fpwapi I]-i

pyrrolidi ne-2-carboxy ICNi d (97a). Lo,N’&earjed from 963H freatnment with
TFA/ CH2Cl12. After conpl et Hreaction, t he ent is rermved’\LDRvacuo and
the residue repeatedly c Qeraped fromtol uene. The resuL‘,tl ng residue was
dri ed under vacuumto a consHant ght. 15
1-[ 2- (4- Acet yl am no- 3-chl or o- ben '%) - propi onyl ] pyrroligdine-2-carboxyl
ic acid tert-butyl ester (96b). ed from 95 and
4- acet yl am no- 3-chl or obenzoi c acid according to the nethod used for 96a to
afford the 20 title conpound as a white soli dBf(CQN&' yi eI dgt 1H- NIVR
(500MHz, CDgOD) b 1.30-1.62 (m 12H)) 1.85-2.16 Hm BH) | 2. 16-2° 48 %

2.27 (s, 3H), 3.47-3.83 (m 2H), 4.34-4.54 (m 1H), 4 (012 4] 1H) 7 27 7 39
(m 1H), 7.59-7.71 (m 2H), 7.83-7.97 (m 1H), 8.4%,(d, 25 1H). Anal yti cal
HPLC 9. 43mi n. Y
1-[ 2- (4- Acetyl m no- 3- chl or ogbenzoyl am no) - propi onyl ] pyrroli i ne: 2- car boxyl i

c acid (97b). Prepare rom §6b by treatnent with TFA Y After 3G
conpl ete reacti ormyisgf COHenoveg, ich,pMacudoane I duso2Burt
repeat edl y concentraited?fr m t pl uene. dhe resulting eS| ue wasfdri ed under
vacuumto a constant we .NQPH%I 47548tep 48 SEP ~ . % H 919

@)

32 31



- 156 4- Acetyl am no- 5- chl or o- 2- met hoxy- benzoi ¢ aci d. 18 SEP 2002

4- Acet yI WRIN@7BSchl or 0- 2- met hoxy- benzoi ¢ aci d net hyl est ePCtRISO905919

8.1l mvl) was dissolved in MeOH (110nl) 5 and Li OH solution (25.48mol in
30mL, 1:1 MeOH: H20) added and the solution stirred at roomtenperature for
6hours. The sol vent was concentrated in g@g Et OAc added and the organic
phase was washed with 0.5N HCl then exfr ed W th saturated NaHCO03 (2x).
The aqueous | 0 phase was acidified with 12N HC1L to pH 1 and the resulting
- precipitate extracted into CH2C12. The conbi ned extracts were dried over
anhydrous Na2S04, filtered and evaporated to give the title conpound as a
white solid (0.933g, 50%vyield). 1H NWR (500MHz, CDC13) 15 S 2.31 (s, 3H),
*4.1D (s, 3H), 7.78-7.92 (br s, 1H), 8.17 (s, 1H), 8. 45 (s, 1H). Anal yti cal
HPLC 5. 62mi n.
1-12-(4-Acetyl a 5- chl orfo- rr;'{ox enzoyl am o) | ony yrr I ne-
2- carboxylic acid y <o 1%6 To a eéﬁ

4. 07mmol) in MeCOH 9) H/vasoad ed 0%3;1/0 (6500g) theom ur tmrred
under Hz for 2hours™The susp@&isih Wds filtered thr ceIClteNan
evaporated to give a yellow oil. Thi o was 25 al l owed to rg@gt with o

4- acetyl - 5-chl or o- 2- net hoxy %énzm c acid follow ng the pr dure used for
the preparation of 96a to give the title conpound 497ng, 52% ield).

1H NVR (500MHz, CD30D) i 1 d, 3H) 1.49 (s 9 1" (M 3H),
2.19-2.40 (m 1H) i‘f @&B- 3. 72 89 (mCOpH) ,
3.98-4.09 (s, 3H), 4 78- 4. 95 1H)|-;| 98 10 fm  2H)

Anal yti cal HPLGaKINSAM n. 1 8 SEP CT/U
1-[ 2-(4- Acet yl am no- 5 chl oro- 2 msltiho - benzoyl am no) pr opi onyl ] - pyrr
2-carboxylic acid (97c). Preaared from 96¢c by treatnent w 8% TFA/
After conplete reaction) the solvent is renoved in vacuo and 5 the residue
repeatedly concentrategyfr I e. The resulting residue was dried under
vacuumtoaconstant ghy O ?&5“~HOOHCI 98a Oi 10

1-[ 2- (4- Am no- 3NcK o Doz no ~préopi onyl ] pyrrol i di ne- 2-carboxylic
acid (5- oxoz'ﬁ& JA"ytezt)r fwan3y|) am de (98a). To a solution
of (5-o0xo-2-phefet hyl oxy- tetré’nydfr‘o furan-3-yl)-carbam c acid allyl
ester (194ny, 0.54 mmol) (pr g ared a® described for (40) using phenethyl

al cohol ) i n anhydrous cHc1? ?5rrL) at O-C was added DWMBA (196ng, 1.26nmmo1l)
and Pd(PPh3)4 (32ng, 0.03mmvl). The solution was stirred for I5mn and a
sol utionf 97a

Compound of Embodiment A Formula I wherein X=N-CH;



20 (prepared from96a by treatnment with TFA in CHzCl z) (166ng, 0.49mvpl) and
DI EA (680A , 3.90mmo1) in CH2C12 (2nlL) was added fol | owed 4\g BEBT20028ny,
0. 73mop1l) and EDC (122ng, 0.63mmol). The solution was stirred at o~C for

| 5m n then at roomtenperature for 25 | rs. The solvent was renoved in
vacuo and the =esidue dissolved in EtOAc 1 en washed with 0.5N NaHSO~ :;,
sat u=a~ed NaHCO3 gerere vand brine. Dried over vvdrous ha ~SO.; and
evaporated to give orange solid ~, ~ :ic' .A A, ed by flash
col um chr omat ogr apfily, V&g’% /47545 159 35ep 2002 ' A,IJ 99/ ggQBIQ | sa
usi ng CHZCl z/ Vefade{ 9y 1 { 0/() t19 208 ed;clzntohe t| tHz'é C n $hi t e
solid (190ng, 73%yiAd b 1.2 1 .41
(d, 2 .4H , 1. 78QrT)H1H} 2 08 (rﬁ’C'Qd#)N"'\Q*zSG (m 1H) 7H( : 1H)) 5
2.94 (t, 2H), 353(r2y 9. 3.67 (m O 8H), 3.85 (m . 3.N9G 4 . 08
(m 1H) , 4 .40 (m H),4 62(m1H),'467479(m1H) 557(d,

0.7H), 5.60 (d, 0.3H), 6.78 (dd, 1H) , 7.21 (m _SH) , 7.58{(m 1H) , 7.79
(m 1H) , 8.26 (d, 1H). Analytical HPLC 14.52m LC- M5 (EB+} 10 nf e=543.2
(MH). OWNNNNI / HOONOC H 98b - CO2H Step 4

1-[ 2- (4- Am no- 3- chl or o- benzoyl am no) - propi onyl ] 1 pyrrol i d{ne-2-carboxylic
acid (2-benzyl oxy-5-o0xo tetrahydro-furan-3-yl)-amw#de (98b)}! Was prepared
fromthe syn diastereoner of (2-benzyl oxy .
5-oxo-tetrahydro-furan-3-yl)-carbamc acid allyl ester (40) and 97a
followi ng the method used for 98a. The 20 tg c @ pockd isolated as a
pale yellow solid (720ng, 51%yield). 1HN ,,l. to}f (d,
0.5H), 1.40 (d, 2.5H), 1.64-2.25 (m 4H), 2. ﬂll—l)\[rz 79¢dd, 1H),
3.37-3.59 (m 1H), 3.59-3.74 (m 1H)) 3.77-3. m 7 (m 1H),
4.47-S.02 25 (m 4H)) 5.4B (s, 0.5H), 5.66 (d, 1H), 568(d HO.3H)) 6.79
(d, 1H, 7.17-7.52 (m 5H), 7.48-7.62 (m 1H), 7.68-7.83(m 1H) . Analyti cal
HPLC 15.98mi n. LG MS (ES+) nfe=529.2 (M—I+). WO 99/ 47545 5z g SEP 2902

PCT/ US99/ 05919 P:epééaéggg o£h52w{l [NF& Jngdgline-l-carbonyl)-N-
methyl-hydrazinocarbonyl] -pyrrolidine-2-carbonyl}-

amino) -4-oxo-butyric acid (34).
A suspension of 0.250 mmol of resin 3 (Scheme VIII) in
S 10 mL of 20% piperidine in DMF was rotated at room
temperature for S minutes and drained. The procedure
was repeated over 20 minutes. The resin was washed
successively with DMF (twice), CH,0H (once), 1:1 DMF/
CH,Cl, (twice), CH,0H (once) and CH,Cl, (three times),
10 and briefly dried. To the resin was added 5 mL of dry
CH,Cl,, 0.128 mL of DIEA (3eg, 0.75 wmmol) and 0.400 mL
of a 20% solution of phosgene in toluene (3 eq, 0.75
mmol). The suspension was rotated at room temperature
for 1.5 hours. The mixture was drained, and the resin
15 was washed with CH,Cl, several times. To a suspension
of resin in 5 mL of CE,Cl, was added 0.133 mL of methyl
hydrazine (10 eq, 2.5 mmol). The mixture was rotated
at room temperature overnight and drained. The resin



Cl 'H p 98c 1-[2-(4-Anino-3-chloro-benzoyl am no)-propionyl)5 48 SEP 2002
. pyrrol i diwe-9g4tsas boxylic acid (2-benzyl oxy-5-0x0
- tetrahydro-furan-3-yl)-am de (98c). Prepared fromthe PCT/US99/05919
anti - (2-benzyl oxy-5-oxo-tetrahydrofuran-3-yl)-carbamc acid allyl ester
(40) and 97a follow ng the nethod used for 98a. The title conpound |0 was
isolated as a white solid (186.6ng, 46% yiield). 1H NVR (500MHz) CD30D) b
1.30-1.52 (m 3H), 176233(m4|—|) 241259(m 1H) 290(dd 0. 15H),
3.04 (dd, 0.85H),  3.44-3.75 (m 3.82-3 ‘S 427'442(m
OH), 4.42-4. 56WRH Washeg. SIACS%S%l‘S%l n‘f’lQQH)DMFLs & 44‘26 ‘%H(Qﬁ (Pmcels. 79 (d,
1H), 7.21-7. 421(man6Fb:H2c71254<ﬂu16.€e)( mCI-ﬂ;,O‘ﬂil'D(onZ:e?GaﬁdS&H(zﬂ‘n O(t3btde
8.60-8.68 (m Q : %Igtlcaal L HPLC 15.19m n. LC M5 (ES+) rﬂe:529.3 (MH)
0wN||NHéNFF/fiP K /9%08° 04

2- (Et hoxy- 5- oxo- t et r ahydr o- f uran- 3-yl ) - car bani ¢ aci d aIIyI ester. Prepared

from 3-alg yl oxygag bgnyh anRor &y@{&%yopwélfe@é;aﬁadat tapufd pgter as
descri bed for (40) using 1 P 2002 WO 991 47545 PCT/ U599I 05919 ' - 160

et hanol . Chr onﬁ@%@?aﬁ‘lﬁf/c%ﬁh‘@e%éx%%e‘ﬁ%tﬁllajc%?%HJe“‘-'(JQ’S‘?%C%‘H’CBW/ZG) gave
0.94 g(gf ﬁnt i ﬁzﬁethoaq 50 @(Qﬁrﬁ%)ahymlrm frius aE aajyztz) caré:tp,mdoc eacid al y:c
ester i gher 1. 0, | Ast erep nd 5.8 g o
the m xture ofmT%u;e) di gg?%roeg)rg(%l}% ( teaq o({/regreaw( J&I eafrbﬁfé%)%’i mg ﬁfNﬁ%% 500
MHz, CDCl1~) fot4té ahtd st er ebmermixg ure vds IoYaheBH)EL @cBl-2. 45 (m

) 2582 el S (e S8 (el 1012 (1

1H); for syn dfashest eﬂmeqﬂwf%ﬂ@m@% crg-2. O(Hn)wm}z),zl?s 2.92

(m 1H), 3.60-3MFJ3 dHEclle)(cw3c82 3 OﬁWoﬂxU}e) 4nd0ch, & ?b(mh:%lé) 5.10-5. 52

glmasfg? éoﬁe?g t?lrr?éls)l A_Ddrle% 9% vaduo. 230 (MrHH) for oth 15

1-[ 2- (4- Ami no- 3-chl oro- benzoyl am no) - propl onyl ] pyrrolidi ne-2-carboxylic

act d (2361 hoxyns oxat e raly daadoy ety | hapla (9% 120, Brepaeed 1 rom

(2- et hoxy- 5- oxo-t et rahydr o- f uran- -y carbam c acid ester an
fol | owi ng t he et us'l&F XYL VRt ft%J{qeéQ?orrpG'&’r?d fv%dé:rla§6I ¥8ed as a

white solid (lodasntidrad el hackid NR afFdidHAR S330DwHich #3s(t, 0 5H),

(G0, 1K, 2 TR Py F sptiaT e Fible ghmbiyp skl 6 (0

1H),4.74(q 1H)) 5.55 (d, 0.2H), 5.56 (d, 0.8H), 6.75-6.82 (m 1H)) 7.56
(dd, 1Hyo 7.77 (d, 1H), B.39 (d, 1H). Analytical HPLC 8.17nin. LC-MS (ES+)

~C m e=467. 4
( om;?ounds of Embodiment A Formula I wherein Ri= Ry= H:

o)
N COH
2
N
N © H
2 O N
o] Ho 8
G1

25 3-({1-[(4-Amino-3-chloro-benzoylamino) -acetyl] -
pyrrolidine-2-carbonyl)}-amino) -4-oxo-butyric acid (G1).

Prepared as described for compounds 7 only substituting
Fmoc-glycine for Fmoc-alanine in Step 3 (Scheme II) to
afford 4.3mg of the title compound. LC-MS (ES*)

30 m/e=425.2 (M+H)



WD 99/ 47545 1 8 SEP 2002 PCT/ US99/ 05919 - 161 O N N H zN | 1/8 iJeP 0L O n
98 ~(1~/Wwe 492¢4763s5c| opent yl oxy- 5- oxo-t et rahydro-furan-3-yl) - g)gg CI d
allyl ester. 5 Prepared from 3-allyl oxycarbonyl am no-4-hydroxy-butyric aci d
tert-butyl ester as described for 40 using cyclopentanol to afford the
title conpound as a mi xture of diastereoners. Flash colum chronat ography
usi ng hexanes/ Et OAc (90/10 to sO/20) affldrdded the syrl |0 diastereonmer of
the title conpound: syn diastereonmer 1H NVR (500MHz, CDCl1l3) b 1.5-2.0 (m
8H), 2.45 (dd, 1H), 2.81 (dd, 0.9H), 3.0 (dd, 0.1H)) 4.31 (m 1H), 4.59 (m,
4H , 5.23 (m 1H , 5.32 (m 1H , 5.45 (s, 0.dH) , 5.51 (s) 0.9H), 5.92,
(m 1H ppm anti diastereonmer 1H NMR 15 (500 . CDC13) 8 1.50 (m 2H))
1.67 (m 6H, 2.36 (d, 1H, 2.8 (dd, |p. 08H}, 2. (dd, 0.92H), 4.13 (m

1H), 4 .25 (m 1H) , 4.55 (br, N C&M0 (m 2H), 5.43 (s,
0.92H), 5.5 (d, 0.08H), 5.89 (s ppm

1-1 2- (4- Ami no- 3- chl or o- benz&eNanmio) - pr opi o |di ne- 2- carboxylic
acid (2-cycl opentyl oxy-5-oxotetrdahydro-furan-3-yl)-amde (98e). Prepared
from (2-cycl opentyl oxy-5-o0xo-tetrahydro-6uran 3-yl)-carbamc acid allyl
ester and 97a follow ng the 25 nethod used for 98a to give the title
conmpound (280ngy, 51%yield) . 1H NWR (500MHz, CD30D) b 1.38 (d, 0.5H) ,
1.44 (d) 2.5H)3- ({149-(2.-2;ifm- 3+2H1or2-hEngdnlanine) ;aQe GBLY i, 4 0. 3H), 2. 7S
(dd) 0.3H)) 2 Q 6 4y - 2H)
3823 gﬁ!g) d%.%l%o %?rr%lyd}ljnez 21é_a§:ggny9} 'iﬂu.ng?) 47 gﬁcc?ﬁn(i?or%a D 21
7.54-7.64 (m aﬂ-#)d (f=’2?8 Anal yti cal HPLC 15. 02 5 (M—|+) 1 8 SEP 2002

PCT/ US99/ 05919 - 162 . 4. 40-4 4 5,65 (d,. 0.3 6.79
(d, 1H), (d, fﬁ)ePar§dzf58d§fc(rr+?° %OrH)i%*‘%ﬂ‘rWﬁ (fc“i\% 7(51E( B1¥%y eH%s07 3 0N
N NI / HO HsGbs®itHu®i®8f Fmoc-glycine for Fmoc-alanine in Step 3

(2- Cycl ohexyl Qeyyan@ q1h et bAded 4o2Bng-3k) eRE PR E Jbhnifilith aldy] ester.

10 MS (ES') m/e=461.2 (M+H)




Prepared from 3-al | yl oxycar bonyl am no- 4- hydr oxy- but yri ¢ aciti8t &&f Wt yl
ester aswiespdrsped for 40 using cycl ohexanol to afford thedyiridegnssagpound
as a mxture of diastereoners (pale yellow oil) (4.62g, 85s yield). 15
Fl ash col uimm chr omat ogr aphy usi ng hexanes/ Et OAc (90/10 tc 80/20) gave 394
mg (7% yield) of the syn diastereomer of ,the title conmpound. 1H NMR
(500MHz, CDC13) 8.1.11-2.09 (m 10H), 2.§1-‘;L-2.61 (dd) 1H), 2.722.98 (dd,
1H), 3.60-3.83 (m 1H), 4.32-4.72 (m 3H), 20 5.06-5.43 (m 2H), 5.60 (d,
ﬁz ?48'%\- 6£ 0|3 (Q‘BNEMLS hPiROCEDtI)JRES F|0R THE PREPARATION OF C(l)MPQUNDS OF boxv
-f2-(4-Acetyl am ng-3-chl or o- benz am_nQ) - propi yIr - 2- car boxy
ic acid (2-cycl ohe§§?8§§M§NBx%tFeq rlowgﬁggggﬁ*zkgn{)dgobgggg §25
.Prepared from syn-(2-cycl ohelgRBIN- $= 0% 04 $EHENES dIXOfARIAN- 3- yl ) - car bami ¢
acid allyl ester and 9?b followi ng ~he nmethod used for 98a to give the
title conpound ~,12ino, 33% ~~ield). ~H NWR (500Miz, CD~CD) b 1.06-1.61
err, 9H), '.c¢'1-2.37 (m 7H), 2.22 (s, 3H, 2.52-2.81 (m .: 2::" , _ .
:9-., . ;58 7r., 2H , 3. 84-3 . 97 (m 1H , 4 .42-4 . 57 WD 99147545 -
163 r 1 8 SEP S®vFeCErf US99/ 05919 (m) 1H), A.57-4.69 (m 1H), 5.67-5.81
(m 1H)) 7.727.B9 (m 1H), 7.89-8.12 (m 2H). Analytical HPLC 9.84m n.
LC-M5 (ES+) nmfe=563.3 (MH+). ON-NOHNI / O~O0O _NC HI 5098\~9
1-12-(4- Ami no- 3-chl or a- benzoyl am no) - propi opyl¥ pyrrolidine-2-carboxylic
acid (2-cycl ohexymﬁ-"’s- oxot et rahydr o- | ¢f,RM1-8<yl ) - am de (98@0. 10 Prepared

from syn- (2- cycl ohexyl oxy- Sgoxo-t et rahydr of urgn- 3- )Bb&? Bém
ester and 97a follogg t ik \mBs hod used for 98&sto gigje tlfe 't r¢g conmpound
(153my, 47% vyi el d) . “TRNRVRCL . CD3OD) 8T 06- 2. 38 (P (d,
3H), 2.50-2.66 (m 1H" 269-2 82 15 (dd, 8%%, 3.06-3.75 (ny 2 . 80- 3. 94
(m 1H), 4.404 . 52 (m 1H© #®H57-4 . 65 (m 1H) , 4.70-4 . 80 (MRelH |,
5.72 (d, 1H, 6.71 (m 1H), 7.50-7.63 (m 1H), 7.78 (d, 0.6H), 8.42 (d,
0.4H). Analytical HPLC 10.30m n. LC-M5 (ES+) me=521.2 (MH) 20 Ow N N
H2ZN1 / HOC O H 98h _-(2-~4-Am no-3-chl ore-benzoyl am no)-pT%i onyl ]
---rc==d_ne- 2-car boxéwl igﬁgc& d (2-ethoxy-5-0xo0.._ =e~=-ah-dfc |oran-3-vi.
- ami 3 5
am de (98h) . R1\N>S‘(N Re RICOoH Rs %34%
H o HoN Rs
o~ N EDC o} O
O, N
O‘Ra
Route B
Rax _Ral* R ) Hz Rax _Rs Rs
Cbz\N>$rN R _— R1\N>ﬁrN Rs
H o 2) EDC, R1CO2H H o
O™ "OBu+ O~ "OBu-t
TFA
Y
R3 Ra,F'Q‘1 Rs H2N
R‘l\ N O\ R4
N Rs Re Ra_R3! Rs
H o4 ——— Ri~ >SfN R
N 5
o H EDC H

0
ON
Re 0% oH



WD 991 47545 - 164 ~ g SEP 2002 ' PCT/US99/05919 ' Prepar ed & 8&F 2002
(2- et hoxyevsmmwsast et r ahydr o-furan-3-yl)carbam c acid allyl pesiusooasge 97a
following the method used for 98a. The title conpound was isolated as a
white solid (195ng, 82%yi eld). 1H NWR (500MHz, CD30D) 5 b 1.32-1.55 im
3H), 1.58-1.77 (m 3H), 1.98-2.54 (m 4;_])71, 2.68-2.76 (d, 0.3H), 2.79-2.E9
(rn) o.7H), 2.963.10 (m 0 7H), 3.18-3 4(dd) 0.3H), 3.72-4.18 (m 4H),
4.46-5.12 (m 3H), 5.60 (s, 0.4H), 5.74-5.84 (m 0.6H), 7.03 (d, 0.8H),
7.75-7.B6 (m 1H), 8.01(d, 10 0.7H), 8.35 (d, 0.3H), B.74 (d, 0.2H).

Anal yti cal HPLC 8. 31m n LC— ., M e=467.3 (M—|+)

[ 5- Ox0-2- (tri SRS 3 i Y5&

acid allyl ester. Pregared from 3- aIIyI oxycar bwﬁmm4 hydroxy butyric
acid tert-butyl estSFTUEEWEScribed for 40  using 2adanmantanol (6. 21g, 5
equi val ents) to afford th 'tIe 2@ yewipoumd Jas, & .palre .yeldeaw,oisls,( 1. 529,

61% yi el d). 1H NMR (500 )Pf 8% ?gd% é% (kf;T %4}00 3214210(561) OOBEDH)

2.53 (dd, 0.7H), 2.87 (d

3.84-3.97 (m 1H), 4.Fr02.71 (m 3H) 5.18-5.44 (m 2H), 5.53-5.69 (m 1H),
~51.82-6.& (mM 1H).n—
1-[2-(4- Am no- 3-c¢c o- bé@@ | am no) - propi onyl ] pyrrolidi ne-2-carboxylic

acid [5-ox0-2 WO9/ 47545 1 8 SEP 2002 PCTN S99/ 05919 - 165

(tricyclo[ 3.3 - { L B
Prepared from f5- oxo- 2J"IJ (tr'cyclo‘D@S:lﬁco'lC f et al., Syn. Lett.,
dec- 2yl oxy) - t et rahydr o ur gn- 3-} ~bp-.canbasie, aQI:Ldasal)IyI ester 5 and 97a
foll owi ng the metho set"for 98a. The title conpound was i sol ated aé a
white solid (76my, 13% yilgdd). ~H NVR (500|sz) CD~CD) b 1.38-2.22 (m 14H),
2.40 (d, C.2H) , 2.53 (dd, 07H),287(dd 0.8H , 3.003.12 (m 0.3H,
3.84-3.97 (m 1H)) 4.40-4.71 (m 3H), 10 5.18-5.44 Im 2H), 5.53-5.69 (m
1H), 5.82-6.02_(m _1H). Apalytical HPILC 11 89mn. ICM (ES+) me= 573.2 (
R/H[Z)(-él SN;N|OOH NEQOH/Z | l@ﬁﬁﬁho%5 c. et al., J. Med.lfhem., -
cetyl am no- or o- 2- met hoxy- benzoyl topi onyl T-pyrrolidi ne-
bor ahsarattulgnBatyi ) am i

2-carboxylic acid (2 ony5d 2yl)-am de (98j).

CO.R |Jensen, K.A. et al., Acta Chemica |
Scand., 13, pp. 1097-1103 (1961). J
1
’/s icommercially available i
\gN CO.R 'E
l}!/ R Mish, M. R., J. Am. Chem. Soc., i
AN 119, pp. 8379-8380 (1997). ;
COR !
N Xi, N. et al., J. Am. Chem. Soc.,
120 pp. 80-86 (1998). ’

N 1 PP ( )

COR




Prepared from syn-~2-[ 2-(2-benzyl oxy-5- oxo-t et rahydro20 18 SEP 2002

. furan- 3-wiocardasasoy | ) - pyrrol i din-1-yl]-1-nethyl - 2- oxoet hyl }pcrwsdaasae aci d
tent-butyl ester and 97c followi ng the procedure used for 98a to afford.
the title conmpound (222ngy, 82%yield). 1H NVR (500MHz) CD30D) b 1.23 (d,
0.6H), 1.42 (d, 2.4H), 1.72-2.27 (m 4H)},2.23 (s, 3H, 5 ~. 6. (dd) 1H),
2.77-2.B8 (m 1H), 3.43-3.52 (m 0.5H), _..6-...7?2 (m 1.5H), 3.74-3.85 (m
1H), 3.98 (s, 3H, _..c-4.50 (m 1.51?, 4.S1-4.92 (m 4.5H), S.63-5.76 (m
. ., -.23 ~.4Ccm bBH) , 7. 97 (s, 1IH , 8.4%4%_5&%)1, WD 99747545 -
166 1 8 SEP 2002 , skelcts28/ 05919 8. 69-8. 80 ( Tal ytical HPLC
L1.63m n LGNS (ESF) S 5OT. 7 (.0 Ty W Nl H2V e FQ0N O 98k
1-[ 2- (4- am no- 3- chl or- benzoyl am A@gir.opi Thy |Hp--p\Réredl-i2di7ge-(2-50an boxyl i ¢
acid (2-ethoxy-50xo-tetTahydro-furan-3-yl)-amde (98k). Prepared from
anti-(2-ethoxy-5-oxo-te @g,hydro-furan-310é¥l )-carbamc acid allyl ester and
97a foll owi ng the method Used for Fog®ery df f.od@trabedyont Leittl.e éénpound
(59% . 1H-NWMR (500 MHz) 1:1 CDC13jpgD3@M)1 8 ek.ok0-(1928)(m 3H), 1.42 (d,
0.6H), 1.46 (4, Z2.4H), 1.75-2.45 (m 4H), 2.45-2.70 (m IH, 2.80-3.05 (m
1H), 3.50-3.95 (.m 1‘:‘5(4 , 4.20-4.75 (m 3H), 4.75-4.90 (m 1H), 5.32 (s,
0.8H), 5.38 (SSCRF™)% 6.80 (d, 1H), 7.55-7.84 (m 2H). Analytical HPLC

10.47 nin. LC- MBS (ES&): e = 467.3 HpdyvingO C N N H2N L/ H @ud N 2 0
C~ 981 Synthesis of 1-J2-(4-ani nd=35- di chiyodioe benzoyl ami Ap)  N=("
5
,rog
d

propi onyl | - pyr r SIMo& pe arb li csaci d > Fmocg

(2- et hoxy-50xo0-t et rdﬁyd o-f ur g%ﬁ-/ézl ) -am d@'“f’@%l) .- Pq%par o
(2- et hoxy- 5- oxo-t et rahydro-fur ans éSE*I) carbamc acid all::1 é’sb
1-[2-(4-am no-3,5~. _~:-.ic=c-be:" zo=<| am noi -propionyl) - pyr3r70I i dine-2
WD 99147545 1 8 SEP 2QQ2 PCT/ US99/ 05919 l

But
o) N o N Bu-t
JL L% 1N NaOH N=(
R N - RJLN S
A MeOH N
_ o~ OH o=
:: I RR;CS coPh 38, R=Chy
, R=4-Me -
43, R=4-MeOPh-
o o
Pd(Ph3P)4
HN = DmeA Alloec °
CeHs H ol
~ CH,Cly DMF 0._FCsHs
Y 40
Bu-t Bu-t
0 N -
LIATE p 3 Y M
R™ N >~ R/LLN S _COpH
O O H
=N © 0P~ H
Ho o GCeHs Ho ]
41 R=CHj 42, R=CHs3

45. R=4-MeOPh- 46, R=4-MeOPh-



- 167 carboxylic acid tert-butyl ester according to the ngthagpuggr for
98a to a{bHosdskp8 ng of title conpound (54%yield). 1H NVRcrRR6b/Mbl 1:°1
CDC13: CDJOD) d 1.081.30 (m 3H), 1.32-1.S2 (m 3H), 1.72-2.44 (m 4H), 5
2.40-3.0S (m 2H), 3.50-3.97 (m 4H), 4.25-a.70 (m 3HL, 4.70-4.B6 (m 1H).
5.33 (s, 0.4H), 5.47 (s) 0.1H), S.56 (d, 9 4H)) 5.62 (d, 0.1H), 7.50 (s,
1H), 7.80 (s, 1H). Analytical HPLC 1083 Rin. LC Ms (ES~"): me 5C1.2
(MtH+). 10 OWN N HNI ~ HOO'N/ Cf 98m

1-f 2- (4- am no- 3- chl or o- benzoyl am no) - propi onyl ) pyrrol i di ne-2-carboxylic
acid (2-benzyl oxg-S- oxo 15 tetrahydro-furan-3-yl)-am de (98m . Prepared
according to thet®FbrRutyE Vsker tF phrrer d8a using Cbz-Ala-D-pro-OH to

?:Efc‘iéfjc%ggoﬁ'g B D pstiddo,
5403 10 (m ok 8! SpidniEdarg Sd o) acka Seayfoblhs o OOy
5.68 (d,50.5HA % BOréd, suspensi@s-9f g (yMimyHpyrAdangt 2ab3¢PLC 11. 56,
11.91 min. LCMHESH in & TR ok M”J'E@rt-thgl?z Ny ars-H O~/ O

"N 98n 1 8 SEP 2002 . WO 99/47545 PC T/ US99/ 05919 - 168

1- ( 2- (4- acet y| B ot BRI Gz Y207 RRG L5 86EEnGEBYBYr 8BF ¢8I A2E 2~ car boxy!
ic acid (2-bengyl oxed 5-cheat et radyd .o-F3g an-s31yl) ) - api deg( 98tmpmo Pr eppared from
97b and syn-(2- ber[:zaljl_

-5 5 tet - ~uran-23:vi) - car bani idallyl
according to. Y MR S dreartd AL g blodive) AR RO BF e
conpoundo ( 64% i et i) Qr odd- iR Y(15(0 vty 11 pr oBPCL 3¢ £EB@M) c badi@39 Kd, 0. 6H))
1. 44 (d) 2.4H) - 20 o3 . ,
3. 4(3-%. éu (mH)fféljo 2%?294@6’%%’@%(9%‘:%#06{4('?.688H}%,‘ %ﬁ%g{)@%%?ﬁ 0.2H),
7.15- 8. 3G (m 3@HYArQus RalagnepL AL tES SEiIFTANI L EPRELE BRYTS, ffke = 571. 1
(MrHH) . O N-Nu@pdidior wds FQ1@eMe¥Band @ndSfiltrate was washed

(2-1 sopropoxy- 5-oxo-t.etrahydro-f.uran-3- -carbamc_acid | yl ester

Frepared as qudt ﬁ&f%r(# orﬁ?&iﬁlg c&épﬁ&aggofﬁg%”b%%%?' tgﬁh%/ford 3.80

grans (% yi erdpndfc tlevetri was cempoated-0washead cel tth |wstseoi Idridd NVR (500

MHz, CDC13) bo%e¥0h%ﬁyérous sodium sulfate, and evaporated to give a
yellow oil. Purification by flash chromatography

eluting with 9/1 hexane/ ethyl acetate gave 2.66 g (49%

yield) of the title compound (37) as a clear, viscous
20 oil. H NMR (500MHz, CD,OD) & 0.89(d, 1.5H), 0.93 (d,
1.5H), 1.00 (d, 1.5H), 1.06 (d, 1.5H), 1.22 (t, 3H),
1.28 (s, SH), 2.12-2.22 {(m, 0.5H), 2.32-2.42 (m, 0.5H),
4.18-4.28 (m, 2H), 4.31-4.45 (m, 2H), 4.96-5.01 (m,
0.5H), 5.02-5.10 (m, 0.5H), 5.52 (d, 0.5H), 5.61 (4,
0.5H), 6.10 (s, 0.5H), 6.13 (s, 0.5H), 7.27-7.34 (m,
2H), 7.35-7.42 (m, 2H), 7.56-7.64 (m, 2H), 7.73-7.178
(m, 2H).

25

3-(2-Acetylamino-~-3-methylbutyryl)-5-tert-butyl-2,3-

30 dihydro-[1,2,4] thiadiazole-2-carboxylic acid ethyl
ester (38).
To a solution of (37) (Scheme IX) (0.508g, 0.94 mmol)in
CHLCN (10 mL) was added diethylamine (1 mL). The

solution was stirred at room temperature for 2 hours,



(m 6H) 2.32-2.60 (m 1H), 2.82 (dd, O SH)) 3.02 (dd, O. ng. ’g’é Sggl 11 (m
1H), 4. Aghefifskm 3H), 5.20-5.36 (m 2H) 5.54 (dd) 1H) . perbaubedt (M

1H. LGCMS (ES " ) @ mle =244 .2 (M+H+) . 25

1-[ 2- (4- am no- 3- chl or o- benzoyl am no) - propi onyl ] pyrrolidine-2-carboxylic
acid (2-isopropoxy-5-oxotetrahydro- furanl§7yl) am de (980). P=eparec from
97a and (2-isopropoxy-5-oxo-tetrahvdro ~ -a: - ~ -ca=barnic acid

a' _|lyi ester according tc the WD 99/ 47545 1 8 SEP ~~~ PCT/US99/ 9 - 169

-pr0f§§iuri Jiﬁgthgogémﬁelﬁ&aof@%aﬂ O&ég:'u%)%n@g Sg%lkbbh@taaﬁp@amcli g 26‘1/0 5

| e . . . . -

{m 3H), 1. 70-%.2%“(?’:?‘*%?)’%&’2(:&’%2%1.2%(‘% 2?61“? %F%%%Ollg)‘(?ﬁ 3H), 4.15-4.88
.5 (m 4H), 5.48i¢solGedHn @mﬁz(ss 6LILH1A 5 6ide tte;1 nidd) (&Sz?senl_(d, G 1H))

T L

1-[2- (4- &cetyl agderd- 3, Bh@|%¢ﬂ%#xpméﬁ%bfﬁaﬁﬁﬁ§)pﬁopbgmytpmpyraOUIdlne 2-carb

oxylic acid (23henzyiRXyo-abrsdpitdr@hydioof HpaPs 3- Yide a8h 06 £498P)s 15
Prepared from

1-[ 2- (4- acetyl%ﬁﬁﬁﬂf%ﬁ?gch%ﬁﬁcﬁQﬁxﬁfﬁﬁflEﬁFﬁS}abrSbFﬁﬂ}Vfdp§Fr§FPﬁFne 2-carb
oxylic acid tedrid mdghedstith anbN NaHSO, (2x), saturated NaHCO3 (2x)

syn- (2-benzyl oxys §;,0%0: ta‘%%&wsdfzf%rda%véry%ggég g}lﬁofééb%? Hef o L 0

according to the procedure used
corrpounéiO(72%%Cblﬁil)apqlwq‘@mf(¢>(mlw yglloms CDB@D)fbcatia@n(w 0. 6H),

1.47 (d, 2.4H)$)1bB8 A hin (d”ﬂrcﬂ'r@bolfaﬁﬁy( en §ﬁ1c3 QISuQ Pngm 2H),
3.40-3.90 (m d, 0.2H),

2
7.20-7.98 (m ‘#1'%2 %{;ﬁ%ﬁ%a (ﬁrRFELéO f§§é9 M}ilel@ﬂ/s“z% Ie Yt aF A= 605. 1
(MtHY) . O O Nl Idw- cilH @ .QH) K9Gl yo8udD. WO 475didMuz, CDpCl,)

6 0.88 (dd, 3H), 0.99 (dd, 3H), 1.16-1.45 (m, 12H)},

15 2.02 (s, 3H), 2.09-2.19 {(m, 0.5H), 2.30-2.40 (m, O0.SH),
4.12-4.29 (m, 2H), 5.20-5.27 (m, 0.5H), 5.30-5.36 (m,
0.5H), 6.60(s, 0.5H), 6.90 (s, 0.5H), 6.20-6.31 (m,
1H). Analytical HPLC (C18 column), (mixture of
diastereomers) 7.77, 7.98min. LC-MS (ES*) m/e=358.3

20 (M+H) .

3-(2-Acetylamino-3-methylbutyryl) -5-tert-butyl-2,3-
dihydro-~[1,2,4] thiadiazole-2-carboxylic acid (39).
To a solution of 38 (0.301g, 0.84mmol) in MeOH (10mL)
25 was added 1N NaOH solution (1.7mL, 1.7mmol). The
reaction was stirred at room temperature for 2 hours
and solvent was evaporated. The residue was dissolved
in EtOAc and washed with 0.5N NaHSO, (2x) and brine and
was dried over anhydrous NasSO4, filtered and
30 evaporated to give the title compound as a yellow solid

(0.277g, gquantitative).

Preparation of 2- (Benzyloxy-5-oxo-tetrahydro-furan-3-
vl) -carbamic acid allyl ester (40).
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1-12- (4+q68b/¥1sagn no- 3- chl or o- benzoyl ani no) - propi onyl ] pyr r pcTalisgeeesatscar boxyl
ic acid (2-cycl opentyl oxy-5-oxotetrahydro-furan-3-yl)-am de (98q). 5
Prepared from 97b and

(2-cycl opentyl oxy- 5-oxot et rahydro-furan-grg~1)-carbamc acid allyl ester
according to the procedure used to prepare 98a to afford 215 ng of title
conmpound (69% yield). 1H NWR (500 MHz, 1:1 CDC13:CD30D) b 1.35-1.90 (m

11H), 1.90 10 2odpoind 4d)was. ;%;(asredsm)rone 34613 yloxyeartdny1ambnd.-95 (m -

3H), 4.15-4.90,(m (, . ), 5. 64 (d, 0.22H),
5.71 (d. 0.08H h’?d’?‘ga%’gtync é’ﬁ)l Y %“3 et B 2°n o v
(ES+) me - 5‘z1@d2f:(m4+rqn 0f15:h© mmqﬂdlur/e He@cmb@d\lm mg_s;mﬂls&i s of
1-[2- (4-acetyl ggifo-Bsch! afpbenzoyAmMgnopr (3@30@11@] Prgs3lyi di ne- 2- car boxyl
ic acid 2C (2-€t hoxy- 5-0xo- t et r ahydro-furan- 3-yl ) -ani de (9§ Pr epar ed
from 97b ®and syn- ( 2- et hoxy-5- oxo-tetrahydrofuran-3-yl)-car bamc acid allyl
ester accordi rrgotao ddlrutiiac eummses i 7t. e 2ppepase Ag@1to iaf tardl 8 m;J of

title co ound 0 1H-N 500 3:

0. 6H), 108 (t! MB 3%4%( WGSNE)ZC‘de]f EéC?q E%Q%)“df 7(%42 46 (rn 4H)
2.22 (s) 3H), 12925514@]98 (mites-215 8iB0- 3. 8R1{MEOAHPE 4-40-9.90 (m 3H),

5.57 (d, G BH- o0 | ~LP=Cq: . 64
Prot e Ne (S gty el HydB ok pdlra B3IGHY §RPCEEL 6 %
Cf 98s P’Pepar AitFa o -@2 @yclléﬁeﬁ‘f“?Il fRo&K261 px bt @t PhhytRH5s lowly
furaa-3-yl) - cagrdmd ca:arltdzealrdly:ltue&t @bs Beepseadatromgec for an

3- aIIonxycarb y xox ter ut ster as

descri bed for cc{(;&r/%ﬁ:gitr?r#q‘ é Iug;S| ﬁb‘r %éé‘ht§?%ﬁ?h %)PB @X‘Blﬁt wago mol) to
af f oxd 2.98 graﬂﬁ#d(ﬁa%tt@tealtnlycltalrd) abiOWhé tDtWermonpocmdmas a 7.0 mxture
of epimers. Pulddoetalched RLaVhdoH;R. 9fngr 248 iézz{gyg{shqheﬁ g41(3 .5
(R asacolorless oll. ~HNW (so ~Z, Y a..54 (m
4H) , i1%1 (mdiduhed yity Gﬁpcmmzo 4@>(ddvasilezi7 VQ‘-tlloOzt-ﬁzl\T SO 82 (dd,
J=17. 2 8 4Hz, (sbid) mI3x44) (,ddlatér9(3007m2|:x22);L5arlch'|)br$nzz(46161 mt-%. 3,

RESEIE A e T W RN e

m xture (o0.66 fglaeretlangdi eburefbranedt knevdcy®)to Z00EL eplume. (1TG5 gram
24%yi el d) as tqu\yaém%ehbq whEh %@Oﬂ y1 PdHoB '(480 §HA4ZH) 1.54 (m
4H), 1.69 (m 2M), 210 (m ZI3), 58700 d)Y J8IHz.H) - 97 (dd,
J18.0, 206Hz, ™3 ., f91&2W68deJ3$ molecylpr gigves 430 (¢ @IH)‘ P3.64 (dd,
J=9.0, 7.3Hz, thhen%&u&och(b&;dlkb 8 &) 55 TH& vélctidnZhikthrehyas 5. 36
(s, 1H) ;o %Bleto SFEI f CE/S?AESanIi]'P}.:L}? ?@6 Ml_glas addeg

(4-am no- 3- cbal orv nxoy M 1o
The resulting suspension was stirred for one houxr then

evaporated in vacuo. Ethyl acetate (500 mL) was added

25 and the mixture was filtered through Celite. The
filtrate was washed with saturated NaHCO; (500 mL x 2),
water (400 mL x 2), and brine (300 mL X 2). The

organic solution was dried over anhydrous Na,;SOQ,,
filtered and evaporated in vacuo to give 90 g of pale
30 yellow oil, which was stirred with hexane (400 mL x 2)
to give 31 g of crude product from the lower layer
residue. Chromatography using ethyl acetate/hexane
(4/96 to 22/78) afforded 6.97 g of anti-2- (benzyloxy-5-
oxo-tetrahydro-furan-3-yl)-carbamic acid allyl ester



pyrro |idiae-2-carboxlrlic acid (2-cyclopentyl net hoxy-530 18 SEP 2002
oxo-tetr zfuraa-3-yl)-am de (98s). WO 99147545 1 8

PCT/ USQQ%%Z@SJS - 172 Prepared from 97a and PETIUSSHIS1S
syn-(2-cycl opent yl met hoxy- 5- oxot et rahydro-furan-3-yl)-carbamc acid allyl
ester according to the procedure used tob{)repare 98a to afford 195 ny of
title conpound (51%vyield). 1HNVR 5 (5001%Hz) 1:1 CDC13: CD30D) 8 1.15-1.90
(m 11H)) 1.902.40 fm 5H) 255278(m 2H), 3.50-3.90 (;r.) 4H)

o 22 I ReR o058 o B (facleBnet, 1R85, 3 ) L0 1

ONN HN | ~ Ehe® ®iNtare QI g8t diastereomers (overall yield 53%).
. (5- 0x0-2- (3- pheﬁyﬁmﬁr@pemxﬁ etcruzh @r@ozuaﬁel?»ay&a@@fmlc aeC'zd Allyl
ester. 15 Prepare from3 oxy ar bonyl am no- 4- hydr oxy- ric acid

tert-butyl esteras! Hesﬁhb% or- CorfFbuiid - 48 -d8i h§*3- Bhen?l }%zo‘baﬁél to
afford 1515 graﬂi’(}s £82% yiebdy. 1csf trhe 2wt & . Q@rmound<m$ aucol orkgsssoil .

1H NVR (500 5-2.05 , d. .1H) . 2.68 ~0
oH), 2. gz (dd &H)C?C%g% %&6%‘ ?ﬁ) ’1H§ Sy 5)56 %5 E!rf"lpﬁ!r_l) 5Y48- 4. (7r2n(rr)
3H), 5.12- 59d(anster¢pm5rsmz OB 7 A3 104, H. 12 75343 em (5H) H) Anal yti cal

HPLC. 9.08 nin, érﬁMSeéE?iﬁ g 3733092 (M rro?g 5.30

1-(2-(4-am no- or o- benzo anlno)-proplonyl I di ne-2 car%oxyllc
aci d (5-0xo- 2- %BS%h%nW pfdpdiyl P-- 88t FaRYdr8-f § an733§rr7 A él‘é (98t
P—elrc:a(r]I edof rom ngemﬂoﬁyﬂxrgé &KQn%lgﬁiFlenHIPLpr OpOXY$ ) min dfor anti

rahvdr o- ~u=ans ~-: car aci,d_a est er a~cc~di no

procedure useodi%s%?lép%rp%rgaé@ ﬁg SHEN oa “he gFaﬁ‘FJée%rB%ou;‘l% ’ﬁé? %
yield) . 1HNVRz \29D/ AF845 .1 8 SEP 2002 PCT/ US99/ 05919 - 173 (500 Mz,
1:1 CDC13:CD30D) 8 1.34 (d, 0.6H), 1.44 (d) 2.4H)) 1.75-2.40 (m 6H),
2.50-2.95 (m 4H), 3.47-3.95 (m 4H), 4.38-4.82 (m 3Hl, 5.52 (d, 0.8H),
5.56 (d, 0.2H), 6.75-8.25 (m 8H). Analytical HPLC. 10.79 min. 5 LC M5
(ESt): mbe = 557(2-AMHtP)amiAdO3\- miitNyDbubltyl) Hs O édt Fuked -2, 3 -

dihydro-1[1,2,4] thiadiazole-2-carboxylic acid (2-
benzyloxy-5-oxo-tetrahydrofuran-3-yl) -amide (41).
To a solution of (2-benzyloxy-5-oxo-tetrahydrofuran-3-
yl) -carkbamic acid allyl ester (40) (0.385g, 1.32mmol)

20 in DMF (2ml) and CH,Cl, (2ml) was added DMBA (0.4569g,
2.92mmol) and Pd(PPhj)4 (0.136g, 0.12mmol) and the
solution was stirred at room temperature for 15min. A
solution of (39) in CH,Cl, (4.5ml) and DMF (0.5ml) was
added, followed by HOBT (0.168g, 1.24mmol) and EDC

25 (0.256g, 1.33mmol). The reaction was stirred at room
temperature for 18hours under N;. The solvent was
evaporated. The crude material was dissolved in EtOAc
and washed with 0.5N NaHSO, (2x), saturated NaHCO; (2x)
and brine and was dried over anhydrous Na,;SO4, filtered

30 and evaporated to give a yellow solid. Purification by
flash column chromatography gave the title compound
(41) as a mixture of diastereomers (374mg, 88% yield).
*H-NMR (500MHz, CDCl;) 6 0.75-1.05 (m, 6H), 1.19-1.34
im, 9H), 1.93-2.08 (m, 3H), 2.15-2.50 (m, 2H), 2.80-
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1-(2-(4 1 no- 3- chl or obenzoyl am no) - propi onyl | - pyrr arbony
ic aC|d\%§$%§4cyclopentylnethoxy - oxo-t et rahydro-f uran- 39$F SB&D 1%9 8u) .

Prepared from 97b and

syn-(2-cycl opent yl met hoxy- 5- oxotetrahydr% furan-3-yl)-carbam c acid allyl
ester according to the procedure used t & repare 98a to 15 afford 21S ng of
title conpound (67%yvyield). 1H NVR (500 MHz, 1:1 CDC13:CD30D) 8 I.38 (d,

0.6 8 92 2 3H) ,
> o5 b é647m(%2|3§3 gl ios 1§,§-451 w)ﬁﬁi 83" 6905( o 5§ﬁ%d,4 gssH)H)

5.60 (d, 0.2H)5.45-6858 2m. (AH)2053 GAhél Yy caH) HPE 8696 985 nilf:  LC- VB

(E?;)(4”19 = ﬁ@é 37(¥%HK?430(§ SNTN | At {Ohikat ﬁbﬁtN(§1898;_H C;25 boxv]
acet yl am no- 3-chl or o- be ign rro e- 2- car boxy

ic acid (5- oxGE2AYY pHEH?FBFSpBE $¥aﬁg% %98 P gakgxyl)Lghkge (98v) .

WO 991 47645 1 @sSEPmZeeR’1PCI/ UB9B) 05919 - 174 Prepared from

1- (2-(4-acetyl am no- 3- chl or obenzoyl am no) - propi onyl ] - pyrrol i di ne-2- car boxyl.

ic acid tent-butyl ester and

syn- ( 5- cxo- 2- EZephaampiopr gforyl YBet 2apgarylaninn-3-peshyrarBukVEYALrd al |yl

ester 5 accor§|Q%IQpth 1p§0§eggﬁgéy§e¢1;@ @yggggglgﬁalgozafford 238 ny of
title conpound (75% yi el d) % %Eg 3: CD30D) b 1.33 (d,

0.6H), 1.56 (@§ardompjl] fm?8°%'ﬁ5°t‘9q'b%wrlﬁ 351 , 2.53-2.97 (m 4H),
3.53-3. g (m adME, mé. 45-0886moN) S&hple. 58 ¢8, Wi Dy@thHlyse62 (d, 0.2H),

L5078 (m B R WL Rl L T g YR (E5 55
1- [ 2- (4- ami no-(356r vikddr orft hle- behkoyFfanPaepd. Analytical HPLC

propi onyl ~- pyricaki éol@mé) casboumihe agcdms (ES*) m/e=429.3 (M+H).
(2- benzyl oxy5-oxo-tetrahydro-furan-3-yl)-am de (98w). Prepared from

{2-(2-(2-benzyl oxy-5-oxo-tetrahydrofuran-3-yl carbmoyl)-pyrrolidin-1-yl]-21-m
et hyl - 229x020 settlyt} Baayhast ¢2 act dmé ehoxpibyhzegl anime- 3-mathpl 3

Lo afford 56 BEESTYArrPadcomnRirsr £, 4 PebiRaRh bR CatRpRIp B! TP *5
CDC13: CD30D) 8cid2ethss en’pesH}‘iBn 75-2.50 (m 4H), 2.50-3.10 (m 2H), ~5

3.50-4.00 (nlwgbbpré 89=a. 99 A RéEbhod®. AdpbBtel. dbbve SESE €SmpOurd)), 5.62
(d. 0.3H),"5.78 01

HPLC. 14.90, $8. Eélﬁﬁnayi?f’% f%é‘l#l&e R 9-1%%32?‘{‘%%‘?9 °§\r;@‘ o 2%45

20 title compound as an amorphous solid. i NMR (500 MHZz,
CcDCl,) & 0.92 (d, 1.5H), 0.98 (4, 1.5H), 1.03 (d, 1.5H),
1.07 (4, 1.5H), 1.21 (t, 3H), 1.28 (s, (H), 2.21-2.28
(m, 0.5H), 2.41-2.48 (m, 0.5H), 3.83 (s, 3H), 4.15-4.28
(m, 2H), 5.41-5.46 (m, 0.5H), 5.48-5.53 (m, O0.5H), 6.08

25 (s, 0.5H), 6.13 (s, 0.5H), 6.75 (d, 0.5H), 6.85 (4,
0.5H), 6.91 (d, 2H), 7.59 (4, 2H).

5-tert-Butyl-3-[2-(4-methoxy-benzoylamino) -3-methyl-

butyryll-2,3-dihydro-[1,3,4]thiadiazole-2-carboxylic
30 acid (44).

Prepared by the procedure described for 39 to give

180mg (quantitative) of the title compound as a white

solid. *H NMR (500 MHz, CDCl;) $0.92 (d, 1.5H), 0.96

(d, 1.5H), 2.03 (4, 1.SH), 1.07 (4, 1.5H), 2.22-2.30
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98x WO 99/47545 _ _ _ PCT/US99/05919

1-[ 2-(3-chl oro-4-di met hyl am no- benzoyl am no) propi onyl ] - pyrrolidi ne-2-car box
ylic acid |2-benzyl oxy 5 5-oxo-tetrahydro-furan-3-yl)-am de (98x). Prepared
from

{2-]2-(2-benzyl oxy- 5- oxo- tetrahydrofura&zé yl carbnoyl )-pyrrolidin-1-yl]-1-m
et hyl - 2- oxoet hyl } - carbanlc acid tert-butyl ester and

.3-chl or o- 4di hylyams enzQhCc acid agcefdin ke pr dyrg, | P, used to
prepare 98a Pghhffo 9 @% ? %?tﬁg cg ggﬁn o gg gélengﬁ?lgkﬁmPB%SOO VHz,

1:1 CDCL13: CD3@GDPHp 15181 §34@m<m3H}H)1 ?012 119 (fy 5E8H) 5215513 10 (m 2H)

.2.84 (s) 6H), 0354%-36947¢®. 98H)m, 42855 479%5(m s 5Hm, 53B6.(s, 0.3H), 5.51

(s, 0.2H), 5.63 (d, 0.4H), 5.73 15 (d, 0.1H), 7.05 (d, 1H), 7.15-7.9S (m

7H). Analytical HPLC 11.85, 12.19 nin. LGMS (ES' "): me = 557.3 ( MH+ )
OFWXNN\) I~HO/ ON 98y 20

1- [ 2- (4- di met Bylt@mtngu@yﬁ g. f[bUQs%Qenzwlmummenyélmeyﬁ ol ' di ne- 2-ca
rboxylic acid (2-benzyl© - 0xo-tetrahydro-furan-3-yl)-am de 5

Pr epar ed fronPPEYFYl(Zzbén§9PB§§°51%x% fb??hﬁ@ﬁ?ﬁ%%e' 'carb°xY11C

furan-3-yl car kanyl X2 pP¥ehel i gk- 4= 9%d - de BRARYdr 2- Dxet hylyiraiahaqd ¢ acid
t ent - but yl estgs and 4ggggthy am no- 3, 5-di chl oro-benzoi ¢ acid according to
WO 99/ 47545 - 200Z ' PCT/ US99/ 05919 the procedure used to
pr epar €1 ®8a twaafpoeplaieﬁ hy olﬁetpmcee@@n@ommbz(tﬁﬁ%meldwpdﬂd\lm (500

3”:02: % é4c?§1eo%),§99)t9e ciLQa% éPti cérkBourild 7%%?%&%:%%“4% olgs(H)m,

5.54 (s, 0.15Fpe Sr‘e#ecaater%ﬂ% W%‘S mmwfl Fp-7.70 (m 7H)
QniéKltil cal HPbErori@t@éraéﬁ 51emﬁhné-ﬁvi\@1 (£S;J'ﬁadﬁrﬁ: BH0.Ga{dt:Hth. F OF ~ N

1-12-(4- am noc ’g“gﬁy%%}t %ﬂ%& ‘t%%oﬁoar%lﬁ{(?) 31mg of the higher Rg

propi orbd ] - pycowponient- s carhingle cdiasttereomer (45a). Analytical

(2-benzyl oxySgpxe-t eif RRYLEPs f e STy &Y 48 GRA82) - 2k NMR (500
MHz, CDCl,) (single diastereomer) 6 1.04 (4, 3H),1.14 (4,
3H), 1.28 (s, 9H), 2.77 (d, 0.5H), 2.81 (d, 0.5H), 2.90
(d, 0.5H), 2.95 (d, 0.5H), 3.84 (s, 3H), 4.44-4.49 (m,

20 1H), 4.53 (4, 1H), 4.85 (d, 1H), 5.02-5.08 (m, 1H),

6.37 (s, 1H), 6.41 (d, 1H), 6.93 (4, 2H), 7.26-7.40 (m,
SH), 7.75 (d, 2H), 7.92-7.96 (m, 1H).

The lower R¢ fraction contained 185mg of a solid as a
25 3:1:2 mixture of diastereomers (45b). Analytical HPLC:
Microsorb C18 column. 19.00, 19.26, 20.02 mins, 'E NMR
(500 MHz, CDCl;) (3:1:2 mixture of 3 diastereomers)
50.89 (d, 2.25 H), 0.98 (d, 0.75H), 1.02 (4, 0.5H),
1.03 (4, 1.5H), 1.08 (4, 0.25H), 1.10 (d, 0.75H), 1.1s6
30 (s, 0.75H), 1.17 (s, 2.25H), 1.23 (s, 0.37S5H), 1.24 (s,
1.125H), 1.28 (s, 1.125 H), 1.29 (s, 3.375H), 2.12-2.18
(m, 0.33H), 2.32-2.42 (m, 0.67H), 2.43-2.51 (m, 0.5H),
2.61-2.67 {(m, 0.5H), 2.84-2.92 (m, 0.5H), 2.96-3.07 (m,
0.5H), 3.85 (s, 3H), 4.58-4.71 (m, 2H), 4.81 (4,



15 Prepared from

(2- ~2- ( 2wioeomys43xy - 5- oxo- t et r ahydr of ur an- 3-yl car bnoyl ) - pyrpr@yug;msg]}gyl] 1-m
et hyl - 2- oxoet hyl )-carbami ¢ acid tent-butyl ester and '
4-am no2, 3,5, 6-tetrafl uoro-benzoic acid according to the procedure used to
prepare 98a to afford 58 ng of title 20 Qgpound (73%yield). 1H NWVR (500
MHz, 1:1 CDC13:CD30D) d 1.30-1.50 (m 3H)i 1.62-2.35 (m 4H), 2.45-3.12 (m
2H), 3.50-3.90 (m 2H), 4.20-4.95 (m 5H), 5.42 (s, 0.4H), 5.52 (s, 0.1H),

5.64 (d, 0.4H)p, 56&2 (d.8@. 14), o732§77 $55{mq 5H. sz‘ma' . 'ofsals HE’L% 16. 56,
16. 90 min. 25LC— N 0'0 G-

98aa O ~ O\ 1933 95&?5251& émSE?b %’é P‘m?;%s@éil 05'@’19 : |4*F7(s
1-~2-13-chl oroe41(sH,)2 di. gt ligt| po op2BNy| BN3 1Y tBEB"IZ(@ﬂ amiseel) -, peopionygl, ~- pyrro
| i di ne-2-car boxy acid, y 5z 0 etr ofur -yl }-am de
(98aa). To a sﬁs%g% |oh o% ég % igﬁﬂ’ ﬁiJ n’m)(f1 d poIS% é

vi nyl pyr Bdi ne) 0 ( 288) ag§ - fAs ( @dd@dliﬁ)«/al oy87 ctdl .ord ééH()7Ol§L860 (57 mrol ). The
resul ting suspgnskgn, wag, &ii wedo oyeiNi ghd At fpom. To‘?ﬂpeﬁatng gEe filtered
and dil uted vvlth Et OAC 25 . The org7an| C I%yer was washe 10%
NaHC03 (2 x 25'ML) 2H&at rbt et Nat) (17 x” 250G )% 3¢ dr iTed 1( N§S04), and
evaporated to drgmess to7af for di®B8. mra of title conpound (85% vyield) after
chromat ography. i H NWR (500 MHz, 1:1 CDC13:CD30D) b 1.10-1.55 (m" 3H),

1.38 (s, 9H), 1.65-2.40 (m 4H)) 2.60-3.10 (m 2H), 3.46-3.88 (m 2H),
4.20-4.96 (m ESrgpaBatPor of (3 8H)S - 1er & bR y(ld 3 -0 22Hip -mEth6xB- 30 (m BH) .
Anal yti cal Hpufenzla Bondd) - - CrddhyEBe e -3, 81348y hUE) . ONON COH

/ I H98ab 20 | or 0- 4- pr Opi onyl am no)- enzoyl am noz

propi onyl ] - pyr[r:'o'I:? lrﬁ'eh Za%%ﬁ?fb])&/ 3carlapyl} -amino) -4-oxo-butyric

(2-benzyl oxy5-amxid t e4gahydr o- f ur an- 3- yI) am de (98ab). Prepared from 98b
and proplonyl cor t edure used to prepare 98aa to
afford 104 @%?% & coc’df g%’r?dq” %@r& RREEEBB O MBEERO9 cpet -
CD30D) b5 1. 1613(t(S€O=-‘ 6H9hene IQ(I(ICI 0‘-C6IQ)1VEI 82@ ((BP«~}’zﬂeud) loB&HKal, 2.4H),

3—1 5(2) i gg (m d‘é@mre?d gﬁ:ogiﬁ (mAnaﬁgtl%a§8H§Le5 Encrgg%rlé %éﬁa?’ 85 (n‘) 2H)
N TFA. bﬂfgerE312,B§mgm+.. VO

j

|_|)
E -0 . An§|°t1t"i% arﬂﬂ_(fénlérs-é% r\*’atEeJNBl%Es
99/ 47545 1 d SEPNMBO (BGD/ MB29/ @5908)-516B9s-1.1 (m, €H), 1.28 (s,

9H), 2.20-2.31 (m, 1H), 2.40-2.48 (m, 1H), 2.6-2.72 (m,

20 1H), 3.84 (s, 3H), 4.18-4.26 (m, 1H), 4.56-4.62 (m,
1H), 5.25-5.32 (m, 1H), 6.24-6.28 (m, 1H), 6.98 (d,
2H), 7.85 (d, 2H).

Preparation of 3-({5-tert-butyl-3-[2-(4-methoxy-

25 benzoylamino) -3-methyl-butyryl) -2, 3-dihydro-
[1,3,4)thiadiazole-2-carbonyl}-amino)-4-oxo-butyric
acid (46b).

A 30mg sample of 45b (mixture of 2 diastereomers) was
hydrolyzed according to method B (see Scheme XXIII) to
30 give 22mg (84% yield) of the desired product as a 3:2
mixture of diastereomers. Analytical HPLC (Microsorb
cyano column) 7.08, 7.78min. H NMR (S500MHz, CD;0D) §
0.98-1.08 (m, 4H), 1.09-1.12 (m, 2H), 1.29 & 1.31 (2
singlets, SH), 2.23-2.30 (m, 0.5H), 2.36-2.55 (m,



OO~1I NONI I i ~pOONC 98ac HO 18 SEP 202
1-[2-(3- -4- phenyl acet yl am no) - benzoyl am no) 5

pr opi onyﬁ?{)gg/&sgﬁ i di ne-2-carboxylic acid (2-benzyl oxy PCT/US99/05919

5- oxo-tetrahydro-furan-3-yl)-am de (98ac). Prepared from 98b and

phenyl acetyl chloride according to the procedure used to prepare 98aa to
afford 85 ng of title conpound (77% yi e3P .- 1H NWVR (500 MHz, 1:1 10 CDC g:
CD30D) b 1.18 (d, 0.6H), 1.40 (d, 2.4H)) 1.722.38 (m 4H), 2.5B-3.05 (m
2H), 3.46-3.7 2 3.,.,85 (s,..2H) _, ., 18- 9 m 5 , 5. 63 (d,
0.8H) , 5.75 ?dég})fzz} ,%2’72. 1?28.“&4 I(Pﬁv fsﬁ%. (ﬂnaﬁéai’cgl'gﬁlpﬁc%lim% mn.

LC-MS (ES+) 1Kl e 4.587426% Muhi+)1H) ,15.Q705].30 OmN CH) 98ad28-p.27
.1-i2-(3-chl or g 4- hyd, - but | am ne) ~henzqyl agi n ropi onyl ] -pyrrolidine-2
-carboxylic agrln'd f(ﬂg} be?l'zé/)?lo%yZ%WS- g’x'gfat re’t'(raghfsﬁ]f o?%ﬁfan- 3-yl)-ami de (98ad).
Prepared from 98b and isoval eryl chloride according to the procedure used
to prepgre 98aa to afford 60 ng of title conmpound (58%yield). 1H NMR (500
MHz, 1:1 CDCl¥dHaseDxib |1.07 (d, 5H), 1.15 (d, 0.8H), 1.27 (d, 25 1H), 1.45
(d, 2.2H), 1.67-2.30 (m 5H), 2.34 (d, 2H)) 2.58-3.05 (m 2H), 3.48-3.88
(m 2H), 4.10-4.98 (m 5H), 5.68 (d, 0.7H), 5.78 (m 0.3H)) 7.18-8.33 (m

8H) . y 8 SFP 20 WO 99/ 47545 P 99/ 05919 - 179 Anal yti C.
10.74 mn. LG MgJ(ES+): me 02~ ) —& N@G\fv @98% 5
1- [ 2- (4- Met hoxy- 3,%- di met hyI@ﬁoyl eni §o) - pr opi on yrrol i'ti ne- 2-tgaghexy!
ic acid (2-ethoxy-SOeket et rahydro-furan-3-yl)-am de (98ae).

49

: |

51 50

Y'
0
/@ANﬂ 02H
H
~0 N H
H 0]
52

1-(2-Benzyloxycarbonylamino-2-methyl-propionyl) -
pyrrolidine-2-carboxylic acid tert-butyl ester (49).

47 48

10 To a solution of proline-tert-butyl ester (47) (2.00g,
12mmol, in CH,Cl, (15ml) was added N-carbobenzyloxy-2-
methylalanine (3.05g, 13mmol), HOBT (2.36g, 17mmol) and
EDC (3.43g, 18mmol) and the solution was stirred at
room temperature under N, for 48hours. The solvent was

15 evaporated, the crude material dissolved in EtOAc and



Prepared from 1-(2-(4-nethoxy-3,5-dinethyl 10 18 SEP 2002

benzoyl agig)sesopi onyl ] - pyrrolidi ne-2-carboxylic acid terﬁa%)j)osﬁgter and
syn- (2- et hoxy-5- oxo-tetrahydrofuran-3-yl)-carbam c acid all ester
according to the procedure used to prepare 98a to afford 174 ng (81% vyi el d)
of the title conpound. 1H NWR (500 MHz, CDC13) 15 b 1.04 (t, 0.45H), 1.27
(t, 2.55H), 1.34-1.45 (m 3H), 195245;(4m | OH), 27B—2 84 (m :
3.60-3.90 (m 8H), 4.50-4.70 (m 2H), 4.90-4.94 (m ,545(d 0. 85H),

5.61 (d) 0.15 9 d, o] i me on
anal yti cal % r%)c? ‘5‘{ %1{%%1\9(5 (r#i gigg %ﬁ/ﬁ&@ﬂigb gg QI(’)&N 98af
HO./ 1- [2 (2 ivee b - V@S Bixdigfe OVEL- [FERYSYFICASNNRaFO4 pr 6l bayed and
pyrrolidine-2- &@ngygﬂéazﬁan v@ZaeMmQ€k'%bQ&@ t@t. @y dn@isyr. ahy3nitk) - am de
(98af). reparec frotr. nmet hox% z %;E)[Tet hyl be * zol | am nc!
“propionyl J - plrtBiH % rFéDC213&af5b6x§/P| £ a 991498455 198) sab- 59

PCT/ US99/605919(4, JﬁO) t:erz:L--bzutw (@st eH)and .35 (br s, 1H), 4.82-5.19

i h h of |
anti - (2- et hoxy5 r-ahyqrofurap3-y, )173361%”‘ (&, aGhd Lé%)ﬁ %?%%370 yiel d)

according to t%e proce lr'e used t'o prépareée to affo d'1l

cf the title dHffoulfthe BINTR) (5(906I§'H2~n CBEr¥p: (§Sp) 1mie=1385.8m 3H),
1.35-1.60 (m @Hk) 1.90-2.45 (m 10H), 2.60-3.00 (m H), 3.55-3.95 (nm 8HI,
4.15-4.60 Im 2H), 4.83-5.00 (m H), 5.29 (s, H, 6.95-7.06 (m H), 7.50
(s, 2H), 7.92 (d, H); retention tine on analytical HPLC. 10.14 mn; LC M5
Mz _ 476 (MrH+)[2-1@ -Beihhxiyi-B8agoylamino) -2-methyl-propionyl] -

1-12-(4- Met ho yl ropi pyr oI| 2- car boxyl
ic acid (2-be r%(?)%('y% oxg ggggﬁ;x%g ggpuggﬁggggxw g gﬁgg) Pr epar ed
from To solution of 49 (1. OOg, 2.56mmol) in MeOH 20m1) was

1- (2- (4- net hoxuadao1dismekhyl henzay) aghAok ner RPkeAYL] wRYM Eek Ldige- 2- car boxyl
ic acid tert-butyl est

syn- ( 2- benzy| 3BFE. §rot ?Et?%’&‘&ﬁ%fur% PPIuLE, s F g reditirow h er (40)
according to 2ootHaupr ereBULélteedahd phepaobvéﬂa trematéar dn4becog (yiel d

e AR B kLA o
3.52-3.62 (m CH26H, <%5r55l 3a18® DA 3( &1&4)1114 3.0l ) ndH)p - ah IBOYES 4. 75

(m 3FD 4. 82tﬂ18§16€1 Zb%mg5 548ﬁﬂ®19 BsEh §d§@d(d)TQe2§%lu@1 {is H),
7.10-7.40 (m 6 H-; retention élrre on_anal yti cal HPLC 16. 71

S
m ne; LC+. NSStﬁi)‘fed §§8 PWHtemPer?/\bl%/H‘? 9% N2 P $CT/ 19/ 05919

20 solvent was removed in vacuo and the oil dissolved in
EtOAc. The organic phase was washed with 0.5N NaHSO,
(2x), water, saturated NaHCO; (2x) and brine. The
organic phase was dried over Na,SO,;, filtered and
evaporated to give a white solid which was purified by

25 flash column chromatography, eluting with CH,Cl,/MeOH
(99/1 to 98/2%) to give the title compound as a white
solid (655mg, 65% yield). H-NMR (500MHz, CDClj) & 1.47
(s, 9H), 1.68-2.24 (m, 5H), 1.80 (4, 6H), 2.55-3.68 (m,
1H), 3.72-3.93 (m, 1H), 3.84 (s, 3H), 4.43-4.55 {(m,

30 1H), 6.90 (d, 2H), 7.60 (br s, 1H), 7.77 (4, 2H).
Analytical HPLC (C18 column)8.98min.



- 181 OwNIlI Ni HO~ OO O 98ah

"1-f 2- (WoAblgydsoxy- 3, 5- di net hyl - benzoyl am no) - propi onyl ] p)(}gmggg;ogﬁgz car boxy
lic acid (2-benzyl oxy-5-o0xo 5 tetrahydro-fuxan-3-yl)-am de (98ah). Prepared

from

1-(2- (. 4-al lyl oxy- 3, 5-di net hyl benzoyl aqi, go) - propi onyl ] - pyrrol i di ne-2- car box
ylic acid tert-butyl ester and 40 according to the procedure used to
prepare 98a to afford 264 ng (yield 46% of the 10 title conmpound. 1H NWR

(7E|)0)O %8203@152 iv(B-ﬁeﬂ%%yéEegx{Sﬁylarﬁlnoh Qe tHy A-Brop) on}&]%g32888((m "
m 1

4.10- 4. 40 (nBY ggél{%i%“ "gﬁftﬁﬁy(lél% Ha)"‘5""‘;6{% "?ﬁo"z(}’rﬁg%’m “¥Y0-6.14 (m H).

6.87 (d, H),t&ttdhydrd- A0rgnm3-8H));-amdtdent (o 4i ne on anal ytical HPLC. 18.56

and 18.92 mine; LGMs: mz = 564 (MrH+) 20 ' '

{2-[1R-(2S- 1 Bopz o394 usRmerhA Q cldASdIgex A -B&PMals- drotdstaxanadr Grflur an- 3-y| ~-

gar lbi'imlsc aC'ﬁ?J@'A?/de@Siﬁrethﬂ%él%rrﬁd faream1, 3 §2tmmotl atndl TMSt—

al | yl oxycar bonyl ami ydrq yrlca rt-butyl ester as

descri bed forX 4o it nQB 4R 5’83%%°Lit) r?‘?"r‘?olsoﬁblt&f:‘l“or’”@so s§3r§est syn 25

di ast er eonerat | overc Eor of holest, i thencaltrpcmm:h apdpérafure \ﬂ@r99/847545 18

SEP 2002 . PCT 9/ m f _anti

di astereoners vergﬁq-ﬁelyl ealc& é%’ a%1 lﬁk)g%&aéttmagéﬁclf) j?rlgégtel?re b

0.701. 05 (rntQLn%)B:Mxﬂh-§a¢nr@#ﬁd2NPHC936@n@ gotrarted) withgZt2020 (m 2H),

2. 35-3050 (rarﬁéd d%é%bﬁ% @64(”E1Wler§d3aﬁ9 %v@%oggteﬁ)to ?43e4 a’0 (m 3H),
5.15-5.35 (m A48- or s

(m, _E) H)

di ast er eoner¥pLE % splgst ((ﬁ)’;?’oif‘@H) 83¢. Q’Geile?w(’ﬁ')ChZH)as PSEE 918‘6‘%%)}’ 2H) ,
1.94-2.18 (mn e n2xd#0s2epQ (m H), 2.82-2.92 (m H), 3.54-3.61 (m H),
4.45-4.70 (m 3H) 10 5.18-5.35 (m 2H), 5.5B-5.61 (m H), 5.90-5.93 (m
H,;, LGMs mz 340 (MrH+) for the m xture of anti/syn diastereoners.

4- Benzyl oxy-13 a(ﬁoﬁ:@tthybln pénZ8i-beagldoxy5 SPrEparetrbiytiiefnethed-used to

synt hesi ze VA [ b c (@gehd (ko or ield 56%
5) thg§tlt|‘e§71?0rrc)€or@éﬁac5a‘élggalii 1Pese egzai a% (£ oéeg,] g, amﬁ%g ¥ g o

(m 5H), 7.8% ;ndmli_dn%a eid_D%%( 32 8mmo£) and
1|-_| 2- (4- genzadm%%&mamj hyd -oenmrdy)l amidho)ips cnmmmldn pya s At idirert 2- car box
2. (1R (251 SGprSRY) SSRBREERYEEcYRRR g 6%, 10 TRt A SR Ui AN 3-y1) -
m de (9Bai) o253~ ﬁﬂedéré@thpefm-!peezomaméﬁz’ raxveghsldpmphynyll -
ST s Bl St eyl o atatrbel gLy S2LST
f:ar [)am' c aci 2§ﬁ?y?(g‘§£fee‘?a%c%%‘§%‘§ gpcfa‘gy‘?‘ﬁ%gp}}‘%c%%e QJS%%‘I%/C) 30 prepar ey98a
to afford 130 a%gmoyti)eldd382F df738tg, t Bt BémmodpouTide felkbiRoO5608sMHz,
L) 3 0ol Ll el Bl 060 B b Shbet it
5.62 (d) H) Scivent(ypsHpvapoxrated, FHpe ¢ryge materlal dissolved in
25 EtOAc and washed with 0.5N NaHSO4; (2x), saturated
NaHCO; (2x) and brine and was dried over anhydrous
Na,S04, filtered and evaporated to give a yellow solid.
Purification by flash column chromatography, eluting
with ethyl acetate/hexanes (20/80 to 50/50%), gave the
30 product as pale yellow solid (760mg, 61% yield). 1IH-
NMR (500MHz, CD;OD) & 1.53 (d, 6H), 1.65-1.93 (m, 3H),
1.96-2.14 (m, 1H), 2.60 (dd, 0.1H), 2.77 (44, 0.85H),
2.94 (dd, 0.85H), 3.04-3.11 (m, 0.2H), 3.42-3.52 (m,
iH), 3.57-3.67 (m, 1H), 3.84 (s, 3H), 4.38-4.76 (m,



WO 99147545 f 8 SEP 200Z PCT/ US99/ 05919 - 183 7.60 (m 7Hg SEP62MZ. 75 (m
H); ret endioggrsys me on anal ytical HPLC: 15.90 and 16. 08 m perhsSedlizoign z =
662 ( Mt ) . OWNNOHOI ~~ OOOH?98a 5

1-[ 2- (4- Hydr oxy- 3, 5- di net hyl - benzoyl am no) - propi onyl ] pyrrolidi ne-2-car boxyI
ic acid

~2-[ 1R- (ZS-i sopropyl - 5Rnet hyl - cycl ohexyl oxy)] -5-o0xo-tetrahydro-furan-3-yl}1
O amde ( 98aj ) . A solution of

1|— [ 2-(4- 3enzy|:q-z<y- 34 psdi @t hyd berez.osd -8 7w) tapr @ )gnygl. bepyr 0ol id] ne- 3- car box
ylic aci

{2-]1R- (2S-i so%’popy'r %IB-Q meﬂwf cyc}f o‘hexyl oxy)9]7 5- dx%%tr%ﬁ%yg ?ﬁ}an 3-yl}-
am de (110 ng HELQ7(@hB| Folumms Bt B2, ddetdtmin.2 ACrMasESTIirred with 10%
pal I adi um on cardogh £ 29 pglyunder hydrogen atnosphere for 24 hours then

fil tered through Celite and evaporat ed in vacuo. The resulting residue was
purified®by chronatography using CH2Cl2/ nethanol (99/1 to 96/4) to afford
58 ng of 20 tfp&etpézkaati:@mrpwmi( ]JH-N\R4(5I(H3:HH7*§/ b@B@&?laman) 791.00 (m

10 1.20-1. 80 57-3.78
(m 3h) 4. 55 MRy G o) Gykpe iy Bndesgn PlahihoLa a3y )
6..90 (d, H), butyria, a¢—1§d EB2A2 (s, 2H); retent| on tine on 25 anal yti cal
HPLC. 12.84 and 13.05 min; LCMS: mz = 572 ( MrH+ ) . ? 8 SEP 2p~ WO

99/ 47545 PCT/ BS$IMSE (0 -1drgwpled) gampherof] 51 Was5 RyoBakyred \

1-(2- (g:d(rgd[) O)&b&f r&mgmwydetbwazt whl(g@eng)cmﬁr@pmmyt]pv%rg)%g%&@k)eze%ngar boxyl
ic aci enzyl ox - DX0 r.ahydr o-f ur an- am de a

sol ution of 98&R*% (é’y 5]n‘§ cbfszf’tf It;/l FORRSERS : (%‘Bg?ﬁﬁ? 1Gas %?%%t%%l%th
DVBA (65 ng, @odzmmvl§. zawdnPd( PRPRBIE4 (ESG) ny)eat 3¢ obniM-anper ature for 20
hours. The m xture was concentrated to dryness in vacuo and |0 purified by
fl ash chromat ography using CH2C12 /net hanol (99.5/0.5 to 97/3) to afford
1S1 ng of the title conpound. 1H NMR (500 MHz, CDC13): b 1.08 (d, 0.75H),
1.20-Z.35 (m 2.25H), 1.70-2.50 (m 12H), 2.80-2.90 (m H), 3.50-3.65 (m
H) 3.70-3.80 (m H), 4.10-4.25 (m 15 H), 4.35-4.9B (nm) 3H), 5.53 (d,
0.75H), 5.85 (d, 0.25H), 6.81 (d, H, 7.13-7.60 (m 8H); retention tinme on
anal ytical HPLC. 10.38 and 10.56 mn; LCGCMs: mz =524 ( MtH+H ) . ON N |
H O



p N/ 98al HO\ 20 1- [2- (4-D nethyl am no-benzoyl am no) -propionyl]
pyrrolidine-2-carboxylic acid (2-benzyl oxy-5-o0x0 25 18 SEP 2002
tetrahydro-furan-3-yl)-am de (98al). Prepared from

1- (2-(4-di met hyl am no- benzoyl am no) propi onyl ) - pyrrol i di ne-2-carboxylic acid
tert-butyl WD 99/ 47545 1 8 SEP 2002 PCT/ US99/05919 - 185 ester and

syn- ( 2- benzyl oxy- 5- oxo-t et rahydro-fur &%yl )-carbanm c acid allyl ester
according to the procedure used to prepare 98a to afford 60 ng (45% vyield).
1H NWR (500 MHz, CDC13): 8 1.04 (d, 0.75H), 5 1.35 (d, 2.25H), 1.80-2.50

(m 5H), 2. D xm 8H) 3.45-3.75 (m 2H), 4.05-4.20 (m O0.5H),
4.30-4.80 (m 3.5H), 4.80-4,95 (m 1.5H), 5.52 (d, H), S.756,00 (m 0.5H),

6.60-6.90 (m 3H), 7.10- 4H), 7.50-7.80 (m 2H); time on
anal ytical HPLC 10Fﬁqu] C M5 mz—=—823 (Mt 2N 1 / H
O~0 _NG 98am 1127t i nd- 3- chl or o- benzoyl ani n BRECHN

pyrrolidi ne-2-carboxylic aC|d-ﬁﬂ?F R—(28—isopropy|-5€/
nmet hyl - cycl ohexyl oxy)] - 5- 8%0-t et rahydr o- f uran- 3-yl } amXle 498a e grepared
from

1-[ 2- (4- ami no- 3- chl or o- benzoy! ami no) propi onyl ] - pyrrol i di RBXgClhiMéxyl i c
acid tert-butyl 20 ester (97a) and syn-{2- [I R (2S-isopropyl - 5R- net hyl
cycl ohexyl oxy)]-5-oxo-tetrahydro-furan-3-yl~-carbamc acid gllyl ester
according to the procedure used to prepare 98a to afford 103 ng (yield 67%
of the title conpound. 1H—NNR (SO0 MHz, CDC13): 8 0.70-1.10 (m 25 12H)
|.20-1.50 (m 5H), 1.50;1.8 n1 2H) 1.90-2.30 (m 5H), 2.75-2.85 (m H),
3.50-3.70 (m 2H)) 3.7043. 42 .9 m H),
5.61 (d, H)) 6.70- i%§99/47545
~ 8 SEP 2002 , PCT, ; fetention

time on analytic XLC 12 88 w Q2 N
56, X=H, Y=MeO 55, X=H, Y=MeO
60, X=C| Y=NHaz 59, X=Cl, Y=NH>
57, X=H, Y—MeO
61, X=Cl, Y=NHz

1-[2~- (4-Methoxy-benzoylamino) -3-methylbutyxryll -
pyrrolidine-2-carboxylic aclid tert-butyl ester (5%).

5 To a suspension of H-val-pro-OtBu-HCl (53) (2.01llg,
7.44mmol) in CH,Cl, (20ml) was added DIEA (3.2ml,
18.4mmol) followed by a solution of 4-methoxy-benzoyl
chloride (1.26yg, 7.4mmol) in CH3Cl, (5ml). The solution
was stirred at room temperature under nitrogen for

10 lhour then concentxated. The resulting oll was
dissolved in EtOAc and washed with 0.5N KHSO, (2Xx),



H2NI / HO~ O"'" NCf 98an HQO, 5 18 SEP 2002
{2-[1S- We&-9baoqasopyl - SS- net hyl - cycl ohexyl oxy)] - 5- oxot et r apgunsgesosn- 3-yl }~
carbam c acid allyl ester. Prepared from

3-al | yl oxycar bonyl am no- 4- hydr oxy- but yri c aC| d tert-butyl ester as
described for 40 using (1S, 10 2R 5S) -menthol to afford 855 ng of
anti diastereoner (higher Rf) of the tltfe corrpound 503 ng of syn

di astereonmer (lower Rf) and 459 ng of the m xture of anti/syn di astereoners

(ov(er al | 2|¥|i) el cgag%%ateaHNalyBo @@xM'%nd EGhHY), aden dicasieatertyd JIZJ'JH)O 74-1.00
15 (m 1 1 N
2.18-2.40 (m ‘I%)C”"zt@’ssg%sg t#ﬁ? s gﬁ%";’“%%?}%bﬂn 4. 59
(br, 2H), 4.972(IsnsagH) 945. 2e5dB3 (Jra N (5@@3{2(5(2%13 5.382- ssggd@m H) ;
for syn diast oner 7 ( 2 5- 45 2 20,1.57-1.70
(m o % Oo%rﬁin% 29 E‘) 9 ?— inséL :!‘929 |_n|§3 S]H) 3“@5 ﬂnTH?“ o7 LT
(m H, %.58 U, ;}H)Bl §.92- 5m351!éhv) 32+®5 §5|3%> 52‘l (%P ‘H) 25(B5-5.98 (m
(H)4; ALC— N53 lez__:ﬁ 34086.M1'H9'i f(ﬂ; bpt h @fvﬂs]a,setserﬁxolrrags) §2- (bd | .
m no- cnioro enzo ropl.on yir 1 dl he ar.noxy ic aci
~2R-[1S- (2R-i §§|5r'ogyl @F ?E Jc?EteJ)&ﬁy W‘%CI R OR ecfz"a W o- f ur an- 3-y1 }
anmide ( 9 8 ano). 18min". V\D 99/ 47545 1 8 SEP 7002 PCf|US99105919 - 187
Prepared from 97a and

syn-(2-[1S- (2R-i sopropyl - 5Snet hyl }di/cl ohexyl oxy)] -5- oxo-tetrahydro-furan-3-
yl }car Bahi ¢ adi-d2alltty eéb?%}’ herze it HiR) 13rdn Wé@ﬁtﬁ}?%]e'd to prepare 98a

tc([))c fi; ;Org 387 r(cé@&/ayh@lﬂ)c&)fbéﬁ%lﬁc tSdOCtJ.'(a? %ﬂ?% Eﬁ%cﬁoo g/tl)lz

, . -1. r, ;
1.902. 25 (m &ﬁ)‘ragl’é’7°§u§!‘;‘2ﬁnl’fb ‘29630 (m H, 2.752.79 (m H))
3. 35- 3. 80 3 8- 4.
5.53 (d, H§m 01396??756'?‘%“‘g1ﬂ?) %’@0" (‘%0 sé«) Z%;(% ?81‘1-*13“8 ) (H)m)
H, 7.75 (d, EIFA irt €H3Clon (t4|0méJ)oralndnatyrreél aHPthmlBemenranurec- MS: mz =

S77 (Nﬁﬁf) OfUr“hﬁburs F{f%éaé%f%eﬁﬁhN%st@ngéntrated in vacuo to
(2- Cycl ohexyl nmet hox oxo-t et rahydr o- fnran 3- ylo)ﬁﬁ s am.c acid al]yl ester.
t

Prepared fronB3vE] ?%;I %%y‘?:al’frb’otrﬁ/l%ﬁﬂ‘r?o (D RP&r 03y e WA tsed but vl

ester as deschinbeHefnexdOstessh Ng 20 cycl ohexyl net hanol to afford 1.04 g
(higher RF) (350 yield) of anti diastereoner of the title conpound and
1.295 g (lower Rf) (44%yield) of syn diastereonmer. 1HNMR (500 MHz, CDC13)
for anti di asTeraonelutBom. ©D-40 96 (FR6I2HYE,. 17mrell. 3¢ GH:2 l2|) (2qmik_1. 85

(m 6H)pp 2. 37w3§ 2dééd(1§MBzH)(1 211997 370&7%!%1*7') and: %(&P’-’ﬁ% rTl(o I‘&&33% 583 62
(m W 355 400 (m) 2y BI04 8 (M b9 03 (b s 228 3T
51, & 875 o8- FApnE)) 7 e 20 rep "ﬁ%ri‘f01
(m 3H), 1.56fﬂ>r9®0(mnﬁ'ﬂs ZMélsrﬂud:&o(nmofH)SS 2(083229872“&7“&@01 in
CH,Cl, (17ml) and DMF (2ml) was added, followed by HOBT
(0.811g, 6.0lmmol) and EDC (l.16g, 6.04mmol). The
25 reaction was stirred at room temperature for 18hours
under N,. The solvent was evaporated, the crude
material dissolved in EtOAc and washed with 0.5N NaHSO,
(2x), saturated NaHCO; (2x) and brine and was dried
over anhydrous Na,S0,, filtered and evaporated to give
30 a yellow solid. Purification by flash chromatography
eluting with ethyl acetate/ CHyCl, (10/90 to 40/60%)
gave the title compound as pale yellow solid (910mg,
63% yield). *H-NMR (500MHz, CDCl;) & 0.96 (dd, 6H),
1.84-2.19 (m, 4H), 2.25-2.38 (m, 1H), 2.45 (dd, 1H),



30 3.35-3.39 (m H), 3.63-3.67 (m H), 4.53-4.70 (m 3H), 16AGEROMEY545 1 8
SEP 2002wp 99@7346S99/ 05919 ' - 188 5.20-5.50 (m 3H)) 5. 8PcTn®v9/08919H) ;
LCGMs: mz = 298 (MtH+) for both of diastereoners.

1-12-(4- Acetyl am no- 3- chl or o- benzoyl anm no) - propi onyl ] 5
pyrrolidine-2-carboxylic acid (2-cyc|qhq£quethoxy-5
oxo-tetrahydro-furan-3-yl)-am de (98ao0). ﬁrepared from97b and

syn- (2- cycl ohexyl met hoxy- 5- oxot et rahydr o-furan-3-yl)-carbam c acid allyl
-ester accordi ng g9 4 he prpcagdyr e sugedst 92prapaig) 98a.80-k0osaf fiard 212 ngy
(64%yield) of the title congpund. 1HNMVR_(500 g+§, gr£1§): b 0.70-1.30 (m
5H), 1.30-1.85%)m o186 (£.85H) .66 @Ry 8B, (B: 785300 EMm!SH) 0-3Hh0-3.80 (m
‘4H), 4.30-4.9% (33 @H) .0 .BW2 Eds70585H) (m5. 62) (ds.6816HPo €d87244, 0. 15H),

7.08 (d, 0.85H),.7.25(d 15.7.60-7-.90 (m 53H), 8.08 (d, 0.15H), 8.50
(d, 0.85H): ey i%ﬁi‘)ﬁ“éH)S’rﬁ”angri PalpPnl 28 5 min: LC-MS miz = S77

(MrH+) .50 N -Aualytigad GPNCCI(cgsap Bobumn) (moxture of 2

1-[2-( g- Acet y1 8N 1 rcrfdl Q) Oshengeyl ant.aoys Py est prw) ePys 5 9! 4 dimes 2 car boxyl
I C acl

~2R-[1S- (2R-i sopr opyl - 5Snet hyl - cycl ohexyl oxy) ) - 5- oxo-t et r ahydr o-furan-3-yl}
am de (98ap) .3-291RPriepanetiethoRry9Bbnadgdlamino) -3 -methyl-butyryl] -

syn-{2-[1S- (2R-i.s0 E@ﬁ%|é?ggg%gég?%'958?§§¥lgzg}l:§%g§9iéegéf ygggéfuran-s-

yl }carbam c ad¥d =8l ng he proce e used 1o prepare 98a
t ff 223 %y el it . 500 MHz,

cocia) 2 o 78 LY N tafipadt ke Lt BE S0 B AR o - 186 (m
12H), 1.20-1.&5cexding) to1mgthodel (fee offheme ABIBR) (e #ffomd 380BIBS (m
3H), 4.40-4.5356% yikig4 684tné8tif e HompdudS: 4anflyf at)npr®. 53 (d, H ,

7.00-7..25 (m ,_7.60-7. 90 3 8. 50 ( ; retention tine 5 on
anal yti cal HPI?C:%J‘ n31 ﬁt,dgLé:E}Sl. '@?4_5%‘179 W)

15 Preparation of 4-Amino-3-chloro-benzoic acid:
A suspension of 4-amino-3-chlorobenzonitrile (4.82g,
31.58mmol) was heated to reflux in 6N HC1l (140ml). The
precipitate dissolved upon heating to give a colorless
solution. Upon further heating the solution became

20 cloudy. After Shours the reaction was cooled to room
temperature. The resulting precipitate was filtered,
then dissolved in THF and the solvent evaporated. The
residue was repeatedlv concentrated from toluene to
give a white solid (3.18g, 59% yield). H-NMR (500MHz,

25 CD,0D:CDC1, 1:4) & 6.80 (d, 1H), 7.75 (dd, 1K), 7.94 (4,
1H) . Analytical HPLC (cyano column) 8.73min.

1-{2-(4-Amino-3-chloro-benzoylamino) -3-methylbutyryl] -
pyrrolidine-2-carboxylic acid tert-butyl ester (58).

30 To a suspension of 53 (1.707g, 6.31lmmol) in CH,Cl,
(25ml) at 0°C was added DIEA (3.2ml, 18.4mmol) followed
by a solution of 4-amino-3-chlorobenzoic acid (1.298g,
7.56mmol), HOBT (1.005g, 7.44mmol) and EDC (1.456g,
7.58mmol) . The resulting mixture was stirred at 0'C



ONNOHNIT i HO~ OONGOC 98aq ~ O

1- (2- (4- Am no- 3- chl or o- benzoyl am no) - propi onyl] 10 pyrroli di he-SERcMBoxyl i ¢
acid (2-cycl ohexyl met hoxy-5 oxo-tetrahydro-furan-3-yl)-am de (98aq).
Prepared from 97a and

syn- (2- cyel ohexyl nmet hoxy- 5- oxot et r ahydr o-furan-3-yl)-carbam c acid allyl
ester ' according to the procedure used3t% -prepare 98a to 15 afford 113 ng
(56%yi el d) of the title conmpound. 1HNMR (500 MHz, CDC13): 8 0.70-1.35 (m

5H), 1.35- o ( ( 0- 3. 00 (m
3,153, g e S o egcd e b z%@ot%%%g Cepplea €420
6.74 (d, H), as FERT H§°’-’ 3B°CE % e 5glyeny wasevepcTared ang (d H);
retention timetas aaalMu'@ablHPﬁfsch&e@Z imi BEOAC Mashedz with36. SMH+). ON
(NZHéDIt only E c?xo tﬁggr a‘%&g OE'?%?\LGSd o2 r 21er’1 (?ngc}:ng?lc? gels\{ er WO

99/ 47545 5 190%Whit§ %‘E% 043268 9bCﬁ{3§§§fg§9T§tQ§rW’é’pé‘Fé 9f rom

3-al | yl oxycar baaph a0 ytti,44 mym ooy 2Byl i gaeei osgr t(7Bkt yieldt esf as

descri bed for 49 gglyg,,ﬁ £ 2Bekat rahdar gsw@w dpedyy va of Ps dlad.he title

conmpound (313 ny ant | |as§)ereorrer diiast ereoner and 305

s
my of the mixt lﬁf‘é) 114 NWR E500 MES- zcéélé‘ fo‘i”'ar#/l $23R3adfelBoner: b
(hi gher Rf) 0.880,95.7&-3 $H) (m1. B2).1.4405( m-zdzH;m 1.45491 4689 ( figd 2H) )

421' %-i %(d H)!,) 2698—3&41@% £)7s a55w§a607(s"a fda, 3x77-3.82 (m H),

5 875 03 (M M FEb- sgwely iﬁ%ﬁ%& B0 cllunct 5336480 M3

1.34-1.39 (m 2151) (EQTISER/B=634 (I P4 . 2.42-2.50 (m H), 2.83-2.87 (m H),
4.07-4.11 (t, H), 4.45-4.50 (m 0.5H), 4.514.70 (m 2.5H), 5.23-5.35 (m

2H), 5.42-5.43 ) D43 _]g ? H+) for
both of di astelg'((-igrre@ Mil% ghg :?° E%Loro enzéalitiﬁll ?§rp§'o i onyl ]
pyrrolidthe- 2- @HFEB?(’;/#WF'&’CFGTPQW%WJ %099‘2'-"“"1" -oxo-

t et rahydro- f ur 2et3ayydraivtan(t 98l ) -arRdepasel. f rom 97a and

syn- (2- but oxy- ﬁ ng’ziget (13%%8351@{}@3&"0)‘ §§rb§£“<ﬁ§%'1@eé| Lyl sggter
according to t pr oced e used are % ord 118 nqﬂ(48% yi el d)
of the title cé'rrﬁou’ﬁac}}fsc a éfl?f"ld)l gﬁn%‘?lutmn stirred at roo

temperature for2 hours Residual TFA was removed by
20 repeated concentration from CH,Cly (3%) to give the
product as a white solid.

A 385mg (1.04mmol) sample was allowed to react with 40
by the method used for compound 56. The title compound

25 (60) was isolated as a yellow solid (265mg, 4S5% yield).
1H-NMR (500MHz, CD3OD) & 0.89%-1.12 (m, 6H), 1.72-2.26
(m, 5H), 2.49% (484, ©.25K), 2.60 (d4, 0.7H), 2.80 (44,
0.75E), 2.96-3.09 (m, 0.3H), 3.64-3.77 (m, 1lH), 3.94~
4,10 (m, 1B), 4.20-4.74 (m, 4%), 4.76-4.85 (m, 1H),

30 §.52 (s, 0.5H), 5.61-5.70 (m, 1.5H), 6.7% (44, 1H),
7.23<7.43 (m, SH)}, 7.48-7.61 (m, 1.4H), 7.68-7.81 (m,
iH)., 7.89%-8.12 (m, 0.6H).



25 1H NMR (500 MHz, CDC13): 8 0.80-1.02 (m 2H), 1.35-1.514@kep
1:51-1. , 1.90-2.27 (m 3H), 2.302.46 (m H, 2.

3. 55-3. g&ﬂfb?ghsﬂ, 4.304.75 (m 4H), 4.90-5.00 (m H), 5. ﬁ‘%’g 9%@5 .
6.736.80 (m H), 6.B0-6.93 (m H), 7.16-7.25 (m H), 7.49 3C 7.60 (m )
7.70-7.84 (m H); retention tine on analytical HPLC: 9.71 min;, LGCM: nz
495 (MHHY) . WD 99/ 47545 1 8 SEP 2002 PE€¥/ S99/ 05919 - 191 O N N H2N | ~
HOOONGO O 98as H O (2-1sobut oxy-5-o0xo-tetrahydro-furan-3-yl)-carbamc
.acid allyl ester pared from 3-al car.han I no- 4- hydr oxy-butyric
acid tert- but@"‘a&(?é E Haﬁgcffﬁiﬁofﬁ?i%'ﬁnﬁg i tq‘%s%bu?énol to afford 190 ny
(yield 7.3% aiasherebmbestobpofdd 1S.20mams i Id-“l-é@t dESSIirem/an85292 ny
.(yield 11% of ?ﬁ syn di astereonmer. 1H NMR (500 MHz, CDCl13) for ZO anti

di astereomer: B (higher Rf) 0.85-1.05 (m 6H), 1.82-1.98 (m H), 2.37-2.42
(d, H) 2.98-3.04 (m H), 3.31-3.3S (m H), 3.55-3.58 (m H), 4.20-4.30 (t,
H) . gS%t(br 321 52074(1%&1:6&%35 ?h%%révﬂ&u( 61a3hl)n,o)538ﬁ5t8§1ém H, fox
syn di ast ereoner

> a0 81" (m PRpy i bobyrab ainey 2 Gt L ol FogkerBytikar)) )
3.87-3.88 (d,atld 4640-4.68 (m 3H) S.20-5.40 (m 2H) 5.42-5.43 (d, H,

5.80-5.97 (m H); LCGM: nmz = 258 (MtH+) for both of diastereoners. 20
1-f 2- (4- Ami noR 34 &hgor O- b@mcwl asample phHpi AT pydrelvaedeagceadbadyl i c

ggl d 3 ISobuwxa{eéheaOAegé@@yﬁgxgerf@{mﬁr Yo amrded( 98as) <86’Eepar ed L rom
a and syn- S X 0XO0 etrah a C mc aci

al lyl égtgr a%t%*%fj £ %h? He* (ot © Rt ?‘tgﬁ% ZBiPéJ%Ba %)f fdrd 93
(38% yield) of. we(aﬁtlemcpnpommdz 313+NM?5(H3002M942 2CBEL3)n, bHO) 74-0.76 (t
30 th B, 2 Bots 0t Tty g ﬁ’[g‘”% 5383502 T1 B4 "5002 w0
991 47545 PCTIJ599] D598.98 o) (o2 2H)m mlytmc:ag HBLC ﬂ)lsmls@ ALEBMEM H),

470480(m(gr§+ 40 PO: 5 PG (o). 5.42-5.45 (m H), 6.74-6.76 (d, H),
6.86-6.88 (d, H), 7.31-7.33 (d, H), 7.51-7.53 (m H), 7.74-7.75 (d, H;

retent #6n ti ne on anal tical 5 HPLC. 9.63 & 9.80 mn; LCMS. mz = 495
(MrHH) . O N NPERRPS XIIE O O C 9gat

o)
F
m°“Nj:r“Q — N\";(”Q
H H
O COxtBu HO O COxtBu
62 63
o)
0
N
"I(N i O ﬁIri #]
H o
H o
65 64

1-[2-(4-Hydroxy-3,5-dimethyl-benzoylamino) -3 -methyl-

-

butyryl) -pyrrolidine-2-carboxylic acid tert-butyl ester
20 (63) .

To a solution of 62 (prepared from 53 and Fmoc-Cl)

(600mg, 1.22mmol) in anhydrous DMF (10ml) was added



| 2- (i ndan- 2-yl ) oxy-5-oxo-tetrahydro-furan-3-yl]10 carbam c t8iSEPa2002I

ester. RyeRajesksf rom 3-al |l yl oxycar bonyl am no- 4- hydr oxy- bu 9
tent-butyl ester (5.2 gram 20 mml) as described for 40 h}sffrﬁjg\s %ﬁll‘sﬂdanol

(8.05 gram 60 nmmol) to afford 4.10 grams (65%yield) of the title conpound
as a 15 mxture of epiners. Purification prow ded 1.76 gram (28%yield ) of
the 4(S), 5(R epi mer as a yellow oil.” FH2NVR (500 MHz, CDC13) 8 2.42 (dd,

J=17.2, 10.5Hz, 2.79 (dd, J=17.2, 8.4Hz, 299(dd =16.7, 4.1Hz,

1 3.04 (dd,.J 2 =17.2 6 3.26 .
TR aﬁé@va the, By ) Jhe”8q1 o %Zib%tﬁ%%d i3 5P 560 (o)
J=5.3Hz, 1H), uaeme:(aﬁumundrrlwz(ﬁpmwowam - (menwwgls (M+H)
A_na{ yti C<(':1I0 ?ELEQ 1&1@ uwl)ng al:gsg@ﬂlﬂﬁnoi?5w£é5@15é§<%i@é@dlﬂla§H @%

m Xt ure r 9 , epl ne ram
Dby ne o b R i e eaneb pe s - Meata i Rane St e FELIE abgs o,y

(m 3H),53.22 (m2nididl) 4 HDBT( 33k, 24.58uél) 2hf,EBC 680 (4568H) , 4 98 (br

720 11 & SE0s o8 s B bRt Dbty S 1550 A ol LG we

(ES+): nife= 31$e(rrm49atum¢awtd|egam HPRC 1&IB10D! (RS :SIOA VRS (@%% 17. 325

(94.5% min. ledriedeft-alFien0 13 vhbabOaRENE0Y | AR AP 1105 0P Ol dsE1ved
pyrrolidine-2-carboxylic

[ 2- (i ndan- 2- yl%k)F)t%coxc‘j’taéPFQhVélFB P uPN SR - i de SP5aWA e %Pr epared from
97a andi¢ 2- (i nE@wd;- 22y | any - br bxet b rahydrihd wmante3-ptodesy masma: aC| d

1yl t d dth
oyl ester agaaid ngplg e, pceditsouoat Ao ancamis, SR, e 0, ElA0rS (e
58% yi el d). 1MeQURCHZ602 M&/smws’eﬁﬂ @}al’653(5@7n93l-(1)75’1}’662d3 (qﬁ a4H)

2.42 (m 1H), w%1@e354>1(1m 6"#)1 NMR Ot So oMHZN 31, 4621409 gfﬂi 4%'){,) 5.65 (d,
J=S. OHz, 0.80H) H%)588d|5\]— 873(m
6H), 7.4 -7. 91( r‘n” s‘ﬁ) réb?n AndPyRi 4l (MPLE)cB %lﬁﬁm)ﬂ&e 0%56'{71 4% )

16. 4217? A28, 6%|)3 .misn. (mLClbl’:S (ESe):3 ¥ B=6h5 1(}M+H)4 BN ]MzomNﬁt) 982u ~ }) 20I
1-1 4- Acet yl,amn or enzo r on r ne car box
ic acid [2- (Yndglr%- g% 3 g i(J‘T‘g]yéc.lEL “?uﬁ'gi ’3yéyl7f7y6rcgc#e {‘@Sau) Y
Prepared fromi87h anGZ[ZS(lhﬂhnolquw 3iRhG2&yano column)

tetrahydro-furans3mih). - cBEbAST ceao)i dnaldatls est@f,mgccording to the procedure
used to prepare 98a to afford the title conpound as a 76:24 m xture of

epiners as an off-white solid (0.22g, 57%yield). 1HNWR (500 MHz) CDClg) b

1.08 (&0 J=6. AHL2 -0 44HydrdxP63 ( & d imét 1911~ b en 24 1814543 -me- HIBR Z002

PCT/ US99/ 0591gutyryi?4pyrrolld1ne 2-carboxylic acid (2-benzyloxy-5-
oxo-tetrahydro-furan-3-yl)-amide (64).
Prepared from 63 and 40 by the methcecd used to prepare
56 to give title compound (64) as a pale yellow solid

25 (352mg, 72% yield). *H-NMR (500MHz, CD;OD) & 0.83-1.28
(m, 6H), 1.66-2.37 (m, 3H), 2.23 (s, 6H}), 2.48-2.54 (m,
0.2H), 2.61 (ddd, 0.8H), 2.72 (ddd, 0.%H), 3.01-3.09
(m, 1H), 3.66-3.76 (m, 1H), 3.95-4.07 (m, 1H), 4.48-
4.73 (m, 3H), 4.75-4.92 (m, 1H), 5.45-5.48 (m, 0.1H),

30 5.61-5.64 (m, 0.1H), 5.64-5.70 (m, 0.8H), 7.21-7.62 (m,
6H), 7.88-8.04 (m, 1H). Analytical HPLC (cyano
column) (mixture of 2 diastereomers) 17.73min. LC-MS

(EST) m/e= 552.3 (M+H).



0.6H), 1.35 (d) J=6.9Hz, 2H), 1.8-2.3 (m 3H), 2.28 (s, 2H)18 SEP 282(s, 1H
. 2.4 (mMwolrrse2 .8 (m 1H , 3. 10 (m 2H), 3.27 (m 2HpcrRshhshid 2H)
3.69 (m 1H), 4.5-4.9 (m 4H), 5.6S (d, J=5.3Hz, 0.68H), S.84 (d, J=5.3Hz,
5 0.18H), 6.38 (br, 0.14H), 6.9-7.7 (m 6H), 7.6-7.9 (m 3H), 8.33 (br d)

J=6.eHz, 0.18H), 8.51 (br d, J=B OHz, P,82H) ppm Analytical HPLC (C18

col utm) 15.596 (76.2%, 15.932 (23.8% mn. LCM (ES+): me=597 ( MH)

0 H

1-12- (4- ami n@~3{ahl D¢ 04 bRyaeystyps E0)ipredpiyd Henzypynalridid)e-32- car boxyl i ¢

gs;gaﬁgdcgfgﬁggggxlgé!yryf?“%%%%éf%&f%qurcar %%91% %ﬁhnoﬁlqe g98av)

syn- (2- cycl opehyyioxyetd okid et r ahydro-furan-3-yl)-carbamic acid allyl ester

according to the procedure used to prepare 98a to afford the title conpound

as an of f-whft &688F i 0 (VIMRY,) ZR"BI% witel6d) was1 HYRKNGE vesG0 MHz, CDC13) 8

le §520%((m4éléb&rdlr?g 43 rettBa 2H)(sed. BrBebhe( Bx12H), Lé’a %f‘}.o4d( 215H)2H)6 6.8 2
m

(m 5H ppm? né‘f‘?«tfjcéﬁ mlé)o_‘zﬁtgﬁl G%}elﬁoﬁ‘ééuﬁ?n AE*élMS*(:EQ) m e=507

(MtH). 25 n KPL,?:V\/(d\lral‘xhd-l@dlumrdﬁ QoCbshidaw OLe-Bs (EWD 99/4Z%42.2 195 -~ g

SEP 2~ PCT/UﬁQ 05919

1-'12-(3,5-Di¢ Ioro 4- hydr oxy- benzoyl am no) - proplonyl]pyrrolldlne 2- car boxy

lic acid I 2-benzyl oxy-5-oxot etrahydro-furan-3-yl)-am de (98aw). Prepared

from 1-[2- (45ehdmel 8%Y- 3, 5-di net hyl 5

benzoyl am no) - propi gnyJ ] - pyrrol i di ne-2-carboxylic aC|d -butyl ester and

syn-40 according to e ocedure used to prepare 98a ff the title

conpound as a pal®& olid (1.08%g—84% yi eI OMHz, CDC13)

8 1.09 (d, J=6.9Hz,H0. %33(d J 6.9Hz, 1Q }? 2.03

(m IH), 2.10 (m 1H, 25%? 240(ddOJ173 102 P7

2.56 (m 0.2H), 285fdd J173 85Hz 0. 8H), 309(d(§7J177 102Hz

0.2H), 3.57 (m 1H), 3.73 (dt, J=9.2, 7.9Hz, 0.8H), 4.099(m 0.2H), 4.21

(d, J=7.9Hz, 0.2H), 15 4.44 (d, J=9.SHz, 0.2H), 4.55 (dd, J=8.0, 3.0Hz,

0.8H), 4.62 (d, J=11.6Hz, iH), 4.70 (m 1H), 4.80 (m 1H), 4.89 (d,

J=11. 6Hz, O0.8H), 552(d J52Hz 0.8H), 5.82 (d, J=5. ,02H) 6. 51

(br, 02H))662(br0 7074(m7H) 743( 766(d

J=l . OHz, 20 1.6H) pp ical HPLC (C18 col um . LCMS (ESt):
m e= 564, 566 (i@,ﬁiw S\; COH

1-[2-(2-9H~Fluoren-9-yl-acetylamino)-3,3-dimethyl-

butyryl] -pyrrolidine-2-carboxylic acid tert-butyl ester
(66) .

15 To a solution of H-pro-OtBu (53) (1.033g, 6.0mmol, II,
Scheme 5) in CH,;Cl, (20ml) and DMF (5ml) was added
Fmoc-tLeu-OH (2.337g, 6.60mmol, I, Scheme 5), HOBT
:1.63a0, 12.1mmol) and EDC (2.30g, 12.0mmol) and the

-ution stirred at room temperature under N, for

15

cture. The solvent was removed im vacuo, and the
reszdue disgclved in EtOAc then washed with 0.5N NaHSO,
1 . saturated NaHCO: {(2x! and brine. The organic



25 1-[2-(4- Am no- 3-chl or o- benzoyl am no) - pr opi onyl ~pyrr ol i diqne-eznC !goxylic
aci d (2+40yobepret yl oxy- 5- oxot et rahydro-furan-3-yl)-am de @%%Ps@ pared .
according to the procedure used to prepare (98avl using ‘
anti-(2-cycl opentyl oxy-5-oxo-tetrahydro 30 furan-3-yl)-amde to afford the
title conpound as an 1 g SEP 2002 WO 47545 PCT/iJS99/05919 ' - 196
off-white solid (0.24 g, 74%yvyield). 1H (500MHz, CDC13) 8 1.41 (d,
J=6.5Hz, 3H), 17(m 7H) 198(br 2H), 2.13 (br, 2H), 2.27 (m 1H), 2.69
(m 14, 2 86 ief ek cany;})d,roas9&ag§d4 gnafse@a Satidd) £ 031,
3.60 (br) l% 3 77 br %_ % F% F% 7 (m
0.65H)) 5, Sl (EdVGJESP?Aze YG1 olig 4§ -658)s) a§F\)° r ma%g %Phy 7.
00 (br, 1H), 1A EtorHAhexanés «hm/stﬁp Zoagoébrglﬁbbtppntlwmalyt|ca
HPLC (C18 col umm 6 oL n ex§0 BN~-NI ~HO
HC OH O- 98 an&)gfﬁﬁ(fgkc ﬁg%Fn %ﬁfé%& benzo anlno - propi onyl | 15
pyrrol i d@ ne- Zﬁééﬂﬁdxﬁlﬂcoacﬂé (2Hébhéx9751§xo9ﬁétrhh?ﬁr% ?%rgh 3H)) - anmi de

(98ay) . Prepanedf.romy anet Reppy- 5- @@Qgtggrqhydﬁgjfuaamgsthgcgﬁbanlc acid
allyl ester and 97b fol lowing the nethod used for 98a. The title conpound

was isol ated 48)a 20 4ot &7sdMid 1831 Ay281doddi dle) 2HAH RV (B00MHz, 1:1
CDC13: CD30D) me Q& 1. 3576rm . 8H) ,(ml. 389 1. 55.némyt3b{)il KpI5- 2cfdnd m 4H),

(oo abyy & sRLtEnlo te ety -9 1600 SMkatl -5 Ty ?278”‘2555') 35 (m
3H). Ama yti cal HPLC 10. 37, 10.54 mn. LC—NB (ES+) me= 509 a2 (MtH+) .
VIO 991 47545 1,8 |SER 425atREFLUS29405949 100893, 3Qa NnEh BPh bt R
pyrrolidine-2-carboxylic acid tert-butyl ester (67).
To a solution of 66 (0.503g, 0.99mmol) in DMF (8ml) was
added diethylamine (2.5ml) and the solution stirred at
15 room temperature for 1lhour and the solvent evaporated.
The resulting residue was repeatedly concentrated from
CH,Cl, (3x). The resulting oil was dissolved in CH,Cl,
(9ml) and DIEA (260ul, 1.49mmol) and 4-methoxy-benzoyl
chloride (190mg, 1.05mmol) was added. The solution was
20 stirred under N, for 18hours and the solvent
concentrated in vacuo. The residue was dissolved in
EtOAc and washed with 0.5N NaHSO, (2x), saturated
NaHCO; (2x) and brine then dried over anhydrous Na,SO,

and evaporated to give a white solid (0.529g). Flash
25 chromatography on silica gel using MeOH/CH,;Cl, (1/99 to
2/98%) gave the title compound (2.25g, 74% yield). 1y-

NMR (500MHz, CD3OD) & 1.01 (s, 1.4H), 1.11 (s, 7.6H),
1.73-2.25 (m, 4H), 2.47-2.77 (m, 1H), 2.81 (d4d, 0.7H),
2.91-3.11 {(m, 0.3H), 3.61-4.03 (m, 3H), 3.84 (s, 3H),

30 4.,29-4.49 (m, 1H), 4.49-5.00 (m, S5H), 5.46 (s, 0.15H),
5.58-5.73 (m, 0.85H), 6.94-7.04 (m, 2H), 7.27-7.41 (m,
4H), 7.61-7.73 (m, 1K), 7.74-7.84 (m, 2H). Analytical
HPLC (cyano column) 13.10min.
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[ 2-(2- chVOr & oXxy) - 5- oxo-t et rahydr o- f uran- 3-yl ] car bam c rEI/dSlds9ls est er.

5 Prepared from 3-al |l yl oxycarbonyl am no- 4- hydroxy-butyric acid tert-butyl
ester (5.2g, 20 mml) as described for 40 using chl oroethanol (4.05n, 60
mmol) to afford 1.89g (35~ yield) of the,4dtle conpound as a m xture of

epiners. For the anti-diastereoner: 'H NMR (500 MHz, 10 CDCl;) 8 2.42 (dd,
J=18.1Hz, 1H) , 3.00 (dd, J=18.1, 7 . BHz, 1H , 3. 63 (m 2H , 3. 85 (m
1H) , 4 . 02 (am([2-H)4- M&hﬁ@-&iﬁnzﬂﬁlamﬁaoﬁﬁ (3brdmetillyi)l. butyrid)(br s, 1H)

’(m ii!)(gpmkhlé”‘?\%’%( e'ﬂ)p, cai?gi:y((]%'fl_bac%.%': (Benttho g% A3e(s. 10 5.89

“H NMVR (500 M@tmp-&@:agm(-dd)-amms (680..7Hz, 2.83 (dd, J=17.3,

8.4Hz, 1H), 3.465 4 ( ( 4 (m 3H
"5 95 (d Fhf%S a4EZol%}E‘)|}|)o’n f %?l ('@ 9135) 1. ‘474mmlﬂl_|)rﬂ'1 éﬁ%g%z Zsé%h) e
(d, J=5.5%Hz, M@s asidss @udr 1u}~’-f?nf (?116‘1 2(}8502!1921)1%‘%5%5 LC- M5 ( ES+)

m e= 264 (NHHkrlflate (2.3ml, 11 9mmol) and the reaction stirred at

2- (2- Mor phol 4- I- h dro 3yl | - b id
Wiyl estor. FES sgl%tsa%ﬁ’%ﬁ p3585. Bal 575 bt RBRYT . b6, FRPRLRyBPass
furan-3-yl]- canbcamre alesddaﬂuybdewneh EﬁzﬁbﬁctWWMthtimrmmlmmcoz eq)
and K- (1 eq) &)D%d b Y\Qe99rxéﬁ5é§ EadovER ﬁ?ogoPGT{ Li??e‘?{@ Uy 198

1-(2-(4- Amn03c | or o- enzo amno- pr opi an E?ro ne- -carboxyllc
aci d (219 2- roeyRBPrAL2dy| eifhsmssdas%ow@ét éaﬁ% BefuianCHE2G1] -Erede (98az).
Itshpre|)oaged flt?@fthQZa gmdnfsmmEAZWZsﬂmrpbgbmﬁ\om yhn& Tllmetho foll

et hoxy oxostetra ur.an- 3- ca ol |,owi ng
cinoxy) & oropkSLob oo Lenan & YLLCoL PaThe R d gl Ll cster ol gl
(2-(4-Chl or o- bedeyl §xy3t Srosmw- tet\peahg'timneffmam&hqm:}s:arbmwmdd al |yl

ester Prepare 3g,akl o] r
tert-but IO es?g%ﬁggl: gg%r g9§¥? %gir‘%’g ﬁéﬁ?ﬁ?% %/c% uﬁﬂpg af ford
the ti t}% conﬂéﬁhdcﬁs%z e Qlhi t9e9 §dl itP vARid ke tférté@@omm@ C18

?33“”3) 1&019242mumg,1bla%dl\/§<162:§@§(3 M-&Hlmcéllﬁs)So@mZz%cxﬁ E)J%BIGdZL (Jlsl") 3.02
iH). 4.79 (d, J§iﬁ 7|J£1zH11 f&«? gﬁbg ?Z)P F?S (%, g{)l,(dd; '1%) 2)17 J(“‘mz
1H ( 5.28 (daH)202J817(Qg, |03w1,1m)91534m($m, 16) 3HB, 85. 14 16, 7.25 (d,

J=8. 4Hz 3 d J EStyy m
Syn- di astereor(rré gH :;igg ﬂ:é ?Jm ?%S%mes(& &%\II\/R fS‘gg%Aﬂ%H&B) b
2,47 (kP =178, 5046 s, 10 155) g55 (2875 923 7(™, 8. 8%8) . 1649474756425 (m
|3H|) ?424. ?Ei)(d (R714uYH27 . 1H)67 4184m(d4m3 11, @ty . 1) (mb. 2:3)(?1879&':3&4
J=17.1) 11.0, SQng‘)“ ﬂ%p oy %’Zgiﬁajs%g é%?{én% %‘11‘(“5‘)’ FREESRES ol ppm
LC- MB (ES+) npE=230kaghp¥pomeps) 17.03, 17.39min. LC-MS (ES*)

m/e=552.3 (M+H).

25
3-({1-[2- (4-Methoxy-benzoylamino)-3,3-dimethyl-
butyryl] -pyrrolidine-2-carbonyl}-amino)-4-oxo-butyric
acid (69).
A 117mg (0.21mmol) sample of 68 was hydrolyzed

30 according to method C (see Scheme XXIII) to afford 40mg

(41% yield) of the title compound: Analytical HPLC
7.16min. LC-MS (ESY) m/e=462.3 (M+H).
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1-[ 2- (4- Am no- 3- chl or o- benzoyl am no) - propi onyl ] pyrrol i di ne- 5 car boxylic
acid [2-(4-chl oro-benzyl oxy) 5- oxo-tetrahydro-furan-3-yl]-am de (98ba).
Prepared from 97a and syn-[ 2-(4-chl oro-benzyl oxy)-55
oxo-tetrahydro-furan-3-yl]-carbam c -agiz¢ &l lyl ester follow ng the nethod
used for 98a to afford 154 ng (65% yield) of the title conpound as a pale
pi nk solid. HPLC (C18 columm) 10.597 mn; 1H NWMR (500 MHz, CDC13) b 1.14
(d, J 6. 8Hz, ag 75'1)‘6 1.34, (d, J=6.8Hz, 2.25H), 10 1 . 6 (br, O .25H |,

3

1.9 (m 1 (m 1H , 2.10 (m 1H), 2.29 (m O0.75H), 2.40 (dd,
J-_17.3, 10. 3Hz 0. , 2.51 (m 0.25H), 2.82 (dd .3, 8.5Hz, 0.75H),
3.08 (dd, J=17. 98&0 9Hz .25H), 3.58 (m 1H), |3. {12 (dd,

0.75H), 4.10 (m 22 (d, 15~3=B0z, &

0.25H), 4.54 (dd, J 9. Q Bepn 0. 75H), 4.60 (d, J=11.9¢k,

1H), 4.85 (d, J=11. 7 75H), 4.86 (m 1H), 5.49 (d, .}—9

5.81 (d, J=5.2Hz, O. H), 6.2 (br, 0.25H)) 6.74 (m 2H), 7.05 ( =8~ 5Hz,
0.5H), 7.17 (d, 20 J=8.4Hz, 0.5H), 7.30 (m 3.25H), 7.4 (dd, J=8.4, 2.0OH,
0.75H), 7.56 (d, J=l.9Hz, 0.25H), 7.73 (d) J=l.9Hz) 07H), 842(d,
J=5.7Hz, 0.25H) ppm LC-I\/B(ES+) m e=563) 565 (M+H). 25 OHONI C
HO98bb 1 8 SEP 2002 . PCTI US99/ 05919 WO 991 47545 ' - 200

1- (2-(4- Acetyl am no- 3- chl or o- benzoyl ani no) - propi onyl ) p rroI i di ne-2-car boxyl
ic acid [2-(4-chloro- 50xotetrahydrofuroa -am de (98bb).
Prepared from 97b_ang - cbbgt 0- benzyl ox

oxo-tetrahydro-f - 3- I] carb c ac‘rtl—a+lyl erHac or the
procedur e use@ TNy eparec% H Hord 1656~ y| el &

conpound as pal e yel |l ow solid. "HPBC (C18 col urm)c| 10. 991 m n; H H-

MHz, CDC1l;) b 1 . 16 (d7J=6. BHz, 0. 6H) , 1 . 35, (d, 70 3= 6. 8H2, 24H)
1.99 (m 1H), 2.04 (m 1H), 2.10 (m 1H), 2.25 (s, 3H), 2.28 gm 1H) 2. 40
(dd, J=17. 3,112 4tertOBGt)xy@atdryhantioae-)3, 3> doetayl-putyrsl)s. 5H2, 0. 8H),
3.02 (dd, J b]EEQz,Y J=17.2, B.3,
8.3H2, O. 8H)l;}z 5;?.;1%}5115&'22 ‘gﬁmf? 121 éiga heé%e&dg)%u 40 f’q

J=10. 952, 0.7e)a Fuspepgion joi. li-Pl?P‘(SWZl (EQQ-H) (2.40g0 @d66Tmel)gi® 0. 8H),

9. ga) (m 5132)@5@%5 (Shrt)=WeBHBded &lm(4281sﬁ1m 1bi) 9215mo£9 ko, gHg 2328H)
7.05 (d, J= ngﬂlﬁ EZEOSOEﬁSSfF%%M-(JOon aé)%fq'%j) %fé ‘(m 3.2H)., 7.49
(dd, J=8.6, 9. smmom)zwosw €3B. 169, u&@mmoﬂ)gmld @DBH (2.2%@A (d, J=1.9H2,

1H), 7.85 (d i : A )
e 1(0ES+§ 12158860 Qo Pb) aaded Sartd! el Cachioidh Uhurrbcd Luksr &;8H) ppm

at room temperatu e for 18hours. Removed solvent in
vacuo, dissolved in EtOAc and washed with H,0, 0.5N
NalS0, (2x%), saturated NaHCO; (2x) and brine. Dried
over anhydrous Na,SO, and evaporated to give the title
compound. (3.57g, 99% vield). 'H-NMR (500MHz, CDCli) &
15 0.99 (s, 9H), 1.40 (s, 9H), 1.88~2.33 (m, 4H), 3.58-
3.90 (m, 2H), 4.21-4.35 (4, 1H), 4.53-4.66 (m, 1H),
5.04-5.38 (m, 3H), 7.14-7.42 (m, 5H). LC-MS (ES*)
m/e=419.4 (M+H).

20 {1-[2~(2-Benzyloxy-5-oxo-tetrahydro-furan-3-
ylcarbamoyl) -pyrrolidine-l-carbonyl] -2,2-dimethyl-
propyl}-carbamic acid tert-butyl estex (71).



WD 99/ 47545 - 201 Scheme XVIII | 8 SEP 2002 PGI/US99/ 059191 8(5EP R8g2N ~

OV CsHS O O H O 102a, Y=AcNH 101 102b, Y=NHp 5 10

2- (2- Henzyl oxy- 5- oxo-tetrahydro-turan-3-yl carbanoyl ) pi peri di ne- 1-carboxylic
acid-tent butyl ester (100). Prepared frf)gn, pi peri di ne-1, 2-di carboxylic acid
l-tertbutyl ester 99 and 40 follow ng the nethod used in the preparation of
75 to give the title conmpound as a yellow solid (2.63g, 57%yvyield). 1H NWR

(500MHz, CDCl3)n Siyrg- &2 FhrriBl 15:1‘& 1?e 303:'2705Qaé”H1§§%1v8d5§n2M3§H(m 1H),

2.89 (dd, 0.5 3. 0 (dd, 0.5 97 (m 3H))
5.37-5.61 (m H‘) k.2 & o ‘F’?‘-‘ (201‘11!)9) aﬁ‘*&-‘% 7, %EeF%PSBWSl%C*’ ( ES+)
-m e=419. 4 (NHﬁkmrﬂéﬂ under H, for lhour then filtered through Celite

{2'[2'(2'86”Z%éhnq‘yt§e XM & Bya&)eo%a{tgercfn 3.r¥;' g%??ﬁgﬁﬁgpwﬂé% Nodsyll-1-m

et hyl - 2- oxo-e }car Bami . aci
2-(2-Henzyl oxwﬁ\v@@ﬂ tvelttrfalﬂﬂdra@mm-tw G@ﬁbﬁﬁﬁ?ﬁ?%@e‘%d@ nee 1- car boxylic

acid tert-but g/ﬁ@ 2} HissEhvedieng?08E TEhe | 91 GRCL2 (25nL)
and stirred a 99/ 4754 8 SEP 2002 P /U899/ 5919 - 2 02 room

t enper at ur e fGP“erﬁi idd ‘sol ﬁeﬁ?‘%éog{ﬂﬁﬁor%’%@)a d %t-1é rl&si dHal aci d
azeotroped w t1h 4GH2GL (AK),. 1Thae -resw timg 4| wassdi sl ved 1m) CHZCI z

(20nL) and DME coal e ate t 4. 7l
27.0Omol), Boé- g(%mr?) e (‘§‘703r§t’ '5. %90%) )7t° ?’é%% P%EQ#D and EDC
(1.31g,1®. 8mMmuE) ,ard 2the .86 UM, 0AH3t i Hr.d@-dndér (h2 FBr, I‘marrtls 98The sol vent

was concentrated ijg;)vaguq ot @easdl(ﬁsollggd kN4 ELOAss apgl waghed; wgh 0.5N
NaHS04 (2x), saturat ed NaHC03 (2x
.78 (m, SH). Analytlcal HPLC (cyano column) 11.17min.

LC-MS (ES*) m/e=518.3 (M+H).

15 1-[2-(4-Amino-3-chloro-benzoylamino) -3,3-dimethyl-
butyryl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-5-
oxo-tetrahydro-furan-3-yl)-amide (72).

A solution of 456mg (0.088mmol) of 71 in CH,Cl, {(20ml)
was treated with anhydrous TFA (5mL) then stirred at

20 room temperature under N, for 1 hour and evaporated to
dryness. The residue was repeatedly concentrated from
CH,Cl,; (3x) then dried under vacuum. The resulting
residue was dissolved in CH,Cl, (20ml), cooled to 0°C,
then treated with DIEA (1.3ml, 8eg, 2.46mmol) followed

25 by 4-amino-3-chloro-benzoic acid (202mg, 1.17mmol),
HOBT (183mg, 1.35mmol), and EDC (27Smg, 1.45mmol). The
resulting mixture was allowed to warm to room
temperature and stir for 18hours. The solvent was
removed in vacuo and the residue dissolved in EtOAc

30 then washed with distilled water (3x), 0.5N NaHSO,
(2x), saturated NaHCO; (2x) and brine. The organic
laver was dried over Na,;SO4, filtered and evaporated to
give a residue that was purified by flash
chromatography, eluting with CH,;Cl,/MeOH (99/1 to



10 brine. The organic layer was dried over anhydrous Na2SQ4 g gggpor at ed
to give " e solid that was dissolved in CHCl12 and ise to
di et hyl gﬁ%rﬁ?‘% afford a white precipitate. The title co%gﬂ‘zlﬁ%g{ggﬁ white
solid (1.21g, 73%yield). 1H NWR (500MHz, CDC13) 15 8 1.10-1.79 (m 18H),
1.98-2.19 (m 0.5H), 2.28-2.88 (m 3H),_2.89-3.13 (m 0.5H), 3.78-3.95 (m
0.5H), 4.21-5.16 (m 5.5H), 5.38-5.59 t#§ D.3H), 5.66 (d, 0.4H), 5.80 (d,
0.3H). 7.24-7.40 (m 5H). LCM (ES+) nmfe= 490 3 (MH) . 20

1-12-(4-Acet nyh | rdne2carbo I
C acu(zl (2- beé??%zyé?%ﬁ){%’ gﬁéﬁ% (fasn?r 3) - I)Olg% Ih plfgg'al IPr epar ed &
from{2-[ 2- (2<bmReyhdx {73} ox@®-& ateldmp rselfidg. an25

3-yl car bamoyky - mwers&d»ple ¥, ob) B! bybxzx 0Xp- ﬁahyédﬁarpa% Cyaghd tent

butyl ester and acet yl am no- | or obenzoic acid procedure used in

the preparatii®n #%) 084 ?B'Pgl% (t“he1t| Hle @oﬁﬁd&n&%ﬂ“mg? B yi el d). 1H NWVR
(500MHB, CDCi3)9S31540¢nl, . s(Hm 30 6BH).,782.(%0- 2.. 6&)(”13 8b)-4 2)473('113 24 (m

(m 0 5k, 6o8ht ab ot {4 4 s’ F-g3 i Va4 SofEdR 5 10 15 1 8

SEP 20D2 PCTP US8D/ 0595@4 ozoa(m 705253, 15 @msm)a (MnabyEHeal 6HBIC 8. 30ni n.

LC- M5 (ES+) pge=p@p; 3; (M%) 77 7H) . Apalytical H
1-(2-(4- Am ngafs ch)l50ro benzoy Ia(rr?l no) -)pro |8n>}/’I l§; erlP Fne(c acar boxylic acid
0

(2- benzy| oxy< Sl YRRBE HR e G’ff @r éiﬁ—a:§-t9Ff)‘3‘953ﬁ1réé 28) . 1Pr8Badad as above f

or 102a to giwems heged*)t ngecampoundmefl) 069, 27% yiel d) as a yel l ow solid.

~H NVR (500MHz) CDC13) b 1.2-1.8 (m 7H), 2.1-2.6 (m 2H), 2.7-3.2 (m 4H),
3.6-4.0 (m 1H), 4.3-4.9 (m 7H), 5.0-5.8 (m 2H), 6.5-7.0 (m 2H), 7.2-7.8
(m 8H) ppm3Anilyidcdl-AnEn6-Gephaloroebanmdyldming) ¢ 393 6&imethy198 (60. 4% .

017 1 N v SRR AR AT Ea iy YA ne o SBe BLEARED Y

acid

15 A 40mg (0.07mmol) sample of 72 was hydrolyzed according
to method A (see Scheme XXIII) to afford 25mg (74%
yield) of the title compound: Analytical HPLC (cyano
column) 10.66min. LC-MS (ES*) m/e=481.3 (M+H).

Scheme XVI
oo O 1L 2
J\rf * Allocs /& /l\o HJYN
o
CO,H O Cets oZ N o\/©
74 40 75

R{COH
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~N ~1 COyBu-t 105 Allo c~ HORe _NNOHHNGOC O 108 WPEPSEATRgd ~ a

: SEP 200" WO@I478B99/ 05919 - 204 4- Hydroxy-pyrrolidine-1, 2- Mﬁgmﬁﬂd c acid
1- benzyl ester 2-tert-butyl ester (104). Conpound 104 was prepare

according to the procedure 5 used to prepare conpound 95. A suspension of
Cbz- Hyp-OH (4.854g, |8mol) in DVA (13_5n%g benzyl tri et hyl ammoni um chl ori de
(4. 1059, I8mml), KzZCO3 (64g, 46mmpl) an 3 brono-2 10 net hyl propane (99ni,
859mmo1l) was stirred at 55C f or |8hours. The mixture was diluted with iced

wat er and extragt esl. b ! Bedek {X6xk 3 ox ot ¥ bz iRt vished with water,
0. 5N NaHS04 sol'ution and brine d][j ed and the sol \{Eﬁqd')l n vacu y| el d the
T\ﬁ\ﬁ%“(

title conpoundYaS2EPamOYL] 1RYFIR+14: Dedy ) dg

'ng(ljsé z7321(33 ¢arbac é.cﬁczS(ért-le)ty]Z &it-e'i 1as)m 1H), 2. 223 3828m( 1H)2H)
7 307 45 (m Ehpa aqRitfed et e i dhyn otdond @ianiddeis %) O
Ntli~) .54-Fl Qbf@z)warsoladsﬁeltﬂe-ll32ddmsahbéh§rb@:taﬂ-d §deni§DMBés¥ter

2-tert-butyl | foph 2 1 2C12
(100m) 35" ac “TyEt s | ] I TEER LB e, R ol I

| Oni n t hen warﬁ%lﬂu‘%’epl?d‘éﬁﬁt%nﬁﬁ% Wndedndi2s BEr FEA™F SETBER afvdEr fRE The
m xture was pousgih, iddsled eld NaldQHoO.lB%aEObyttﬁa adgQnt brard @dd—act ed

with CHzZC12 (2&( The Og{jg@aocﬁ%egnn ( t\ée%s] §Qegm\é{|ot%? vaf { T (3_,‘0 i ne, dried

over anhydrous o gi've a g) which
was puriifa ed b%le'Iramnl)ccﬂILdnﬂnﬂlr nggr aghymoelgi.| i &@egedeammgug

hexanes/ Et GAC § H0{elih Q,R0/-A0Qwe dT*&% wa&kneteoefsemn@e\ﬁﬁ:%ﬁt&w degas a -
WO 99147545 1 8 SEP 2002 PGI/ US99105919 - l ow oi | (2.805g, 64%

yield). 1H NVFEY{B0OMEeT dbcfoy 48Royrs(s, TE65F5>1V:¢;HE5W€~§ 4.5H), 2.20-2.55
glr—nl) 2|7'|) 23376411 @ox&ﬁer{SﬁEatzid) ird. v‘h|cu|(d1)aSQC5H)s réséauéddl@s@ﬂ)vedélgiﬁn? 2%2£1m2
, 7.23- ti.ca + e=
(MHE) . 1-(2- F@%%x%b a?r‘?] H&tg i?ng’ éﬁi‘ggéﬂ‘ﬁ%&k YRebERtka
pyrroli disne- 1, aRii®ar(2olylaind aeidel- b&heybregsniéc 2aper- pasyldréeter (106).
10 A solution 4 ) %P (1. 27g)
was stirred un%{aré%glé ﬁ%ogr%g tgggﬁﬁ% %teé%%i%rgﬂg w?l %g %ngﬁgﬁ
sol vent evapor@tied ¥%o @S)e & pehy sRlsmp (:ErBEB@PSr?E’lhé’ & Siddcdi §§d1 ved in
CH2C12 (30ml) adichd ragicad /wedlic Di &by £4. S6130 BaSMM@dye the title
compound 75 as a yellow solid (7.28g, 86% yield). ‘H-
20 NMR (500MHz, CDsOD) 6 1.19-1.31 (m, 3H), 1.42 (s, 9H),
1.69-2.29 (m, 4H), 2.45-2.67 (m, 0.9H), 2.71-2.86 (m,
0.5H), 2.99-3.10 {(m, 0.6H), 3.45-3.84 (m, 2H), 4.24-
4.4% {(m, 2.5H), 4.57-4.73 (m, 1.5H), 4.76-4.%2 (m, 1H),
5.4%5 (s, 0.45H), 5.63-5.68 {(m, 0.55H), 7.25-7.40 (m,
25 SH) . Analytical HPLC (cyano column) (mixture of 2
diastereomers) 15.99, 16.33min. LC-MS (ES*) m/e=476.3

(M+H) .
o}
NJ\r”SE 4
N~
(@]
2N 0 H%
Cl 76
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15 Cbz-al a- OH (2. 34g, 10.5mmol) and EDC (2.32g, |2mmpl) at ?&P Em m xt ure

was sti kW&ehpqadditional | Omn at oC then allowed to vvarn'? o Toom

tenperature and stir for |8hours. The sol vent was concent PEIYH%Nacuo and

t he residue dissolved in EtOAc then washed with 0.5N 20 NaHS04 (2x),

saturated NaHCO3 (2x) and brine. The organic |ayer was dried over anhydrous

Na2S04 and evaporated to give a white soléad which was purified~by flash

col um chr omat ogr aphy, el uting usi ng hexanes/ Et OAc (80/20 to 60/40% . The

title conpound 25 was isolated as a white solid (286g, 86% from

4-f 1 uor opyr r ol i MR 1{ 2RI HbxGRIE Ak P 2RI Je RGP ipmydd ~put v

ester). | H NVya00Mgind TN Sody B Ta i (10 HelthylchRG-3x67 (m 21,

3.45-4.13 (m I@ 4.d254.'47l£_g,} )?#—}) 4..&3%—4 71 (m iH, 4.96-5.17 (m 2H),

30 5.19-5. 45 (GREEARYLEp-Lfuranys IV @mided, (T/)ical HPLC 16.36min. LG MS

(ES+) m e=39SA3 1(.Ms9g (3 .\ADna8s U7 Bnpl @6t 715 8irSEM,20Q2 (PEnT) UE9/ 05919 1-

[ 2- (4-Am no- 3-chl - i 0PI QW ] ;

- 4f | uorﬁnpyrrglr% |t%£ﬁ§2€%<%fp)asci -A'E eert- )utty enessttélrrrffo’?)t ToR™

suspensi on of tEOPSFAREEE LedE2mitel forn 1VBOMY ( 2DR1LFVEPaRated%k®d/ C (1. 329)

was stirred ugdemedyy atipesphayfnd Wit fpdatdyf corldeni-ehedqat beemgh celite
ve a V\ﬂXé sol.id (1.694 The solid. was di ssol ved

I

and the concentrated,to. gj g).

in CH2C12 (25 ?%émd‘%%‘éa’féanwdﬂfﬁe BRIEZ &ﬁEPungﬁﬂﬁl’;’?su ting

4- ani no- 3- chl eeshdnzoiwasadiic skl el 362 EH,T19mi o)) HOBIo1dd ety *@B. 62nmp1l)

and E 1.64 8 ) O nger : M- %t s al _to warm

to rogcn%téerrpe?g%e&r éﬁg%gﬂt iw?f'ﬁtgld 'oérA ﬁghgllélﬁs'.-g%%é 3)§I'\lilénﬁ'€%masgc%ﬁ%\§%trat ed

in vacuo. The3redlo¥e-Rasz@iss@aisd (0n SRi0aAc 5 -RaFIRdd - WHORTWAD eB24dx), 15

0. 5N NaHS04 (2Xhmmeahur ahed MHGA3 162%), NG 3kimc1e.. THReOLEaRLEihgyer was

dri ed over anhydrous Na2S04 g}r%%[ vagorat %d to give a Waflete,sol I d_whi ch was

purified by fl“g§ﬁ‘168| WA ¥RT gé’r R &&Pﬁgaéﬁé&?f‘ eF Y58 1£9% 98/ 29 .

The product obshpned.asTaewsicllerent| wds( 2emdvgd I Yaduo. ahdt MR (500MHz,

CD30D) 1.33 ; : i3 C3h 2. : 93, , 1H),

40243 (m Tipp o0 ggogolier imEkonE Tref WachBy giln é.l%%ﬂﬁé’s, 0. 5H
6.7B (d, 1Hyate¥ H$3x}qd, Og5N1MpHSOz (2B)(ssagpyated NaHCQy (2m)) and

Anal ytical HPLEihd. 14108, okGaMBd ESYhr2Gasl ex424. dvedoid)so, H 1082 WO
99/ 47545 - 20% 0 é

.%8§EP 02 PGINS99/ 05919 .
1- (2- (4- Ami no* 3L ERFEP02BENSYFPRTARES- FPoFr SRy Rl FEFLABR LR r¥7S di ne- 2- car bo
xylic acid (2pbenfykdxpyS6tashetchabypdtogirapay- 8syhy- anp b, Me@BR) . Prepar ed

L7 5 PTIRRG mRL SRS AR KO T

.

ester and 107a follown used synthesi's The
title conmpoundh®kS FobLat éd-8318 wABkeY3BRAY - (2HnAJR 1680 9MET .d)CD3 ORI NVR
(500MHz, CD30®)1 9. 94, (¢, 28u8H) 1.34507. 6d, (*H) 2. 154D, (Mad-27Hs &, 21-2. 65

0y 25 57482 marps A ah ARbaof sl anp 0 Thes dbmne 307 BT o
(m 0.6H), 5.975¥d, B.8pH3.8577m(ddH) 1Hp . 73-1S98. 41, (d¥) 5H) ,26-5107. 62 (m
1), 7.587 (dd(mi Hm) Anal y§162k-HRWC 13) 8381 Bo-EC7B (RESH) s €% 547 1 (MH).
6.92 (m, 0.5H€), 7.15-7.48 (m, SH), 7.48-7.68 (m, 1H),
7.68-7.88 (m, 1H), 8.15-8.34 (m, 1H). Analytical HPLC
(cyano column) (mixture of 2 diastereomers) 14.44,

14.89min. LC-MS (ES*) m/e=529.3 (M+H).

I
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15 H 108b 18 SEP 2002

1- (2- (4vé9bMats43- chl or o- benzoyl am no) - propi onyl ~- 4f | uor o- Pe@ehM49ie- Z- car bo
xylic acid (2-benzyl oxy-5 20 oxo-tetrahydro-furan-3-yl)-am de (108hb).
Prepared from (2-benzyl oxy-5-oxo-tetrahydro-furan-3yl)-carbamc acid allyl
ester 107a follow ng the nethod used fo !L_)th synthesis of 98a. The title
conpound was isolated as a white solid Elé 4nmg, 54% vyield). 1H NVR 25
(500MHz, CD30D) 8 1.07 (d, O0.5H), 1.25-1.56 (m 2.5H)) 2.21-2.65 (m 2.3H),
. 2.68-2.89 (m 1H) 2.91-3.10 (m 0.7H), 3.57-4.23 (m 2H), 4.32-4.95 (nm
5H)) 5.16-5 1H1, 5. 45- 5.58 (m 0.2H), 5.61-5.67
(m  0.3H), 5 7 ?112 b‘*z’#ﬁth%x???esm?r‘ih}tgﬁubewwla’ﬁmé”SEP 2002 WD

. 99/ 47545 PGT/;H&Q@i&S}QJlB-prﬂBlld?w@-ﬂ-ddrlﬁﬁxyBi-b ,acAdb 02~ Yemn

Do)
7.71-7.87 1 I L ES+) nfe=547.1 ( M+
N"" o H2N(?:]§)%)‘b~ %}é’é&? #&%%ﬁmn%nﬁ&&h:\@é b%éa)nzoyleam no) ( )
- propi oAyl | -sifntborot pgd r b omli Te-and af boxginet kel o -methoxy benzoic
(2- et hoxy- 5- axof £14 AW fad WANerks Yﬂ:)o@é&ﬁ‘?e (J8¢)ko Jer%ra%arv%d tbrom

syn- (2- et hoxy- 5- oxo-t etrahydro-furan-3yl)-carbam c acid allyl ester and

107a fol | owi rf f9wd rﬂ%oﬂl‘iﬂsﬁaoc‘?’%ﬁo‘%rl’% nt#esi4d oY ieds)to gHvlMRhe title
conmpound (100(5”6194}1:88%%@3 dp. 11koNR (FOOMHZ, 6 C3QR) 8§ml. Q%) (t 2.282H),

55 3 ol Py eed, S48 17 e il g 2o 2
5.275.36 (m ©.5H), 5 ®D- Bl (M SH. ,3I—3) 625-5654( nim, 18K ,637216.084 (m 0. 8H),

7.54-7.69 8 /%A dypn O. 6 5 0.3
Anal yti cal (2]0 P@PL? 8. 464m951( i_m %H) 4 Jdlos e 8§n 2§I(ﬁ))M—I+)g 2 ((g WO 95? 47545

}g S+ rﬂe— 4
1 8 SEP 2002 PEHHISoF FR1, 0.25H), 5.63 0.4H), 5.67 (d
0.1K), 7.17-7.45 (m, SH), 7.45-7.65 (m, 2H).

Analytical HPLC (cyano column) (mixture of 2
15 diastereomers) 15.06, 15.39min. LC-MS (ES*) m/e=538
(M+H)

Preparation of 4-Acetylamino-3-chlorobenzoic acid
To a solution of 4-amino-3-chloro-benzoic acid (10.0g,
20 58.3mmol) in anhydrous THF (100mL) was added acetyl
chloride (20.7ml, 291.1mmol) and the solution stirred
at room temperature for 48hours. The solvent was
evaporated and the product precipitated from hexanes
then filtered and dried to give a white solid (11.73g,
25 94% yield). H-NMR (S500MHz, CD,OD) & 2.28 (s, 3H), 7.92
(dd, 1H), 7.99-8.16 (m, 2H). Analytical HPLC (cyano

column) 7.84min.

LG5
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- 209 5 10 15 E
1-1 2-(4-&33’ &9‘{7§45chl or o- beazoyl am no) - pr opi onyl | - 4f | uor o- pyr rQ)IS1 8| ?10822 car bo
xylic aci PCT/US99/05919

[ 2- (2-isopropyl - 5nmet hyl - cycl ohexyl ) - 5- oxo-tetrahydro-furan-3-yl]-am de
(108d) . Prepared from

{2-[1R-(2S- 1 sopropyl - 5R-net hyl cycl ohexyhgxy)| - 5- oxo-tetrahydro-furan-3-yl}-
carbam c acid allyl ester and 107a foll owi ng the nmethod used for the
synthesis of 98a to give the title conpound (95ny, 31%yield). 1H NWR
(500MHz, CD30D} [R-Q442Acedyl@hino 03 SdhXako Hénzdy1BdinolC propikdiyll 4. 22-1. 76

(m 6H), 1.96; H) . 2H)., 1.5H),

3.02-3. 23 ddpgﬁ‘%ﬁé@l@a% %%ﬁégf%]l’p@ 473 gﬂ%’oeéﬂgjlﬁ . 3.63-4.24

(m 2H), 4. 48tqt52hy#rosf-|yraxs-mz@ 'AFBM(qfﬁ 9 - 572 (d, o 4H), 5.82 (d,

0.6H), 6.77-6p éﬂbdlki):om77§3aﬂd 647-a(daty1@m1n7o-7.a8~c&1CiorQ> 44é)n)zo71c84 (d, 1H

Anal yti cal HPLC, 8. 34m n. g} (e ec~N~N

8c' H-N~2+ Al | BEk %ﬁ?ﬂrﬁmﬁ t'c?llF% rpFed t=|° Hzﬁparec ré N9 HO~ 0O

N ~O (o cl hDaff&dOchieDtitﬁe g:dzﬂ;imﬂrﬂcn (14Jsln@ SEMQagld)zl léH NMR -

~2-12-(2-Etho o- L.et [ O- a c anpyl ) pyr Ldin y 1-net
’(%’ocarg EBLSA ‘bL Eyl . c3gb gg %é 1{59 g gﬁ&

hyl - 2- oxo- et hy am ¢ aci tart est er re a ed

(2- et hoxy- 5- 0kx02® et # ahjlt o-F «Alare R8y| (f6 dartdni @ &éi-a -3l y(lm eHt-&H)74

fol |l ow ng they g hodypsed, i, grhe synthesiss qu 79130 ¢i v@-Bheet iy e conpound
asapaleyellowsolld 660 7%y|eld f|ZR 500MHz, _CD30D) 8
1.14-1186 (miBH) 41222 (%Ongfm '7552129?(% 38 Bd§3-G.-5H , 2.58
(dd, 0.5H), 2(w2-@.8B)(n7. J:I:{}704'Esl-l)(m 20991)(dd/ 70- 5H)L4 3m43235ﬂ1,(m 4H) ,

4.07-4.52 (m : 3 ) (d, O.5H).
Anal yti cal Fﬁ_é% 'Zélrggoﬁﬁ f%{dl ‘as m%rcsl ;‘ng (gvgg% gl?‘ (ES+)
m e=414. 3 (VH®ixtuse of 2 dlastereomers) 8.64min. LC-MS (ES*)
1-[2-(4- Al | ylipxy=s3; H: 8li glfipr.0- baazoyl ani ao) - propi onyl ] pyrrolidi ae- 2- car boxy
lic acid (2-ethoxy-5-oxotetrahydro-furaa-3-yl)-a~,ide (110). Prepared from
109 an¥4-al | yl oxy- 3, 5- di chl or o- ben20| c 20 acid follow ng the nethod used
in the synthesis of 82 to give itl onpoukd as a white solid (228ny,
65% . 1H NMR (500MHz, CD-ORy=8-1: . 1.32-1.52 (m 3H),
|.63-2.31 (m 4H), 2.41-2.40 (d, 9.54), 52f2 d, 0.5H), 2.67-2.81
(tit, O0.5H), 2.94 25 3.05 (df, 0.5H)) P

5 >-4976m 1.5 3 (m 0.5H),

5li), 5.22-5.32 (m 1H)) 5. :

6.06-6.21 (m 1H), 7,90 (s, . Anal yti cal HPLC (m xture of 2

di astereonmers) 12.56mn. LCM (ESt) me=542.3 (M+#) . 30

1-[2- (3. 5- Di chl oro- 4- hydr oxy- beazoyl am ao) - propi onyl ] pyrrol i di ae- 2- car boxyl
ic acid (2-etjhopp)- & Oxs¥lopakydbenzei2am3ny) L pragsbpr{ 111 )

pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-

z
NV
3

. 4.21-4.81 (m

20 tetrahydro-furan-3-yl) -amide (79).

Prepared from 75 and 3-isopropoxybenzoic acid according
to the procedure used to prepare 76 to afford the title

compound (120mg, 58% yield). IH-NMR (500MHz, CD;OD) &
1.27 (d, 6H), 1.33-1.52 (m, 3H), 1.69-2.31 (m, 4H),
25 2.49 (44, 0.3H), 2.63 (dd, 0.7H), 2.78 (dd, 0.7H), 3.03

(d@, 0.3H), 3.43-3.73 {(m, 1H), 3.78-3.94 (m,1H), 4.27-
4.47 (m, 2H), 4.47-4.87 (m, 4H), 5.47 (s, 0.7H), 5.53
(d, 0.3H), 5.64 (d, 0.8H), 5.72 (4, 0.2H), 6.98-7.12
(m, 1H), 7.19-7.47 {(m, 9H). Analytical HPLC (cyano



MQ 99/ 47545 - 211 1 8 SEP 2002 PCT/ US99/ 05919 To a sol uti 8% SEP 1284% (194ny,
0. 36mo WO C12 (5ml) was added DVBA (70.7nmg, 0. 45nmmoRETAISH/63d(PPh3) 4
(50. 3ng) 0.044mmo1l) at OC. The solution was warned to roomtenperature
after |5mns, stirred for 2hours, 5 diluted with CH2C1l2 then washed wth
water (2x) and brine. The organic | ayer jwgs-dried over anhydrous Na2S04 and
evaporated to give the crude product. Flash chromatography using

CH2C12/ MeOH (99/1 to 95/5% afforded the title conpound (138.6ng, 77%
"yield). 1H 10 d‘sH\Rn(rﬁOQ!vﬂnix;:uﬁ@BBD)ZBdiaétSeﬁg@ﬂez(sm 13H)54 1. B6-d5h (m  3H),

184235(m 373 3.48-3.93 (m 4H), 4.22-4.80 (m 3H),
5.38 (d, 04H) é%) BQgT—éQS?@%H)S 61 (m O0.5H), 776794(m 2H) .
“Anal ytical HPLC 8. 70mi n. LC- M5 (ES+) me= 502 2 (MH"). WO 991 47545 -
212 116a-116h Schene 3CQCl DH O H1 F Cbz, N N , ~HCO-Bt~t 114 F
OF I~ HNQ28~.t X 115a 1 8 BEP Z002 PCT/ US99/ 05919 O N
COzBu-t 112 r Fr----- 3 Ioc~NF
N
© H
5
Quinoxaline-2-carboxylic acid {2-[2-(2-benzyloxy-5-oxo-
tetrahydrofuran-3-ylcarbamoyl) -pyrrolidin-1-yl]-1-
methyl-2-oxo-ethyl}-amide (80).
10 Prepared from 75 and 2-quinoxaline carboxylic acid

according to the procedure used to prepare 76 to afford
the title compound (122mg, 60% yield). H-NMR (500MHz,
CD3OD) & 1.12-1.67 (m, 3H), 1.68-2.34 {(m, 4H), 2.35-2.70
(m, 0.85H), 2.70-2.95 (m, 0.75H), 3.06 (dd, 0.4H),

15 3.41-3.49 (m, 2H), 4.18-5.03 (m, 6H), 5.47 (d, 0.5H),
5.55, (d, 2H), 5.67 (d4d, 1H), 5.71 (44, 0.3H}, 7.03-
7.53 (m, 5H), 7.80-8.06 (m, 2E), 8.06-8.34 (m, 2H),
9.43-9.48 (m, 1H). Analytical HPLC (cyano column)
(mixture of 2 diastereomers) 9.06émin. LC-MS (ES™)

20 m/e=532.3 (M+H).
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o ° N Q\/@
81



HOR8I ~HN---~Y XOH RB 115b, X=Cl, Y=AcNH, Z=H 11 5 Y=AcNH.
Z~H30 5 g gp Funds 116a- 116h were prepared as descri bed
conmpounds 3 only substituting PCT’US99/°59‘9

1- (2benzyl oxycar bonyl am no- pr opi onyl ) -4, 4-di f | uor opyrrolidi ne- 2- carboxyllc
acid tert-butyl ester (114) for

1- (2- benzyl oxycar bonyl ani no- propi onyl )= ¢4 al i di ne2-carboxylic acid
tert-butyl ester (95). Preparation of

1- (2- benzyl ox rbggylanm n opi on 4 .4-diflu rolidine-2-carboxylic
acid tert-but Fqésgg gfnf¥g %Y %PG 5ReBFoY aRiRd) Pr°p1°nygl

4, 4-di f | uor o- pyrrollidine-2 - zadboay&axyhmadadndbtnbyhmyy-ésbxo-2-tert-butyl

ester (113) 5)5\96%%3;%45“&@ hs g@z&lggg} yPCT/ US99/ 05919 ( Kar anewsky,

et.al. ) (0.42 g, 1.23 nmol) and | 0%
pal | adi um on Eaﬁgéﬁeéofzszg) Pnapgt ﬁaﬁ’GPZQ/QOW)'4V\E§t§P?<Vr benaeiq aghd

hydr ogery presgeesri9hg3be the ﬁtast:éa@r\éa&séal tergéeéaierwghocgffé@dand
evaporated . The ue wa

d L d
ot o . BaRey F IR C BRI Rk SRl BAFCTRELdl (o TR 1 (oA ) Eie
(0.30, 1.54 nupidp) 08 BA 140. 65, nmi)3rnd HCBI-1 05247(g, 21733) mmls)s-wasoadded

and the reactlanTﬁﬁ§é0?V§glqagd 9. gg)atzcgg &Ben 1§Q he ;ggnhagnperature

under nltrogeﬁ Eht \WAs Ferpved3inovactb esi due’ was
di ssol ved in 8t6&§i . aée?&téddth%n4ﬂbs vadhed - MRt m10bE s0dBui? bl s f at e)

sa}graﬁgﬁ Zoduﬁn1bnparboggte% mgfgr andgbﬁlgfl(mﬁssﬁyle@ oyet ﬁthH”11F

sul fate an evapor at ed. i cation_ by chro graphy on silica,
eluted with 2 gtﬁél QCe?aﬁéi'hgxghez pr%v?gg n?ég £

1-(2- benzyloxycalbmnykammnopzmpiomyhlyd;daﬂlHPnoroepanool|d|ne 2- carboxylic
acid tert-but . d % r ss . 1H NMVR
(500 Mz, &}S@‘t‘g %i’?t‘g? ot 1%%1?)‘/5%%}?8‘%3%5@4? €5 3.9 (m
1H), 4.1 (m MH)MS4(ES()mm/1q~1961&37 (MtENH), 5.1 (m 2H) 5 59 (br ,
J=7.7Hag5 0.8H), 5.7 (br d, J=7.7Hz, 0.2H), 7.35 (m 5H) ppm 25 Analytica

HPLC (cyano colum) 17.069 m n. LC—NB (ES+): mle=413 (M+H), 357
(MtH-tert-butyl), 313 (MtH (CO2tertbutyl ) ] . Hi~oa 3C

4-2llyloxy-3,5-dimethyl-benzoic acid.
A mixture of 4-hydroxy-3,5-dimethyl-benzoic acid (3.32
20 g, 20 mmol), allyl bromide (7.26 g, 60 mmol),
benzyltriethylammonium chloride (455 mg, 2 mmol) and
K,CO3 (6.9 g, 50 mmol) in DMF (50 mL) was stirred at
room temperature for 16 hours. The mixture was diluted
with ethyl acetate (200 mL), washed with water, brine.
25 The organic layer was dried over Na,SO,, filtered and
evaporated in vacuo to give 5.3 g of the ester as an
0il. The ester was refluxed with NaOH (5 g, 125 mmol)
in water/methanol (50 mL/50 mL) for 6 hours. The
mixture was evaporated in vacuo to remove methanol and
30 the resulted solution was diluted with watexr (200 mL),
washed with ethyl acetate/hexane (30 mL/70 mL). The
aqueous layer was acidified at 0°C with concentrated
HC1 solution to pH 2. The resulted precipitate was
collected by filtration and washed with water, dried



WD 99/ 47545 a sEP 200z PCT/ US99/ 05919 - 214 EP 200
1-12-(4-vem oa78eschl or o- benzoyl am no) - propi onyl | -4, 4di f 1 uorfq_(.]l&)j; %I §1§' ne- 2-c¢
arboxylic acid (2-benzyl oxy-50xo0-tetrahydro-furan-3-yl)-am P8y, 5
Prepared from 115a and syn-40 to afford the title conmpound as an off-white
solid (0.14g, 73%yield). 1HNWR (500 MHz, CD30D) 8 1.0-1.5 (m 3H), 2.0-3.5
(m A4H+CH30H), 3.5-5.5(M 6H+H20), 5.6-51485(m 1H), 6.7-6.8 (m 1H),
7.1-7.B (m 8H), 8.2-8. 6 (m 1H) ppm 10 Analytical HPLC (cyano col um)
A13.744 min. LG M ES m e=565 (MtH). FNI ~HOQ Cl H\ | 116b 15
1- 1 2- (4- Acet yIO¥i®Th aéﬂbﬂbéﬁkéﬁﬁﬁﬁﬁn@)8&r6pﬂdﬁ?ﬂﬂ49436|9fu%h6 pyrrolidi
ne- 2- car boxyl it ta@ &dmpringy. 0Xy--wMexqsoet marydeoch yr arg 3-.l3) -@7i de (116b).

P d f 5b 040 d_the titl £ - whi t
ot (0. 08 o SHavl o) 2o ur iR (530 M20 GHed) 8o1 b (B 906 O,

0.4H), 1.30 (&) ,J%6.09HE, 1. 6), H1.,25.0d, (35228biz) r8EENt 2on-Bide (op 4H).

3.6-4.4{m 4 4 9 H)-, 52.:¢d, 2 0.6 78+(d, J=5.2Hz,
0. 4H) . &6 (b?}‘alyfgf%l HPICE l(1 26 141 '8 %ﬁfd%fz % oy B 8 44 (d.
J=8.3Hz, 25 0.6H), 8.74 (d, J=6. ~ 1H) ppm Analytlcal HPLC (cyano
columm) 11.830 min. LC M (ESH): rﬂ ' WD 99/47545 - 215 1 8
SEP 2002 PCTNS99/ 05919 ~~. C3C
1-i2-(4-Acetyl am no- 5- cthro 2- oxy#be zoy am o). propi onyl -4, 4-di fluoro
-pyrrolidine-2-carboxyl i C4cta

(2- benzyl oxy- 5- oxo-tetrahydro-fucan- 3-y, ) am dei (146¢C epared from 115c
and syn-40 to afford the title conpoun as an off-white (0.07g, 29%yvyield).
1H NWVR (500 MHz, CDC13) 8 0.99 (d, J=6.9Hz, 1.35H), 1.32 (d, J=6.9Hz,

1. 65H), 2.2S ¢s;,1. 1 3

0.55H) | 308 %5[20(Zga\|_6.1§%%§:y(—§ 5+ d?t‘hlogo bégzgygaﬁ 0)4?1;5:15?10%@%]54 9 (m
3H), S (d, PyErodfding- G5H)arb9xgéledacad5(%r9ene}'h@9} 5-pxR-7.4 (m 4H),
7.7-7.9 (M 2thtr8nPdBod eaFanh) y18-4014d, (926, 5Hz, 1H), 8.93 (d, J=6.7Hz,

'H ppm  Anal ¥t Iegglred from 75 and 4-allyloxy-3,5-dichloro-benzoic

acid according to the procedure used to prepare 76 to
afford the title compound (208mg. 47% yield). IH-NMR

15 (500MHz, CDCl;) 0 1.05-1.58 (m, 3H), 1.68-3.21 (m, 7H),
3.39-3.90 {(m, 3H), 4.05-5.01 (m, 6H), 5.22-5.62 (m,
3H), 6.04-6.25 (m, 1H), 6.94-7.63 (m, 8H). Analytical
HPLC (cyano column) (mixture of 2 diastereomers) 9.69,
9.89min. LC-MS (ES*) m/e=604.2 (M+H).

20
@]
CDANJ*N’I >
H
@]
" © ” O\/O
cl 83

1-[2-(3,5-Dichloro-4-hydroxy-benzoylamino)-propionyl] -

pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
z5 tetrahydro-furan-3-yl)-amide (83).

A 140 mg sample of 82 (0.23mmol) was dissolved in
CH,Cl, (4mL) and treated with DMBA (35.4mg, 0.26mmol)
and Pd(PPhj), (32mg, 0.028mmol). The solution was



15 HPLC (cyano colum) 12.959 m-.n. LC-MS (ES+): mle=637 (MH) ~~ou 20
1-i2-(4- ﬁgn no- 3- chl or o- benzoy! ani no) - pr opi onyl ] 4, 4- dit8§ l§(§Po rrolidi
ne- 2- car ox |c acid (Z-ethoxy-50xo0-tetrahydro-furaa-3-yl PCAMY¥6d). -
Pr epar ed from 115b and syn-(2- et hoxy-5-o0oxo-tetrahydrofuran-3-yl)-carbamc
acid allyl ester to afford the ~5 title conmpound as a 92:8 m xture of
epiners. Of-white solid (0.27g, 66% yiegld) - 1H- NVR (SO0 MHz) CDC13) 8 1.0
WD 99147545 - 216 5 1.5 (m 6H, 2.25 (s, 1.8H, 2.26 (m 4H), 3.3-4.3 (m
4H), 4.5-4.9 J=5.3H2, 0.75H), 5.59 (d, J=5.2H2, 2H), 7.62 (dd, J=8.7,
2.0H2, 1H), (@,tl&f%dOldl okld) fol. 48mins, 1&H rpedn ﬁlﬂooﬂmluﬂm‘geﬁﬁtm&w(gl 8% ,

14. 046 (ES+ 45 ( MF 2 P 9 5 2.3-3.1
(m 3H)( S s P ed, 288 é‘lffﬁ) hien ‘?§i§ng 408y ‘%{%&E FidbVaRren Ar‘?éilt%'lt_? cal HPLC
(8. 2 %) rrwnterL@zws Rn@d Prank. N Rhe $0MEND WaA%H SN CEN LR eyl 250

1-[ 2- (4- Acet Yy hamd 0 a3rC in@r Q‘e@iﬁé@}’baﬂlﬁﬂédpﬁ?pfpi%|é§n”crﬁ’d€é§'£ﬁ pyrrolidi

ne- 2- carboxylic acgi.d (2c Iohex X te dro furaa- ~am de
(116e) .° Prep&Pe&lflrl&%n ﬁ)éébué‘ﬁa gH?CI? Cl, LAY Y 3/57) tS 91
syn- ( 2- cycl ohexygl exyls exaipeundhyds o.'-zrhglr ant 8- yie)lct)a.r bami-emrci d al |yl ester

to afford th 3 1HN 500 MHz,
ODC13) S 1.065%8%%2”?&?55%8‘ 4S5 e &2 o pad o t)er 7. 3
10. 1H2) 1H), 2.83-pdd3 J®m1748).8254P, @cﬂ) 04K 3. :03(9m3 zEH) (“3 5-4.3 (m

3.5H. 4.5.4.0.6M  2236h-23789 (6.0 ) 32,70 7548 (op. A (d.¢ Jmf 20, 0.2
H, 6.74 (br d, J—57H aﬁ :%)H706(brd
J=7.8HAO 0. 75R) 487 (B2 @HA; 3 §764 %20 71% 5747"8 Fsm o) 7 B85 q d)
J=2.0H2, 1H), (B, 36.6H), d5.826.(6H20. 9m25k$ 78. &, (drswl,, J=8.&H2,40. 75H) ppm

ﬁj\nal 35/1§|9ca:\|+HPl(g (Eﬁ§3 cgl ygn), 14 HZ {96?1{/9 a2 833 457 /()m m 414.,0—!\/5 (ESH):
© ( H)Analytn.cal HPLC (cyano column) (mixture of 2

diastereomers) 11.57, 11.82min. LC-MS (ES*) m/e=564.1

15 (M+H)
o]
E::]/J\N/I\W,N
(o)
84 H

1- (2-Benzoylamino-propionyl) -pyrrolidine-2-carboxylic
20 acid (2-benzyloxy-5-oxo-tetrahydro-furan-3-yl) -amide
(84).
Prepared from 75 and benzoyl chloride according to the
procedure used to prepare 76 to afford the title
compound as a colorless oil (8mg, 38% yield). ‘H-NMR
25 (500MHz, CD,OD) 6 1.35-1.54 (m, 3H), 1.72-2.30 (m, 4H),
2,.42-2.70 (m, 1.3H), 2.74-2.84 (m, 0.5H), 3.03 (d4d,
0.2H), 3.41-3.75 (m, 2H), 3.81-3.96 (m, 1H), 4.22-4.86
(m, 4H), 5.46 (s, 0.3H), 5.51-5.54 {(m, 0.1H), S5.66 (4,
0.5H), 5.72 (4, 0.1iH), 7.20-7.57 (m, 7H), 7.77-7.89 (m,
30 2H), 8.42-8.67 (m, 1H). Analytical HPLC (cyano
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1-[ 2- (4-WOSPMIA no- 3- chl or o- benzoyl am no) - propi onyl ] 4, 4- écfrrusesmesqyr r ol i di
ne- 2- carboxylic acid [2-(indanol 5

2-yl ) oxy-5-o0xo-tetrahydro-furan-3-yl]-amde (116f). Prepared from 115b and
[ 2- (i ndanol - 2-yl ] oxy- 5- oxot et r ahydr o- furlqc}-S yl)-carbam c acid allyl ester
to afford the title conpound as a 62:38 m xture of epiners. Of-white solid
(0.34g9, 71%yield). 1H NWR 10 (500 MHz, CDC13) b 1.09 (d, J=6.9Hz, O0.6H),

' % %:3 Ed1 %H? Q:IE.tZlunQ’l)g('ﬁ)thhr%?’o@dz érﬁs@é’%%orgelgéi% Jé%zzqﬁll(—i)%%ﬁgng% (0- G;DH)
: S, . 4- 3. m :
3.6-4.2 (m 2|1|)C %5(943 %H%’/ﬁ ﬁﬁ}) ?’%B}}]’(m 0.6H), 5.84 (d, J=4.3Hz, 15
©0.2H), 6.22 (m 0.2H), 6.7-7.0 (m 2H). 7.2-7.3 (m 4H), 7.5-7.7 (m 1H))
-8.0 (m 2H), 852 (m 0.6H, &.63 (br J=6.5Hz, 0.4H) ppm Analytical

HPLC (C18 col um) 16.556 (62. 618245 (38. 099 Pmin. LC-MS (ES+) : m e=633
(MH) . 20 O H
1-[ 2-(4- Acetyl am no-3-chl o zoyl anPnq 4-di fl uoro-pyrrolidi

2002 PGT/ US99/ 05919
(116g) . Prepared

ne- 2- carboxylic acid (2 99/ 47545 ¥ 2|
cycl opent yl met hoxy- 5- oxo-t etrahydr o-8ur an- 3-yl )
from 115 and syrs- (2 cycl opentyl met hoxy- 5- oxo

t etrahydro-furan-3 )lllcar am ¢, ac al | este 1'1305 fford the title
corrpound as ar S(J"Fﬁ‘“éﬁ rFgr ‘bx)ég’(f aﬂ.‘%’e/d W{ﬁ' engy. -(%W%Z, CDC13)
3(3 8 %SED(m3tlaj:lﬂ)ahydgogferﬁ)n(mz&ﬁxb&nm)(ﬂyr&?l(idirg&?-(g{_ﬁb] -0121-2i|—|%,m3.47
m m

0.25H), 4.25 ?ﬁ%h&% 2 2;3"%::%9 Z]a"é% 8(7)5%;!) 44 (d, J=5.2Hz) 0.75H), 5.62
(d, J=5.2Hz, @’rEPIaIFede¥0'(1b?5 @n@%ls@l@lnqldmeﬁﬁrhqiﬁ’llﬂ—l)acml (m

(() 75|1'|)|_Dlo7 ?9 g@co%aﬁ:’méH@o Qh@?oce?d@e (L@Ebd &:cﬁj{tG 5:@"'275 %g&a’@'ﬁozz%?{f "
m : r
J=8.4Hz, 0.75 pﬁr’nd%c‘%%?% c!ﬂ“rﬁfc 3’6@’816&& unn) HI?'”?oésr?i"ﬁ’m 7C- VS
(ESH): nde S98DEOBH) 6.1 242-1.56 (m, 3H), 1.70-2.34 (m, 4H), 2.43-2.71

1-(2- (4- Acetyl gim Boa§ ch%}o.;g) Pe ox%ﬂ'arﬂ nﬁb pr3oQ)|60 d]d? 4 %I | u [oh Lp_yrrol i di

ne- 2- car boxyl | c'aci enyl ‘et '5- 0X0- tetrahy uran-3-'yl am de
(116h). Was pBeBar da. f?ﬁ}n 115%434@1 (m, 1H), 4.29-5.00 (m, SH),

tsyr12§55-1f@f<o 3 tsh@ntet(ayl exymﬁra@yﬁ o¢d urnse-,yls). s@a[(laamog aargl d 53?7' elsfj)er
(0] a or e | (e40) un n o Ol | % vie

1H NVR (500|\/Hég CBC%§§)8 ?d‘f? 2%, 9{1@)\,\%’ 7‘% 7 g 4?8‘ é UG, 9H¥,
2.25H), 2.25 (spe2B25k) (m2. 2681(5,, 6. 45H9).542. (msooa@h, @H)9)7-$ D6 Bu(m TH),
5.38 (d, J=5.3Hgy)O0. Kﬁﬁyt?cﬂ b Jinlte ©29 a1 Bt83 dBers)

15.71, 16.04min. LC-MS (ES*) m/e=531.2 (M+H).

20
S0 o
H
@) O
Cl 86

1-[2-(4-Amino-5-chloro-2-methoxy-benzoylamino) -

propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-
25 5-oxo-tetrahydro-furan-3-yl)-amide (86).

Prepared from 75 and 4-amino-5-chloro-2-methoxy benzoic
acid according to the procedure used for 76 to afford



0. 75H), Wo9§4tsds J=7.6Hz, 0.25H), 7.1-7.3 (m 5H), 7.57 (

0.25H), 7.63 (d, J=8.6Hz, 0.75H), 7.75 (m iH)) 7.86 (d, :

(d, J=6.2 Hz, 0.2SH), 8.49 (d, J=8.3Hz, 5 0.75H) ppm Anal ytlcal HPLC (C18
colum) 17.265 mn. LCGM (ESt): me= 621 (NH—i) Schene 11l ~~N B~N~ +
Alloc,~ COZHH ~1 O 117 40 118 H119 0%4% = 02H~\ H" HO~HO _ ON
CY "NHOHO-sH 5 121 120a= anti 120b= syn 10

(2: 531(2:| getné)r/lt o>t<)y 5- QX.0- tetrah%dro f‘éﬁg’ - 3- yér Gar, baq%)ill )12%5&% gsm?q cg;‘goxyll

Hoc- Pr o- OH accnhdmngétm the mdocedaEH)uséd29@lp5@pame QO@SBSchéHEBXVIII) to
afford 1.53 g 4 94% yj el of, the A igt 5+ ound 4as -a i |ei 1H NWVR
PE00 Wb, CDCBAG (é\ 42’1)1 2. 3*!3 89'19%:%(1%@ 3 s 22 1"4“(%? S005\1‘;”1‘1)
2.803.10 (m B)- 37332@83 (60 (Gﬁrv :2|4) 2744098 U5 EH) 155|4|)4 545598 (4!‘80 (m
1.5H), 4583-4.98H)n) o3 -5..43 5553 o WH)H) 5. 6026~ 7545, mo .BH),, 6.6@- 7. 80 (d,

D 52072 pho-gy) Ao dnd Ava @ 1-75 7 Aom oot St ne (356

mg, 4.0 nmol) 8.i70ddhen2éd~e ERBEVG.cad. @IPmﬂDY(C)yano column) (mixture

traps-di chl vrol s( ty:i phin p (Tl maP R, ( al) 3]
ZC12? (260 5 %Q, 2 tdz"as(atege?élmrcé%%%e?s(%% |§ |§%f{?o the M% S ) @/szoos (552
mg, 4.0 mmol) SStSeﬁzWMb‘ﬁ et hyl anmoni um chl . or a. de (160 ny, 0, s mol) ,
trietb.ydamne (1.6 nL) and water (0.8 nL) in DMF (8 nL) was stirred under
ni trogen atnosphere at 100C fok_zo hours. The m xture was

TR

1-[2- (4-Acetylamino-5-chloro-2-methoxy-benzoylamino) -

WD 99/ 47545 - 219 1 8 SEP 2002 PCT/ US99/05919 iH), 6.90 (d P%
B M, 8.35

propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-
15 S-oxo-tetrahydro-furan-3-yl) -amide (87).

Prepared from 75 and 4-acetylamino-5-chloro-2-methoxy

benzoic acid according to the procedure used for 76 to

afford the title compound (364mg, 64% yield). IH-NMR
(500MHz, CDy0D) & 1.20-1.27 (m, 0.25), 1.35-1.49 (m,
20 0.75H), 1.72-2.30 (m, 4H), 2.23 (s, 3H), 2.42-2.58 (m,

.6H), 2.59-2.68 (m, 0.5H), 2.73-2.86 (m, 0.7H), 2.99-

.11 (m, 0.7H), 3.41-4.07 (m, SH), 4.29-4.97 (m, SH),

.79-5.56 {(m, 0.5H), 5.65-5.73 (m, 0.5H), 7.18-7.44 (m,

.3), 7.90-8.0%9 (m, 2H), 8.71-8.85 (m, 0.7H).

25 Analytical HPLC (cyano column) (mixture of 2
diastereomers) 15.61, 16.01lmin. LC-MS (ES*) m/e= 601.1
(M+H) .

B W o



to cooled to roomtenperature, diluted with ethyl acetate (54 gmsgpagel wat er
(50 m) , waodbdgssed with 6N HCL to the pH ~ 2 to 3. The aqupgf}ﬁsg{gﬁ,gﬁg was
extracted with ethyl acetate (50 m- x 4). The conbi ned organhi ¢ Tayexs were
washed with water, brine, dr~,ed over anhydrous 15 NazS04, filtered and
evaporated iu vacuo to give a red oil. Flash Chromatography using

hexane/ et hyl acetat e/acet~.c acid (951‘5?»6)95 to 80/20/0.5) to afford 300 ng
(45%vyield) of the title conpound as a p| nk solid 1H NVR (SO0 Hgi z,
.CDC13/CD30D - 0 . 5 nil/ 3 drops) 8 1.4 S(d 3H), 4.02-4.15 (m H),
6.57-6,70 (m 3H), 7 . 11--7. 2 HPLC : 6 .10 min..
| ~C-M5 me ~ 166 (MrH+) . N
.1- (2- ~heayl am no- pr opi aayl ) | y, ol iHdi ng- 2- i 5 acid
(2-benzy7. oxy-5-o0xo-tetra~, ydro-furan-3-y afringte (f )
solution of 1.18 (405 ng, 1.0 nMD7.)gawas trdhteg
(2 mL) for one hour. The reaction so ut i on was evaporated ~.n vacuo and
azeotroped with 30 CHzOl 2 four times to g| ve pyrroli,dine-z- carboxyllc acid

(2Fbe% NzRyl( gg% Mﬁ@tfﬁmﬁﬂw&m& lelazaI @e vy ¢ 19553& 705)4%&5(:\; H)sol id.
~ |
2.80-3.08 (m “l%t ashz%r%‘bfr-‘“n %%W]bﬂg’?é’ Pz)ff i‘s“’g‘ z'Lgm}

PCT/ US995 0591 Sneitly;1 -4 -3beot-edhy(Irh - SBtf)de 5.68)-5.56 (M) H), 7 10-7. 60 (m 5H);
Anal ytical HP / m

2- Ph)énlyl am no:‘)?%op‘)3 onl%c fa’%“ﬁg fgﬁd %@I}ﬁne f é:a?tbg)l’g/l(ldvggﬁ'éﬂ 10 m.) was
treated with RCSPYEAT® iy, tzeopmquu@mduay@ tzr1 7§, tol afforg éheOC for 10
mn. Di SoprOmiltqwéﬁ@dmd(gz@a)mdvam@d%%ﬂdql | owgdnme as9ehkion of

pyrrolidine-2-carboxylic_aci gh benzyl ox

5- oxo-t et r any&PoOPlr an+3239r}- 3 éIE"lﬁ éié%i@ﬁt}m THE) ni t17 22 wais

sti I’hl’gdlat hroo(rm 1t enpganat wr.e7i-ar. éb h(murs> 36¢iH)yt ed 7ai-th e@l-|(21(6;l,20(4ﬁ) m_zj

washed wit ter t ri The anisc | aygt, ,wag dri ver a rous
Na2504, filtereds @%gvtab o PR e e gPi gt IR S30 &y cERLl a

Fl ash chr orratégl‘l&pﬁy Stisl(m‘g CHBEL2 /Svét3handl? ((9\9/1 96)98/72)17af7f 6fdén, 151 ny
(33%yield) ofgpant iy disast gheqier 1@{) thyegtgl t7I ggcqmpoq@q (32@a)gand 129 ny
(29% vyi el d) of syn |astereoner 1%1 vi\/mte olid. 1H-N|\/R (500 MHz,
CDC13) for thdMant#/20 & éstseﬁé?on‘é} 1. @7‘ b iceﬁn HBLC (£Y8B°2 4S (m)
4H), 2.09- 2. 7@ofnyn). (Fixtu2ze89£2 294 i(amt eGebers3. 4063 it .( mc-AB), 4. 10-4.50
(m 3H), 4.50-4.9 _3H), . S. s, 0.3H), 5.38 (s, 0.7H), 6.45-6.60 (m
5. 3H), 6. 55 0. &5 ?mﬁx%?@%;%_@_@g@-(m 2.5H), 7.257.50 (m 4.5H), 7.53 25
7.70 (m 0.7H)) 7.82 (d, H). For the syn diastereoner: 8 0.86-0.B9 (m H),
1.20-1.40 (m 4H), 1.80-2.4S (m 4f . 80 86( H, 3.58-3.65 (m 2H) ,
4.20-4.40(m H, 4.S0-4. 76Nyn ‘ .52 d H), 6.456.70 (m
3H), 6.75-6.85 (m H), 7.10-7 (mH2 H) 75 m 5.7H);

Anal yti cal HPLC. 10. S5 mi o NOr di as nd m n for syn
di astereoner; LC/Ms: mle = 4520 M-H+) ;or otlh diggast WO 99/ 47545
- 222 510

20 [1-[2-(4-Amino-3,5-dichloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
tetrahydro-furan-3-yl) -amide] (89).

Prepared from 75 and 3,5-dichloro-4-aminobenzoic acid
according to the procedure used for 76 to afford the

25 title compound (1l62mg, 70% yield). IH-NMR (500MHz,
CD;0OD) 6 1.21-1.58 (m, 3H), 1.58-2.37 (m, 4H), 2.37-3.13
(m, 2H), 3.43-3.74 (m, 1.5H), 3.77-3.94 (m, 1H), 4.28-
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4- Oxo- 3vhblyylgssgahenyl am no- propi onyl) - pyrrol i di ne- 2car bon Igﬁ_edrﬁ ﬁgj-%ut'yri c
acid (121). Prepared from 120 t151 ng, 0.33 mmol) using hé ISP %et hod A
to afford 1ol ng (83%yield) of the title conpound as a white solid. 1H NWR
(500 MHz, CDC13/CD30D 1/1): 8 1.20-1.65 (m 2H), 1.65-2.35 (m 3H),
2.403.00 (m H), 3.20-3.80 (m 2H), 3.9014990 (m 7H), 7.25-7.80 (m 5H);
Anal ytical HPLC: 6.38 min.; LCMs: me = 362 (MrH+). GENERAL PROCEDURES FOR
THE PREPARATI ON OF COVPOUNDS OF EMBODI MENT C FORMULA | ( SCHEMES XXI || - XXV)
Schenme XXII1 Ra.8 {mN ERSH}H ©. 59-5~N ~(nQ NHI306.410H.070 (M, 03EH2 o r ~Ra

R4 R~ NN ERs 92H:| N 15¢ 2 (o o] VIS A, -50
mmol e sanpl e on° ft%le.bglllf ?Tl'emggg'e%l ét\s/va"s)'é(ﬁlsggl é?& | %Qggﬁlﬁéﬁ/ 9‘8%%50\1 (10/
1) and stirr ed(‘&}’ali‘%o?r?i/‘é‘ﬁ’bbl“a%%?‘ér%rﬁf 12 tHE SteZeOMEA Shas - 86mpRet EC-The

resul ting aquemss (kstyermyess gmshegmapit.h diethyl ether (2 x 20 nL) and
| yophi Iiged to afford the product. Hydrolysis Method B: WO 99/ 47545 1 8

SEP Z002°PCT/ US99105919 - 223 5 | 15 20
N/HrN /&
H i
0
- S D
) H

9

1-[2-(4-Methoxy-benzoylamine) -propionyl] -pyrrolidine-2-

10 carboxylic acid (2-benzyloxy-5-oxo-tetrahydro-furan-3-
yl)-amide (90).
Prepared from 75 and 4-methoxy-benzoylchloride
according to the procedure used for 76 to afford the
title compound (404mg, 50%). 'H-NMR (500MHz, CD,OD) §

15 1.19 (d, 0.3H), 1.29-1.58 (m, 2.7H), 1.58-2.38 (m, 4H),
2.43-2.69 (m, 1H), 2.74-2.86 (m, 0.6H), 2.99-3.11 ({(m,
0.4H), 3.39-3.75 (m, 1.5H), 3.77-3.94 (m, 1H), 3.84 (s,
3H), 4.25-4.94 (m, 4.5H), 5.45-5.55 (m, 4.5H), 5.623-
5.71 (m, 0.5H), 5.73 (4, 0.1H), 6.85-7.09 (m, 2H),

20 7.19-7.44 (m, 4H), 7.73-7.%92 (m, 2H), 8.26-8.44 (m,
1H). Analytical HPLC (cyano column) (mixture of 2
diastereomers) 15.18, 15.65min. LC-MS (ES*) m/e=510.2

B A 0

25



aci d andygtopighfad overni ght at room tenperature. The m xtur
with a 3:1 mxture of hexane/diethyl ether to give a precipitate. e

sol vent was decanted and the precipitate washed with diethyl ether to
afford the product. Hydrolysis Method C. A o0.005-50 mml e sanple of the

al kyl heni acetal was dissol ved in CH30H ahell 20% Pd(OH) z/ C and stirred under
H2 until the reaction was conplete. The resulting suspension was filtered

.and the sol ution congentrat ' uo,, t tristurated, w th L4ym xture
of hexane/ di etlﬁglz'el?@é{bxt"o' %?\gmé’%ﬁleecﬁpﬁ%}%%@n#ﬁe a%é‘ﬁgé%&\?ﬁsogggnt ed and
the precipit apynrediddng t2r chxhdapl i rarid of 2aftfemzy loky -prodact . Hydrol ysi s
.Method D A 0..QQ5 I &10f. Il Al foilyhemi acetal in CH3CN wat er
(1/ 2) was sha%glr%avﬁ\n&t acf'lqllc re_?ig ( Dowex (?Oiv%/x 2, H+ type) until the
Eﬁgg\l} on \NaS(clr%f@JaQt%ﬁ- £ Hagn lsotqi létddorbt-\&ﬁal-fgﬁ-tﬁﬁ.@ie&h@d cbgso:_&t?ﬁ&g_ wtaﬁafd ¥wht h)
er ._.The resulting water |ayer s washe i ethyl ether
concent rat ed laGC)é’réﬁQIgl &P %qucﬁ%&gﬁ%%ry%hpf’i QE%OFB YRford the
product. Schets tX¥ FoRpehrd H4030gH @4Re Yig198 .H3OH-RIR N(HR0MEL O H O H 722
WO 99/ 47545 - 122 8.,S 02 / [95949 -
4- Oxo-3-[ (1- ~5-%%3-3())x§-gl—é?| 6or§gn§‘9a- %ggo#ﬁg-gﬁ%o an\),r o%f)dny% 'y4-3py2r'r509I i di ne-
2- car bonyl ) - afitaoP-68#yri @ -&A-¢ -52( (m 2,.35¢)., A-71892RY (. 19n#®H) . sanpl e
of 91 was hydrobyzgdiacqgy,diongswug et kad 3Agko (@f,f eng, 88my2 (9686 yigl d) of
the title co 0|5md: Anal ytical HPLC 7.15mn. LC MS SES+) m e=492. 2 (MtH) .
10 OHW‘“J gﬁ @l 4o3ﬁ|'§2§l§ (m, 7H), 5.42-5.,90 (m, H), 7.06-8.00
3-(f1-12-(4- Arinno13xchl ahallerizay! HPLIO)(cpanp ebyLhpy (ndktdiaesf-zar bonyl - a

G o1 yzed ackbarREEPRERETnad A RS ar P57 Tad iy TADAY 5 NP0t the 1111 e

conpound: 1H NWR (500 MHz, CD30D/ D20: 0.5 nmi/10 drops): b 1.37-1.52 (m
3H), 1.B0-2.20 (m 3H), 20 2.20-2.87 ( 2.49-2.60 (m H), 2.60-2.75

(m H, 3.70-3.80 (m H) & m&m« . )35 (m H), 4.40-4.50 (m
H, 4.50-4.70 (m H), 4.70-4. V6. 8%-6. 7%(d, H) 7.58-7.60 (m H),

25 A 0.005-50 mmol e sanpl e of al kyl hem acetal was taken in t rmc
ofo £1flgurat ed

7.77 (s, H; retention ti nalytic& 7 4 ; LCGMS: mlz 25 -
439 (MrH+) . Cl H
92
15
1-{2-(3,5-Dichloro-4-methoxy-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
tetrahydro-furan-3-yl) -amide (92).
Prepared from 75 and 3,5-dichloro-4-methoxy-benzoic
20 acid according to the procedure used for 76 to afford
the title compound (364mg. 46% yield). *H-NMR (500MHz,
CD,0D) 6 1.17 (d, 0.25H), 1.28-1.53 (m, 2.75H), 1.64-
.33 (m, 4H), 2.39-2.94 (m, 1.5H), 2.%4-3.12 {(m, 0.5H),
.41-3.74 (m, 2H), 3.74-4.00 (m, 1H), 3.91 (s, 3H),
25 .26-5.02 (m, SH), 5.42-5.81 (m, 1H), 7.08 (4, 0.4H},

.21-7.43 (m, 4.6H), 7.53-7.69 {(m, 0.8H), 7.85-7.97 (m,
.2H). Analytical HPLC (cyano column) (mixture of 2
diastereomers) 10.79min. LC-MS (ES") m/e=578.2 (M+H).

[ T~ S VS B



' WD 99147545 - 225 OC~ N-NHOHO~HOi '"NC HO122c 1 8 SEP 2002
PCT/US99 5919 18 SEP 2002 .
3-({1I- ?)399‘3‘ T¥3chl or o- 4- met hoxy- benzoyl ami no) propi onyl | - PEATUSIPESHE- 2- carb
onyl } - anlno) 4- oxo-butyric 5 acid (122c). A 5/.0Om (0.088mmvl e) sanpl e of
92 was hydrol yzed according to method A to afford 24.ong (56% vyield) of the
title conpound: Analytical HPLC 6.41m n.1§& M5 (ES*) nfe=488.3 (MtH) . 10 O
ONNHHI1p 0O HO-NH O 122d

3-({1-[2-(4- Met hoxy- 3, 5-di net hyl - benzoyl am no) propi onyl ] - pyrrolidine-2-carb
onyl }-am no) - 4- oxo-butyric 15 aci d ( 22d ~ A 55.Ong (0. 102mmol e) sanpl e
of 77 was hydrolyzed accordin affprd 44. Org (96%yi el d) of
the title conmpound: Analytica LC Cl 0 1HNVR (CDClS 500Mz): b

1.23-1.70 (m 3H), 1.80-2.7 20 10Hp, 3.58-4.20 (m
5H), 4.32-5.50 (m 3H), 5.60-6J00 (m HL, . Bigﬁ@ LC- M5 ( ES+)
me=44B .2 (MtH) . WD 99147545 - 226 OO NN HOOlZZelSSEP
2002 ' PCT/ US99/ 05919 93

4- x0-3-[ (1-{2-[ pyridi ne-2-carbonyl)-am no] - propi onyl }

Quinoline-6-carboxylic acid {2-(2-benzyloxy-5-oxo-
tetrahydro-furan-3-ylcarbamoyl) -pyrrolidin-1-yl}-1-
5 methyl-2-oxo-ethyl}-amide (93).

Prepared from 75 and 6-quinolinecarboxylic acid
according to the procedure used for 76 to afford the
title compound (344mg, 71% yield). 1H-NMR (500MHzZ,
CD,OD) & 1.11-1.58 (m, 3H), 1.659-2.40 (m, 4H), 2.42-3.15

10 (m, 2H), 3.80-4.01 (m, 1H), 4.29-4.99 (m, 5H), 5.44-
5.54 (m, 0.5H), 5.63-5.73 (d, 0.4H), 5.73-5.79 (d,
0.1H), 7.18-7.43 (m, 5H), 7.56-7.67 (m, 1H), 8.08 (d,
1H), 8.13-8.25 (m, 1H), 8.40~-8.56 (m, 2H), 8.88-8.99
{m, 1H). Analytical HPLC (cyano column) (mixture of 2

15 diastereomers) 10.27, 10.50min. LC-MS (ES*) m/e=531.2
(M+H) .



pyrrolidine-2-carbonyl)-am no]-butyric acid (122e). 5 A 55 %"85%§4&ﬂ4nﬂnle)
sanpl e okw@%y¥8§s hydr ol yzed according to nethod A to affora 67%
yield) of the title conpound: Analytical HPLC 4.60m n. Lc-REr

me=391.3 (MM H). ONOHOHHOHC O 10 122f

3-(~1-[2-(4-Acetyl am no- 3-chl oro- benzoyl am no) propi onyl ] - pyrrolidi ne-2-carb
onyl }-am no) - 4- oxo-butyric acid (122f)- .1585-A 52ng (0. 091mol e) sanpl e of
78 was hydrol yzed according to nethod A to afford 4onmg (91%vyield) of the
title conpound 1H NWVR &500N+E CD30D) b 1.08-1.61 (m 3H), 1.77-2.41 (m
3H), 2.21 (s, SApeme XYI? 77 (m 2H), 3.43-3.63 (m O. SFD 3.65-3.76 (m

1H), 3.81-3.94 20 (m 1H), 4.18-4.34 (m 1H), 442464 477(q
AH), 7.79 (dd, 1H): Ivkic | PLC 4.97m' n. LOMVB (@g\ @ 3 (MHH)
WO 99/ 47545 - 227 O | ~HOHT OHO 728 EP 2002

PC T/ US99/ 05919 H o CO2Bu-t

3-({1-[2-(4-Am no-3,5-dic Loro benzoylanlno)proplonylI-pyrsmlldlne 2- car bon
yl } - am no) - 4- oxo- butyric acid (122g). A 44.3ng (0.079mmole) sanple of 89
was hydrol yzed according to nethod A to afford 3ong (ei % yield) of the
title conpound: Analytical HPLC 5.40mn. LCGM (ES ") me=¢73.2 (MH). 10
~zzn 3 - ({ 1- [2 - ( 3 -Isopropo cy- benzoyl am no) -proplon yl

pyrrolidi ne-2-carbonyl no -0X0-butyric acid 15 2 52
(0.097muol e) sanpl e of*'y rolyzedcaeeefdlng t afford
30.Ony (69% vyield) of the t t npound Anal yti cal HPH kC—
(ES+) m e=448.3 (M+H). 20 I47545
97
HaN ‘
Osgg Y
RNN/L“/N
H & N
o
H
98 O~Re

1- (2-Benzyloxycarbonylamino-propionyl) -pyrrolidine-2-
carboxylic acid tert-butyl ester (95).

5 Prepared according to the method described in Pierre
Chevallet, Patrick Garrouste, Barbara Malawaska & Jean
Martinez in Tetrahedron lLetters, Vol. 34, pp. 7409-
7412, (1993). A mixture of Cbz-ala-pro-OH (10.0 g,
31.2 mmol), tert-butyl bromide (180 g, 1.31 mol),

10 benzyltriethylammonium chloride (7.11 g, 31.2 mmol) and
K,CO; (180 g, 1.30 mol) in N,N-dimethylacetamide (DMA)
(225 mL) was‘stirred at 55°C for 24 hours. The
reaction mixturg was cooled to room temperature and
diluted with one liter of ice-water, extracted with

15 ethyl acetate (200 mL x 3). The organic layer was
dried over anhydrous Na,S0,, filtered and evaporated in



P 2002 PGI/US99/05919 - 228 ONNOH~71 ~HO~HO _NOHO~122
[ 3 gfgiyloxy-4-nethoxy-benzoy|anino)propionyI]-pyTBcﬁmHQNE-Z-carbp
mih8Y¥4%%8X0- but yric 5 acid (122i) . A 50.8ng (0. 082rRENESIMSIDI ¢ of
hydrol yzed according to nethod A to afford 22.4ny t52@6yie|d) of the
e conmpound: Analytical HPLC 6. 72m n. LCMS (ES' ") me=526.3 (MtH) . 10
~NNHNHOHI OHO 122j 154

xo- 3-[(1-~2-[ (qui noxal i ne- 2- carbonyl) an1no]prop|onyl~-pyrrol|d|ne 2-car
onyl)-am no]-butyric acid 15 (122) ) . A 38.0Ong (0.072mmol e) sanple of 80
was hydr ol yzedraameortdi ggveo 1dethod Aiflg affiehdwd2. ﬁngi@z@ﬁ@&&déudbhof t he

00 Cy NN TRy oy Hefde oGSttt el g 1 s
CT'/U899/059ﬁ®/50 to afford 11.73 g (yield 99.7%) of the title 1o

3-({1-[2-(3, 5'c|8|tr{1‘a6||.1@1'60-a4 Bydnexy- Bgnzoylrgrng) wsoplﬂnyllc@m plLigline-2-carb
onyl }-am no) - o-butyric aC|d (122k% 5_A 35n0 gg Ommol_e). sanpl e of 83
was hydr%lyze& géc&r §™ olrefhod 1A8ES 2arPor' B 26 Anp (?@%)yléldW of the

title conpoundH)AnaIyEreaE7HRmC ZH9 15N 0 7 MVR (f500HMAz 5 .€B830B), H)1.47 (my

6o Coe o Oked gp 0 68, 4;’%Benglb6x6éﬁ§m@ ofhnardeicha By, 0 280

1H) , 4.57 (mlllpﬁ? mln, »g- (4&1 ME = 3783 ME RH) ppm LC-MB (ES ") n1e 474
. Z (MFH) . H 122]

Z o zZ o0
ﬁJ\rQ ,:JJYN:?
O  coBut O ConH
X X

8 SE
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t

1
3-
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86a, X=ClI, Y=NH,, Z2=H 97a, X=Cl, Y=NH,, Z=H
96b, X=Cl, Y=AcNH, Z=H 97b, X=Cl, Y=AcNH, Z=H
10 96¢c, X=Cl, Y=AcNH, Z=CH30 97¢, X=Cl, Y=AcNH, Z=CH;0

1-[2- (4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid tert-butyl ester (96a).

To a solution of 95 (10.50g, 27.5mmol) in MeOH (100ml)

15 was added a suspension of 10% Pd/C (5.00g) in EtOAc
(50ml). The mixture was stirred under H, for 48hours,
filtered through celite and the solvent evaporated to
yield a waxy solid. This was dissolved in CH,Cl,
(100ml) and DMF (50ml) and the solution cooled to 0°C.

20 4-Amino-3-chlorobenzoic acid (5.82g, 27.2mmol), DIEA
(14.58ml1, 83.7mmol), HOBT (3.77g, 27.%mmol) and EDC
(6.68g, 34.8mmol) were added and the solution stirred
at 0°C for 1S5mins then at room temperature for 24hours.
The reaction mixture was diluted with EtOAc, washed

25 with NaHSO, (2x), 10% NaHCO; (2x) and brine then dried
over MgSO,, filtered and evaporated. The crude product
was purified by flash column chromatography, using
CH,Cl,/MeOH (99/1 to 97/3%) to yield the title compound



15 3-({1-12-(4-Anmino-3-trifluoronethyl-benzoyl am no) pr api ahgl SEP 2002

- pyrrol iVPA¥47B4T ar bonyl - at ai no) -4-oxo-butyric acid ( 122IPcTUSH9/ABND
(0.021muol e) sanple of 98w was hydrol yzed 20 according to nethod A to
afford 7.9nD (94% yield) of the title conmpound: Analytical HPLC 6.64m n.
LC-MS (ES+) nme=473.3 (MtH). O N N "ON ~N f ~,_44_o H~C OHO 122m 25
99147545 - 230 1 8 SEP 2002 ' PCT/ US99/ 059

3-({1-12-(3-Chl oro-4- dinethylanino benzoylanino)pro i onyl | -pyrrolidine-2-ca

- rbonyl } - am no) - 4-

98x was hydrol yze
the title conpoun8D3@RAI §t1 cA

gé %&'M'EECSQTJ.@ (]723 Aok OyPamaf 0. 02 f‘iﬁﬁ’ie osdﬂm.Fi e of
el d) of
?Hpﬁt Smaaﬂlﬁ)' Lofksed (m m‘%”4673 -3 8MrH)

accor % Ato afford?Ong (B4%

"FN'NHHOHHE @132n 38), 4.26-4.53 (m, 3H), 4.81-4.98 (m, 1H),

3-({1-[2- (4-Di net hyL ani
2- car bonyl - ani no) £474

of 98y was tg/drol yged AhadgcdrdilngPra met RATiA. toLanSr(dEsB) Sovte (0%
yi el d) of the titkﬁHcpnpound: Anal ytical HPLC 5.86m n. LC-M5s (ES+)

m e=469. 3 (M+H)
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1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (97a).

Prepared from 96a by treatment with TFA/ CH,Cl,. After
complete reaction, the solvent is removed in vacuo and
the residue repeatedly concentrated from toluene. The
resulting residue was dried under vacuum to a constant

weight.

1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid tert-butyl ester (96b).
Prepared from 95 and 4-acetylamino-3-chlorobenzoic acid
according to the method used for 96a to afford the
title compound as a white solid (9.18g, 77% yield).
lH-NMR (500MHz, CD3OD) & 1.30-1.62 (m, 12H), 1.85-2.16
(m, 3H), 2.16-2.44 (m, 1H), 2.27 (s, 3H), 3.47-3.83 (m,
2H), 4.34-4.54 {(m, 1H), 4.89 (m, 1H), 7.27-7.39 (m,
1H), 7.59-7.71 {(m, 2E), 7.83-7.%7 (m, 1H), 8.47 (4,
1H) . Analytical HPLC 9.43min.

1-[2-(4-Acetylmino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (97b).

Prepared from 96b by treatment with TFA/ CH,Cl,. After
complete reaction, the solvent is removed in vacuo and
the residue repeatedly concentrated from toluene. The
resulting residue was dried under vacuum to a constant

weight.

)
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3-({1-12-(4- Am no- 3- chl or o- benzoyl am ao) - pr opi onyl ] pyrrolidi ne- 2 bonyl
-am no) - w@¥ez73Yd yric acid (1220). A 20.Ong (0. 046mmol e) s @E’%Sm was .
hydrol yzed 25 according to nmethod A to afford 16. 7ngy (100°oy|

SEP 2002 WD 99/ 47545 PCTI US99/ 05919 - 231 the title conmpound: Anal ytlcal
HPLC 8. 47min. LCMS (ES ") me=439.2 (MtH) . FOFI ~HN'OHHzfJ FOHO
HF O122p 5 - 156 -

3-({1-12-(~4- Am no- 2, 3,5, 6-tetrafl uoro-benzoyl anm no) propi onyl ] - pyrrolidine-
2- car bonyl } - am no) - 4- oxo-butyric acid (122p). A 20.0Omg (0.042mmol e) sanple
of 98z was hydrolyzed to according to nethod A to afford 15.3ng (91% yi el d)
of the title corrpoundceégmh.mihcas-bﬂ&&—ﬁ%mo:&;(}mﬁz(%)acrﬂdeﬂ??. 2

(MH. NHOHOO,1
4- Oxo- 3-((1-~2- I(qw%égt%ﬁ%l Boﬁ }Sr%m noﬁtpk%?ox 1'le}mcyrarc(%ldl dis neyi' car bo
nyl ) -ami no] - butyriesherd(2. Q29q)8 1lmmmhb‘%iﬁ(ﬁﬁﬁﬁﬂﬂW§ﬂ gmmme@Hoflg®“st

hydrolyzed 2@ aCCOéHanﬂléﬁ’ 851 Hedoh (£5 34‘8‘&&611 %ﬂf@oﬁﬂoo% Vi @@l .o of he
title conpound: 1H NVR_( CD3 24- . 1.75- f (m

4H), 2.39-2.87 (magggd %ndt6"4h945%51‘“-£ﬁ-ﬂ) StMrf-fh 3157 Pﬁ’;m ﬁﬁjﬂpegajéglr(edcﬁorm)
8.33 (d, 1H), 8.5658088s( M THE) obvédt (Vs ddncehtdated3 n( MacuoNOERDE545
1 8 SEP 2002 PCT/qgggéQSQ& the organic phase was washed with 0.5N HCl
then extracted with saturated NaHCO; (2x). The aqueous
10 phase was acidified with 12N HCl1l to pH 1 and the
resulting precipitate extracted into CH,Cl,. The
combined extracts were dried over anhydrous Na,SO4,
filtered and evaporated to give the title compound as a
white solid (0.933g, 50% yield). 1H-NMR (500MHz, CDC1l3)
15 d 2.31 (s, 3H), 4.10 (s, 3H), 7.78-7.92 (br s, 1H),

8.17 (s, 1H), 8.45 (s, 1H). Analytical HPLC 5.62min.

1-[2-(4~-Acetylamino-5-chloro-2-methoxy-benzoylamino) -
propionyl] -pyrrolidine-2-carboxylic acid tert-butyl
20 ester (96c).

To a solution of 95 (1.534g, 4.07mmol) in MeOH (40ml)
was added 10%Pd/C (650mg) and the mixture stirred under
H, for 2hours. The suspension was filtered through
celite and evaporated to give a yellow oil. This was
25 allowed to react with 4-acetyl-S-chloro-2-methoxy
benzoic acid following the procedure used for the
preparation of 96a to give the title compound (497mg,

52% yield). 2IH-NMR (500MHz, CD,OD) & 1.46 (d, 3H), 1.49
(s, 9H), 1.80-2.01 (m, 3H), 2.19-2.40 (m, 1H), 2.22 (s,
30 3H), 3.58-3.72 (m, 1H), 3.78-3.89 (m, 1H), 3.98-4.09

(s, 3H), 4.31-4.45 (s, 1H), 4.78-4.95 (m, 1H), 7.89-
8.10 (m, 2H). Analytical HPLC 11.31min.



- :232 2H); Analytical HPLC 4.91mn. LC-M5 (ES+) nie=441.214(8 9P 2002 O N N
3-(~1-(2-(4-Acety|anino-5-ch|oro-2-nethoxybenzoy|anino)-propiony?ﬁ-%yrrolid
I ne- 2- car bonyl 3am no) - 4- oxo-butyric acid (122r). A 44.5ng (0. 074nmol e)

sanpl e of 87 was hydrolyzed 10 according }_&.ge_t hod Ato afford 34.5ng (91%
yield) of the title conmpound: Anal ytical 6.88mn. LC M (ES+)

me=511.2 (MM H). OO~ NN~IHNI i HOHO~1 HCO 0O 122s 15
3-((1-{2-13-Chl 0§ 074- (2. 2=4i AR et et B ' <pr.gpi onyl ~-
((1-{ 5014: (4. Re8t o Y 1R @”"“3%'%5%9%%3?3%0%&“ y

pyrrolidine-2-carbonyl)am nad]-4-o0xo-butyric acid ( 5
(0. 036mMml ) sanPFeP3PnPBhaPYERS HHNS 27 &R IPOXYdSr 8CA8 t§7fthod A to

P00 140 (S0 U8 LS SRR S LTSI
233 ONH-~NI comprtbF?éﬁc&idﬂ,Oﬁth%blvent_is removed in vacuo and
3-(~1-[2-(3-Chl of o 4&8%%’@%{%4%@&%@39?% : e%@kﬁ&}%ﬁ&%b%!&%@%ér ol ifgjne-2-c

ar bonyl } - a no) - 4- 0xo-t ' nol e) "sanpl e

of 98ab was hydr¥¢§ebeing cerslidu twWasSmel ADE8TaVREREM1 FO5AYCPBELayite| d)

of the title conpouggl Analytical HPLC 5.72mn. LG MS (ES+) nfe=495. 2
Ol\

(MH). 10 OO | H N
0]
N"Y”}
H
Cl 98a O\/\©

1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -

ic¢

pyrrolidine-2-carboxylic acid (5-oxo-2-phenethyloxy-
tetrahydro-furan-3-yl)-amide (98a).

To a solution of (5-oxo-2-phenethyloxy-tetrahydro-

15 furan-3-yl)-carbamic acid allyl ester (194mg, 0.54mmol)
(prepared as described for (40) using phenethyl
alcohol) in anhydrous CH,Cl, (5mL) at 0°C was added DMBA
{196émg, l.26mmol) and Pd(PPh;), (32mg, 0.03mmol). The
solution was stirred for 15min and a solution of 97a

20 (prepared from 96a by treatment with TFA in
CH,Cl,) (166mg, 0.4%mmol) and DIEA (680pl, 3.90mmol) in
CH,Cl, (2mL) was added followed by HOBT (98mg,
0.73mmol) and EDC (122mg, 0.63mmol). The solution was
stirred at 0°C for 15min then at room temperature for

m

l8hours. The solvent was removed in vacuo and the
residue dissolved in EtOAc then washed with 0.5N NaHSO,
123}, saturated NaHCO; (2x) and brine. Dried over

ty

arnhydrous Na,SO;, and evaporated to give an orange solid
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( Qro-4- pheayl acet yl am no- benzoyl am no) propi on | i di ne-
ca bonyP} %%o) 4- oxo-butyric 15 acid (122u). A |1 O Ony (%7%5 J?%ﬁ%%

anpl e of 98ac was hydrolyzed according to nethod A to afford 7.9ny (85~

| d) of the title conmpound: Analytical HPLC 7.52mn. LC- M5 (ES+)

~1-t
r
I
d
=557.2 (MtH) . 20 O\ NN'IHNI1 i H O-HieEsC- O H O 122v WD 99/ 47545
34 1 8 SEP 2002 PCT/ US99/ 05919
(1-
din

~2-[3- Chl or0- 4- (3-net hyl - but yryl am no) benzoyl am no] - propi onyl } - pyrrol
e- 2- car bony| } aws hod - @H oXlp- MECH | (@ %(di §o( PT2\B)) 50A|Yll1©‘rﬁ‘—1'(60 tatsrmol e)
sanpl e of 98ad wascgyd BQMZ@Q é%ﬂi@é Ngh1 .09 n\?ibﬂ@d%A 9% a%i@ié 5@%@1&6%
yield) of the title conpound: Analytical HPLC
m e=523. 2 (M+H) . SWPIQE@ 3P 8 3 - f@8éd'X-OCI5H)Y-NlH?1 Z<H, 20&‘#)

116b, X=ClI, Y=AcNH(mZ=thk) ~~2c@s:F(xﬂ,,16m))<-ﬂssYz:nQ\pl\m Z=EH39D, (aeP2xk) 123a

xX=Cl, Y—NH2 2=H) Q Qz | Z3 H, . Z= 2 X=Cl
Y=ACNH, Z=CH30, 0-? ﬁg E3 ﬂ*( {915 % 'E )’:m %OZG-JQD('BhI%)J %’J*:’oe iogl?ar(ﬁ“ho)
-propionyl] -4 fluz¥b; pyryots dbmeénz,- cl%t)b,ong/ll}c afmn@HEU; okoébulmri tHAci d ’

(123a) . A 12.4ny 0,02 I 108b yeshyds ot yz C in
method A to afford49 6 3”‘7@3@ of thgé;tl tle )codg oél%d?éjAﬁgl%?cag mLC

6.99m n. LG M (Es@dmléﬂms'/ 223(MFH) SHlpp 7.58 (m, 1K), 7.75 (m, 1H),
3-(~1-[2-(4-Acetyl @m &10¢8- ciil or qerienao\d AM KN @r opi syl - 4, de did | yes oy pyrro
| i di ne-2-car, g)onyl }- mﬁﬁézzogﬁggutyri c acid (123b). A 26.2ng (0.043mmol e)
sanpl e of 14 ?/ cording to nethod A to afford 10.8ng (49%
yield) of 25 the title conmpound: Analytical HPLC 9.89m n. LC M5 (ES+)

m e=517. 2 0
E;/ \N/HrN/i /&’
H
o}
2N o) N
cl H

98b

yi
m

3-
2-
S

e

e
- 2
3-[
i di

1-f2-(4-Amino-3-chloro-benzoylamino) -propionyl] -
15 pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
tetrahydro-furan-3-yl) -amide (98b).

Was prepared from the syn diastereomer of (2-benzyloxy-
S5-oxo-tetrahydro-furan-3-yl)-carbamic acid allyl ester
(40) and 97a following the method used for 98a. The

20 title compound was isolated as a pale yellow solid
(720mg, 51% yield). 'H-NMR (500MHz, CD,OD) & 1.16 (4,
0.5H), 1.40 (d, 2.5H), 1.64-2.25 (m, 4H), 2.61 (44,
1H), 2.79 (44, 1¥), 3.37-3.59 (m, 1H), 23.59-3.74 (m,
1H), 3.77-3.%92 (m, 1H), 4.29-4.47 {(m, 1H), 4.47-5.02

25 (m, 4H), 5.48 (s, 0.5H), 5.66 (d, 1H), 5.68 (d, 0.5H),
6.79 (d, 1B), 7.17-7.52 (m, B5H), 7.48-7.62 (m, 1H),
7.68-7.83(m, 1H). Analytical HPLC 15.98min. LC-MS (ES*)
m/e=529.2 (MH").
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+ (4- Acet yWaasiTsds-3- chl or o- 2- met hox~r benzoyl am no) - propi oaypdrughsiosens

" 4-difluoro-pyrro7.ids. ne-2carbo~nyl ~-dm , ao) -4-axo-butyz~ie acid (123a)

A 23.1ng (0.036mmol e) sanple of | Z6¢c was hydrolyzed 5 according to nethod A
to afford |.8ng (9% vyield) of the title corrpound | anal ytical HPLC
11,.87min. LCGMS (ES+) me~547 . ~. (MPH) - 1BI%0-0G CAL METHODS ~. 0 W
obtained in vi tro, ex vivo, and in vi vo data for sel ected corrpounds of
this invention using the methods descrjbed beI ow. The results are shown in
the Tables 2-8. The designation "ND' i d| at t conmpound was not
tested in the described assay_ 1 Rt T ase_gssays, categozy "A"

-indi cates <zO nMinhibition. Catégg " |c tes ~H0-1900 nM i nhi bition.
Category "C' ind~.cates >1.0082MM 1Jz~h. |b| Ta § 2 and 3. Tn

t he PBMC assay, category ~' A" |nd| €ates 20 500 ni |n . Category "E"
i ndi cates 500-1000 nMinhibition" Category "C' indicates i.001-2000 nM
inhibition. Category "D' indicates >2000 inhibition. See Table 4. In the
whol e bl ood assay, category "A" Z5 indicates <2500 nMinhi.bition. Category
"B" indicates 2500--7500 nMinhibition. Category "C" indicates >7500 nM
See Table 5 In the in situ nmetabolismassay, values o tf(g) X f(h)] are

di scl osed as fol | bw2- ¢4t dydng-3 A2hBOrpnHesacriaringb-peapégoyd] ¢ B

I ndi cat es 0-525-0#,9: ﬁfiﬁﬂﬂéyz é‘arbgﬁ?ﬁ‘:%eﬁcﬂdﬁﬁ’ génz@&%%ogyox A

i ndi cates >0.75 [1ary excrell on neasurement 99/ 47545 - 236
18 S EP 2002 " WM%%@%&\%&%W@A ej hgfeht es 05% Category "B"

i ndi cates 510% e ' i cates . >l See. Tabl
cl earance assay, %ﬁ?ﬁ g%rgr?'gp‘gﬁ’? eﬁngé’#g PeTEvlesY e g oo Qet?%m%’é? es
c50. 5 Category "£iramds cal bscdfbB80ic Cacedoayly Ll estnelrca%es 289.9Bee Tabl e

{ol 1 ows: - cat ogor v S a b cERe e d%?‘év%‘ég% e FE e CamApRe O
Cat egory " @9 i ndi¢a% ekscbabed e %U@%bﬁué@l{ c@l&s h6mgn )46% YRk osed as

fol | ows: Cat egor Y1y AtmMa n@miﬁzs D)CEE aqamny1.82 '('ﬂ\d' aaf)es 1278=2. 93
Category "C' indi cat es. >5 0. Half- are disclosed

foll ows: cat egory mGH) 0o cht et %91 ém' 1&H£‘,at%g%9 y?‘g%’ P ntPBhe e &4 Ed?.ro.
Category "C' indicat®ss) >23 044The7% Vm| ues5HEY) ar&2el sgbosed =B) f od l2oms:

category "A" indig azirf frﬁ332HFat¢?94"£y4 B iRdi gases, 38645525900 Y 41,
i ndi cates >67. See b
15 .55 (m, 1H), 6.79 (d, 1H), 7.21-7.42 (m, 4.6H),
7.54-7.63 (m, 1.4H), 7.76-7.83 (m, 0.65H), B8.60-8.68
(m, 0.35H). Analytical HPLC 15.19min. LC-MS (ES*)

m/e=529.3 (MH*).

o
NJY”EE
H
2N © 07 N
cl H o

20 98d

2- (Ethoxy-5-oxo-tetrahydro-£furan-3-yl) -carbamic acid

allyl ester.

Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
23 acid tert-butyl ester as described for (40) using



In Vitro Assays 20 Enzyne Inhibition Ki values for test corrpouF)JEgs.Z jth'the
vari ousk‘%ﬁ SS7 wer e obtai ned by the nethod of Margolin ef 85 ?ﬂ(ﬂ(sidg Biol. ,
Chem , 92%25‘2 223-7228 (1997)). Assays were perforned i RCEYS 19 s .
(Sigma Corp, St Louis MO 25 pH 7.5, 1 mMDithiothreitol (DTT, Research
Organic INC, develand, OH) and 0.1% CHAPS (Pierce, Rockford IL) at 37 C
For caspase-3, a solution of 8% glycerol- W& added to the assay buffer to

i nprove enzynme stability. A 65 y.L aliquot of the assay buffer and 5 ~. L
aliquot of 30 the apptopriate_dilutions i nhi bi ' e pipetted
into a 96 well SEBPB,QEHééfgﬂagnoﬁﬁ?gy\]&gi%? l@%@%’%@#%ﬁ% u éed i n assay
buf fer (0.5-40 rikEA6t tvespradei gabp acbive sftantitatétormxy /6 w1 ol 18
SEP 2002 * , P 99L 19.; : i al JIEQ but no
conmpound was Y%?g%g?ég? g{a%ﬁdgt g?% gg{?%ﬁ.chﬁg%laéa]iq s were then

i ncubated for 1%haPheteBEfar 379€) ShefoFER a8 T OFFBIER he AR dpfrli s
SE?stra_t es(20 ‘“baﬁéiQabfcﬁ)ﬁéeﬁik@hk_énoi-éhé( msdémm&@smagol ume ﬁoo o
~L) to initiate_the reaction. ctie e re . _me ed at ei ther by
fol | owi ng the t?%rﬁégeﬁﬁﬁﬂ{g ?E%?ease{??%bésoo\ﬁﬁgﬁ{&é gﬁ}g&@g %@Ir( fz‘gf t he pNA
substrates) or &ntfil dbasseesacmef Exo 38033 Em3460)m,( 3& ,t 2e 3AMES .98bdtm,at es) .
The rates 10 obtgai ne r ot ted ai pst- 1 phpi tor ncent4at and the
data fit to theiﬁ/z)'rr?'s%\% ?i g%thhl né?gg gq%%t??npf(g&r)' clg.ﬂnp’ef.;j?'t—'irs\e/le3I i'nhibitors
(Morrison, J.F. (mBjdBhent BPothy’. (Metdl) 185 P4 769- 86 HI969))0.0 The
substrat gy used(hor ifip 1ndiyidunt agsays) Wet @S 50 | Gsi1H)S Gaspasses 1
Suc- YVAD- pNA (Sachem Ki n%&of Prussi a, PA@_HH nal_ concentration in the
assay BO ACM), ERPESESAAE-DEVAT pNRC ( Hhec 14§ 6 B USsi #H'pA) (final
concentration in.as5say92 60m~MHCaspase- 3. 75 - MEI REAVC 3(.8prpeps Duhl i n, CA)
(final 20 conc atjop.i S 2 M LS -0 A -HEEV C(Bachem

Ki ng of Prussi ::,Dﬁ A)zl( ?n‘pal-ﬁzo cen rgti%'nlc?n%o'g%ga@%g Cl\/)%':%lxgass'?%se-S

Ac- DEVD- pNA ( BatheniHKi ngb@fM$Pr usbz a= 39 (M4Hiadl fesnbesbration in assay 80

~ M . 2bsTabl e 2asesdaners. | nhibition Data Exam | eCas ase-1 Ki
(nM 5aA5bA5cA5dA5eB5 f- ~B WD 99/47545 1 8 SEP 2002 PCT/ US99/ 05919 - 238

Exam | eCas ase-1 Ki
(nM 5g5hA5i A5) Ak P51 BH+ i AR HRbepRs+ Hireddfyt 1@ imehis wicbpAbAyaA5aaASab Sac ASad

AsaeHSafBSaASaqgﬁaéé$§ﬁ£§Qﬂ§-carboxylic acid (2-ethoxy-5-oxo-
tetrahydro-furan-3-yl)-amide (984).

20 Prepared from (2-ethoxy-5-oxo-tetrahydro-furan-3-yl)-
carbamic acid allyl ester and 97a following the method
used for 98a. The title compound was isolated as a
white solid (175mg, 77% yield). MH-NMR (500MHz, CD;0D)

6 1.13 (t, 0.5H), 1.23 (t, 2.5H), 1.36 (d, 0.5H), 1.44

25 (@, 2.5H), 1.75-2.38 (m, 4H), 2.56 (dd, 1H), 2.76 (44,
1H), 3.45-3.97 (m, S5H), 4.47 (dd, 1H), 4.59-4.67 (m,
1H), 4.74 (g, 1H), 5.55 (4, 0.2H), 5.56 (4, 0.8H),
6.75-6.82 (m, 1H), 7.56 (d4, 1H), 7.77 (&, 1H), 8.39
(d, 1H). Analytical HPLC 8.17min. LC-MS (ES*)

m/e=467.4 (MH™).

[}
[}



WD 99/ 47545 1 8 SEP 2002 PCTNS99/ 05919 - 239 Exanpl eCaspa i
(nM SalASop@msBSaoESapESagBar ASasASat BbauB5avBSawSaxAba ﬂggﬁbASchS
bdA7aA7bB7cA7dA7eB7f BTgA7hB7i B7j C’/kB71B WD 99147545 1 8 SEP 2007

PCT/ US99/ 05919 - 240 Exanpl eCaspase-1 Ki
(nh@?nB?nB?oA?pA?qB?rB?sB?tB?uB?vB?mA?xB?yB?zg?aaA?abB?acB?adB?aeB?afB?agB?
ahAj ai A?aj A?akA?al Bl amA?anA?aoB?apB ?aq_ ~~B®iwWD 99/ 47545 7 8 SEP 2002
PCT/ US99/ 05919 - 241 Exam | eCaspase-1 Ki

-(nM | ar A7asA7at A9aB9bA9cA9dA9eA9f A99A15aA15hA15cAL15dB15eB15f Bl6aB16bAl17aB17
bB17CA17dB17eB18aB18bA18cB18dB18eAl18f B2(JpA2@bA 99/47545 1 8 SEP 2002
PCTNS99/ 05919 - 242 Exanpl eCas as N
-(nM 20cA20dB20eA20f A20gA20hA20i B20j

23aA23bB23cA23dA23eA23f B23gA23h 2] Bf4aA24bC24c

98e

(2-Cyclopentyloxy-5-oxo-tetrahydro-furan-3-yl) -carbamic
acid allyl ester.

5 Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using
cyclopentanol to afford the title compound as a mixture
of diastereomers. Flash column chromatography using
hexanes/EtOAc (90/10 to 80/20) afforded the syn

10 diastereomer of the title compound: syn diastereomer *H
NMR (500MHz, CDCly) & 1.5-2.0 (m, 8H), 2.45 (dd, 1H),
2.81 (dd, 0.%H), 3.0 (dd4, 0.1H), 4.31 (m, 1H), 4.59 (m,
4H), 5.23 {(m, 1H), 5.32 (m, 1H), 5.45 (s, 0.1H), 5.51
(s, 0.9H), 5.92, (m, 1H) ppm; anti diastereomer *H-NMR

15 (500 MHz, CDCl;) & 1.50 (m, 2H), 1.67 (m, 6H), 2.36 (4,
1H), 2.8 (dd, 0.08H), 2.%96 (dd, 0.92H), 4.13 (m, 1H),
4.25 (m, 1H), 4.55 (br, 2H), 5.20 (4, 1H), 5.30 (m,
2H), 5.43 (s, 0.92H), 5.5 (d, 0.08H), 5.89% (s, 1H) ppm.

20 1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (2-cyclopentyloxy-5-oxo-
tetrahydro-furan-3-yl) ~amide (98e).

Prepared from (2-cyclopentyloxy-5-oxo-tetrahydro-furan-
3-yl) -carbamic acid allyl ester and 97a following the
25 method used for 98a to give the title compound (280mg,
51% yield). IH-NMR (500MHz, CD,0OD) & 1.38 (d, 0.5H),
1.44 (4, 2.5H), 1.49-2.35 (m, 12H}, 2.47 (dd, 0.7H),
2.56 (dd, 0.3H), 2.75 (dd, 0.3H), 2.81-2.88 (m, O.1lH),
2.97 {(dd, 0.6H), 3.47-3.76 (m, 0.2H), 3.82-3.%6 (m,
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(nM 24e 5cA25dA25eA26aA26bA26cA26dA26e A26TF A26gA2 27cB27d
A27e827§§3%ﬁ§3ﬁgg7i827'827kBZ?lBZ?nBZ?n828aA28bA28CA 1 égéééﬁgéggﬁmo '
99/ 47545 PCTNS99/ 05919 - 244 Exam | eCaspase-1 K

(nM 29aA29bA29cA29dA29e A29f A29gA29hA29i A29] A29kA291B29mA29nB290B2

9pA299A29r A29sH32aC32bC32cC32dC32e ' B34ca B42B46bA46aC5 7- _A WO
991 47545 ~ a sSEP 2002 PC fNS99/ 05919 - 245 Exanpl eCaspase-1 K

(nM 65A61A69A7 344 21@2@@,512}@%22@%22qA1§%2q314%2f(mzawlzghujqzaidmzzj B122kA
I2218122n13122nBl£2'oC1'22A12'28122r'Bl SB122t B122uA122vB123aB123bB123¢c IB 1
8 SEP 202 WO 9914545 BETNG99 03819 5 546 (drall-@F3.: €adfadel 3 1Ftaspase- 4,

and Caspase-8 Inlgditicon @3t amgxampl7eCagpase)3 Ki. 21nk).Gaspase-141)Ki

D BNONDB6 CNDB1 SIS AICAEL St CROBT22R N S PBNE 051 ITERsdal c250 7 5

5 (MH*)
o)
X Q*J*i ﬁ
o)
N
H (@) N
98f

(2-Cyclohexyloxy-5-oxo-tetrahydro-furan~3-yl) -carbanmic
10 acid allyl ester.
Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using
cyclohexanol to afford the title compound as a mixture
of diastereomers (pale yellow oil) (4.62g, 85% yield).
15 Flash column chromatography using hexanes/EtOAc (50/10
tc 80/20) gave 394 mg (7% yield) of the syn
diastereomer of the title compound. H NMR (500MHz,
CDCl;) 6.1.11-2.09 (m, 10H), 2.35-2.61 (dd, 1H), 2.72-
2.98 (dd, 1H), 3.60-3.83 (m, 1H), 4.32-4.72 (m, 3H),
20 5.06-5.43 (m, 2H), 5,60 (d, 1iH), 5.82-6.03 (m, 1H).

1-[2- (4-Acetylamino-3-chloro-benzoylamino) -propionyl] -

pyrrolidine-2-carboxylic acid (2-cyclohexyloxy-S-oxo-

tetrahydro-furan-3-yl) -amide (98f).
25 Prepared from syn- (2-cyclohexyloxy-5-oxo-tetrahydro-
furan-3-yl) -carbamic acid allyl ester and 97b following
the method used for 98a to give the title compound
1121mg, 33% yield). °*H-NMR (500MHz, CD,OD) § 1.06-1.61
(. 9H), 1.€1-2.327 {(m, 7H), 2.22 (s, 3H), 2.52-2.81 (m,
2H', 3.45-2.78 (m, 2H), 3.84-3.57 (m, 1H), 4.42-4.57

()



IL-lei Assay with a M xed Popul ati on of Human Peri pheral Ii%lgogePNMﬂ)nucl ear
Cel s (RRiW3)47845 Enri ched Adhereat Mononucl ear Cell's Procepstgesoly - | L- 1p
by ICE can be to nmeasured in cell culture using a variety of cell sources.
Human PHMC obt ai ned from heal t hy donors provides a m xed popul ati on of

| ynphocyt e subtypes and nononucl ear cell s . that produce a spectrum of

i nterl eukins and cytokines in response to ny classes 15 _of physiol ogi cal
stinmul ators. Adherent nononuclear cells from PBMC provi des an enriched
.source of nornal rm@ggyt @ssﬁog §§I gﬁtlYﬁ stydgessoélcyr;\oki@e proguction by
activated cells. perimental Procedure: An initial

dil ution series7of5t éBt &Bh’poﬂnﬂs’rﬁ bR/B@“orzﬁi han’b‘?alrﬁtb?%balflgﬁc with a

. subsequent di J. ut g@RihNt oc RIBZ(2O% RBGe ®eld a3 (@mrai ning 2 MM L 5
glutamne, 10 nM HEPES, 50 U and 50 ~, g/ pen/strep) respectively to yield

drubs at .4x the final test concentration containing 0.4% DMSO or 0.4%

et hanol. The final concentration of T’ i's s foryall drug dilutions. A

concentxation titration which bp8 art Ki for a test

conmpound deternined in an | CE ik |t|'tbn sa |s gheral |y used for the
I

primary conpound screen. GefelNal Iy 5-6 conp t| ons are tested and
the cellul ar conponent of the as$dy is perforned pI icate, with

duplicate ELI SA determ nations on each cell) cul ture gr nat ant. PBMC
| sol ationsand rL-1 Assay: Bu~fy coat cePf% isol ated f oM one pi nt human 20
bl ood (yielding 40-45 m final volume plasma plus cells) are diluted with
nmedia to 80 ni fn oPRE atiqn tub Bect on Dickinson) are each
overlaid with ~ F"fﬁ ?‘g% LRk} %ﬁ%’r ﬁ’e%?ﬁ“& "r?rcf’é?‘?t‘r’pfqt}g'ati on at
1500- 1800 xg, tmﬁb@dﬁeﬂ}lcz&aﬁmlms acsidis{H Tgtadcb harxy Xdwgn- § fuexo -
nmononucl ear ce~./} J‘ﬁyeyeérd-sftﬁcgrl e:ﬁégq _\erh@ P@%geur pi pette and transferred
atf t u

to a 15 nm conic rifuge t (Corn dia is added to bring the
vol une t 8915 niPrepawed \ELa% e Q?e1qY§1tghq>ﬁ<ﬂé?>§r-énoamt@émanm at 300

xgdf or i ﬁ i nI lﬁ@:érmes RBANC pefdaiid %dlesd@plqmdfse;tde& @n%rrell | 7}am\ﬂﬂllli‘83v\6@f
medi a, the ce are te usted t.Q e S

S e i MR MO 1S AV b SpRcpd
991 47545 - 248 1% Vs CaCORREAPY 1.0 M of
t he cell suspen(siibmng,s itd ed etlal )eac THAMMR oS 0QMB4- vaDI;;ODDaS boveem i ssue
culture plate (P 543%0,121 4%0rr(1dte§,1t) cckrrgqprbd pro] |(lHI 3 an% Q;Q'S g, LPS

solution (Sigma #L i/ M ‘sol"ution prepare i conpl et'e "RP~M

medi a; frAal  LPSI&ondEnt riatdéom 5 g/ REIThe {?05‘3n194adéﬂ tlléﬂs - 40est
conpound and LRS sy e(misual)ly 4Sl§'f-l4Cl6€5nt(n{ 0] Jm)x, mhaocqntgebnt(sn ofn.;)he wel | s.

Thr ee control r er ex th ei t h |0 Ione
sol vent vehicl e rg X-}O%ijt E%I a“’gnd/ orﬂa \A’ Gg g‘l}”t | na

cul ture vol ume @ cH..0 842 Tide dJeI4IH)ouI tlmeels’tar@]r rH(?tIr@atI@d 3fOcmm6-LI&M$r at
37 Cin the preggige oDl 8% 092. (mitryt he end of the incubation period, cells

15 are harvested and transferred to 15 ml conical centrifuge_tubes. After
centrifug8tion for 10 min at 200 xg, super natants are harvested and

transferred to 1.5 ml Eppendorf t ubesy Y noted that the cell pellet
NQf 20 -IL-1~i and/or mature
n Bl ot or ELISA with
07 °N

may be utilized for a biochemc
IL-1ei content in cytosol extrac
pre-1L-1p specific antisera. H2N

98h

{2-14-Amino-3-chloreo-benzoylamino) -propionyl] -
wvrrelidine-2-carboxylic acid (2-ethoxy-S5-oxo-

ecrahvdro-Zfuran-3-vli -amide (98h).



| sol ati on of Adherent Mononuclear cells: 25 PBMC are isol a‘t%adgganimz)r epar ed
as desc%,bbggé Qove. Media (1.0 m) is first added to wells faollowed by 0.5
m of the suspensi on. After a one hour incubation, pq%?ggf%”gently‘
shaken and nonadherent cells aspirated fromeach well. Wlls are then
gently 30 washed three tines with 1.0 m of nedia and final resuspended in
1.0 m nedia. The enrichnent for adherent 1681 s generally yields 2.5-3.0 x
105 cells per well. The addition of test compounds, LPS, cell 1 8 SEP

2002 WO 99/ 475 9 19, - inc 4 28{2@1 A0S gnd processi ng
of super nat ant gg’f)gé%gggsé%ggdgzsc?l%%ﬁya%oé\iga ‘IE%% otQJant |rEir§?13ak)i ts (R&D
Systems) may becaxglamicorcifeahbybueehentand g ol Jawing thssaedhade

performed accongidg £8rt§ga Mewd aci i & c SmPbiRs tiadNS.sJYRItWE dd 4~ | evel s of
about 1-3 ng/m ip both PBMZ and adhere nonucl ear cel |l positive

g ent
controls are ob8t%edSOELY S P AssBss 3é+%f‘gbrfoﬁﬁ§51%r{sfzo Hzy: £§39Rd 1: 20
di | utionssof supermdantss fmomAPS- ppFd-iverTom,r gls ,t @ .98l-ec4t hey,opt i nal

dilution for s rnagapnts, it test. pangl, - i nhi bi t pqt ency of the
conmpounds can lLoil r’eg% eéléen% 'eJ/’c?l6 ngan§1 %%)0’ Cgl ?J%,;'\eﬁﬁi g(ﬁ“‘i g %{é ! %‘%%'
concentration of.JI®hithi tor7®8t. vwhiléh 5028 of ddmtwur3@)l, L-3l.4i2 -i4s 1det(@ct ed in the
supernatant as ,gompajg efgIH 1N (npos:j,}f)i ve; cont rol g 31}he §ki—,l4l_%d gRr agiitioner

t |4 . 1 . 1 . . . | é

e
realizes that val ues obtalned in ce assays nmay depend on multip

y
factors. 20 Th& A lues’ iy bt heibssali15" T ifr dfent B ind -Qddsti t ati ve
results.1dabl e 4.7:6PBM3 G | (AssmyzHat a8 Exand eBBYE) . ChBalytical HPLC

(oM 5aDsbBoCBE ISR CaCElS (0,09 AL b QP 2002 PETNSOD/ 05010 - 250
(nM 5i C5j D5kD51A5mA5SnB5r D5sB5uC5vD5wB5xB5B5z B5aaB5abBSac ASadASaB5ai ASaj Byak

B5alDSanDSaoD5aqD5ar D5asDSat DsauD5a WO 47545 1 8 SEP 2002
/J\H,N
o}
o

PCT/ US99/ 05919 - 251
N
H o
98i ﬁ

15 [5-0x0-2-(tricyeclo[3.3.1.1°'°)dec-2-yloxy) -tetrahydro-
furan-3-yl] -carbamic acid allyl ester.

N
H

HoN

o

Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric

acid tert-butyl ester as described for 40 using 2-

adamantanol (6.21g, 5 equivalents) to afford the title
20 compound as a pale yellow oil (1.52g, 61% yield). *H
NMR (S500MHz, CDCl;).5.1.38-2.22 (m, 14H), 2.40 (d,
0.2H), 2.8%3 (dd, 0.7H), 2.87 (dd, 0.7H), 2.87 (d4,
0.8H), 3.00-3.12 (m, 0.3H), 3.84-3.97 (m, 1H), 4.40-
4.71 (m, 3H), 5.18-5.44 (m, 2H), 5.53-5.69 {(m, 1H),
£.82-6.062 (m, 1H).

]
ut

1-[{2-(4-Amino-3-chlore-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid [5-oxo0-2-



Exanpl ePBMVC | C54 18 SEP 2002

(nM) Sawiepydayd5az BSbaCsbbB5bdC7aD7bB7cA7dA7eD7f D7 gA7hBikEAISSABHnB70A7D7q
D7sB7t D/uD/vD7wWC7xD7 , D7zC9aB WO 99/ 47545 1 8 SEP 2002 PCTNS99/ 05919 -
252 Exam | ePBMC | C50

(nN®9bB9cA9d89eC9fB9gC15a£i5bC150815dC15e?% f D16aA16bC17bC17CD17dD17eB18aB1
8bB18CB18dB18eC18f D20aB20bB20cC20dD20eC20f B20gA WO 991 47545 ~ g SEP 2002
PCTNS99/ 05919 - 253 Exanpl ePBMC | C50 (nM 20hA20i B20j D20kA201B20nB20nB200A2
OpA20B20r B20s Czo(tdia:ﬁe}@?quZaC@z&(fBQB@aQ&@3:;@3&62&%%&32%9%@&%&4@2
5aA25bB25cB26aC %p %/47545 - 254 Exam| ePHMC | C50

(nM) 26bB26¢B26dBIBSR 6 AYgA26hA27aA28aB28bB28C B29aA29hC29CR29dB29e A29gB29h
. A29i A29j B2 9kA29&E@9nBﬁ2E&@UDHBB@BBG2BGQAIQBQQQéI>& g Etﬁlgeozz-

PCT/ US99/ 05919 gg?§9|%1§g? 3reRSurEnanpl e acid vl

(nM 122bB122CD1272 2eC122 §122 BI22hC12 |012 D122kA12218 Y £ 2002
PGT/ US99/ 05919 WAGI €78 é@élRé’éél)‘E toe retped W%)au%‘%!f otBamdine 11i0oF assay

| CSp val ues for coaimpewadsas akothited aveatvpntsessl bt gigwed using the

met hod describeqd%ﬁl

Q™ ‘y_NMR (500MHz, CD,OD) & 1.38-2.22 (m, 14H),
2.40 (d, 0.2H), 2.53 (dd, 6.7H), 2.87 (dd, 0.8H), 3.00-
3.12 (m, 0.3H), 3.84-3.97 (m, 1H), 4.40-4.71 (m, 3H),
10 5.18-5.44 (m, 2H), 5.53-5.65 (m, 1H), 5.82-6.02 (m,

1H). Analytical HPLC. 11.89min. LC-MS (ES") m/e= 573.2

(MH™) .
~
o)
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0
N
0”7 °N
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98]

15
1-[2-(4-Acetylamino-5-chloro-2-methoxy-benzoylamino) -
propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-
S5-oxo-tetrahydro-furan-3-yl) -amide (983).
Prepared from syn-{2-[2-(2-benzyloxy-5-oxo-tetrahydro-
20 furan-3-ylcarbamoyl) -pyrrolidin-1-yl) -1-methyl-2-oxo-

ethyl}-carbamic acid tert-butyl ester and 97c¢ following
the procedure used for 98a to afford the title compound
(222mg, B82% yield). 'H-NMR (500MHz, CD5OD) & 1.23 (d,
0.6H), 1.42 (d, 2.4H), 1.72-2.27 (m, 4H), 2.23 (s, 3H),
.63 (dé, 1¥), 2.77-2.88 {m, 1H), 3.43-3.52 {(m, O0.SH),

Z.%6-2.%% (m, 1.5H), 3.74-2.85 (m, 1H), 3.98 (s, 3H),
~.38-4.50 (m, 1.5H), 4.51-4.92 (m, 4.5H), 5.63-5.76 (m,
¥, T.22-7.4C (m, SH), 7.%7 (s, 1H), B.45 (4, 1H),

to
mn
0



Purpose: The whol e bl ood assay is a sinple nethod for to neggel t he
product ivad ofi7s4k- 1~3 (or other cytokines) and the activitycpispaisenti al

i nhibitors. The conplexity of this assay system wth its full conplenent -
of |ynphoid and inflammtory cell types, spectrum of plasma proteins and
red blood cells is an Z5 ideal in vitro.regpgesentation of human in vivo
physi ol ogi ¢ conditions. Materials: Pyrogen-free syringes (" 30 cc) 20
Pyrogen-free sterile vacuum tubes contai ning |yophilized Na2EDTA (4.5 ng/ 10
m tube) 1 g 8ERs200&0- (Rp61H Huarml yhicded HRIGY 1SlargAmelf LGMS0(EST) 1.5 ni
Eppendorf tubes ngtsgfnpo qgfstock solutions (" zSmM in. DVSO or ot her
solvent) 5 EndvFéan -Tiee sodJ.unlchIoride solution (0.9% and HESS

Li popol ysaccharide (Sigma; Cat. # J~-3012) stock solution at Ing/m in ABSS
rL-1~3 ELTSA iCt (R & D Systerns; Cat?# ) B50)— 0 TNFa ELZSA Rit (R~ D
Systens; Cat # DTASO water bath ex i at gn_wWhol e ¥ ood Assay

Experinental Procedure: Set incu at ex’{bat t 30 C. 15 Aliquot
0,25mL of blood into 1.5 nl ERRENYOT f t ubef. ; sure to invert the
whol e bl ood sanple tubes after evefx two aliquotis, Bifferences in
xeplicates may result if the cells sedinent and are not uniformy
suspended. Use of a positive displacenenssipi pette will 20 also rninimae

differences between replicate aliquots, Prepaxe drug dilutions in sterile
pyrogenfree saline by sezial d~.lution. A dilution_series which brackets

the apparent KiSY®FRes¥e@f donfdouda 3efer iiFdd OFR - ReNFEY 43R )1 on assay
ihsdgenﬁrgl ly usleﬁloﬁ:goxfﬂr] 1pier ol idE )é-QOﬁgQP@d:ﬂdteaI&idfqrz-@ﬁHh loe@taisy- ] .
ydr ophobi ¢ conpou repar e_conpqun i_lutio i.n fresh plasma obtaine
fromthe same b %i?%ﬁﬁ%hfaﬁp‘?PﬁaﬁégfggﬁfaﬁﬁﬂﬁgQ?&?bwso to enhance

sol ubility. AddPeépax@d tiesim eargourd ethbuyi-6nozp -tetrelhy Bw -daranei3 -and
gently My the $RMRlfnakien 2dd 219y1 LLER aakushan a3 g el ocked
prepared fresh:” 5.0 ng/ fa.nal concentration LPS), and nlag agai n.
Tncubat e the tubeshed Wedchior &8Rater 264PRCf 17 518919EhE 1kileh COFPLIMGha

m xi ng. Al ternatjasely,nthert ubes map, be:1 YEr99/ D -5 25701 .8 SEM 20t 12

PCT/ US99/ 05919 aced ,i.,n r at r set _at .4 [p or_t a i,ncu i on

period. This a§§gy s'é&lJ%be%sg%?Upﬁrasdésriéa?gEOrlfggﬁﬁrggté“MA?gﬁfhe

fol | owi ng cont rdl4a-néd@atlimie 18ont BoB0-3nBSLF8; pBSIt BvE0ecdntSol(m, no test
15 4H), 4.20-4.75 (m, 3H), 4.75-4.90 (m, 1H), 5.32 (s,

0.8H), 5.38 (s, 0.2H), 6.80 (d, 1H), 7.55-7.84 (m, 2H).
Analytical HPLC: 10.47 min. LC-MS (ES*): m/e = 467.3

(M+H") .
(@]
@] i
ci 98I Ho o

Synthesis of 1-[2-(4-amino-3,5-dichloreo-benzoylamino) -

20

propionyl] -pyrrolidine-2-carboxylic acid (2-ethoxy-5-
oxo-tetrahydro-furan-3-yl)-amide (981).

o

prepared from (2-ethoxy-5-oxo-tetrahyvdro-furan-3-yl)-

ty

carpamic acid allyl ester and 1-[2-{4-amino-3,5-

(8]

(91

ichlcre-benzovlamino) -propionvl)] -pyrrolidine-2-



S inhibitor; vehicle control - the highest concentration of

. corrpoundmbwems used in the experinent. Additional salinedydsd gto all
*control tubes to nornalize volunes for both control and experinental whole
bl ood test sanples. 10 After the incubation period, whole blood sanples are
centrifuged for to mnutes at " 2000 rpm ifg4 he mcrofuge, plasma is
transferred to a fresh mcrofuge tube and centrifuged at 1000 x g to pellet
residual platelets if necessary. Plasna sanples nay be 15 stored frozen at
-70 C prior to asagyokpliceyiokd needteveltylbyesEelSAccELiBAg Ro&tBe Syst ens

(614 McKinley Pla | 55413 Ntk ki pe ki y be
used for neasuren%ﬁ?y%fu?%g %Prbgaaa?'%f %ff%{l}ld ggéa)ng a?eE%)g':L ocr:!r% 8]éltggordl ng
‘to the manufactuf®es* s}’th?lféttl GSIMR (5P03MHBvel 51 0fDEL1:EP 3R )Ind iLn 0Bosi ti ve

control s anong alrgdglg@mofmpdlyljqul S22y, bauobseryeds 4y 11200425 di l ution
of plasma for all sa;rg es is usuall'y sufficient for experiments for ELISA

results toSfall dnfine 9% nEar 2rl”?a)ngé 60 -Bhé "ELSAYEt antlafd turVed™ It may be
necessary to opt3m1ze4s1@nda$d ai,| urons .k yeu obseryvesdiffesencesnin the

657- 692 ?‘igggfs.aby 90 o) 47 T 65 202 BeTnkos] 068101 253 Sakfe 5.

Whol e Bl ood AssayH DataQIE(JabmicdeﬂPéCBl 06d8kCBOn. LC-MS (ES™): m/e =

(nM 5aASbA5cASd AP CS] C5k~

B51C5mA5NnB5r CSs A5yBSzC5aaA5abBSacASadASagBSa| CSaj CyakCSaxBi SayB
WO 991475348 1 ¢ SEP 2002 PGINS99/ 05919 - 259 Exam | eWhol e Bl ood |1 CSO

(nM 5azA5bbB7aB7bA7cA7dg7eC7f B79B7 h, 7 kp 7nB7 A7

op, 7PB7QA7sB7t B7uB7vA7wA7xC7yC7 S dB7 BjaiB WD 99147545 1 8
SEP 2002 PCTNS99/ 05919 - 260 | eWhol BI ood 0

(nM 7aj C7akBl anBl anB7aoBl apG3ABOT 90A9dA9eB Oil?»/li?ScA16bA18aA18bA18

CA18dA18eAl18f B20aA20bC20CB20dB20&B20f AZQ%ZOhAH
1-[2-(4-amino-3-chloro-benzoylamino) -propionyl]-

pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-

15 tetrahydro-furan-3-yl) -amide (98m).

Prepared accoxding to the procedure used to prepare 98a
using Cbz-Ala-D-pro-OH to afford 230 mg of title
compound (69% yield). lH-NMR (500 MHz, 1:1 CDCl;:CD,0D)
 1.30 (4, 1.2H), 1.45 (d, 1.8H), 1.62-2.40 (m, 4H),

20 2.40-3.10 (m, 2E), 3.30-3.97 (m, 2H), 4.33-4.95 (m,
5H), 5.30 (s, 0.5H), 5.68 (d, 0.5H), 6.80 (d, 1H),
7.25-7.95 (m, 7H). Analytical HPLC: 11.56, 11.91 min.
LC-MS (ES*): m/e = 529.2 (M+H").

ty
151



WD 991 47545 1 B SEP 2002 PCT/US99/ 05919 - 261 Exam | eWol g Bl gad, | £50
(nM 20i AZQés A297EA20MA20nA200A20pA20GC20x B20s A20t A23a823bH23€§§§%§§ 3f'A23g
A23hA23i B24aB24cB24dB24eB25aB25bB25¢ B25dA25eC26CB26d ~A I475G5 1 8 -
SEP 2U02 PCTNS99105919 - 262 Exam | eWhol e H ood | C50 (nM 26eA26f B26gB2
6hA27aA27bA27dA27eA27f H27gH27hH27i B271B27nB27nA28aB28bB28CC29aA29CA29dA29eA
299A29hA29i A29j A29kA291A29nB290A29pA  WID '9%1 47545 1 8 SEP Z002

PC1YUS99/ 05919 - 263 Exanpl eWiol e Bl ood | C50

29qA29r A29 9 28AH2RA 2 hA2f A122
(AggozhAgzzerlzzjsg%zgﬁAﬁgzlAl JnBi g‘%&%l%%éﬁz}%%lzzsijgégﬂzé%%a%%@vé k

99147545 - 264 BYIFSHERINR2 SEHPORGL659FE 9, AnPaPFYASXY -3y XMt abol i sm
and Excretion Siteleapado {Faidadnsizcy1dt-adiide i(9smt. were perfornmed to assess

and bi 1 ary. excr TS THE T hbd Ced i “oben e Bed tn Pang, C 5. 1.
Phar macol . SEx~. tHterapeind-¢sirad33 - ypp.-c288andB @$9@4aﬂly11®CTabﬂen@ to
Met abol i sm and ﬁﬁﬁgfﬁdeEdgyéaused to prepare 98a to afford 210 mg of
title compound (64% yield). *H-NMR (500 MHz, 1:2
CDC13:CD3OD) 6 1.33 (d, 0.6H), 1.44 (4, 2.4H), 1.68-2.40
(m, 4H), 2.26 {s, 3H), 2.55-3.05 (m, 2H), 3.40-3.90 (m,
10 2H), 4.20-4.95 (m, 5H), 5.68 (4, 0.8H), 5.84 (4, 0.2H),
7.15-8.30 {(m, 8H). Analytical HPLC: 15.67 min. LC-MS
(ES¥): m/e = 571.1 (M+H").

(2-Isopropoxy-5-oxo-tetrahydro-furan-3-yl)-carbanic

acid allyl ester

Prepared as described for compound 40 using isopropanol

to afford 3.80 grams (81% yield) of the title compound
20 as a colorless oil. H-NMR (500 MHz, CDCl;) & 1.10-1.35

{(m, 6H), 2.32-2.60 (m, 1H), 2.82 (d4d, 0.5H), 3.02 (44,

0.5H), 3.82-4.11 (m, 1H), 4.48-4.66 (m, 3H), 5.20-5.36

(m, 2H), 5.54 (44, 1H), 5.82-6.05 (m, 1lH). LC-MS

(ES*) : m/e = 244.2 (M+H").

1-[2- (4-amino-3-chloro-benzoylamino) -propionyl] -
pvrrolidine-2-carboxylic acid (2-isopropoxy-5-oxo-
tetrahydro-furan-3-yl) -amide (980).

Prepared from 97a and (2-isopropoxy-5-oxo-tetrahvdro-

o Ivran-I-vl'-carbamic acid allvl ester according tc the



Examplef (g) Xf (h)Bilia

Excreti wg%g?@SnBC?dDA?f CA7acCCl18f DA2of Bc20gBA23bBB24a QFSEP g@i

A24c AC24eACD 5eCB26CAC26eBB26f AC27aCA27bBA2 9b ~AB WO 0O/ 47545 1 8
SEP 2002 PCT/ US99/ 05919 - 265 Examlef(g)Xf(h)Biliary

Excr et i on29BE29nCA290CA29BC29CA29r CB4 6h~ BCH7BB65BC69CA122aBA122bCA122CC.
H122dCA122rBA In Vi vo As s ays In vivo Rat C earance Assay - O earance
Rates The rate of clearance in the rat (mM/mn/kg) 5 for conpounds of this

_ipnvenéI ion gl;y blepfbttteaiuﬁdfuts%iﬁn@pt b@epatreodedeserhbedrbetow mBebEEQQﬂl(éjlti ve
rocedure nnul at |ons of_ the. ak yesse er
anest hesia are ﬁ: PRRMED (§8e éfé%gg r?aﬁﬂﬁ ﬁé ]giliuar n%c%k?ﬁéh @3((#)

~MJ. Free, R A dJaf0éel.3€arnul 6tl onltEE:hml goesmf o3HL hel cobt 2ct b ormbl ood
and ot her bodi | | uid ,_| i e Py 0480-495; NgJ exgnder,
Ed.; Academ c P)régfszs 25 @5 "(\H |+ ? 53- ﬁsl%d?ﬁqnl gt ére \}isghtﬁe j ugul ar

vein in a vehicl@ ugéallg- éénéﬁst Pn@Hbf 5p|5§p)§'Fen% iy cob/ 84l ilAe)

cont ai ni ng | OOy sedi um biocasbopaig) i neavd: iiaraiip, Anigualg, agg)dosegow th

10-20 ng drug/ kq and_ . WO 99547545 1_§ %EP 2002 PC T/ U899/ 05919 - 266

bl ood sanpl es ar'é: dr‘I&Wn abrglysical BFLGh 145179012 980 Bel - antiCobS ni nut es

froman indwel | i(B§*carotéd=cather erM+Hhe. bl ood is centrifuged to plasm and

stored at -20 C until analysis. Pharnacokinetic analysis of data is 5

performed by non-linear regression ug ng standard software such as RStrip

(McroMath Software, UT) and/ lin (SCI ftvva e, NC) to obtain
I g | asma is extracted
e ( ont@| o TEA.. Sanples are

cl earance val ues. Represent

wi th an equal volunme of ace

then centrifuged at approxi matel yl k 000 x g a sup| ht ant anal yzed by
gr adi ent HPLC. A typi cal assay pr%cedurasps des r| bed_be .15 200 JCL of
plasma is precipitated with 200 JCL of 0.1%trifluoroacetic acid (TFA) in
acetonitrile and 10 ~. L of a 50% aqueous zinc chloride solution, vortexed
then centrifugetl-&2- Heaaexylgamxmb{M%mehMMemyhm:adoaﬂd anal yzed by
HPLC. 20 HPLC p _ g%ff

I nj ection vol unéggﬁlggﬁfu Cﬁ% ace%?t%l?p 'aEZa}]%denpﬂl oye ‘E]?}Lg%xy

-0Xx0- tetrahydro furan-3-yl) -amide (98p).

o <

15 Prepared from 1-[2-(4-acetylamino-3,5-dichloro-
benzoylamino) -propionyl] -pyrrolidine-2-carboxylic acid
tert-butyl ester and syn- {(2-benzyloxy-5-oxo-tetrahydro-
furan-3-yl)-carbamic acid allyl ester according to the
procedure used to prepare 98a to afford 230 mg of title

20 compound (72% yield). *H-NMR (500 MHz, 1:1 CDCl,:CD,0D)
5 1.36 (d, 0.6H), 1.47 (d, 2.4H), 1.68-2.47 (m, 4H),
2.22 (s, 3H), 2.60-3.15 {(m, 2H), 3.40-3.%0 (m, 2H),
4.15-4.95 (m, 5H), 5.68 (d, 0.8K), 5.84 (4, 0.2H),
7.20-7.98 (m, 7H). Analytical HPLC: 13.07 min. LC-MS

25 (ES") : m/e = 605.1 (M+H").
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Tn; avel ength Zorbax SB-CN (4.6 x 150 nm (5~c particle size
mL/ m n ~youwly7850. 1% TFA in water and H_100% 100% A to 3q, /0 5 mn.
0% A at 16 mn 100% A at 19.2 mn 214 .nm WO 99/ 47545 - SEP 2002

PGT/ US99I 05919 A standard curve is run at 20, 10, 5 2 and 1 ~Cg/ nL
concentrations. Table 7. C earance Data Exan'%l eRat |1.V. O earance

(m / m n/kg) 7dA7f B20hB20mA65C122bB122cCl 22&I§ 122f ~ A 5 Bioavailability
Oral ~harmacoki netic studies Mal e Sprague-Dawl ey rats (Harlan,

I ndi anapolis, I'N, 300-350 g) were anesthetized by an |ntrarruscul ar 10
injection of ketam ne/ronpun mxture. A PE-50 cannula was inserted in the
right carotid artel§-fl8raget¥lprningrdoahdanptPeRzovARning)s puardoaivldwed to

recover from surgsaﬁoqv_ariﬂbgbtcétﬂ»éxbmues}.cmIoz_r dyee 0 L MISBE -5 e
study. Test conp dm mp%ter[l d org }/% 15 5% Cr enmophor EL/ wat er
(ww or |oo% pr'bﬁg 1g'f’y BFatpPy ¥y Vtume of 10 nl/kg. Bl ood
sanples ("@. 30 nB:}eperedrénnmed?htaﬂd%Z Oy&lopentlrlakkys,s -2xa3, 4, 6, aad 8

hour s post - dose, g‘128§@ ggd b 1fﬁ9££13£#9@t4&% aaqqyslt oers%d at -20C

pendi ng anal ysi s. |ta Ion o asnma sanpl és “was conduct ed usi ng
a gradi ent HPLC/WWBdéPQe'thETﬁ@lEr%‘t—‘@l‘éﬁed@%%ﬁIféd ny&pewe 98a to

afford 215 mg of title compound (69% yield). ‘H-NMR
(500 MHz, 1:1 CDCl5:CD,OD) 6 1.35-1.90 (m, 11H), 1.90-

10 2.35 (m, 4H), 2.24 (s, 3H), 2.40-3.10 (m, 2H), 3.50-
3.95 (m, 3H), 4.15-4.90 (m, 3H), 5.44 (s, 0.55H), 5.56
(s, 0.15H), 5.64 (d, 0.22H), 5.71 (d, 0.08H), 7.70-8.25
(m, 3H). Analytical HPLC: 12.13 min. LC-MS (ES*): m/e
= 549.2 (M+H").

15
O
/lLN o]
H SN
Cl 98r O

Synthesis of 1-[2-(4-acetylamino-3-chloro-

benzoylamino) -propionyl] -pyrrolidine-2-carboxylic acid
2¢C (2-ethoxy-5-oxo-tetrahydro-furan-3-yl)-amide (98r).

Prepared from 97b and syn- (2-ethoxy-5-oxo-tetrahydro-
furan-3-yl) -carbamic acid allyl ester according to the
procedure used to prepare 98a to afford 68 mg of title
compound (24%) . 1H-NMR (500 MHz, 1:1 CDCl,:CD30D) 6 1.13
25 (t, 0.6H), 1.28 (t, 2.4H), 1.38 (d, 0.6H), 1.48 (d,
2.4H), 1.75-2.40 (m, 4KH), 2.22 (s, 3H), 2.55-2.88 (m,
2KE), 3.50-3.82 (m, 4H), 4.40-4.50 (m, 3H), 5.57 (d,
C.8HY, 5.6 !d, 0.2H), 7.60-8.20 (m, 3H). Analytical
LC: €.64 min  LC-MS (ES"): m/e = 509.2 (Ms+H').

(4]

1.)



1 8 SEP 2002 - z68 HPLC/ M5/ M5 Method far the Qu,antitation of |ICE
inhibitors in rat n-. asma Sanpl e Pxepaxation 50~~. of pl dsheSERr €02
ali,c~uotted into Eppendorf 5 centzifuge vials. An equal volune of
Acetonitrile is added to the plasma to precipitate plasm prote~.ns.
Sanpl es are vor~.exed for 5 mnutes, and centrifuged at 14,000 rpnms fox 5
mnutes. 10 751 of the supernatant is lrodddd-into | 2nm HQLC | i dui d sanpl er
vials. 50.1 of sanple is injected for analysis v~.a the mass spectroneter.
15 HPLC Instrunental . Paranmeters HPLC. Hewl ett Packard HP1100 Binary

Sol vent Delivery System HPLC G adi ept lons 20 A = H20 0.2% Form ¢
Acid S = Acetonitrile 0.2% Form g Aciid hase Jime YA 98 25
0100021000501001101 0030 7.1.57. ' na i cal Col um: Keystone

Phenyl -2 Hyperszl 2.Cx100nq§g, : P/N#~_205- 39- 2 1 8 SEP
2002 269 Injection Vol une: Al ‘Iow Rate: 9.2 O:iééj}hss Spectronetry
I nstrunental Paraneters 5 Instrunént: P98 Sciex API® " Tandem Mass
Spectronet er Yoni zati on Techni que: Turbo-lanspray (ESI) Polarity: Positive
Dwnel I Time: 300nmsec Pause ~Cine : Snsec 1D Scan tinme: 0.9sec

Preparation of (2-cyclopentylmethoxy-5-oxo-tetrahydro-
5 furan-3-yl) -carbamic acid allyl ester.
Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for compound 40
using cyclopentylmethanol (6.5 mL, 60 mmol) to afford
2.98 grams (52% total yield) of the title compound as a
10 mixture of epimers. Purification provided 0.97 grams
(17% yield) of the 4(S), 5(R) as a colorless oil. n
NMR (500 MHz, CDCls3) & 1.19 (m, 2H), 1.54 (m, 4H), 1.71
(m, 2H4), 2.16 {(m, 1H), 2.44 (d4, J=17.2, 10.4Hz, 1H),
2.82 (dd, Jd=17.2, 8.4Hz, 1H), 3.44 (44, J=9.3, 7.2H3z,
15 1H), 3.71 (44, J=9.3, 7.2Hz, 1lH), 4.57 (m, 3H), 5.32
(m, 3H), 5.41 (4, JO=5.2Hz, 1H), 5.91 (ddt, J=17.1,
10.4, 5Hz, 1lH) ppm. LC-MS. (ES+): m/e=284.

Also isolated was epimer mixture (0.66 gram, 11% yield)

20 and the 4(8), 5(8) epimexr (1.35 gram, 24% yield) as a
waxy solid. H-NMR (500MHz, CDCls) 8§ 1.20 (m, 2H), 1.54
(m, 4H), 1.69 (m, 2H), 2.10 (m, 1H), 2.37 (4, J=8.1lHz,
1H), 2.57 (44, J=18.0, 7.6Hz, 1H), 3.42 (44, J=7.3,
1.7Hz, 1H), 3.49 (m, 2H), 3.64 (dd, J=9.0, 7.3Hz, 1H),

25 4.19 (bx, 1H), 4.55 (m, 2H), 5.25 (m, 2H), 5.36 (s,
1H), 5.87 (m, 1H) ppm. LC-MS (ES+): m/e=284 (M+H).

1-[2- (4-amino-3-chloro-benzoylamino) -propionyl] ~
pyrrolidine-2-carboxylic ac¢id (2-cyclopentylmethoxy-5-
30 oxo~-tetrahydro-furan-3~yl) -amide (98s).



Scan Mbde: MRM (Miltiple Reaction Monitoring) |CE ENZYMATY g $igSAN2FOR TSE
QUANT! Tvo99d7@N OF | CE 15 SNHI BI TGkt S | N RAT PLgSMA 50 Upceiushd/@sin was
extracted with 150 ~L acetonitrile, sonicated, vortexed, centrifuged at
7.0,000xg and 180 ~L of the supernatant dried in a SorvaII vort ex
evaporator at roomtenperature. Sanples e reconstituted in 20 loo ~, L
buffer (10 mMMtris-HC, pH 7.5 with 0 1% PS, 1 mM bTT) with sonlcatlon
10 ~L of each sanple was mixed with 10 ~tL ICE (2.1 ng/mL) in a mcrotitre

plate with 60 ptl Q%Betrorﬁaﬁ%%aﬂe éz@d TlRe Ph Ay 24 - SROM
tenperature then B CC YVAD- 400 ~M p%J\(Ay/aﬁrred to 37C) added,

anal the plat etﬁ'ﬁﬁﬁf‘éfpéa g’tlr@?)’s:” T?ﬁr%mrﬁ ch’aﬂ @IS Spect r aMax
reader. The dakaceeféngi tdethesprgcedurparsaktey grdpaié hsaiwtcSpeCt r aMax

sof tware using_an_ext ted stan Th ld. e fromO. 15
fo 20,0 ol RETaTY A% dinyie T o g B R 1. S,
PGT/ U899/E(23919 (PRAr Mdgokl nbt¢1@CPﬁrC'§m@ﬁ3ér§ PhaPnacBRi et i c 1aHal y3i-§0of t hese

pl asma concent pak hony dagg vva§ £ONULd edy USIHg nONcpagd NERt ajy et hods. The
area under the curve g ~€ was_ est | mat ed fromtlrre 5 zero to the | ast

nmeasured tinme pofhrs ?n@mtﬁ@* i near3 tYSpdrdifdal 3%, (Ghed rdtle of-7

elimnation (ked, was) estismi @ Py(d,0@H) Nneamalegriessl cmp:tcrormct heg ter m' nal
phase of the plasma |ont|rre rve rea under the tail of the
curve was estifated ggn@%eé t| O“Y(? of S%lée\él 3§4t+ﬁ asured concentration to
ke. The l&r ea under the curve fromtinme zero to infinity (AUC(0-00) ) was
obt ai ned by addition of the areaQndqr t tail to AUC(o-t). Elimnation

hal f-1ife was esti mted as 0,.&G§ h val ues for the peak

pl asma 15 concentration (G er g regor prodrug studies: al dehyde
avai l abi l ity (bioavail abiby was cal u : p.o.)/
(AUCald/ald i.v.) x (dose aId,aIdl ose pr rug p.o.) x (MV

prodrug/ MV al dehyde). 20 Table 8. Bi 8hval | abili
(lug/)AUC (ug~/m)t 1/2 (hrs)F (% 56A
~BA4SAB90CCACB5AB8A68ACB76CCC7 7BBAA7T8AABASS IBC 1 C83 ~ A ~C ~C | WO
99/ 47545 - 271(5-0%pP P POUEMITPISPIXYS 9 £8 LERANEF O fugdg 3 -Y1) -

carbamic acid allyl ester.

15 Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for compound 40
using 3-phenylpropanol to afford 1.15 grams (32% yield)
of the title compound as a colorless oil. 2IH-NMR (500
MHz, CDCl,;) & 1.82-2.05 (m, 2E), 2.38 (dd, 1H), 2.68 (m,

20 2H), 2.82 (dd, 1H), 3.55-3.65 (m, 1H), 3.82-3.92 (m,
1H), 4.48-4.72 (m, 3H), 5.12-5.59 (m, 3H), 5.82-6.03
(m, 1H), 7.11-7.45 (m, SH). BAnalytical HPLC: 5.08 min.
LC-MS (ES*): m/e = 320.2 (M+H").

25 1-[2-(4-amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (5-oxo-2-(3-phenyl-
propoxyl) -tetrahydro-furan-3-yl)-amide (98t).

Prepared from 97b and syn- (5-oxo-2- (3-phenyl-propoxyl) -
zetrahvdro-furan-2-vl)-carbamic acid allyl ester
cccrdéing tc the procedure used to prepare 98a to

“ford 200 mo of title compound (57% yield). YH-NMR

t
)
fu

m



(uJ/J~)AUC (ugxh/m)t 1/ 2 ( hrs )F ( % 18 SEP 2002

*) 98d AABYS P IBEB e CCB98c BCCI8k BCB98ae AAB98af AA~ PCT/US99/05919

" B98bCCB111AACO80AAB108aAABI8agCCBCO8aBBCI8am\AB116aCCBI8anAAB116AAC116hAABL
16eAAB108bAAB Antiviral Assays The efficacy of the conpounds of this
invention at treating or preventing antiyikhagh related 5 diseases,

di sorders, or conditions nmay be evaluated I1n various in vitro and in vivo
assays. For exanple, assays may be preformed to determine the ability of

t hese conpounds t b|t t espQnses assqci h wira
infections. In v#??é Q gabﬁﬁgﬁcﬂ5¥%ﬂ a%g1§%ceﬁlsgoﬁﬁgéoﬁa€%d ?éllular
components. In vaéHassay%SThc‘ledénarﬁHﬁaJ 2ro%et3- 9or (Wi r4f) disebde:.95 1 8
SEP 2002 - 272 [kpanphes 4)f3§u4:hazan$‘ﬁral3mpdeg Ssh ngﬁ ude, glputl @rssnpd limted
to, rodent nodels for H3V ectlon q§huck model _ f or. HBV
infection, and cA~2Hpande® hdet Br eV |n$%% Ehpouhls’ Bf™ i s

i nvention ey al s0-ke emsﬂtunm%t|d15£ﬁ.mm1MMHH@Is for di etazy

al cohol -i nduced di sease. Ot her assays that may be used to e~raluate the
conmpounds of this invention are disclg@sed in PCT 10 application

PCT/ US96/ 20843, publ i shed June 26, 19 nde bllcg;lon no. WD 97/22619.
Such assays include in vivo ar e t he nouse,

i nhibition of 1CE honvol ogs, | hi'I on Hf opt SI n vivo acute assay
for anti-inflamuatory efflcacy 157 measur enend o el s of drugs,
zG F assays, nouse carrageenan per¢&oneabgunfla tIOQTﬁEf;y, and type 2
col  agen-induced arthritis. 2nsofar as the conpounds of this invention are
able to inhibit Sysphests gfark+ Ad Gr{acetslanine@ «dh¥karemd furt hernore,
may be deliver edbeﬁe&{,r Yar h VPR ,oﬁmy-%;ﬁ:&ilﬁﬁaemcﬂsﬂﬂqc Wddd ty

for the treatnent of TL-Z-, apoptosis nd | FN-ynedi at ed di seases.
Y~hil e we Yave dé%t?Yi%RP%P?ﬂ}ﬂﬁﬁhQﬁytﬁyQﬁﬂxﬁﬁ?ﬁﬂﬂ¥§¥ﬂ Whan i3 ekt on, it
i s apparent thatagide besg) constructions nay be altered to provide other

8 'SeP 2002 - 275 T o] ERR A T S A R SR B it &
x: 50 tetrahydro-furan-3-yl) - -carbamic acid allyl esterx

according to the procedure used to prepare 98a to

15 afford 215 mg of title compound (67% yield). H-NMR

(500 MHz, 1:1 CDCl,:CD30OD) 6 1.38 (d, 0.6H), 1.47 (d,

2.4H), 1.11-1.88 (m, 8H), 1.92-2.40 {(m, S5H), 2.24 (s,

3H), 2.53-2.86 (m, 2H), 3.30-3.90 (m, 4H), 4.38-4.89

(m, 3H), 5.53 (4, 0.8H), 5.60 (4, 0.2H), 7.68-8.22 (m,

20 3H). Analytical HPLC: 9.90 min. LC-MS (ES*): m/e =
563.3 (M+H").
o .
’JLN o O
H S
Cl 98v o)
25 1-[2- (4-acetylamino-3-chloro-benzoylamino) -propionyl] -

pyrrolidine-2-carboxylic acid (5-oxo-2-(3-phenyl-
propoxyl) -tetrahydro-furan-3-yl)-amide (98v).



N2 R NR ~ ~X N Y 15 wherein: Y is: (a) R7 ,mH zo 0 prdavg & 2084t when
R7 is -wH®ResasY can also be: (b) o m OHO H 25 X is - C(fe8)dseoEs1s N(R3) - ; -
mieOor 1;, 30. R is H -Ra, -C(O Rg, -C(O C(O R8, -S(O 2R8, -S-
(0) RB, -C(O ORB, -C(O N(H RB, -S(O 2N (Fi) -R8, -S(0) N (H
-R8) -C (O C(O N(E) RB, -C(0) CHCHRBy5, 1 8 SEP 2002 - 274 510 15
20 -C (0) CH20R8, -C (4) CT.-i2N (H Rs, -CZO) R(R8) 2, -S(0) 2N (Ra ) 2
-S(0) N(RB) 2, -C(O C(0) N(RB) 2, -C(0) CH2N (Ra) 2 , -CF-r2Rs.
- CH2- al kenyl - R8, m¥ep é:rLQdafiWrﬁYi t%v(BQad:étyl‘amﬂfﬁiBe—MId}%-ls i ndependent | y
each R3,

anamnoaC|dS|de hai n al ke or ..al kyny I,
Cobether i th { PSRy S ET R LTPLORYPEAL Borar i 2 S bor o ared
cyclic or het erocz;e:ﬂ-t{bimwllest_:engazs@%ﬂm (s)fcsz-%cr(d (prhrenlﬂa m@@bbterrl)w th

the atom o wnl of Ly, 6 AU 191 M A I JRDERAGCUSLS o

heterocyclic ring s ydrogen a om oun -al k | or
-cycl oal kyl 5car bcﬂFCeFtliﬁﬁIPS ’b?)ttiléﬁ]amF?ﬂ?@-H%déﬁ?%}Q IRPePa&’eh?@raoéén at om
bound to any -arysdra heiermaryd @ﬁii@%oxﬁ’é&fﬂd s(7eRrt harald)y fepkrged by

-R11, a hydrogen atom ound to e t the r S I 9
opti onal ly repl aced b @ H%g%gagh Rggn §£1 n%le?)%Lde%t%@ F‘ﬂ
am no acid side chaH),, :R878 mmnm RH) or2 -2 kisny3BRg,, ar.sR42and dme R5
together w=th th to ar € rm a ngcs t sel ect ed
from Nt 1 /N PRONS %Ws%%” 5 e 2381057431 98,
10 0.8H), 5.62 .2H), 7 11-8.26 (m, 8H). Analytical
HPLC: 10.27 min. LC-MS (ES¥): m/e = 599.2 (M+H*).

0
0
CFs 98w H

15 1-[2- (4-amino-3-trifluoromethyl-benzoylamino) -
propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-
5-oxo-tetrahydro-furan-3-yl)-amide (98w).

Prepared from {2-[2-(2-benzyloxy-5-oxo-tetrahydro-
furan-3-ylcarbmoyl) -pyrrolidin-1-yl] -1-methyl-2-oxo-

20 ethyl}-carbamic acid tert-butyl ester and 4-amino-3-
trifluoromethyl-benzoic acid according to the procedure
used to prepare 98a to afford 56 mg of title compound
(48% yield). 1H-NMR (500 MHz, 1:1 CDC13:CD3;OD) 6 1.20-
1.55 (m, 3H), 1.75-2.50 (m, 4H), 2.50-3.10 (m, 2H),

25 3.50-4.00 (m, 2H), 4.30-5.00 (m, 5H), 5.42 (s, 0.4H),
5.51 (s, 0.2H), 5.62 (d, 0.3H),'5.78 (4, 0.1H), 6.84
(d, 1H), 7.20-8.15 (m, 7H). Analytical EPLC: 14.90,
15.20 min. LC-MS (ES¥): m/e = 563.2 (M+H").



1 8 SAP 20UZ - 275 5 10 15 N I /IN~S/N/NRS-N1 /N /N1~

wher ei nwo hyglrsagien at om bound to any -al kyl or -cycl oal ky g?%
optionally replaced by R10, a hydrogen atom bound to any -5’@
-heteroaryl carbon atomis optionally xepl.aced by R11l, and a hydrogen atom
bound to any ,nitrogen atomof the ring systemis optionally rep~.aced with
Rl1, or Ra and one R5 together with the atomd7fo-which they are bound forma
ring system ~NR5 is -H FZ7 is -pH, -ORS, or -N (H OH each R8 is

I ndependent |y -al kyl, -cycl oal kyl, -aQyI) -heteroaryl, -heterocyclyl,

- al kyl cyel oal kyl 9 8 SEP 2002 - 276 |, -alkyl heteroaryl, or

-al kyl heterocyclyl, wherein a hy togany -al kyl or

-cycl oal kyl carbon atomis optjo ed jby R1L a hydrogen atom
bound to any -aryl or -heteroaryl car bon at | ti o@ y repl aced by
Ril, and a hydrogen atom bound to &hy nitggpgen atlomps_eptjonal |y repl aced

by R1,;

EE /ZMZ'?(r)m IS
i

z

1-[2-(3-chloro-4-dimethylamino-benzoylamino) -
propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-
5 5-oxo-tetrahydro-furan-3-yl) -amide (98x).
Prepared from {2-[2-(2-benzyloxy-5-oxo-tetrahydro-
furan-3-ylcarbmoyl) -pyrrolidin-1-yl]-i-methyl-2-oxo-
ethyl)-carbamic acid tert-butyl ester and 3-chloro-4-
dimethylamino-benzoic acid according to the procedure
10 used to prepare 98a to afford 82 mg of title compound
(44% yield). H-NMR (500 MHz, 1:1 CDCl;:CD;OD) & 1.18-
1.53 (m, 3H), 1.70-2.40 (m, 4H), 2.55-3.10 (m, 2H),
2.84 (s, 6H), 3.45-3.94 (m, 2H), 4.25-4.95 (m, 5H),
5.46 (s, 0.3H), 5.51 (s, 0.2H), 5.63 (4, 0.4H), 5.73
15 (d, 0.1H), 7.05 (4, 1H), 7.15-7.95 (m, 7H). Analytical
HPLC: 11.85, 12.19 min. LC-MS (ES*): m/e = 557.3

(M+H") .
o)
i A
o)
| F o8y H

1-[2-(4-dimethylamino-3,5-difluoro-benzoylamino) -
propionyl) -pyrrolidine-2-carboxylic acid (2-benzyloxy-
5-oxo-tetrahydro-furan-3-yl)-amide (98y).
Prepared from {2-[2-(2-benzyloxy-S-oxo-tetrahydro-

25 furan-3-ylcarbmoyl) -pyrrolidin-1-yl] -1-methyl-2-oxo-
ethyl)-carbamic acid tert-butyl ester and 4-
dimethylamino-3,5-dichloro-benzoic acid according to

20



each RO is independently -aryl, -heteroaryl, 10 cycloal kyl4 gogep 2002 '

- het er osy bykrsasvherein a hydrogen at om bound to any -al kyi,cﬁ z&gg oaI kyI
carbon atomis optionally replaced by Rl~, a hydrogen at oun

-aryl or -heteroaryl carbon atomis optionally replaced by RL1, and a
hydr ogen at om bound to any 15 nitrogen atom is optionally repl aced by R2;
each Rl~ is independently -OH, -SH, -F" 1G%, -Hr, -1, -NO2, -CN, -1'H2,
-Q02H, -C (O NH2, -N(H) C (O H -N(H)C(o)NHZ -perfluoroal kyl , Qal kyl ,

-OCaryl, 20 -0 Ik N I Kk r N(alkyl
) 2, ~C(O N ( éﬂl&ﬂyd“r& E;g)%% E% aPES ;%:M‘L t‘?\{\% %é %?é %{éy‘? "N (H)
C (O Qalkyl ( tnl‘ﬁl(e|—|)c0@p©@)'1d0d|6§f’6 YlNl@H) o@l%yl"ﬂiiyl 1:N (H) C (O
Chet eroaryl , @Dé@b)@' i<>’id$1ﬁi esfé)a(rrd” ,3H)N aHpsCA. Qa)o QCnYC| I kyl, 25 -N
(H C(0) N (F % (alg ! %»4 L F% C» N (H)
aryl, -N (H) C(é)sﬁ(lﬁ) ‘mkﬁarﬁl Ns(Hi ( ‘N%B héfer o3t -N (H)
C (O) N (&) al kylisetaermagar(yl,, SHN, (E|)4t7: (© N 15 cyzlDal kyl, 0- Ssnl ky~.,
-S-aryl, -S-alkylaryl, -S(©) 2akk S( ) yl )@l k - CH2NHZ,
-CHZN(H)aI kyl , l%orsa7- Q% 5 % ﬁ pﬂé’(c oa%%:t% Yg et eroaryl
_heterocycl yl |, AJJ@IIWIlcyIéI Hamw lzazky|h$y$1 mJaIIlkyI NS o4EST) :
-al kyl heterocyglsyél 2 Whegein a hydrogen atom bound to any -aryl or
-heteroaryl carbon atomis optionally "1 8 SEP 2002 - 277 replaced by
R11 and a hydrogen atom bound tgQ any nitrogen atomis optionally replaced
by Rl; and each R11 is |ndependntl . -F, -Cl, 5 -Br, -1, -NO02,
CON, -NH2, -C02~i, -C(ON | XA ‘ h' H2. -al kyl,
-cycl oal kyI -perfl uor oal kyl , - o aryl , al kyl aryl, -N(H)al kyl,
-N(h)aryl, -N(H) -alkylarwN - kyl) > al kyl ,
-C(O N(al kyl') 2, 4WWQQMKWFF«W%QQMNKV, (H C(O N
(al kyl) 20 -S-alkyl, -S-aryl, -S-alkyl ryI -S (O 2alkyl, -S (0) alkyl,
-C (O alkyl, -CHZNH2 CHZN(H)aI kyl, or -CHZN( al kyl)2, 2. A conpound
repr esent ed by orpgul.a_ L O F _ W X la 1 wherein:
is 30 OR8 O 6 &guﬁgn%ﬂ%£%f§'§§sfg gg%f%kiﬁ&*é?benz&§f&mln$P

propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-

S5-oxo-tetrahydro-furan-3-yl)-amide (58z).

15 Prepared from {2-[2-(2-benzyloxy-5-oxo-tetrahydro-
furan-3-ylcarbmoyl)-pyrrolidin-1-yl] -1-methyl-2-oxo-
ethyl}-carbamic acid tert-butyl ester and 4-amino-
2,3,5,6-tetrafluoro-benzoic acid according to the
procedure used to prepare 98a to afford 58 mg of title

20 compound (73% yield). *H-NMR (500 MHz, 1:1 CDCl;:CD;0D)
5 1.30-1.50 (m, 3H), 1.62-2.35 (m, 4H), 2.45-3.12 (m,
2H), 3.50-3.90 (m, 2H), 4.20-4.95 (m, S5H), 5.42 (s,
0.4H), 5.52 (s, 0.1H), 5.64 (d, 0.4H), 5.82 (d, 0.1H),
7.25-7.65 (m, S5H). Analytical HPLC: 16.56, 16.90 min.

25 LC-MS (ES*): m/e = 567.2 (M+H").

@”*Eﬁd

98aa



RaO H~Ra>>o0or HORe NORB OR12 (d) (e) (f) provided yyhptggphge R6 is

. not hydwogenr7s4R6 and Y, together with the nitrogen to whipghnsbewsess € bound,
35 forma ring (Q) 1 8 SEP 2002 - 278 O ~~1 OW ~0 R-R~s (9) ; X is
-C(R3)2- or -N(R3)-~5mis Oor 1; R is H -R8 -C(0) R, -C(O C (O
RB, -8 (0) 2Ra, -S {O R8, -C {0) ORB, 1@{@) N(H RB, -S (O zN (H) -RB,
-S(Q N(H -R8, -C(O C(O N (H Rs, (Q CH=CHRa, 10 -C (O CH20RS8,

C(O CH2N (H) R8, -C (O N (Ra) 2, -S(O) 2N {Ra) 2 -S(a)N(R$) 2,
-C(O C(O N(RB) 2, {25(53)63&12&&(0'2&)-2,2 me,thywzo@hbawa:ﬂsp)or

- CH2- al ky: ~yl LS. end n 15 .am no
acid Sldg c%al ﬁz%’é’ ﬁrora;ongll R’fﬁ)?ﬁ'qag aérc%g’g%y ,clagd' her
with the atom tb-h\tnzmld:t}eys -3 -fedrra hyigomiarant-g -y lieabpdded (Opgalailc or
heterocyclic cygldcg Jérg]&xsﬁﬁt epd g% '@o%”?% 0”% Ff% fm%‘it)h%d%tﬁlyeﬂe at ons

to which they are b clic_or rocyclic
ring system vmiélwral%)odé’ﬁoaﬁﬁm b’éﬁnédfiédaﬁ’?vaélokfyll cHdogygeeoal kyl
carbon atom i s(pqti oroalshy niefl) acedebyesRi0ing b)&dp@ﬁ%ﬂoﬁt QEsbaungrea any

-aryl or -heteroar carhon atomis o ona Iaceg
ydt ogen alam BAARLEE: By Aol GEBRCSBL I OF FRoCrrey 96 Bripbed
optionally rep&:&ﬁ‘eﬁmc R25; mL)t 8TBEPozgp;uc ZagerRWalsswablhaddwea&nh R5 is

i ndependent | e | kenyl r
- al kSnyI R~, y ldi I\%{mﬁ{? n(g % E@ §1L‘)1 E?i‘%??ﬁe@Naci‘oﬁg %02\%??%2 "they are

bound f@afm a rqwdsy(ﬁgesr%éel éé?eévﬁpéﬁﬁtﬂdl to dryness to afford 98
mg of title compound (85% yield) after chromatography.

H-NMR (500 MHz, 1:1 CDCl3:CD,0D) & 1.10-1.55 (m,, 3H),
1.38 (s, 9H), 1.65-2.40 (m, 4H), 2.60-3.10 (m, 2H),
3.46-3.88 (m, 2H), 4.20-4.95 (m, SH), 5.62 (d, 0.8H),

15 5.78 (d, 0.2H), 7.15-8.30 (m, 8H). Analytical HPLC:
11.82 min. LC-MS (ES"): m/e = 613.2 (M+H").

20 1-[2-(3-chloro-4-propionylamino) -benzoylamino) -
propionyl] -pyrrolidine-2-carboxylic acid (2-benzyloxy-
5-oxo-tetrahydro-furan-3-yl) -amide (98ab).

Prepared from 98b and propionyl chloride according to
the procedure used to prepare S8aa to afford 104 mg of

25 title compound (95% yield). lH-NMR (500 MHz, 1:1
CDCl,: CD3OD) & 1.16 (t, 0.6H), 1.18 (d, 0.6H), 1.27 (t,
2.4H), 1.38 (4, 2.4H), 1.72-2.35 (m, 4H), 2.45-2.58 (m,
2B', 2.58-3.0% (m, 2H), 3.45-3.85 (m, 2H), 4.20-4.88
‘m, S5H), S5.64 {d, 0.8K), 5.76 (4, 0.2H), 7.20-8.35 (m,

¥ . Analytical HPLC: 9.89 min. LC-MS (ES*): m/e =

.2 (M+HT:



IN/N~N, , RR~N N~S (CHz jn /IN/N NN/ R5 " ~O N /N /N¢y/gNsgp 2002 ~N /'N or
fNr 54 in a hydrogen atom bound to any -al kyl or | carbon
atonllghgpngﬁglly repl aced by R10, a hydrogen aton1boundwﬁb ag@%-gryl or -
-het eroa=yl carbon atomis optionally replaced by R11) and a hydrogen atom
bound to any nitrogen atomof the ring systemis optionally replaced with

R1) or R4 and one R5 ~ 8 SEP 2Q02 - 2so imsgogether with the atons to
whi ch they axe bound forma ring system /Nt S R6is -H each Rais
i ndependently -al kyl, -cycloalkyl, " -aryl, -heteroaryl, -heterocyclyl,

-al kyl cycl oal kyl -al kylaryl, -alkyl heteroaryl, or -alkyl heterocyclyl, 10
wherein a hydrogen atom bound to any -al Ioalk | carbon atomis

optionally replaced by RlQesa hygrogenats -aryl ax

-het eroaryl carbon atom iaII by R~- ; nd a hydrogen atom
bound to any nitrogen atolf+SNef y 15 repl ch Rg is

i ndependently -aryl, -heteroaryl, H wcloal Fi or Hhet ro wherein a
hydrcgen atom bound to any -al kyl or -cycloalkyl carbon |s 20
optionally replaced by R10, a hydrogen atom bound to any aryl or
-heteroaryl carbon atomie optionally replaced by R11, and a hydrogen atom

bound to any n|tlﬂgéﬂ(ét@hiPEOOQrPBﬁEYF9CFE¥F§Eé byb?&z° RI1O0 is
i ndepend?nl_l)tsl %} CroliBine- b%-lcawax?rif.lﬁl acNHZl(Zk m‘i’l 193@'|(O)
NH2, -N , H roa y -Oary
~O-al kylaryl, re%&%%gg 8&8 ?xP“BN{’ 19788 RO égy 98 Qf\lﬁal kyl) 2,

- C(0) N(H) al kyl, Pfé@f«lé@l Eybin2 9880ankl phe)aya:a(:eyym gploride (39cardig cal ky!
’7 -8NS(E|I;|) 2&202 y{:he pré'c_%dgrgo).\sgﬁl EX' ﬁEXi:areNSé!iQ &(Qﬁfg@t@“}ﬁ’é yl,
of title compound (77% yield). 1H-NMR (500 MHz, 1:1
10 CDCly: CD3OD) & 1.18 (4, 0.6H), 1.40 (4, 2.4H), 1.72-
2.38 (m, 4H), 2.58-3.05 (m, 2H), 3.46-3.78 (m, 2H),
3.85 (s, 2H), 4.18-4.92 (m, S5H), 5.63 (d, 0.8H), 5.75
(d, 0.2H), 7.15-8.34 (m, 13H). Analytical HPLC: 11.63
min. LC-MS (ES*): m/e = 647.2 (M+H').
15

1-[2-(3-chloro-4-methyl-butyrylamino)-benzoylamino)-
propionyl]-pyrrolidine-z-carboxylic acid (2-benzyloxy-
20 5-oxo-tetrahydro-furan-3-yl) -amide (98ad).
Prepared from $8b and isovaleryl chloride according to
the procedure used to prepare 98aa to afford 60 mg of
title compound (58% yield). IH-NMR (500 MHz, 1:1
CDC1,:CD,0D) & 1.07 (4, SH), 1.15 (d, 0.8H), 1.27 (d,
25 1H), 1.45 (4, 2.2H), 1.67-2.30 (m, S5H), 2.34 (4, 2H),
2.58-3.05 (m, 2H), 3.48-3.88 (m, 2H), 4.10-4.98 (m,
5H), 5.68 (d, 0.7H), 5.78 (m, 0.3H), 7.18-8.33 (m, 8H).



P

-N'(H C (0) Oalkyl heteroaryl, -N (H C (0) Qcycl oal kyl, O N(H
al Kyl woNokBasC (0) N (alkyl ) 21 -N(H C (O N (H a%\l_Lr gagfﬁ% C (0
(H alkylaryl, -N(H C (0) N (H heteroaryl, -N(H C (O S( kyl
heteroaryl, 5 -N(H C (0) N (H cycloal kyl, -S-alkyl , -S-ary

-S-al kylaryl, -S(o0)2alkyl, -S(Oalkyl, -C(Oalkyl, -CH2NH2, CHZN(H)aI kyl ,
or -CH2N(al kyl)2, -alkyl, -cycloalkyl, =a¥V%,--heteroaryl, -heterocyclyl,
-al kyl cycl oal kyl -al kyl aryl, -aIktheteroaryI or 10 -al kyl het erocycl yl,

wherein a hydr atom bound tqQ an ar o ryI carb omis
optional |y replpghag]d’ R BPLfig 1P tflfdr“ﬁd% i‘t d? mARy~ nﬁ]:? S%en atom
is optionally r@epi®ided by R1; and Z5 each Rl11 a. s |ndependently -OH, -SH
-F, -C1, -Br, -1, -N02, -CN, -NH2, -002H, -C (O NH2, -N (H C (0) H

-N(H) C(O NH2, -al kyl, -cycloal kyl, p@rfluoroal kyl, -Cal kyl, -Oaryl,
O al kylaryl, -N(H)al kyl, -N , -N (alkyl ) 2, -C

(O N(H al kyl , 20 -C (ONa ,N- alkyl, -N(H C (ON
(H alkyl, -N(H) C(O N(al kyl) 2, kyl*',i -5 ar | kylaryl, -S (O
2al kyl, -S (O alkyl, -C (O a?kyl, - CH2NHz, & al kyl, or

- CH2N( al kyl) 2; 25 RI2i.s -C (O alkyl, sd3e(O cycl &lkyl, -C(0)al kyenyl,
-C(Oalkylaryl, -C(O al kyI heteroaryl, -C(O heterocyclyl, or

-C(0Oal kﬁ hezerocyol yl; and R13 is - H, -al kyl, -aryl, _al kyl aryl or 30
- al kyl het er oar 31I 23, (%m}po:uﬁd iSe drigedhtydd bepzbyiaminc) - profgiénBE 2002 -

2820 0 Ni Nva i%j}ne Zh%arsgky§1@5aCQd Y24egig§§b§ 893 Onm OHOHmM
S oS Itetra ro-furan-3-yl)-amide (98ae).
Prepared from 1-([2- (4-methoxy-3,5-dimethyl-

10 benzoylamino)-propionyl} -pyrrolidine-2-carboxylic acid
tert-butyl ester and syn- (2-ethoxy-5-oxo-tetrahydro-
furan-3-yl) -carbamic acid allyl ester according to the
procedure used to prepare 98a to afford 174 mg (81%
yield) of the title compound. IH-NMR (500 MHz, CDCl;):

15 0 1.04 (t, 0.45H), 1.27 (t, 2.55H), 1.34-1.45 (m, 3H),
1.95-2.45 (m, 10H), 2.78-2.84 (m, H), 3.60-3.90 (m,
8H), 4.50-4.70 {(m, 2H), 4.90-4.54 (m, H), 5.45 (4,
0.85H), 5.61 (d, 0.15H), €6.99 (4, H), 7.15 (d, H), 7.45
(s, 2H); retention time on analytical HPLC: 10.0% min;

20 LC-MS: m/z = 476 (M+H"Y).

et

98af

1-[2- (4-Methoxy-3,5-dimethyl-benzoylamino) -propionyl] -

[}
m

pyrrolidine-2-carboxylic acid (2-ethoxy-5-oxo-
tetrahydro-furan-3-yl)-amide (98af).

Prepared from 1-(Z-(4-methoxXy-3,5-dimethyl-
benzoylamine! -propionyl] -pvrrolidine-2-carboxylic acid



RLis H -R8, -C(O R8, -C (O C (O RB -S (0 2r8 ) 148 SE¥ s, -§:(0)

ORB, - RS, -S (O 2N RS, -S (0) N C (O
%&d@/ 7%35(5%04%, (C(z))CHZ(C]gDB C(O}CH(ZN%Fr)(RE? -%’U&m@w (

2S(0) 2N(RB) 2~ -S (O N(R8 ) 2, -C (O C (O N(R8) 2, -C(O) CH2N (Ra )

2 , -CH2Ra, -CH2-al kenyl-R8, or -CH2-al kygyl - 1 8. SEP 2U02 - 283 R2
is -H and each R3 is |ndependently -H an am no aC|d si de chain, -RS,
al kenyl -R9, or al kynyl-R9, or each R3 together with the atomto which they

are 5 bound, fafgrte-Bhtyd ésnrerbenédanytt | 2-erhdrat & ooyl it rahyyd syst em

wherein a hydr (%glg}d_lat orplglléggbgﬁ gngClgl §¥Mrestcé/d!claocaé3&ydug$ th?”tfi‘eom i's

optionally repl bound to an
- het er oaryl capb’maﬁtmﬂ |u§69ptlpona¢19§!r¢ epbacke WOM116810"951 h'y'thf ogen atom

bound to any n'ytlreq%n catt @.ttteotlttﬂe Ebﬁﬁoﬁﬂétemﬁ-ﬁtmt('sfbrba%& reem Oﬁed by

-R1; R~ is -H.and each .S I hdepen ent% namno aci d e chain,
-Re, -al kenyl - Ro1-gP Japﬁyh‘yl -ﬁ@) , ob 5 REGHE o0& RS - FPsthér V\fl“t'h ‘the
atons to whi chiblaey, @re;obeuod farmeng, ra ﬂgssysﬁ:ermnselaeqt edt frpm . &b ~" | N ~N

/N Nor IN 5 WRer @R ‘a ngar Soah SPork bouhc 1 of dng alSe of -cy@toari’ny

carbon atom i sHopt |7or$@I I(y repl aceddby(Rl &) a 1atdrdgem dtiore tmund to any
-aryl or -het ecganyl ;canbapral o i £1 GpiA O Ins 1 eplAced Ry @l Jy+)and a

hydr ogen at om bound to any nitrogen atom of the ring system Is optionally
repl aced@ith RlL, or R4 and one R5 together with the atons to which they

are boundformarlng system ~N | H R~is -O-1, -ORB, -N (H
0:~, or N(I—I)S(O)2R8~1 /&’

98ag

1-[2- (4-Methoxy-3,5-dimethyl-benzoylamino) -propionyl] -~
pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
15 tetrahydro-furan-3-yl) -amide (98ag).
Prepared from 1-[2- (4-methoxy-3,5-dimethyl-
benzoylamino) -propionyl]} -pyrrolidine-2-carboxylic acid
tert-butyl ester and syn-(2-benzyloxy-5-oxo-tetrahydro-
furan-3-yl)-carbamic acid allyl ester (40) according to
20 the procedure used to prepare 98a to afford 406 mg
(yield 71%) of the title compound. <IH-NMR (500 MHz,
CDCl;): & 1.09 (4, 0.6H), 1.35 (m, 2.4H), 1.90-2.20 (m,
3H), 2.22-2.50 (m, 10H), 2.84-2.80 (m, H), 3.52-3.62
(m, 1.6H), 3.65-3.80 (m, 3.4H), 4.10-4.40 (m, H), 4.50-
25 4,75 (m, 3H), 4.82-4.95 (m, 2H), 5.54 (d, 0.8H), 5.80
(d, 0.2H), 6.87 (d, H), 7.10-7.40 (m, 6H), 7.45 (s,
ZK!; retention time on analytical HPLC: 16.71 min®; LC-
MS: m/z = 538 (M+HE").



20 each Re is independently -alkyl, -cycloalkyl, -aryl, -He8 @E&a?@i

- het er og¥dovdrses- @l kyl cycl oal kyl -aI kylaryl, -al kyI het er 0aefhusoSbssto

-al kyl heterooycl yl, wherein a hydrogen atom bound to any -al kyl or

-cycl oal kyl carbon atom ~.s optionally replaced by R10 a hydrogen atom
bound to any -aryl or -het eroaryl carbon at %17:5 optionally replaced by
R11, and a 1 8 SEP 200Z - 285 hydrogen bound to any nitrogen atom
is optionally replaced by RZ; each RO is independently -aryl, -heteroaryl,

5 cycloal kyl, or --heterocyclyl, whereinsa hydrogen atom bound tv any -al kyI
regl a
ito

or -cycl oal kyl carbon atomis optionall} ed\ by , a hydrogen atom
bound to any -aryl or -heteroaryl pt joMal Iy replaced by
R11, and a hydrogen atom bOMé ge atjomg s ionally

replaced by R ; each R10 is independently -CH, GS - Br, -1, -NO2,
-CN, -NH2, -CO2H, -C (O Nrl2, -N (H C (68anH, -N( NIl ~2,
- perfluoroal kyl, -0 alkyl . -Oaxyl 15 -Oalkyl aryl, -N(H) alkyl, -N (H

aryl, -N (H) -alkylaryl, -N(alkyl)2, -C(ONHalkyl, -C(ON(alkyl)2, -N (H)
C (0) alkyl, - N () [Z- (D)ALEY Lopty - 318 {dHme® Hyd)- b@w@hflaﬂﬁn(d*)-pff@)onyll -

Qal kyl aryl ter @) r I
c(o 0c§c| oal kyI Ygﬁé%% & %)r}y‘h"(]ﬁ)IE (‘ﬁﬁc‘(z e Wé% % ) 2(H)
-N (H C(O>N (FiFe&F?hYdrN@%a‘C%'@)l’Na(“ﬂ)d‘alW’lﬂh@\ryl - -N (H) C (O N(H
het eroaryl, -N ( Hé C (O _N( al kyl het er.oaryl) N (H)
cycl oal kyl, -S-al y?Par%dafrmm Js —kgﬂrérlﬂyloxg(-&) éafimethbé( ~)al kyl ,
- ( OI) al Ikil I 25 %Qﬂ&ﬁylatﬁﬂ%\i(@r&lﬂﬁ)dnqur-py@lﬂwﬁ&hhf hzca[r&iolkﬁﬂlilc acid
-eycl oa , -ar oar oG cloa
ol kylaryl ) - ky FREFTSRy et Al GEars S Eey F S SR B ReS e, dgen
at om bound to anytoaplgﬂpéure -$8a grooafifiordarisdn mgt dynied dogsitdnalf] $ha0
replaced b z 199% at amp_ n n n at
optional | y»irdeq'pl acedt%;/ral?l{@' nd ea?:ﬂh%gﬂ q|5189| ﬁ gpeﬁ%gggf glcﬂ]aé §H4
-d, -H, -1, -N 62, 3HN lraiPZZ 2002m, 3&)©) RHZ0- 2N§ﬂ)¢(ﬂ@)mﬂ 2 QBSEP 2002
- 2as S 10 15 - NS @NHD,, -Aldoyls,. osCyel, oal)kyla szggrfsbumnoahlfyl 3.70al kyl,
;0 Ayl ~Qalkylaryd NGl NI by Ny Eb-22by e gy, NCal kv 1)
’ 5.26-5.55 (m, 3H), 6.00-6.14 (m, H), 6.87 (d, H), 7.10-

15 7.70 (m, 8H); retention time on analytical HPLC: 18.56

and 18.92 min'; LC-MS: m/z = 564 (M+HY)

20 {2- [1R- (25-Isopropyl-5R-methyl-cyclohexyloxy)]-5-oxo-
tetrahydro- furan-3-yl}-carbamic acid allyl ester.

Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using (1R,
28, 5R)-(-)-menthol to afford 0.32 g of syn

25 diastereomer (lower Rf) of the title compound and 4.25



-C (O N (alkyl) 2, -N(H C (0) alkyl, -N(H C (O N(FH)B/U%J Y9002 )
-N(H) Cof) byasky! ) 2, -S-alkyl, -S-aryl, -S-alkylaryl, - ¢eglo, -S (0)-
al kyl ) -G (0) alkyl, -CH2ZNH2 r -CH2N(H)al kyl) or -CHZN(aI kyl )2~ provided ’

that if one R3is -H then the other R~ ie noc -1~ 4. wherein: A conpound
represented by formula |: OR2~~~~'XNRllgzls OORB p~mReO H~ ORe H
OR8 (c) (d) mie Oor 1; ODRI m mQor H~; OR-2 ~ _-Ra (e) (f) 20 X

is -C(R)s 1 B SEP 2002 - 287 RlLis H -R3, -C(0) R8 -C(0) C(O Rs,
=S (O 2R8, -S ( éQ}c of%ﬁ@i/ Hala%ere%rﬁé?)s 2Mv(e|s9anR8 =S
(O N(H -R8) - O CHRB, Cg|20R8 -C
(O CH2N (H) RS, Y?@ <b)6 'zNMR @f((b) (‘-1%‘)132 ﬂéxtgr(ee) NP (1B-) 2 ,
-SH(ZO)I E (OI) N (RB. 052(m QI()Q) :CdeNl(RB Jm 2 zHrdCI-:IZJ’:)@o T G2-@, k@myl - d or
- - al kyny RB pen t 2y, am CI
side chain, - 1;2% J_!f%pr“’oreza}g kyny §F§9%0For%§ach2Fé} tzggrbélt h(é“r I't'h t he
atomto whi éh the:y 49093 b@mtm flor m 4-83t%. 70 nmba¥Rd, 136 .®&5 hiet,erédyclic
ring system whereifg. 2 gwlyd(rpgq_ﬁ at%r@gmyrgjq ton2any - addeylgy -cycl oal kyl
carbon atomis optionally replaced ‘hydr'ogen at’om bound to any
-aryl or 15 - het HEiarecreor? a'f‘b‘ngrt%S ot dn%ii)lly Y dedd byn- RED, a
hydlrogeg zgt omR?om%dgd.q agﬁy nl:ljt r;_qg)ehp gtmpfldg h@n r |z}gl Systama $oop(tm omal,l'y g
repl aced by ~1s -H a c s, i hdependent an no aci
side chain, - 2 -fkemA< RQS" gﬁ " afk@Jh’y% %9 "or q’ﬁd cf%{ﬁlef 7IQS er
with the auoms tcswha-csh Ithefm,araH bouh s § -G .rfla (mi,ng{)s,ysﬂ esm-saalsect(eﬁ fmom N~
! LC-MS: m/z = 340 (M+H') for the mixture of anti/syn

diastereomers.

4-Benzyloxy-3,5-dimethyl-benzoic acid.

15 Prepared by the method used to synthesize 4-allyloxy-
3,5-dimethyl-benzoic acid to afford 2.43 g (yield 56%)
of the title compound. 'H-NMR (500 MHz, CDCls): & 4.87
(s, 2H), 7.36-7.48 (m, 5H), 7.92 (s, 2H); LC-MS: m/z =
255 (M-H").

20
1-[2-(4-Benzyloxy-3,5-dimethyl-benzoylamino) -
propionyl] -pyrrolidine-2-carboxylic acid {2-[1R-(2S-
isopropyl-5R-methyl-cyclohexyloxy)] -5-oxo-tetrahydro-
furan-3-yl)}-amide (98ai).

25 Prepared from 1-[2-(4-benzyloxy-3,5-dimethyl-
benzoylamino) -propionyl] -pyrrolidine-2-carboxylic acid
tert-butyl ester {2-[1R-(2S-Isopropyl-SR-methyl-
cyclohexyloxy)) -5-oxo-tetrahydro-furan-3-yl}-carbamic
acid allyl ester according to the procedure used to

30 prepare 98a to afford 130 mg (yield 39%) of the title
compound. *H-NMR (500 MHz, CDCli): & 0.45-1.10 (m,
12¥), 1.15-1.90 (m, 8H), 1.90-2.45 (m, 12H), 2.80-2.84
(m, H), 3.50-3.85 (m, 3E), 4.45-4.70 (m, 2H), 4.80-4.°95
(m, 3H), 5.62 (d, H), 7.05 (4, H), 7.17 (4, H), 7.30-



/N~ ~N /N --~~ R-.,NNHS (CH2 )n /N /N N 18 SEP 2Pg¢2ep 3 N/ Rs
wWN ~O /Wd99/4/7$45~8 N ~N /N or ~N wherein a hydrogen atomplttmmfg/osmany

" -al kyl or -cycloal kyI carbon atomis optionally replaced by R10, a hydrogen
atom bound to any -aryl or -heteroaryl 5 carbon atomis optionally replaced
by R11, and a hydrogen atom bound to any m tygggen atom of the ring system
is optionally replaced with Rl, or R~ and one R5 together with the atons to
wh~.ch they are bound forma zing system ~NIO 1 R~-is -Y; each R8 is

i ndependent |y -al K160 - @y.clB8l.kyl. 6215 .7&r \(m, Hhet dedenglion- hémer ovycl yl ,

-al kyl cycl oal kyl -4} ]é)tﬁrdé'l’ HRdlckYhReker aaryh ¢ @ wak kymew Oﬁg‘i' ¥ 662
wherein a hydrogen at bound to any -al kyl or 1 8 SEP 200 - 289

-cycl oal kyl carbon (MyHorhi s optionally replaced by RzO a hydrogen at om
boc~nd to any -aryl or -heteroaryl carbon atomis optionally replaced by
R11, and a hydrogen atom bound to any @ tregen omis optionally 5

repl aced by Rl; each RO is indepgndent %y/ eter aryl, cycloal kyl, or
-heterocyclyl, wherein a hydrogen m bHun kyl or -cycl oal kyl
carbon atomis 10 optionally repkased by RI® a atom bound to any
-aryl or -hetexoaryl carbon atomisjoptio: allyore Iac d 1, and a

hydr ogen at om bound to any nitrogen at om i%8ajopt i onal | A\repl aced by R1; 15
each R10 is independently -OH, -SH, -F, -d, _gr-~ -CN, -NH2,
-Q02H, -C(OIVri2, -NI?)C0)j~. -N(H)C(O)NH2 -perfl uox odl kyl, -0O al kyl,

-OGaryl, -Oal kyIaryI , -N (v) aI kyl , -N (H aryl , -N/(H) -aI kyl axyl ,
-N(al kyl) 2, C(O)N(H)alkyl -C(0)I~" (alkyl)z, 20 -N (H C (O alkyl , -N
(HH C (O Qal kyl , -N(H C (O CQGaryl , , -N(H C (O oaIkyIaxyI -N

(H C (O neteroaryk.- (aNuirokyt ) sOaluls&L ¢1 enenky laman:H)- pfony1] -

av N &;NEB%%Q(»E&-%@%&@%%% gé %il&. u&”ﬁm&aﬁx e

(H C(O N ((H ainle\,thbr&ceyoab;szyldbcyr{} -E- tletthhgicbofiikyh,3 - ﬂ}\l- kyI

- S-axyl, ?al kyl gp, éﬁ 9? é?)) 2al kyl, -S (O alkyl, -C (O alkyl, CHZNH2,
CHZN(H)aI Ky or - EN(( R - al kyI -cycl oal kyI -aryl, -het eroaryl
-heterocycl yl, 302- 8PRyFdg8I @él kyl[2 &f k??%ﬂﬂox}f'aﬁ k§|‘ﬁé@é¢bﬁlyl or

-al kyl het crocycl yben%9nammna) by gsﬁym omria@@nﬂdmeaﬂycaewkyp{c acid
- het eroaryl carbo gsnso tion dr ogen atom

bound to any nitr SBBWB%%/\T#% ?%ﬁ’é%eéy%°ﬁixyﬁﬂ

tetrahydro -furan-3-yl}-amide (110 mg, 0.17 mmol) in

15 ethyl acetate (2 mL) was stirred with 10% palladium on
carbon (20 mg) under hydrogen atmosphere for 24 hours
then filtered through Celite and evaporated in vacuo.
The resulting residue was purified by chromatography
using CH,Cl,/methanol (99/1 to 96/4) to afford 58 mg of

20 the title compound. IH-NMR (500 MHz, CDCl;): & 0.70-
1.00 (m, 10H), 1.20-1.80 (m, 10H), 1.90-2.40 (m, 11H),
2.82-2.86 (m, H), 3.57-3.78 (m, 3H), 4.55-4.67 (m, 2H),
4.90-4.94 (m, H), 5.29 (s, H), 5.62 (d, H), 6.90 (4,
H), 7.14 (d, H), 7.42 (s, 2H); retention time on

25 analytical HPLC: 12.84 and 13.05 min; LC-MS: m/z = 572
(M+E") .
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-A, -Woogrdrsas NO2) -CN, -NH2, -CO2H, -C(O NH2, -N(quoiﬂ/l%%O)NHz
-al kyl, -cycloal kyl, -perfluoroal kyl, -QGalkyl, -OCaryl, -Oalkylaryl,
-N(H)al kyl, -N(H)yaryl, -N (H) -al kylayyl , -N (al kyl )2, -C (O N(m
alkyl, -C (O N (alkyl ) 2, -N(H C (O ali¥d,--N(H C(0) N (H alkyl |,
-N(H C(O N(al kyl)2, -S-alkyl, -Saryl, -Salkylaryl, -S (0) 2alkyl, -S (0)
al kyl, -C (0) alkyl, -CH2NH2, -CH2N(H)al kyl, or -CH2N(al kyl)2; and R12 is
-C(Oal kyl, -C(Oeycloal kyl, -C(O) al kyen I, - )aI kyl aryl,

-C(0) al kyl het eroaxyl, -C (C» het C» ? kylheterocyclyl .
5. The conpound according to cl |n Yis: Om- 0 HYV
and Vis : CHO ~O0, O~ r--0)
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1-[2-(4-Hydroxy-3,5-dimethyl-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
5 tetrahydro-furan-3-yl) -amide (98ak).
A solution of 98ah (230 mg, 0.41 mmol) in CH,Cl, (10
mL) was treated with DMBA (65 mg, 0.42 mmol) and
Pd (PPh3)4 (50 mg) at room temperature for 20 hours.
The mixture was concentrated to dryness in vacuo and
10 purified by flash chromatography using CH,Cl, /methanol
(99.5/0.5 to 97/3) to afford 181 mg of the title
compound. 2IH-NMR (500 MHz, CDCli): § 1.08 (d, 0.75H),
1.20-1.35 (m, 2.25H), 1.70-2.50 (m, 12H), 2.80-2.90 (m,
H), 3.50-3.65 (m, H), 3.70-3.80 (m, H), 4.10-4.25 (m,
15 H), 4.35-4.98 (m, 3H), 5.53 (d, 0.75H), 5.85 (4,
0.25H), 6.81 (4, H), 7.13-7.60 (m, 8H); retention time
on analytical HPLC: 10.38 and 10.56 min; LC-MS: m/z =
524 (M+H"). :

Sepssd-Pn

98al

20

1-[2-(4-Dimethylamino-benzoylamino)-propionyl] -

pyrrolidine-2-carboxylic acid (2-benzyloxy-5-oxo-
25 tetrahydro-furan-3-yl) -amide (98al).

Prepared from 1-([2-(4-dimethylamino-benzoylamino) -

propionyl] -pyrrolidine-2-carboxylic acid tert-butyl
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-ester and syn-(2-benzyloxy-5-oxo-tetrahydro-furan-3-
yl) -carbamic acid allyl ester according to the
procedure used to prepare 98a to afford 60 mg (45%
yield). 2H-NMR (500 MHz, CDCli): & 1.04 (d, 0.75H),

5 1.35 (4, 2.25H), 1.80-2.50 (m, SH), 2.75-3.20 (m, 8H),
3.45-3.75 (m, 2H), 4.05-4.20 (m, 0.5H), 4.30-4.80 (m,
3.5H), 4.80-4.95 (m, 1.5H), 5.52 (d, H), 5.75-6.00 {(m,
0.5H), 6.60-6.90 (m, 3H), 7.10-7.50 (m, 4H), 7.50-7.80
(m, 2H); retention time on analytical HPLC: 10.46 min;

10 LC-MS: m/2z = 523 (M+HY).
o)
[:;j/‘LN
H
HoN
Ci

1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -

15 pyrrolidine-2-carboxylic acid {2R-[1R-(2S-isopropyl-5R-
methyl-cyclohexyloxy)] -5-oxo-tetrahydro-furan-3-yl}-
amide (98am).

Prepared from 1-[2-(4-amino-3-chloro-benzoylamino)-
propionyl) -pyrrolidine-2-carboxylic acid tert-butyl

20 ester (97a) and syn-{2-[1R-(2S-isopropyl-5R-methyl-
cyclohexyloxy)] -5-oxo-tetrahydro-furan-3-yl}-carbamic
acid allyl ester according to the procedure used to
prepare 98a to afford 103 mg (yield 67%) of the title
compound. YH-NMR (500 MHz, CDCl3): & 0.70-1.10 (m,

25 12H), 1.20-1.50 {(m, S5H), 1.50-1.85 (m, 2H), 1.90-2.30
(m, SH), 2.75-2.85 (m, H), 3.50-3.70 (m, 2H), 3.70-3.82
(m, H), 4.20-4.65 (m, 4H), 4.80-4.95 (m, H), 5.61 (4,
H), 6.70-6.73 {(m, H), 6.95 (d, H), 7.15 (d, H), 7.49-
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{2-[18- (2R-Isopropyl-5S-methyl-cyclohexyloxy)] -5-oxo-
tetrahydro-furan-3-yl}-carbamic acid allyl ester.

Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using (18,
2R, 58S)-(+)-menthol to afford 855 mg of anti
diastereomer (higher Rf) of the title compound, 503 mg
of syn diastereomer {(lower Rf) and 459 mg of the
mixture of anti/syn diastereomers (overall yield 66%).
'H-NMR (500 MHz, CDCl;) anti diastereomer: & 0.74-1.00
{m, 12H), 1.20-1.45 (m, 2H), 1.58-1.72 (m, 2H), 1.98-
2.12 {m, 2H), 2.18-2.40 {(m, H), 2.98-3.03 (m, H), 3.49-
2.54 (m, H), 4.17 (bxr, H), 4.59 (bxr, 2H), 4.97 (bxr, H),
5.22-5.33 (m, 2H), 5.58 (s, H), 5.87-5.93 (m, H); for
syn diastereomer 0.75-1.02 (m, 12H), 1.25-1.45 (m, 2H),
1.57-1.70 (m, 2H), 2.00-2.16 (m, 2H), 2.40-2.52 (m, H},
2.78-2.90 (m, H), 3.40-3.50 (m, B), 4.58 (br, 2H),
5.24-5.35 (m, 2H), 5.51-5.52 (d, H), 5.85-5.98 {m, H);
LC-MS: m/z = 340 (M+H') for both of diastereomers.

1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolicdine-2-carboxylic acid {2R-[1S- (2R-isopropyl-5S-
methyl-cyclohexyloxy)}-5-oxo-tetrahydro-furan-3-yl}-

amide (98an).

tert-butyl,
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or ,NS and the ocher R5 is H wherein a hydrogen atom bound to any -al kyl

or -cycloal kyl carbon atomis optionally reipl aced b¥ R10, 10 11. The
conpound accor di nEFerRA%e%; FHam Bgich SR \R3 [28-(2R-450PTREYSr RS R3 is

met hyl, isopropylmedgfi-dBpdddhexy@dagig - 5-OoSO=BBahyAHeCHuIRR - 30,1 } -
- CHzCHI SO-R8 . 25m;%é?Thé?%:o, eOLﬂd accordin tgdclaal m1' V\herei3nryor¥e R3 is
-F: and the ot her*#¥PIuqAA allvl €5 f‘%&?r- 15§5 tog $herpEogcsAYgEnd

according to cl aiusd® twwhemipadel Sta t6 @IfoR8 a8 mg ((OPCyi@LldRB8of thke The
conpound acegor di ng; .t cl al wher el nd 5 1€ {th the
atons to Wni%ch t%yttlzfr eécgﬂﬁﬁgl%sormﬁaﬁp?nggggsgg% fﬁegﬁg't%g&g’ﬁ]g' is H
15. The conpound Hecdradliing lo@cllais® 1M/ @ 4Hher &i- A0oRe 7R3 (S, - RHARD 1t 86 -
other R3 is nethyd , od s@pramyl, zt.emtobubylim,- €5z SRago-eHsd07RB, 1y CHzCH5SRS,
or -CHzCH2SOzRg ._ 16. The conpound _accordi ng t)o gl %i m 15 _15 wherg:i n one R3
is -H and the ot Her! R<{Ms tﬁy|3.5'3'8° (m, 3H), 4.20-4".%57 {m, 3H),

4,60-4.70 (m, H), 4.88-4.92 (m, H), 5.53 (d, H), 6.71-

10 6.75 (m, H), 6.90 (&, H), 7.20 (d, H), 7.50-7.53 (m,
H), 7.75 (d, H); retention time on analytical HPLC:
13.20 min; LC-MS: m/z = 577 (M+HY).

(2-Cyclohexylmethoxy-5-oxo-tetrahydro-furan-3-yl) -
carbamic acid allyl ester.
Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using

20 cyclohexylmethanol to afford 1.04 g (higher RF) (35%
yield) of anti diastereomer of the title compound and
1.295 g {lower Rf) (44% yield) of syn diastereomer.  H-
NMR (500 MHz, CDCl;) for anti diastereomer: § 0.90-0.96
(m, 2H), 1.10-1.30 {(m, 3H), 1.55-1.85 (m, 6H), 2.37-

25 2.41 (4, H), 2.97-3.03 (m, H), 3.34-3.38 (m, H), 3.58-
3.62 (m, H), 4.55-4.70 (m, 2H), 4.70-4.73 (m, H), 5.03
(bs, H), 5.22-5.37 {(m, 3H), 5.87-5.93 (m, H); for syn
diastereomer 0.51-0.97 (m, 2H), 1.10-1.31 (m, 3H),
1.56-1.90 (m, 7H), 2.44-2.48 (m, H), 2.81-2.87 (m, H),

30 3.35-2.39 (m, H), 3.63-3.67 (m, H), 4.53-4.70 (m, 3H),
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di sease, an exceNMRdusmarmHalc@mm13nntéke dosease, (@, vEHp| mexbi-atesb (m,

di sease, infla &ﬁrylp% 50%'tW§t %igeogrg@rbtl%, ngﬁeah &bs g&thﬂg

adult respiratory di‘'stress sy I"omer ul onephri eumat ord
arthritis, systed#d . 4pad- ér?ﬁhdﬁhtéﬁus 5sdRer(@dePm8SEdhr 5nF2 {@yroiditis,
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di sease, osteopoFQ§|3,57guKﬁan? and rel ated disorders, nyel odyspl astic

syndrome, multip nyel"ona-relat éd bone di sorder, acute myel ogenous

| eukem a, chronic nyel ogenous | eukem a, netastatic nel anona, Kaposi's

sarcoma, multiple myel orna) sepsis, se-tlclsh Shi gel 1 osi s, A~zhei nmer~s
S_

di sease, Parkinson's disease, ferebng ocgFdi al ischem a,
spi nal muscul ar atrophy, mJI tijpl e @ ed encephal itis,
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stroke, ulcerat:.ve colltls tr&umeg)i c br n |njuH transpl ant
rejection, hepatltls B, hepatltls C hepa. ?Hs G yeI ever, dengue

fever, or Japanese encephalitis, in a patient.

teo, .

20
1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid {2R-[1S-(2R-isopropyl-5S-
methyl-cyclohexyloxy)]-5-oxo-tetrahydro-furan-3-yl}-
amide (98ap).

25 Prepared from 97b and syn-{2-[1S-(2R-isopropyl-5S-
methyl-cyclohexyloxy)]-5-oxo-tetrahydro-furan-3-yl}-
carbamic acid allyl ester according to the procedure
used to prepare 98a to afford 223 mg (63% yield) of the
title compound. >*H-NMR (500 MHz, CDCl;): & 0.70-1.15
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1-[2~(4-Amino-3-chloro-benzoylamino) -propionyl] -

10 pyrrolidine-2-carboxylic acid (2-cyclohexylmethoxy-5-
oxo-tetrahydro-furan-3-yl) -amide (98aq).
Prepared from 97a and syn- (2-cyclohexylmethoxy-5-oxo-
tetrahydro-furan-3-yl)-carbamic acid allyl ester °
according to the procedure used to prepare 98a to

15 afford 113 mg (56% yield) of the title compound. IH-
NMR (500 MHz, CDCl,i): 6 0.70-1.35 (m, S5H), 1.35-1.50 (m,
8H), 1.8%0-2.20 (m, 3H), 2.30-2.60 (m, H), 2.80-3.00 {(m,
H), 3.15-3.80 (m, 4H), 4.28-4.75 (m, 4H), 4.89-4.93 (m,
H), 5.42 (4, H), 6.74 (4, H), 6.87 (d, H), 7.30 (d, H),

20 7.51-7.53 (m, H), 7.74 (4, H); retention time on
analytical HPLC: 12.02 min; LC-MS: m/z = 535 (M+H").

(2-Butoxy-5-oxo-tetrahydro-£furan-3-yl)-carbamic acid

tn

allyl ester.
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Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using n-
butanol to afford 878 mg (29% yield) of the title
compound (313 mg of anti diastereomer, 260 mg of syn
diastereomer and 305 mg of the mixture). IH-NMR (500
MHz, CDCl,) for anti diastereomer: & (higher Rf) 0.89-
0.96 (t, 3H), 1.32-1.40 (m, 2H), 1.54-1.63 (m, 2H)},
2.37-2.41 (4, H), 2.98-3.04 (g, E), 3.55-3.60 (m, H),
3.77-3.82 (m, H), 4.19-4.22 (m, H), 4.58 (br, 2H), 5.03
(br, H), 5.23-5.40 (m, 3H), 5.87-5.93 (M, H), for syn
diastereomer (lower Rf}) 0.91-0.95 (t, 3H), 1.34-1.39
2H), 1.56-1.63 (m, 2H), 2.42-2.50 (m, H), 2.83-2.87
{m, H), 4.07-4.112 (t, H), 4.45-4.50 (m, 0.5H), 4.51-
4,70 {(m, 2.5H), 5.23-5.35 (m, 2H), 5.42-5.43 (d, H),
5.80-5.95 {(m, H); LC-MS: m/z = 258 (M+H®) for both of

diastereomers.

(m,

1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (2-butoxy-5-oxo-
tetrahydro-furan-3-yl) -amide (98ar).

Prepared from 97a and syn-(2-butoxy-5-oxo-tetrahydro-
furan-3-yl)-carbamic acid allyl ester according to the
procedure used to prepare 98a to afford 118 mg (48%
yield) of the title compound as a syn diastereomer.
1H-NMR (500 MHz, CDCl3): & 0.80-1.02 (m, 2H), 1.35-1.51

(m, 5H), 1.51-1.70 (m, 2H), 1.90-2.27 (m, 3H), 2.30-
2.46 (m, H), 2.80-2.90 (m, H), 3.55-3.94 (m, 4H), 4.30-
4.75 {(m, 4H), 4.90-5.00 (m, H), 5.44-5.46 (m, H), 6.73-
6.80 (m, H), 6.80-6.93 (m, H), 7.16-7.25 (m, H), 7.49-
7.60 (m, H), 7.70-7.84 (m, H); retention time on
analytical HPLC: 9.71 min; LC-MS: m/z = 495 (M+H").
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(2-Isobutoxy-5-oxo-tetrahydro-furan-3-yl) -carbamic acid
allyl ester.

Prepared from 3-allyloxycarbonylamino-4-hydroxy-butyric
acid tert-butyl ester as described for 40 using
isobutanol to afford 190 mg (yield 7.3%) of the title
compound as an anti diastereomer and 290 mg (yield 11%)
of the syn diastereomer. ‘H-NMR (500 MHz, CDCl;) for
anti diastereomer: & (higher Rf) 0.85-1.05 (m, 6H),
1.82-1.98 (m, H), 2.37-2.42 (4, H), 2.98-3.04 (m, H),
3.21-3.35 (m, H), 3.55-3.58 (m, H), 4.20-4.30 (t, H),
4.58 (br, 2H), 5.07 (br, H), 5.22-5.43 (m, 3H), 5.84-
5.96 (m, H), for syn diastereomer (lower Rf) 0.85-1.05
(m, 6H), 1.88-1.95 (m, H), 2.40-2.51 (m, H), 2.83-2.90
(m, H), 3.33-3.36 (m, H), 3.61-3.65 (m, H), 3.87-3.88
(d, H), 4.40-4.68 (m, 3H), 5.20-5.40 (m, 2H), 5.42-5.43
(d, H), 5.80-5.97 (m, H); LC-MS: m/z = 258 (M+H') for
both of diastereomers.

1-[2-(4-Amino-3~-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid {2-isobutoxy-5-oxo-
tetrahydro-furan-3-yl) -amide (98as).

Prepared from 97a and syn- (2-isobutoxy-5-oxo-
tetrahydro-furan-3-yl) -carbamic acid allyl ester
according to the procedure used to prepare 98a to
afford 93 mg (38% yield) of the title compound. *H-NMR
(500 MHz, CDCl;): 6 0.74-0.76 (t, 0.6H), 0.80-1.00 (m,
5.4H), 1.40-1.50 (m, 3H), 1.80-2.22 (m, 3H), 2.33-2.45
{m, H), 2.80-2.90 (m, H), 3.32-3.38 (m, H}), 3.55-3.80
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1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyll] -
piperidine-2-carboxylic acid (2-benzyloxy-5-oxo-
tetrahydro-furan-3-yl)amide (102a).

Prepared from{2-([2-(2-benzyloxy-5-oxo-tetrahydro-furan-

25 3-ylcarbamoyl) -piperidin-1-yl] -1-methyl-2-oxo-ethyl}-
carbamic acid tert butyl ester and 4-acetylamino-3-
chlorobenzoic acid by the procedure used in the
preparation of 98a to give the title compound (71mg,
47% yield). H-NMR (500MHz, CDCl;) & 1.10-1.97 {m,

30 10H), 2.10-2.68 (m, SH), 2.73-3.24 (m, 2H), 3.62-3.92
(m, 1H), 4.24-5.27 (m, 5H), 5.48-5.59 (m, 0.5H), 5.75-
5.85 (m, 0.5H), 6.51-6.61 (d, 1H), 7.05-7.45 (m, 4H),
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18mmol), K,COy (64g, 46mmol) and 2-bromo-2-

10 methylpropane (99ml, 859mmol) was stirred at 55°C for
18hours. The mixture was diluted with iced water and
extracted with EtOAc (3x). The organic phase washed
with water, 0.5N NaHSO,; solution and brine dried and
the solvent in vacuo to yield the title compound as a

is yellow oil (5.368g, 98% yield). IH-NMR (500MHz, CDCl;)
8 1.33 (s, S5H), 1.47 (s, 4H), 2.01-2.14 (m, 1H), 2.22-
2.38 (m, 1H), 3.50-3.72 (m, 2H), 4.34-4.45 (m, 1H),
4.45-4.53 (m, 1H), 5.04-5.20 (m, 2H), 7.22-7.42 (m,
SH). Analytical HPLC 10.14min. LC-MS (ES*) m/e=322.2

20 (MH*) .

4-Fluoro-pyrrolidine-1,2-dicarboxylic acid 1-benzyl
ester 2-tert-butyl ester (105).
A solution of 104 (4.262, 13.96mmol) in CHE,Cl, (100ml)
25 at -78°C was treated with DAST (1.80ml, 13.6mmol),
stirred for 10min then warmed to room temperature and
stirred for 60h under N;,. The mixture was poured into
iced NaHCO; (10% solution, 350ml) and extracted with
CH,Cl, (2x). The organic phase was washed with water,
30 brine, dried over anhydrous Na,SO4 and concentrated to
give a brown oil (4.299g) which was purified by flash
column chromatography on silica gel using hexanes/EtOAc
(90/10 to 80/20%). The title compound was obtained as a
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1-[2- (4-Amino-3-chloro-benzoylamino)-propionyl] -4-
fluoro-pyrrolidine-2-carboxylic acid-tert-butyl ester

(107).
A suspension of 106 (2.65g, 6.72mmol) in MeOH (40ml)
5 and 10% P4/C (1.32g) was stirred under an atmosphere of

H, for 1.5hours, filtered through celite and the
concentrated to give a waxy solid (1.694g). The solid
was dissolved in CH,Cl, (25ml) and treated with DIEA
(3.4ml, 19.5mmol), 4-amino-3-chlorobenzoic acid

10 (1.362g, 7.5%mmol), HOBT (1.164g, 8.62mmol) and EDC
(1.645g, 8.57mmol) at 0°C under N,. The mixture was
allowed to warm to room temperature and stirred for
lshours. The solvent was concentrated in vacuo. The
residue was dissolved in EtOAc, washed with water (4x),

15 0.5N NaHSO, (2x), saturated NaHCO; (2x) and brine. The
organic layer was dried over anhydrous Na,SO; and
evaporated to give a white solid which was purified by
flash column chromatography, using CH,Cl,/MeOH (99/1 to
98/2%). The product obtained as a white solid (2.705g,

20 97%). *H-NMR (500MHz, CD,OD) §1.33(s, 9H), 1.48 (4,
3H), 2.31-2.55 (m, 2H), 3.93 (d,d, 1H), 4.02-4.21 (m,
1H), 4.59-4.76 (m, 1K), 5.31 (br s, 0.5H), 5.41 (br s,
0.5H), 6.78 (d, 1H), 7.57 (d,4, 1H), 7.78 (s, 1H), 8.31
(d, 1H). Analytical HPLC 14.14min. LC-MS (ES*)

25 m/e=414.2 (MH").
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¥ fluoro-pyrrolidine-2-carboxylic acid (2-benzyloxy-5-
oxo-tetrahydro-furan-3-yl) -~amide (108a).
Prepared from syn-(2-benzyloXy-5-oxo-tetrahydro-furan-
5 3-yl) -carbamic acid allyl ester and 107a following the
method used for the synthesis of 98a. The title
compound was isolated as a white solid (41mg, 15%
yield). H-NMR (500MHz, CD;OD) § 0.54 (d, 0.3H), 1.07
(d, 1), 1.40 (m, 1.7H), 2.21-2.65 (m, 2.2H), 2.70-2.85
10 (m, 1.4H), 2.96-3.08 (m, 1.4H), 2.96-3.08 (44, 0.4H),
3.57-4.24 (m,3H), 4.41-4.93 (m, 4H), 5.14-5.45 (m, 1H),
5.60-5.67 (m, 0.6H), 5.77 (4, 0.4H), 6.77 (dd4, 1H),
7.15-7.41 (m, BH), 7.51-7.62 (m, 1H), 7.77 (44, 1H).
Analytical HPLC 12.83min. LC-MS (ES*) m/e= 547.1 (MHY).

2

1-{2-(4-Amino-3-chloro-benzoylamino) -propionyl] -4-
fluoro-pyrrolidine-2-carboxylic acid (2-benzyloxy-5-
20 oxo-tetrahydro-furan-3-yl) -amide (108b).
Prepared from (2-benzyloxy-5-oxo-tetrahydro-furan-3-
vl) -carbamic acid allyl ester 107a following the method
used for the synthesis of 98a. The title compound was
isolated as a white solid (654mg, 54% yield). IH-NMR
25 (500MHz, CD,OD) & 1.07 (4, 0.5H), 1.25-1.56 (m, 2.5H),
2.21-2.65 {(m, 2.3H), 2.68-2.89 (m, 1H), 2.91-3.10 {(m,
0.7H), 3.57-4.23 {(m, 2H), 4.32-4.95 (m, B5H), 5.16-5.52
(m, 1H), 5.45-5.50 (m, 0.3H), 5.54-5.58 (m, 0.2H),
5.61-5.67 {m, 0.3H), 5.77 (4, 0.2H), 6.72-6.84 (m, 1H),

15
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1-[2~(4-Amino-3-chloro-benzoylamino) -propionyl] -4-
fluoro-pyrrolidine-2-carboxylic acid (2-ethoxy-5-oxo-
tetrahydro-furan-3-yl)-amide (108c).

Prepared from syn- (2-ethoxy-5-oxo-tetrahydro-furan-3-
yl)-carbamic acid allyl ester and 107a following the
method used for the synthesis of 98a to give the title
compound (100.3mg, 38% yield). !H-NMR (500MHz, CD30D) &
1.09 (t, 1.2H), 1.25 (t, 1.8H), 1.40 (4, 1H), 1.49 (4,
2H), 2.33-2.61 (m, 2H), 2.65-2.95 (m, 2H), 3.44-4.30
(m, 4H), 4.47-4.79 (m, 3H), 5.18-5.25 (m, 0.2H), 5.27-
5.36 (m, 0.5H), 5.39-5.46 (m, 0.3H), 5.56 (m, 1H),
6.72-6.94 (m, 0.8H), 7.54-7.69 (m, 0.8H), 7.79 (4,
0.55H), 8.06 (d, 0.55H), 9.00 (d, 0.3H). Analytical
HPLC 8.46min. LC-MS (ES+) m/e= 485.2 (MH+).
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methyl-cyclohexyl) -5-0oxo- -tetrahydro-furan-3-yl] -amide
(108d) .

Prepared from {2- [1R- (25-Isopropyl-5R-methyl-
cyclohexyloxy)]-5—oxo-tetrahydro—furan-3-yl}-carbamic
acid allyl ester and 107a following the method used for
the synthesis of 98a to give the title compound (95mg,
31% yield). 1H-NMR (500MHz, CD3OD) 5 0.42 (4, 2H),
0.57 (d, 2H), 0.60-1.10 (m, 10H), 1.22-1.76 (m, 6H),
.96-2.17 (m, 1H), 2.29-2.60 (m, 2H), 2.61-2.88 (m,
.5H), 3.02-3.23 (44, 0.5H), 3.37-3.47 (m, 0.5H), 3.50-
.61 (m, 0.5H), 3.63-4.24 (m, 2H), 4.48-4.62 (m, 3H),
.18-5.48 (m, 1H), 5.72 (4, 0.4H), 5.82 (4, 0.6H),
.77-6.84 (m, 1H), 7.53-7.67 (m, 1H), 7.78 (4, 0.4H),
.84 (d, 1H) Analytical HPLC 8.34min. LC-MS (ES+) m/e=
595 (MH+).
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Prepared from (2-ethoxy-S5-oxo-~tetrahydro-furan-3-yl)-
5 carbamic acid allyl ester 74 following the method used
in the synthesis of 75 to give the title compound as a
pale yellow solid (660mg, 73% yield). 1HE-NMR (500MHz,
CD30D) & 1.14-1.36 (m, 6H), 1.42 (s, SK), 1.75-2.29 (m,
4H), 2.48 (dd, 0.5H), 2.58 (44, 0.5H), 2.72-2.85 (m,
10 0.5H), 2.99 (dd, 0.SH), 3.43-3.91 (m, 4H), 4.07-4.52
(m, 2.5H), 4.53-4.72 (m, 0.S5H), 5.37 (8, 0.5H), §.57
(d, 0.5H). &2nalytical HPLC (mixture of 2
diastereomers) 7.92, B.l4min. LC-MS (ES+) m/e=414.3
(MH+) .
15
1-{2-(4-Allyloxy-3,5~dichloro-banzoylamino) ~-propionyl] -
pyrrolidine-2-carboxylic acid (2-ethoxy-5-oxo-
tetrahydro-furan-3-yl) ~amide (110).

Prepared from 109 and 4-allyloxy-3,5-dichloro-benzoic
20 acid following the method used in the synthesis of 82

to give the title compound as a white solid (228mg,

65%). 1H-NMR (500MHz, CD,OD) d 1. 10~1.30 (m, 4H),
.32-1.52 (m, 3H), 1.63-2.31 (m, 4H), 2.41-2.50 (4,
.5H), 2.52-2.61 (dd, 0.5H), 2.67-2.81 (m, Q,5K), 2.94-
.05 (dd4, 0.5H), 3.47-3.96 (m, 4H), 4.21-4.81 (m, S5H),
.22-5.32 {(m, 1H), 5.35-5.49 {(m, 1.5H), 5.55-5.63 (m,
.BH), 6.06-6.21 (m, 1H), 7.50 (s, 2H). Analytical
HPLC (mixture of 2 diastereomers) 12.56émin. LC-MS
(ES+) m/e=542.3 (MH+) .
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30
1-[2-(3,5-Dichloro-4-hydroxy-benzoylamino) -propionyl] -
pyrrolidine-2-carboxylic acid (2-ethoxy-5-oxo-
tetrahydro-furan-3-yl) -amide (111).
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chromatography using CH3Cl,/MeOH (99/1 to 95/5%)
afforded the title compound (138.6mg, 77% yield). lE-
i0 NMR (500MHz, CD3OD) & 1.13-1.31 (m, 3H), 1.35-1.49 (m,
3H), 1.84-2.35 (m, 4H), 2.43-3.05 (m, 2H), 3.48-3.953
(m, 4H), 4.22-4.80 (m, 3H), 5.38 (d, 0.4H), 5.46 (s,
0.1H), 5.55-5.61 (m, 0.5H), 7.76-7.94 (m, 2H).
Analytical HPLC 8.70min. LC-MS (ES*) m/e=502.2 (MH').
15
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115a, X=Cl, Y=NH,, Z=H 116a- 116h

118b, X=Cl, Y=AcNH, Z=H
1156c, X=Cl, Y=AcNH, Z=CHa0

Compounds ll6a- 1ll6h were prepared as described above
for compounds 98 only substituting 1-(2-

5 benzyloxycarbonylamino-propionyl) -4,4-difluoro-
pyrrolidine-2-carboxylic acid tert-butyl ester (114)
for 1-(2-benzyloxycarbonylamino-propionyl)-pyrrolidine-
2-carboxylic acid tert-butyl ester (95).

10 Preparation of 1-(2-benzyloxycarbonylamino-propionyl) -
4,4-difluoro-pyrrolidine-2-carboxylic acid tert-butyl
ester (114).
A solution of 4,4-difluoro-pyrrolidine-1,2-dicarboxylic
acid-1-benzyl ester-2-tert-butyl ester (113)
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5 through Celite and evaporated . The residue was
dissolved in CH,Cl, (4 mL) and DMF (2 mL) and cooled to
0°C. 2-Benzyloxycarbonylamino-propionic acid (0.30 g,
1.35 mmol), EDC (0.30, 1.54 mmol), DIEA (0.65 mL) and
HOBt (0.17 g, 1.23 mmol) was added and the reaction was
10 stirred 0.5h at 0°C, then 16h at room temperature under
nitrogen. The solvent was removed in vacuo and the
residue was dissolved in ethyl acetate, then was washed
with 10% sodium bisulfate, saturated sodium
bicarbonate, water and brine, was dried over sodium
15 sulfate and was evaporated. Purification by flash
chromatography on silica, eluted with 25:75 ethyl
acetate: hexanes provided 1-(2-benzyloxycarbonylamino-
propionyl)-4,4-difluoro-pyrrolidine-2-carboxylic acid
tert-butyl ester (0.39 g, 77% yield) as a colorless
20 oil.
1H-NMR (500 MHz, CDClz) 6 1.3-1.6 (m, 12H), 2.5 (m,
0.8H), 2.7 (m, 1.2H), 3.9 (m, 1H), 4.1 (m, 1H), 4.4 (m,
1H), 4.7 (m, 1H), 5.1 (m, 2H), 5.59 (br 4, J=7.7Hz,
0.8H), 5.7 (br d, J=7.7Hz, 0.2H), 7.35 (m, S5H) ppm.

25 Analytical HPLC (cyano column) 17.069 min. LC-MS (ES+):
m/e=413 (M+H), 357 (M+H-tert-butyl), 313 [M+H-(COjtert-
butyl)].
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difluore-pyrrolidine-2-carboxylic acxd (2 benzyloxy 5-
oxo-tetrahydro-£furan-3-yl)-amide (116a).

5 Prepared from 115a and syn-40 to afford the title
compound as an off-white solid (0.14g, 73% yield). 'H-
NMR (500 MHz, CD3;OD) 6 1.0-1.5 (m, 3H), 2.0-3.5 (m,
4H+CH30H), 3.5-5.5(M, 6H+H;0), 5.6-5.8 {m, 1H), 6.7-6.8
(m, 1H), 7.1-7.8 (m, 8H), 8.2-8.6 (m, 1H) ppm.
10 Analytical HPLC (cyano column) 13.744 min. LC-MS (ES+):
m/e=565 (M+H).

15 1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyl] -
4,4-difluoro-pyrrolidine-2-carboxylic acid (2-
benzyloxy-5-oxo-tetrahydro-furan-3-yl)-amide (116b).

Prepared from 115b and syn-40 to afford the title
compound as an off-white solid (0.08 g, 38% yield).

20 lH-NMR (500 MHz, CDCl;) & 1.03 (d, J=6.5Hz, 0.4H), 1.30
(4, J=6.9Hz, 0.6H), 2.25 (d, J=2.9Hz, 3H), 2.4-3.2 (m,
4H), 3.6-4.4 (m, 4H), 4.6-4.9 (m 3H), 5.52 (d, J=5.2Hz,
0.6H), 5.78 (d, J=5.2Hz, 0.4H), 6.6 (br s, 1H), 6.9-7.9
(m, 8H), 8.39 (d, J=8.1 Hz, 0.4H), 8.44 (d, J= 8.3Hz,

25 0.6H), 8.74 (d, J=6.8Hz, 1H) ppm. Analytical HPLC
(cyano column) 11.830 min. LC-MS (ES+): m/e= 607 (M+H).
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1-[2-(4-Acetylamino-5-chloro-2-methoxy-benzoylamino) -
propionyl] -4,4-difluoro-pyrrolidine-2-carboxylic acid
5 (2-benzyloxy-5-oxo-tetrahydro-furan-3-yl) -amide (116c).
Prepared from 115c¢ and syn-40 to afford the title
compound as an off-white (0.07g, 29% yield). EH-NMR
(500 MHz, CDCl;) & 0.99 (4, J=6.9Hz, 1.35H), 1.32 (4,
J=6.9Hz, 1.65H), 2.25 |s, 1.5H), 2.26 (s, 1.5H), 2.3-
10 3.2 (m, 4H), 3.95 (s, 0.55H), 3.98 (s, 0.45H), 3.7-4.1
{m, 2.5H), 4.2-4.5 (m, 1.5H), 4.6-4.9 (m, 3H), 5.52 (4,
J=5.3Hz, 0.55H), 5.80 (4, J=5.3Hz, 0.45H), 7.0-7.4 (m,
4H), 7.7-7.9 (m, 2H), 8.0-8.4 (m, 2H), 8.49 (4,
J=6.5Hz, 1H), 8.93 (4, J=6.7Hz, 1E) ppm. Analytical

15 HPLC (cyano column) 12.959 min. LC-MS (ES+): m/e=637
(M+H) .
F
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20 1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyl] -

4,4-difluoro-pyrrolidine-2-carboxylic acid (2-ethoxy-5-
oxo-tetrahydro-furan-3-yl)-amide (1l16d).

Prepared from 115b and syn- (2-ethoxy-5-oxo-tetrahydro-
furan-3-yl) -carbamic acid allyl ester to afford the
title compound as a 92:8 mixture of epimers. Off-white
solid (0.27g. 66% yield). 'H-NMR (500 MHz, CDCl;) & 1.0-

t)
[44]
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10
1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyll] -
4,4-difluoro-pyrrolidine-2-carboxylic acid (2-
cyclohexyloxy-5-oxo-tetrahydro-furan-3-yl) ~amide
(ll6e).

15 Prepared from 115b and syn- (2-cyclohexyloxy-5-oxo-

tetrahydro-furan-3-yl) -carbamic acid allyl ester to
afford the title compound as a 93:7 mixture of epimers.
H-NMR (500 MHz, CDCl3) & 1.0-2.0 (m, 13H), 2.25 (s,
2H), 2.26 (s, 1H), 2.40 (dd, J=17.3, 10.1Hz, 1lH), 2.84
20 (dd, J=17.3, 8.5Hz, 1H), 2.5-3.0 {(m, 2H), 3.5-4.3 (m.
3.5H), 4.5-4.9 (m. 2.5H), 5.59 (d, J=5.3Hz, 0.75H),
5.76 (d, J=5.2Hz, 0.25 H), 6.74 (br 4, J= 5.7Hz,
0.25H), 6.93 (br 4, J=7.1Hz, 1H), 7.06 (br d, J=7.8Hz,
0.75H), 7.62 (dd, J=8.6, 2.0Hz, 1H), 7.78 (m, 1H), 7.85
25 (d, J=2.0Hz, 1H), 8.35 (br d4, J=6.6Hz, 0.25H), 8.50 (br
@, J=8.2Hz, 0.75H) ppm. Analytical HPLC (Cl1l8 column)
17.112 (93%), 17.433 (7%) min. LC-MS (ES+): m/e=599
(M+H) .
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4,4-difluoro-pyrrolidine-2-carboxylic acid [2- (indanol-
5 2-yl)oxy-5-oxo-tetrahydro-£furan-3-yl] -amide (116f).

Prepared from 115b and [2-(indanol-2-yl]oxy-5-oxo-
tetrahydro-furan-3-yl)-carbamic acid allyl ester to
afford the title compound as a 62:38 mixture of
epimers. Off-white solid (0.34g, 71% yield). lH-NMR

10 (500 MHz, CDCl;) 6 1.09 (d, J=6.9Hz, 0.6H), 1.21 (4,
J=6.9Hz, 0.9H), 1.33 (d, J=6.9Hz, 0.9H), 1.42 (d,
J=6.9Hz, 0.6H), 2.28 (s, 2H), 2.29 (s, 1H), 2.40 (d4,
J=17.4, 10.3Hz, 1lH), 2.4-3.3 (m, 7H), 3.6-4.2 (m, 2H),
4.5~4.8 (m, 4H), 5.66 (m, 0.6H), 5.84 (d, J=4.3Hz,

15 0.2H), 6.22 (m, 0.2H), 6.7-7.0 (m, 2H), 7.2-7.3 (m,
4H), 7.5-7.7 {(m, 1H), 7.8-8.0 (m, 2H), 8.52 (m, 0.6H),
8.62 (br 4, J=6.5Hz, 0.4H) ppm. Analytical HPLC (C18
column) 16.556 (62.0%), 16.824 (38.0%) min. LC-MS
(ES+): m/e=633 (M+H).

20

1-[2-(4-Acetylamino-3-chloro-benzoylamino) -propionyl) -
4,4-difluoro-pyrrolidine-2-carboxylic acid (2-
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“f10%4" &5()- @fford the title compound as an off-white solid (0.20g,
44% yield). *H-NMR (500 MHz, CDCl;) & 1.0-1.8 (m, 11H),
1.9-3.0 (m, SH), 2.26 (s, 3H), 3.29 (m, 0.25H), 3.47
(m, 0.75H), 3.58 (m, 0.25H), 3.74 {(m, 0.75H), 3.8 (m,
0.75H), 4.1 {(m, 0.25H), 4.25 (m, 1H), 4.4-4.8 (m, 3H),
10 5.44 (d, J=5.2Hz, 0.75H), 5.62 (d, J=5.2Hz, 0.25H), 6.7
(br, 0.25H), 6.91 (d, J=7.1Hz, 1K), 7.1 (m, 0.75H),
7.59 (4, J=8.5Hz, 0.25H), 7.63 (dd, J=8.5, 2.5Hz,
0.75H), 7.75 (m, 1K), 7.86 (4, J=1.8Hz, 1H), 8.33 (br
d, J=6.5Hz, 0.25H), 8.49 (br 4, J=8.4Hz, 0.75H) ppm.
15 Analytical HPLC ( C18 column) 17.705 min. LC-MS (ES+):
m/e=599 (M+H).

5 Y

20 1- [2- (4-Acetylamino-3-chloro-benzoylamino) ~-propionyl] -
4,4-difluoro-pyrrolidine-2-carboxylic acid (2-
phenylethoxy-5-oxo-tetrahydro-£furan-3-yl) -amide (116h).

Was prepared from 115b and syn-(5-oxo-2-phenethyloxy-
tetrahydro-furan-3-yl)-carbamic acid allyl ester to

25 afford the title compound as an off-white solid (0.1Sg,
24% yield). ®H-NMR (500MHz, CDCl3) § 1.29 (d, J=6.9Hz,
0.75H), 1.40 (d, J=6.%9Hz, 2.25H), 2.25 (s, 2.25H), 2.26
(s, 6.75H), 2.3-3.0 (m, 6H), 3.7-4.8 (m, 7H), 5.38 (d,
J=5.3Hz, 0.75H), 5.67 {(d, J=5.1Hz, 0.25H), 6.65 (m,
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120a= anti
120b= syn
10 2- (2-Benzyloxy-5~-oxo-tetrahydro-furan-3-ylcarbamoyl) -

pyrrolidine-l-carboxylic acid tert-butyl ester (118).
Prepared from 40 (1.16 g, 4.0 mmol) and Boc-Pro-OH
according to the procedure used to prepare 100 (Scheme
XVIII) to afford 1.53 g (94% yield) of the title

15 compound as a white solid. *H-NMR (500 MHz, CDCl3): &
1.61 (bx, 9H), 1.88 (bxr, 2H), 2.00-2.50 (m, 3H), 2.80-
3.10 (m, H), 3.20-3.60 (m, 2H), 4.05-4.45 (m, 1.5H),
4.58-4.80 (m, 1.5H), 4.83-4.98 (m, H), 5.43-5.53 (m,
H), 7.26-7.45 (m, 5H), 7.60-7.80 (d, H); Analytical

20 HPLC: 11.32 min; LC-MS: m/e = 405 (M+H").
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K5CO3 (552 mg, 4.0 mmol), benzyltriethylammonium
chloride (160 mg, 0.8 mmol), triethylamine (1.6 mL) and
water (0.8 mi) in DMF (8 mL) was stirred under nitrogen
atmosphere at 100°C for 20 hours. The mixture was

10 cooled to room temperature, diluted with ethyl acetate
(50 mL) and water (50 mL), acidified with 6N HCl to the
PE = 2 to 3. The aqueous layer was extracted with
ethyl acetate (50 ml x 4). The combined organic layers
were washed with water, brine, dried over anhydrous

15 Na,S0,, filtered and evaporated in vacuo to give a red
oil. Flash chromatography using hexane/ethyl
acetate/acetie acid (85/5/0.5 to 80/20/0.5) to afford
300 mg (45% yield) of the title compound as a pink
solid. IH-NMR (500 MHz, CDCl3/CD,OD = 0.5 ml/3 drops):

20 6 1.45 (4, 3H), 4.02-4.15 (m, H), 6.57-6.70 (m, 3H),
7.11-7.25 (m, 2H); Analytical HPLC: 6.10 min. LC-MS:
m/e = 166 (M+H").

1-(2-Phenylamino~propionyl) -pyrrolidine-2-carboxylic

25 acid (2-benzyloxy-5-oxo-tetrahydro-furan-3-~yl)-amide
(120a and 120b).
A solution of 118 (405 myg, 1.0 mmol) was treated with
TFA (2 mL) in CH;Cl, (2 mL) for one hour. The reaction
solution was evaporated im vacuo and azeotroped with

30 CH,Cl, four times to give pyrrolidine-2-carboxylic acid
(2-benzyloxy-5-oxo-tetrahydro-furan-3-yl) -amide as a
pale yellow solid. *H-NMR (500 MHz, CDCl;): & 1.87-2.15
(m, 4¥), 2.30-2.70 (m, 2H), 2.80-3.08 (m, H), 3.45 (br,
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4H), 2.80-2.86 (m, H), 3.58-3.65 (m, 2H), -4.20-4.40 (m,
H), 4.50-4.75 (m, 2H), 4.90 (4, H), 5.52 (4, H), 6.45-
6.70 (m, 3H), 6.75-6.85 (m, H), 7.10-7.20 (m, 2.3H),
30 7.30-7.50 {(m, 5.7H); Analytical HPLC: 10.55 min for
anti diastereomer and 10.62 min for syn diastereomer;

LC/MS: m/e = 452 (M+H*) for both diastereomers.
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GENERAL PROCEDURES FOR THE PREPARATION OF COMPOUNDS OF

EMBODIMENT C FORMULA I (SCHEMES XXIII-XXV)

Scheme XXIII
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Hydrolysis Method A:
A 0.005-50 mmole sample of the alkylhemiacetal was
dissolved in 2.5 N HCl/ CHiCN (10/ 1) and stirred at
room temperature until the reaction was complete. The
20 resulting agueous layer was washed with diethyl ether
(2 x 20 mL) and lyophilized to afford the product.

Hydrolysis Method B:
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with diethyl ether to afford the product.

Hydrolysis Method C:
A 0.005-50 mmole sample of the alkylhemiacetal was

10 dissolved in CHiOH and 20% Pd(OH),/C and stirred under
H, until the reaction was complete. The resulting
suspension was filtered and the solution concentrated
in vacuo, then triturated with a 3:1 mixture of
hexane/diethyl ether to give a precipitate. The

15 solvent was decanted and the precipitate washed with
diethyl ether to afford the product.

Hydrolysis Method D:
A 0.005-50 mmole sample of the alkylhemiacetal in
20 CH3CN/ water (1/ 2) was shaken with acidic resin (Dowex
50w X 2, H' type) until the reaction was complete. The
solution was filtered and the resin washed with
CH3CN/water (1/4). The resulting water layer was washed
with diethyl ether, concentrated to a smaller volume in
25 vacuo then lyophilized to afford the product.

Scheme XXIV

R1\NJ\n/N H10* R1\NJ\[(NE ? O H
H > H

0 N O
S 4 0” "N



-10%C$& ()-' /y%S10% $\ & ()-HNUal v| [: A410|| d 109%$& ()- R plO%& ()--
Lp0&10 %’éﬁﬁ‘z*}‘ 9 0&10%M%& ()-9 $&L0%QRQE ()-9 LI 10%68&y& a)s P: W20 |

YOLY. 1 DILY. 10%$q& ()- O0S&ALOYRE () - Yls&@o%i’é‘ 99/05919
D0109%g&q& ()-  ROLOYFY& ()- vU410 YSI098"& ()- Yyl098"& ()-10$10$10$ LY.
1098& ()- LY. 1098"& ()- W.Y. 10%&& ()-1|[:vU410 Y S yG 1098" & () - SHY

f yG 1098" & ()-S# 1pyG 10% & ()-S# R yG 4988 & ()-S# \yG 1098" & () - St

Y1 10% & ()-| vU410 Y, 10988 () - Yyl0%E&S! ()- 108" 108" 108"
'y, /G'109%8"& ()- Yy, /G 10%& ()- | 'yG'10% & ()- K [:vU410 Y
502" 10%#& ()-F Y "1 Sz&10% E& & () - 8DdX | Sz UE&SH() - & | Sz&L0YESS () - &

| Sz&1096$6& () - & Y! | 10%E&E () - KR & () -
YL4g10%E&S& ()-- e %" 10%E&S& () @ Na :

"b&nt 10%! 0&' ()-'Y 5g° &t 109 &~ W S10% & ()- Y, 10% & () -
Y! 10% () -LvU410 Y, 109%&& () - : () 1 ONITNLON! N \ * &ni' 1098\ N&' () -

1> &t 109R R& ()-' X & 10% 5!\ &) \=59 vU410 Y 93"10%488& ()-Y

k3" 10%0n$08 ()- f ! 10%ARA& ()- !10% &] & ()- ,110%& & ()- Y

109&& ()-/| obU31! YA 94.0%& ()- SLOTRTLOT&R2OTET 3" 109 &T& ()- | 3" 10%0808 () -
X 3" 10%J&J& () - 3" 10%0S&0E. () - N FIT|[:bU3LIY u"1094W W& () -

Yy10% & () - 10E&10E&10E&

k®H 10% "\ & () 0%3ae&' 10% & ().- Y+LyGl0% & ()-s ,

Y10% & ()-!p" O T! %é”%?rt?ef’" rene~4rcozhonyl))-amino] -
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5 (122a) .

A 109.0mg (0.19mmol) sample of 91 was hydrolyzed
according to method A to afford 88mg (96% yield) of the
title compound: Analytical HPLC 7.15min. LC-MS (ES*)
m/e=492.2 (M+H).
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3-({1-[2-(4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carbonyl}-amino)-4-oxo-butyric acid
15 (122b) .
A 51.0mg (0.096mmole) sample of 76 was hydrolyzed
according to method A to afford 43.0mg (100% yield) of
the title compound: H-NMR (500 MHz, CD3OD/D,0: 0.5
mL/10 drops): & 1.37-1.52 (m, 3H), 1.80-2.20 (m, 3H),
20 2.20-2.37 (m, H), 2.49-2.60 (m, H), 2.60-2.75 (m, H),
3.70-3.80 (m, H), 3.80-3.95 (m, H), 4.20-4.35 (m, H),
4.40-4.50 (m, H), 4.50-4.70 (m, H), 4.70-4.85 (m, H),
6.85-6.87 (d, H), 7.58-7.60 (m, H), 7.77 (s, H);
retention time on analytical HPLC: 6.54 min; LC-MS: m/z
25 = 439 (M+H").



Y " 10%) '§3/ s 00p&Y" | [ NAALI 10 "y nf 10% A & () - y 10868580 802 -

© Y95 109 1810%98g&" ()- ~&L0%&& ()- Y'31008& ()-V' (#)pe1esdojesslos
“F(YL09R& ()- YSF(YL0MMIUR ()- " F(940% 9& ()- F(YLOUSSCE ()-

\Vy i 109 & & () -y i 109G8GE: () - +++++++, DAG10& Y 109B" & ()-r
Yf01098" & ()- Y'Y10%& ()- Yyl0%B"& ()~ 595 -

Y9S1098" & () - 108108&, 9--///=0] [ : A410& " (fg%a" & ()- Y (10% & ()-

T Y 10%& ()-r YY'1098"& ()-r ,fY" 10% ()-r \ Y"10% & ()-r=001111111vU410

| @OY%I%& ()- YLO0%ES&S ()- Y 109E&S& () - 308’ 8" ay .!1098"& ()-L vy
11008 & ()-1122 2(2022| [: vUALGK Y2100 Y YZY 09ERE:
22

()-Y Y3"F109&8&& () -
Y109E&& ()- YSs10%E&& ()- Y | GLOWERX ()N Doef [ @208 a010%:& ()-Y
BglO%& ()-Y Y&LOYE&E ()- Y 189 )-4' Y @ 104d&

M

YsL10%E&& () - 222333&3| [ : vU410 A 10% & ()- P aYo%ull& ()-Y YL0%E E& ()-
x&SF 109E8& () - &SF 10YEE& ()- Y, CLOYERS () - &3) 3344@444| 0bU410

YL10% & () - 10986 0%A0%A b" , | FOd0%80& ()t22c’ ; , , FYA0%ESS’ () -

", FOd0vd" & () Y$109E8& () - 44 5)}5567|[: bUAL0 Y F" 109%R! R& () -

TL110%& ()-v | 10%1& (). YS109 & ()-E ¥3'109@ ()- ¥, 109 & ()-789:(;);*;
+ U; | obU410 VI gfmé%éﬁ ~&3¢ %= Dighlquei4 methaxy penzguianine) -
f°F" 109! D& () priépEosP¥P- Phrtd1idifa 1900k Mokt Lk adno T4 bx oL

U L&10%' & 0 - L&l0% f, Y 22 G'109%& ()- G 10%' & ()- G 109%&& () ‘M

| 3040968 ?)- >RABBBE*B3BI U410 YA0% & ()- YF109% & ()- 10&10&10&

i) PR el U SRR

Y 10% () - | DJ DREROr @k Dop AR thog YA ©o sabherd £ (ng Y(%Aﬁ%&lﬂd) of

YS' 109" & () - Xéog@tﬁe(% mﬁg&&owﬁnﬁ&&ma@mw&% YALRRRPOD! { OA44 0y y!
Y10%0-D~& () - G Y:‘L) m/e 488 3 (M H

10
1% o
EJIr N? H
\0 o) ﬁ H
O
122d
3-({1-[2-(4-Methoxy-3,5~-dimethyl-benzoylamino) -
propionyl] -pyrrolidine-2-carbonyl}-amino) -4-oxo-butyric
15 acid (1224d).

A 55.0mg (0.102mmole) sample of 77 was hydrolyzed
according to method A to afford 44.0mg (96% yield) of
the title compound: Analytical HPLC (C18) 8.70min, ‘H-
NMR (CDC13, 500Mhz): & 1.23-1.70 (m, 3H), 1.80-2.70 (m,

20 i10H), 2.70-3.15 (m, 2H), 3.58-4.20 (m, S5H), 4.32-5.50
(m, 3H), 5.60-6.00 (m, H), 6.80-7.90 (m, 4K); LC-MS
(ES*) m/e=448.2 (M+H).
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4-0x0-3-[(1-{2- [pyridine-2-carbonyl) -amino] -propionyl}-
pyrrolidine-2-carbonyl)-amino] -butyric acid (122e).

5 A 55.0mg (0.114mmole) sample of 88 was hydrolyzed
according to method A to afford 30.0mg (67% yield) of
the title compound: Analytical HPLC 4.60min. LC-MS
(ES*) m/e=391.3 (M+H).
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3-({1-[2-(4-Acetylanmino-3-chloro-benzoylamino) -
propionyl] -pyrrolidine-2-carbonyl}-amino) -4-oxo-butyric
acid (l122f).

15 A 52mg (0.091mmole) sample of 78 was hydrolyzed

according to method A to afford 40mg (91% yield) of the
title compound: *H NMR (500MHz, CD3OD) & 1.08-1.61 (m,
3H), 1.77-2.41 (m, 3H), 2.21 (s, 3H), 2.41-2.77 (m,
2H), 3.43-3.63 (m, 0.3H), 3.65-3.76 (m, 1H), 3.81-3.94

20 (m, 1H), 4.18-4.34 (m, 1H), 4.42-4.64 {(m, 1.7H), 4.77
(q, 1H), 7.79 (dd, 1H); Analytical HPLC 4.97min. LC-
MS (ES*) m/e=481.3 (M+H).
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pyrrolidine-2-carbonyl}-amino) -4-oxo-butyric acid

15 (122h) .

A 52.0mg (0.0957mmole) sample of 79 was hydrolyzed
according to method A to afford 30.0mg (69% yield) of
the title compound: Analytical HPLC 8.92min. LC-MS
(ES") m/e=448.3 (M+H).
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4-0x0-3-[(1-{2-[(quinoxaline-2-carbonyl) -amino] -
propionyl}-pyrrolidine-2-carbonyl) -amino] -butyric acid
15 (1225) .
A 38.0mg (0.072mmole) sample of 80 was hydrolyzed
according to method A to afford 32.0mg (100% yield) of
the title compound: Analytical HPLC 5.95min. LC-MS
(ES*) m/e=442.3 (M+H).
20
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(ES*) m/e=474.1 (M+H).

15
3-({1-[2-(4-Amino-3-trifluoromethyl-benzoylamino) -
propionyl]-pyrrolidine-2-carbonyl}-amino) -4 -oxo-butyric
acid (1221).
A 10mg (0.021mmole) sample of 98w was hydrolyzed

20 according to method A to afford 7.9mg (94% yield) of
the title compound: Analytical HPLC 6.64min. LC-MS
(ES*) m/e=473.3 (M+H).
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109Q & g) accordlng to method A to afford 7.0mg (84% yield) of
the title compound: Analytical HPLC 5.15min. LC-MS
(ES*) m/e=467.3 (M+H).
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3-({1-[2- (4-Dimethylamino-3,5-difluoro-benzoylamino) -
propionyl] -pyrrolidine-2-carbonyl}-amino) -4 -oxo-butyric
acid (122n).

A 20.0mg (0.043mmole) sample of 98y was hydrolyzed

15 according to method A to afford 16.8mg (100% yield) of
the title compound: Analytical HPLC 5.86min. LC-MS
(ES™) m/e=469.3 (M+H).
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20
3-({1-12- (4-Amino-3-chloro-benzoylamino) -propionyl] -
pyrrolidine-2-carbonyl}-amino)-4-oxo-butyric acid
(1220) .

A 20.0mg (0.046mmole) sample of 98m was hydrolyzed
25 according to method A to afford 16.7mg (100% yield) of
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3-({1-12-(4-Amino-2,3,5,6-tetrafluoro-benzoylamino) -
propionyl] -pyrrolidine-2-carbonyl}-amino) -4-oxo-butyric
acid (122p).

A 20.0mg (0.042mmole) sample of 982z was hydrolyzed
according to method A to afford 15.3mg (91% yield) of
the title compound: Analytical HPLC 7.90min. LC-MS
(ES*) m/e=477.2 (M+H).

4-0x0-3-[(1-{2-[(quinoline-6-carbonyl) -amino] -
propionyl}-pyrrolidine-2-carbonyl) -amino] -butyric acid
(122q).
A 44mg (0.080mmole) sample of 93 was hydrolyzed
according to method A to afford 41mg (100% yield) of
the title compound: H NMR (500MHz, CD3OD) & 1.24-1.69
3H), 1.75-2.37 (m, 4H), 2.359-2.87 2H), 3.46-
(m, 2H), 4.11-4.77 {(m, 3H), 8.19 1H)}, 8.33
1H), B.56-8.58 1H), 8.85 (s, $.27-9.39

(m,
(dd,
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(m,
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10 according to method A to afford 34.5mg (91% yield) of

the title compound: Analytical HPLC 6.88min. ILC-MS
(ES*) m/e=511.2 (M+H).

H g

122s
15
3-[(1-{2-[3-Chlorxo-4-(2,2-dimethyl-propionylamino) -
benzoylamino] -propionyl}-pyrrolidine-2-carbonyl) ~
amino]-&-o;o-butyric acid (122s).

A 19.0mg (0.036mmole) sample of 98aa was hydrolyzed

20 according to method A to afford 14.5mg (90% yield) of
the title compound: Analytical HPLC 7.28min. LC-MS
(ES*) m/e=523.3 (M+H).



. -10%\| & &)} Y */°-10& ()-Y {5 "10% & ()- ° "109%Q & ()1 BySEROH@R ()-1) =4
1099| WORDHIBISYE ()- “f"10%v& ()- f"10%J h& ()-  YOIROB/USIONSNYA

9409 *& ()- 1099 1099|[:=4 1099! Y ""10% & ()- ""10%t"& ()- Y !10% & ()-
“10%ALA& ()-S Y 109 ()-s z f" 109! T& ()- 4TWOR|[:.4 110T!T | 1110%! T& () -
111090 T& ()- YY s010% & ()- Y@ 109% & ()- 25510%& ()- " ""109%2
A& ()-RST x[dC4 110TIT | gl 110%!7A& ()-MY @O0%! F& ()- Y&L0%! F& () -
Y'109%! F& ()- Y10%! F& ()- 10T! TIOT!T["& |[:C4 110T!T k Z"10% & ()- Z"10%
& ()- Y f410%F& ()- Of 41004 ()- f 4100 ()4 ul | 1Q%! & ()-M11"""

- '()-M YZ" 10%F& () -

]z 10%&() HS| NAG "()-f "10% & ()-f
Y3"10%3!3&'() Y10%3|3&() . NA41010 p* " $"10%

& ()- "$"10% ()-  10%& ()- @HlO () @ 109 b)) -

Y1098! 3& ()-b&g' s't' u' v' "' ' vU310! | /&0%13& ()- thO/(ﬂ#T&'()-

Y3"- 1099#9& () - 10! 10! 10! 510%&()- b $" 1% - Ut ()| [vusdlolj Y

% 1090#9& ()- t E LYA0W & ()-Y ] LY%A0%t ‘ LY40%t& ()- p LYA0% & () -
t° LO0% T & ()-*+M,,,,,,| obU410! Yfyl0u%K" & () 109#9109#9109#9Y

Y'Y, 2! 1?‘[’/<9¢bﬁaicl%-?(- % Eiicf/(m&idﬁc;{ goo%ﬁ%ﬁoébfoﬁzo%lm%m)& (12)% & ()-
YS10%¢ & () - PRARAORE LT ’5"(")9351’7%@11 zﬁgbo‘t%' G%Iggﬁﬁ utyric
]gl(c);o/é?z&(§) a\ci]d ALK ()- g O1/0%< & ()- 10%50() 0%(&& 0.
F10%Ak 8A&! ()-| 1 1%&’5% 5&?426@.%? ]{’ %{mﬂ 9% f%g&h%rf’k@éé é

1 109%& ()-Y , 1@%\:&1(<3m9v tpggethed A dugg g§Lo 1‘471(5% (PT%4y6&b8b66E[ : vU410!
z Y+ 10% & (OereY teie IE¥hddunid ( )aavad vET dDYaP10) 52 7¥mih0%8c(Ms

]YI !ZlO%(&&' ()- (!E]SQ%%%IeQ{Q%.?zD? 1!1117)R7n v7?8vU410! | @ 10%"0& ()- Y1I0% & () -
10
o 0
N PN
o
122y
3-({1-f2-(3-Chloro-4-phenylacetylamino-benzoylamino) -
propionyl] -pyrrolidine-2-carbonyl}-amino) -4-oxo-butyric
15 acid (122u).
A 10.0mg (0.017mmole) sample of 98ac was hydrolyzed
according to method A to afford 7.9mg (85% yield) of
the title compound: Analytical HPLC 7.52min. LC-MS
(ES*) m/e=557.2 (M+H).
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1082, X=ClI, Y=NH2, Z=H, Q1=F, Qo=H 123a X=Cl, Y=NHa2, Z=H, Q:=F, Q=H
116b, X=Cl, Y=AcNH, Z=H, Q1=Qo=F 123b, X=Cl, Y=AcNH, Z=H, Q1=Qa=F
10 116¢, X=Cl, Y=AcNH, Z=CH30,Q1=Qs=F 123c, X=C|, Y=AcNH, Z=CH30,Q;=Cp=F

3-({1-[2- (4-Amino-3-chloro-benzoylamino) ~propionyl] -4 -
fluoro-pyrrolidine-2-carbonyl}-amino) -4-oxo-butyric
acid (123a).

15 A 12.4mg (0.022mmole) sample of 108b was hydrolyzed
according to method A to afford 9.6mg (93% yield) of
the title compound: Analytical HPLC 6.99min. LC-MS
(ES*) m/e=473.2 (M+H).

20 3-({1-[2- (4-Acetylamino-3-chloro-benzoylamino) -
propionyl] -4,4-difluoro-pyrrolidine-2-carbonyl}-amino) -
4-oxo-butyric acid (123b).

A 26.2mg (0.043mmole) sample of 116b was hydrolyzed
according to method A to afford 10.8mg (49% yield) of

25 the title compound: Analytical HPLC 9.8%min. LC-MS
(ES*) m/e=517.2
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In the in situ metabolism assay, values of
[£{g) X £(h)] are disclosed as follows: category "A"
30 indicates <0.25, Category "B" indicates 0.25-0.49.
Category "C" indicates 0.5-0.75. Category "D"
indicates >0.75. 1In the biliary excretion measurement,
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In Vitro Assays
20 Enzyme Inhibition

Ki values for test compounds with the various
caspases were obtained by the method of Margolin et al.

(J. Biol. Chem., 272 pp. 7223-7228 (1957)). Assays
were performed in 10 mM Tris (Sigma Corp, St Louis MO)
25 pPH 7.5, 1 mM Dithiothreitol (DTT, Research Organic INC,

Cleveland, OH) and 0.1% CEAPS (Pierce, Rockford IL) at
37 °C. For caspase-3, a solution of 8% glycerol was
added to the assay buffer to improve enzyme stability.
A 65 uL aliquot of the assay buffer and 5 uL aliquot of

30 the appropriate dilutions of inhibitor in DMSO where
pipetted into a 96 well plate, treated with 10 uL of
caspase, then diluted in assay buffer (0.5-40 nM active
protein by active site titration). A control
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following the time dependant increase in absorbance at
405 nM (for the pNA substrates) or in fluorescence (Ex
390, Em 460) (for the AMC substrates). The rates
10 obtained were plotted against inhibitor concentration
and the data fit to the Morrison tight-binding equation
for competitive inhibitors {(Morrison, J.F., Biochem.
Biophys. Acta, 185 pp. 269-286 (1969)). The substrates
used for the individual assays were as follows:
15 Caspase-1 Suc-YVAD-pNA (Bachem, King of
Prussia, PA) (final concentration in the assay 80 uM),
Caspase-3 Ac-DEVD-pNA (Bachem, King of Prussia,
PA) (final concentration in assay, 60 uM)
Caspase-4 AcC-WEHD-AMC (Synpep, Dublin, CA) (final

20 concentration in Assay 20 uM),
Caspase-7 Ac-DEVD-AMC (Bachem, King of Prussia,
PA) (final concentration in assay 50 M),

Caspase-8 AcC-DEVD-pNA (Bachem, King of Prussia,
PA) (final concentration in assay 80 uM).

25
Table 2. Caspase-1 Inhibition Data

Example | Caspase-1 Ki (nM)

5a A
5b A
Sc A
5d A
Se B

B

5Z




f&LO%W & ()- U  f&IOUKK& ()- MXgs|[NA41010[[10[[10[[ 0+10%
&+10%€* W% ;4), Y+10%4&' ()- &10%&' ()- &10% & ()-m [: NA410 %%ﬁ?g@z() Y,
10% & 3" 06 & ()-S YA0W& ()- Y YLO% & () -
Y109 & () - (|| [NA41010""10‘"‘10"" L M10% " & ()-4 YL "10% & () -4
1L'"10% e& ()-4 Y "10% & ()- 50 "10% % i & ()-|[:NA41010 Ysul0% & ()-
Y U, 10%& ()- g, T 110% & () - YlO% & () 53§ 10% & ()-
Y10%+' & ()-Tfwt|[:-410& X +Y"109%&& ()- f° A 10%g+ g& ()- a +Y"10%Wé&v& () -
b +Y"10% & ()- Kk +Y"10% & ()- :+Y" 10%&' ()- bA410& "10% & ()-4"
1"10%! & ()-4" Y9!l 10%@ @& () - YLJ.U”}@"@ ‘ D&10& | [: A410& Y
110%@ @' ()- Y "10v@@& ()-4" | EAPRIE () Ca F084 2 "10% & () - 4"
""109% & ()-4"% HzY810& Y!| 1096 &s@) - - |YL0% " & (m--
YSS10%" & ()--10@ @0@ @0@ @[~ -5 YBIOK & () H +-2|[:zY810&
Y, #1098 " & () - 109" & ()- Y&L09PTe (M- 2 esmriBoprg: 1> &Sm' 10%" & () -
&Sn'10% & ()- 2|[>181107"10%"& ( k-4t Y41006" & ()AM N @z‘ 10% & ()-
T@10% & ()- Y @109 () - TG TOE () - WhPABTION 7 -10% . & () -
-109& ()- ,!110% & ()- ,!10%&'(_;_-_4&40/3@ & )—38A110A0 ke MO [ 1 AB1107°
Y. 10%"-& ()- Y f"10%"-& ()- |' S B5%10%g! & () - bf A10% & ()-]5f"10% & () -
-10% "- & ()-OQRST | yX7110 Ys1(Q% # 3 ()| YI0% # & ()- Y s 1% # & () -
Yy10% # & ()-10-"-10-"-10-"-, $+28%"—§ ) 94}[ YPHFEE—¥R] y9$10% & () -
YI"10% # & ()- Y @0% # & ()-.| Y@B6% # g () 1 YA10% # &'( -- Y
10% # & ()-%@\ 29, 710" # Yl 410% #_ & ()|- y/z 1046t&' () z
10% <" & ()-'y/z 10%H#& ()- Py¢ ' :PX$bA710‘#‘ Y
109 "& ()- ~ 1096!6& ()- 1098 & Bp- YYY1006 & ()B
Y#f-10% & ()-10"# 10 # CDEFR| gbU4LQ" Y109% "f& ()g101! 1101! 110111
“1109%0 1& () - Yy '10%R 1& () - PA [:bU410" Y
"10% & ()- "10% & ()- "10% &|[()-5910% g ()- vaI Bl 100 " f &
Y1006 " f & ()-WZ[\]ig{vU4l0' Ys@OY%B& ()|- 3" 10%Pj & ()- LlotV@&' ()-
Yf 10%6& ()-10f"f10f"f10f"f Y| vt =1V U () -
-10% Q& ()-GY Y-10%" & ()-GY[- 1086 ()-G | S 1098B& ()-
i -10%QBg&' ()-0|[:vU410" Y Of M10%5g$ &l()- Y{ fMowé& ()-|Y
| Pf MLOYGQB5&' ()- Y Y!I 1094 &)=Y FI078& ()~
L-109%2Q8?& ()- O0=LY]u|[:vU410]_YX \5“% 100608 () -BY #100688 ()-Y
PL109BQB$E ()-Y 'L10% & ()- i QL10%&& ()|- YPL10% & ()-"2|[: | 410Q6Y
Y510%B& ()-T Y 3410%B& ()- Y[V OITOWEE (J-- Y Y. 10%B& ()- Y 110%B& () -
Y*S10%B& () - 5bA410@BY Y e y@10%e¥r & (1) 9% | VYN Do Y1 1096 " & () -
YS10% "f & ()- YS10%"f& ()-10Q5106%5 {249A410Q8 Nix.y@ 10ty "R () -
5y@1098"'B& ()-%! Y y@ 10% f & TT-96,] |y @ 109! 9§ @100/G G () -
Y y@10% "f& ()-% ¥%sf Y810Q% YE;-l-O%s'y&' 9404 "f@uf "H;lof “H @0%"f& ()- Yy5

5z

Saa A

S5ab B

5ac A

S5ad A

S5ae B

5af B

5ag A

Sah B

Sai A

5a7j B

sak | B




10%"f& ()- YA10%"f& ()-s Y210%"f& ()-%0?G) |[:fY810Q6 klg BEROREZ & ()-
R 108 eekreds | FU10%6"& ()- Ys10%"& ()- YO !l 109 "EiFnise9/05919
“1110% & ()-)/8HI| [:fY810Q6 ' Y"10%& ()- YsS&I10%"& ()- bl!10%"& ()-
el 100" G& ()-° 1 109%P& ()-° | 109 ()- JbvU410 Y!|10% & ()- YSL0% & () -
Y@0% & ()-101010 R ' Y"10%&' ()- | ' Y'10%"& ()- s|[:vU410 Y

YOY+10% & ()- Y 2°G'10% & ()-Y k’ G 1000FN&3f) = G 100 W& ()- G' 10%

a& ()- Y z10% & ()-Yk HILMNOcVI <10 Y

10f 51 f 10f 5! f (10f 5! f %6 10% 5! f & ()-FS10045I£& ()= | - "100651f& ()-M
-"10%1f& ()-M  S-" 109V W& () -BvEd [ c¥kpdfe Y1 YRD- 1A% ! & () -

Y 10988 & () - Ys910988 & ()-: Y[ STOUr& ()~ YIOWB & ()~ YIOWE & ()- |[: V<10
Y YS#10986 & ()- Y1 109848 & () - pLlOoKR: -__‘z_Lagé_H_.@_mo/m&'()-

Y Y9- 10% & () - cdeft| obU410 YHORR~&EE ()- 10941096 10% [Y&109%84 & () - M
Y&109% & ()-MY 1 10986 & ()- Y. B &) 1] ] DUAI0 Y U S 10%-8&& () -
ySI 1090&' ()- Y ! 109&" $&& () - ,u.;g@@& H—vL—;-ege&—&&&-e— '

Y109%8~8&8& () -fhj k| _B5410 10&~R&@HeDYEIEEE () - MOB10Y&~&E&: | ) -
YA910%%&~&&& ()- @ . 10%-&& () - [VI*_T0VEA&E& ()- ToyS 10%&& () -kl mybA410
10&~8&& Y| 10%@ @ () - Ys10%@ @@—2 vt - ) @& () -
Y10%@ @& () - 10&~&&108&~&&! | [: pM1Bakd a’L*"10% & B)-  pL*"10% & ()- Yq

5ar A
Sas
5at
5au

Sav

Saw

5ax

Say

5az
5ba
Sbb
5be
5bd
7a
7b
7¢
7d
7e
7f
79
7h
71
73
7k
71

wilw o |w (jw ]y |wi o | (w1 |w e oW o




"10%@ @& ()- gq "10% & ()- q "10% & ()-
Ys! | &1Q%~ () Ys109&~&&&' ()- 310% ~
Ogo|[ Y l@y$10% ~& & ()-
PYy$10%& ()-1 Yy$10% i& ()- Yy$10%/! V& ()

]PYy$10%[*& ()- yYy$

"100d & ()-
&A& ()-10" 10" 1oL
-0} | [:yX710

]

5

SARE6 # & () -
EZ&E”) o .

(110%-&& () -

Yy$10%v W& ()- g Yy$1l0%~8&4&' () - GYy$10%t& ()-1 *0Yy$10%& ()-
Yy$10%&' ()-BvW410 F"109%& () - Y&lO%; S& ()- 2¢0f ~10% s& ()-10&&10&&10&&1
Y ('10%&& ()- \ " (!'10%&& ()-B f!1""|[:vU410 NF10%:3F&() Y
TFT10YKKE ()-Y "S F10%# <& () - S F'10% \&(\-1 E'10% &' () -
TFT109%& () - f##$$$$$$vU410 Yy 10 4%&: 1@2(&§¢agé 10k F1Q8) FILOF F , N @ " 10%-
F& ()-3 1" @"10% <& ()-3 E(T-3 $sAe&u [ [ vu410 Y
&n" 10%6:8G&' () - $Y &n" 10% & & (-3 'WMO/&R, = ¥f 1Bog g =21 Yf 109%&& () -
Y YL09&& ()-U' x() *; +<+=+>+J+| bbU44R Y@ 0%" & () -B09$9109$9[09$9
&n"10903$9& ()-9$ &n"10% & & (I U &N |I0EREE () - D
T &N" 10%C&CE () - $I+R+T+Whs++n, |- h{R10 ¥ YV sE1004%: DX & () -
l10%1"&'()- Ys 10%" & ()-1 Y f1099" & () - YF10%R& ()-n,-~p----|[:bU4L0 Y
Y 9310%& () - 9310% & () - U~ 93T10V6ND& () - I0%"& (H)t1 Y 10%9" & () - -
YF sF10% & ()-------- | [: bU410 & & 9310%R R&' () -
| 99310% @ & ()- 1 ) 9310%& ()- 78 93]0%!] & ()B -. ["/# $/% 1/ M vU410
Ys! 109%8& ()-- YF109%& ()-10q9"[10Qg" ,;.g /96- 10%1" ~()-1 Y9, 10%9"& ()-
Y9, 10% ()-MUWZ/]/ Icl|][:vi4te YE—3-0% ' () -
109%$& ()- YLI0OY& ()-1 YYSs10p&$& 18- YI110%$& () -B/ 0052J233 [:vW410 Y
YIf, MLO%& ()-Y Y F@ 109%86&' () 7 B
v B
A A
7% B
7Y B
72 B
7aa A
7ab B
7ac B
7ad B
J7ae B
7af B
7ag B
7ah A
7ai A
7aj A
7ak A
7al B
7am A
7an A
7ao B
7ap B
7ag B




YF@10%& ()- Y Y 10%8& ()-1 YY 10%& ()- Yl 10%$& () - 333 P 20

. 109& WP-99/475450% # & ()- m 1098& () - o.() 10%1$d& ()5)1 . 1%3;!5&;0@91%10\(
109t 6& () - 333444444bA410Y YO 110986 & ()- Y1 10986 & ()- Y1096 & ()-
Y@10%6 & ()- Y1094 & ()-1010475a5e52556| [ : A410Y F% 10% & ()- YF% 10%

& ()- YOSy10%4!& ()- ySyl0%8 8 & ()- Y 10%4& ()-

9 11094 & ()- 6777777782Y810 YSI09X & ()-s- Yyl0%&& ()-

Y100&& () - - 10% 109 10% &10%6 & ()- Y F9% 10986 & () - 888; 88d9g9| [ : Y810 Y9&

10988 ()- Ys109&& ()- Y! 109R&O= 0
. ) ¢ /obJ.U%VﬂS& S

S10%0808 () -5g9s999: : \; ][ sgamp-l@ ICﬁﬁﬁa)mp'n-KB\‘l 4 & ()-&

Y& $F"100&& ()- T 1098@& ()- %) O10W& |)- 1098&3& ()-1:7; I:k;s;{;;; bAS10B%
41 10% & ()-" 10%("&'() T TIO% & () YS&IQUK & (-

Yf 10%K" & () - 10BYA0BY% ; ; K<<<<||Z9AZ26B% | 1 n%a_t&_é)_m&J.ogé)D&' ()-m

g 1109 & ()-0 Y ! L0% ()-0 YS@OW' & {)- Y 10%K & () - g<<j=k>>>>>?| 0bU410

%" & ()- (10!
RO RN o o Strem St N
YWI0% & ()= 3y10% & () Ylo%q"ﬂs() u@@@@w  bUATO ¥ Y/ 109" & () -
YsLty "&gd&_()- Y9% 109" & () - VS gi@“ T ()- Y 100078 ()-
Y10085 & () -10q" 10q" 1oéz<zlgocy e (5a AN DBACTOL O s 1P S0
Y 10986 & ()- g 110% & ()-M Y! 1075\2 mefgcgfﬂmé?((?)lo ) o OEO-M
910% ! & () - | COCVOCDDD) [ : yX71( .uo% R () —s—YOHBIBHE—
| 109%9% k& ()-L Y '110984 & ()|-L1 9£ H
9g
152
15b
15c
154
15e
1s5f
l6a
16b
17a
17b
17c
17d
17e
1l8a
18b
18cC
18d
1ge
18f
20a

20b

ooy o | oo ||




1098 3& ()-M Y'|

T0ssie P

" 109%/4/& () -

0%4& ()-Y YfSl

0% ()- ]

109%& () - MDDDDDDDDDVU4A10 Y! 1098& () -
01 J1109% ()-s Y110996 & () - sDREJFFFFG [: v

“"10%}SL& () - \1(10%%‘;% Egl(g)

G GE H5SHPHUH| [ : vU410 Y 7y-10%—~& ()-Y Y3 y-10%&' ()-Y

y-1094d1& ()- N #Y"10%/53$VE ()-:1 ~#Y"10% H& ()-:
#Y"109%.9%.& () - : UHXHZH H\ H] Hi HqHHz Y810 Y+1Q%8" & ()-- YS 1098" & ()--
Yy1098" & ()--109%40%40%ST10984& ()- YS5 1099& ()-H 811111 |[:zY810 Y
1098" & ()- 1098 & ()-° WI0%<& ()-" 9's!'10% & ()-9 b s!1094J& ()-9
| s11098" & () -9l QUIKKKS$K|[:zY8 51A098 &5 A QL &AW & () -
@' &10%<8" <& ()-T ] ! 109" & Hbxant 0o, é%§e Yt
1098" & () - $K' KKKLLLLL| obU410 ! YIRPAC &1()-108" 108" 108" Y HI 1098" & () -
51 109 ()- @ Y&L0109B" & ()- Y/ 10YByek () L5LLLLLL|§: bU4A10 Y |yL' 10% 6& ()-
yL' 10%" & ()- \ yL' 109%& ()- J T I09%85TS& ()=p |- 5f | ! 10% K"
& ()-pLL' MCMWM [: bW410 Y < Sl-1®8& (Y-S MS - 1ORK" & (}-Sip : 1 10%K" & () -
110% ~& ()- YI0%K" & ()- Ys1PUK'g&% g ) - MM NNOOOG [ NA41010}|! 10} ! 10} !
f)F"10%! & ()- )F'10%& ()- )FIT0OK & 3)- 710K T)-
Yy&L0%K" & () - OO0OPPOP| [ : NA410L0}208es & () 0986 & ()- @
Y9109%84 & ()- Y!'3, 10%&' ()-- Yf10%80% () A 0P7P9PPPI1Q/Q[.NA41010 4 109 ()-:
UWIM10% %Bf& ()- TM10U] & (J7 L LOBH&E ()- YISJOWB & () -] d10% & () - vQQQ
RRRR| [:-410 1°-"110% & ()- Yk &y 10984 8 (Y 10986 & ()- < 10%
& ()-: 7] 10986 & ()-: RRRSSS*SDSb%lgO 1 YFy10%<8E& () - Q S1H0%&' ()-S S10%
& ()-S YSy109%&& ()- Y FIAO0IKER ( Ok 10 0SS T ,;9' TT]]: A410 109%& () -
QLOYK&S ()- 10988 ()- Y 10%K[%&: > 400404 M
YOL! 109K &8 () - MTUUUUUUY, | : - 41D$ /mMs&' (()- [/ 100K&& () - @ 10%&: ()-
109%&&' () - Y& 109K&&' ()- Yy#F[ 100 ()- UUUDUOWLVWA410$  |10%#& () -
910%s#s& ()- Y!'10%#s& ()- YLEOWHS—
Y10%#s& () - 10$10$LVWW W WV XX [ : 224103 | Yy #&10%s # &' ( )-1 Y&m 10%"s& () -
109%"s& ()- Y 10%#s& ()- Y& [L0% (] YS10%#s& () - XgYYZZZZZZcVI <10$
10s"s10s"s(10s"sSG 109" s& () F&toYys st s& ) - 9
S mM10%#) & ()-9 Y y#&10%" s& ()é‘.gz;zzorr\\lr VI A0S fY"1QUR ()-Z | "F 110%
& ()- YF 1109 ()- Y3 &10% & [)- pP% & ()- Y#@®P% & ()-\"[I] *"a_|[: VI <10$
PINFY'10% N 1 & ()-2Z

20r B

20s A

20t B

23a A

23b B

23c A

23d A

23e A

23f B

23g A

23h A

231 B

24a A

24b C

24c A

244 B




Y109 ()-Z , N fY'10% Y& ()-
vU410 YL!

$&' () - 2MOVATSIS K5
Y109 "f & ()-102210221022 X
C10%=NE () -t
S 110% & ()-Mue

1098 & ()-- Y
| f, " 1098& () -
Yy 10%VEME: () - O/aO%V&lv& ()-~i
1090VBME ()-Y “f,"1098& ()- ~f,
kkkkkkkkkS74101I X, LLOYVEMSE! () -
XKI X, LLOYVEME () - | X, L1OYVEMS! |
| X, LLOYVEME () - XKI X, L1OYAVENE
LT xX@L101XKI X, L1OY%VEME ()
| X, LLOYVEME ()- XKIII

9""10%1‘&' ()--
f 10988 () -

LEE-111 QyLd

Z

"110%-c~

g

~& ()y M 2°1 10%

é()--v P " " 10%

I

| EXEW&RJ@[ :

Pa 56 - ¥+ KaoalRiVik'

T10988 (

Y| f, B1O%PAVE! (

&XROTX T
)28 | |

TOYVRIVE.( =X T10°
L1 s\\WZ41611 X 1109

()-286% L1

0UVBME () a XKI X, L10

1 25

€10

| )(_LJ.UW

()~ XK X TI0®
11 81004 &' ( 1004 &'

Y 10%& ()-Z X fy 109 & S5P 2R ¢ v 1008
@O0% " & ()- @ Y@O0% " f &PETAIS99/05919
109928 ()-t 1
Paaa&bh%| [ : vU410 Y zni' 10% & () -
110% & ()-M q°
"& () - Mgcddef f1f][NAG1010" 10"10" Y k' " 10%

m10% & () -

LY i 109 () -

& ()--

- fggghi ~j | [ : NA41010

)- . 1t10% & ()-

109% & () - LOMSMLOMEMLOMEM X, L1(oavEaEes () -

101!'810% & () -
T XX@
10167!810% & ()-.!810% & () -
101!'810% & ()-.67!'810% & () -
sWr;

. 1810% & ()-.67!

Yikl 1ol pl gl tlvl w;

-

TO &
428 ()

— TBI0% & () - 671 81

D96 & ()-.viw zl ||

67! 816&0 &

()-.!8109& ()-.67II

LTI pX<;

Oygg ()

- B7T8I00G & ()-. 181

%& ()-. 11111111

101! 810% & ()-.!810% & ()-. 67!

81096& ()

.18109% &A() -. 67! 81

D% & () - 111

XxX@ 10167! 810% & ()-.!810% &
1011 810% & ()-. 67! 810% & () -

1) 54ash)

BE& ()-. 18108 & ()

21 09100 [o AR 1.0
\YA == I

|
T

NERRN
671 11TTT11 pX<;
NEEEEEN

WWW ;

26e

- J U/U\X\}

101! 810% & ()-.!810% & ()-. 67!

8102/'&€LI ()

.1 810% 67' 8

laYaV, U1l /\ &04 004 0!

D% & () -

L09% & () K

L6711

| XX@10167! 810% & () - . | 810% &1
1011 810% & ()-. 67! 810% & () -

» U UL

810%@ QF

\AVAvANe o .U.I.U/UUG\
181

. 67! 810%\&' Q-

Q1 n%ﬁh‘n I Y

NN
1111 pX<;
D8 & ()-. 11111111

101! 810% & ()-.!810% & ()-. 67!
MKX@ 10167! 810% & () -.!810% &

U700 L

()- 2'637'8

lf\’lf\MLAI LoD fotw AN a)
ToIO/0 o~ Orro

0% & ()-.BBI1OW & (

X<;

o

101! 810% & () -
$msW7;

.67!810% & () -

27b,
TU7076 )
27¢

81

B
6TE%TO'97%& O—

101! 810% & ()-.!810% & () -. 67!

810%4& ()

.18109% & ()-. 67! 81

+m mm nl m n} pcVs
S10%4." & ()-10"10"10"6! 810% &

) - REG1 3]

nos & (V. Bg1ows & (
\ 7/ A4

nvm* nf nxmym} nm~f J*c910%." &' ()

4C. 9dPPA " &

()-c.1918%." & ()-cC

109" & () -
109" & () - mmmmmmmmx X@ 91094
"& ()-c. mmmmMmMMmMMPX<c91099®10% .

&' (ém 91

A 1
094" & ()-B. 910%." &

c.910%." & () - c. mmMmmmMmMmMsW/ c991
()-c.910%." & () - c. nmmTmTMMX X

~lc. 9109 82 ()-c.910%
/X o o400 n L

"& ()-c. mmmmmmmt \ <c9910%." &

\I\J.I.U/\l_ O

) - c291 0%

g ()-c.9BO%" & ()-

10%6 & ()-.11111nmn
. 67mm m

% & ()-.mmmmmi' m

D% & () - . $nPaY) ntm
. 67;
910%."& ()-c.

109%." & ()-c. 910%
)-c.1910%." & () -
"& ()-c.910%." &
10%." & ()-c. 910%
£, 910%." & () -c. 91

0%." & ()-c. mmmmmmsWc9910% .

€. 910%." & () - c. MmmMMMmMMMKXX@99%
() - c. MMMMMPX<c9910%." & () - ¢.

& (%7}9. 9£I1
919 " &

0% " & ()-g. (910% " &
()-c.91008" & ()-c.9

()-c.910%." & ()-
" & ()-c.910%." &
0%." & ()-c.910%.

"& ()-c. mMmnnnnn

NsWc9910%." & ()-c. 910%." & () -
nnnnnnnnxX@9910%." & () - c. 9109
nN#N%M&n) npX<c9910%." & () - ¢. 91(

27m

B

LT VA
4" &2 (3-c

9109%." & f)-c. 910%."

=T —910%." & () - c.
910% "& (B-c 910% " &
% gf) -

()-c.nnn
& ()-c.910%." & (

)-cC.)n+n, n/ n1ln2n5n7nsW/c9910%t™

c.910%." & ()-c. 7n8n;

[o72 é_gl-)(., J

TO% & (‘)AC. TOY%C &

()-c.9109%" & ()-

N=n>nAnCnDnxX@9910%." & ()-c. &

110%8& ()

L. 910%." & () - c. 910

4" & () - c. DNENFnG

nHNTnpnxnn| [ ; 910%&! &&' ()-T. &

N CARAAR®)

I ARG

f109%&! &&' ()-10L"c10L"10L"910%." & ()-c. nnnnnnnnsW;
910%&! &&' () -T. 109&! &&' ()-T. 10%&! && () -T. 109&! && () T.L10%&! && () -T. nnnnnnnn
XX@ 910%&! &&' () -T. 10%&! &&' () -T. 109%&! &&' () -T. 10%&! &&' () - T. nnnnnnNnnpX<;

910%&! &&' ()-T.10%&! && ()-T. 10%&! &&' ()-T. 10%&! && () - T. 10%&! &&' () - T. nnnnnnnns

9109%&! &&' ()-T. 109%&! &&' () -T. 109%&! &&' () - T. 10%&! &&' () - T. 109%&! &&' () - T. nnnnnnnnx
X@ 910%&! &&' () T. 109%&! &&' () T. 109%&! &&' () T. 109%&! &&' () T. nnnnnnnan<;

9109%&! &&' ()-T
W

1098 && ()-T

1098 && ()-T

109&! && ()-T

109&! && ()- T

. NnNnNnNNNNs

9109%&! && ()-T. 109! &&' () -T. 10%&! &&' ()-T. 10%&! && () T. 10%&! &&' () - T nnNNNooox

NZ N /N A NN SO 7N -—— oA NIl S O N\

-—— oA NIl S O I\



PPPPPPPXX@IX10% & ()-c. X109 & ()-c. X10% & ()-c. X109 & () - 4.go8EP" W60 ( p) p- pp
X<69X1G¥d 89/k7s36 - X109 & ()-c. XL10WB & ()-c. X10% & () -c. XlO%P&' (, 3598/o§£§p0p4p6p7

p;

p=psW69X10% & ()-c. X108 & ()-c. X10WB & ()-c. X10N & ()-c. X10% & () - c. =p>pBpD
PEp! pKpLpxX@9X10% & ()-c. X10% & ()-c. X10% & ()-c. X10% & () -c. LpPpRpSpWYpZ
PAPPX<69X10% & ()-c. X109 & ()-c. X10% & (- @4410% & ()-c. X109 & () -c. *p pape
pgphpl pnpsW69X10% & ()-c. X108 & ()-¢c. X10W & ()-c. X10%B & ()-c. X10B & ()-c.n

popspupvpzp| p} pxX@9X10% & () -

xample | Caspase-1 Ki (nM)
11 0RKE' () - B & 00 &&' () - B

&) & &LVR) &&' () - B. &MLOYR! &K' () - B. &pl 1&TLO%&

w19

yS10%&! &&' ()- 10! c10! 10! X10% &
U8 &&' () - B. &MLOY&! &&' () - B. pl &

ys! 10%&! &&' () - ppppppppx X@&ri0
| &8 () - B. &MLO%&! &&' () - B. pl ppp

MLOY&! && () - B. 1pl &MLOYR! && ()
&MLOY&! &&' () - B. pl &MLOY&! &&' ()}

ggqqqgqqgxX@npl &0%&! &&' () - B.

. pl 0qqa#9%@&g* gpX<&M&MLO0Y&! &&

Cc. X10% &

(-c,. X10%m& ()-c. X1

% & ()-c.}pppppp

PPPppppp~f J* &m0
y&10%&! &&' ()

XZ&
pp% 0481

MTOY&MIUY&! && ) - B- P

&MLO%&! && () - B. &

B. &l %&!

&8 ()- B nfnaaqqaads
\ Al |l il } L St Dt Bt Bt

&8 () - B. ph&MLOY&! &8

M&mL0%&! &&' () - B.
()-B.q

MLOYa! &
! \ =

21;9§nl &0

()-B.pl &Tt%()%&' & ()
Q9

B. &mLO%&! && ()-B
&&' () - B. pl &MLOY%&
B. &mLOY%&! &&' () - B.

NEqQGQHgX X@npl &l
pl HILgNgGg SqUq Vg
L0%&! && () - B. &0

1&& () -B. &0%&! &&' () - B. *q, g- qlq&:p@?qusV\?&rr&mlﬁ(V&l &&' () -

pl &mMLO%&! &&' () - B. &LO%&! &&' () | B. oI SNTO%&T && () - B, 9q: > @A
0%&! &&' () -B. &LO0%&! &&' () - B. pl -@a_B_&ntﬂ,OQ/&L.&&_(.-)_B
ZgpX<&Mm&MLO%&! &&' () - B. pl &MLO%L! && 9 - B.[&MLOY&R! &&A() - B. pl &m
%! &&' () - B. Zg\ q] gagcqdghqgj qsvy&n%r%ofy&l && () -B. &gﬂO%&l && (
) - B. &mL0%&! &&' () - B. pl &mLO%&! Hh-Eroera - erv-ene e - e P
nMO%&! &&' () - B. pl &rrfLO%&' &&' () -B. &rmo/&' && () - B. pl g} 0qqgqqqg

- B. pl &MLOY&! &&' () - B. &MLOY&! &&f (

SW &MENLO%&! &&' () - B. &mMLOY&! &&

()23

= e X"

kpI &1

ML O V&! && (- B. &nl0%&

IaYaV4

1 &&' () - B. qggqqoqgqgxX@np! &0 &&9Q) - B.

\I L= SIS

(g

&L OYR! &&B() - B. pl &n

Y&! && () - B. pl qqqqaqaqaq| [ : &m §

10%&{ ) -

ST S10% & () - S, 109

S'-10% & () -
10&! &B10&! &10&! &&MLOYR! && () -
XB10% & ()-| . D@B10% & () -1 .

B qar

kS7: &nXBIBW & () -1.

. i
HBL0%% ()1

Lrrrr B

rrrrsW: &XB10% & () -1 . XB10%
)-l.rrrrr

(N R (e

29p

Vi V.Y

r'r#r xX@ &D@XB10% &' () -1 . XB1
*r.rOrlr5rpX<: &XB10% & () -1.
0% & ()-1|.5r7r8r<r>r?rCrErsW
10 & ()-1.D@xXB10% & ()-1. Er

Ar Jr ko Q

0% &
- SRR 0o

-I.D@(BlO%&;';_()-I.

A
XB10

xB1Hos & (\-l

8 & () - |
@XB10% & () - |

- B. pl &MLOY&! &&' (
&MLOY&! &&' () - B. &
HX<&MEMLOYR! &&' ()

&&' ()-B.qqqqqqqq
&&' () - B. pl &MLOY%&

10%&! &&' () - B. &0
& () -

D@XB10% & () -1 .

()-1.D@XB10% & (
.D@r'r)r
. XB1
B10% & ()-1. XB

b
Hr

X@ &nﬁ)@(BlO% &

)-1.XB10% & () - |

. D@B10% & ()-1.XB10% & () - |
'()-1.XB10% & () - . D@B10% & |
& ()-1.XB10% & ()-1

 DATXZT
. D@XB10% &

brirpX<: &mXBI0Y
Yl f
-t

A
\7
Tr
ra
§oAl

<b
A SIx b

hrirnrarn
o

() 3l2bXB1

B

154

%4 & () -1 . OGXBLO% &

&
Pz

it NS
o= ¢o

r xX@ &D@XB10% & () - |

. XB10% &'

&) -L. XBI0R &

] ’IF\OAQJ\

L

<: &MXB10% & () -1 . D@XB10% & ()
rerrrrsW: &XB10% & () -1 . XB1QY

) 32k 1
% &3pH | .

»a T DO T U7 Ce

A\
>
Bl1O%W & €)-1|.

\

é

") -
108 & ()-l.rrrrrrrrrsXK>&LO!

.rrrrrrrrXxX@ &D@XB10% &
.D@rrrrrrrpX<: &mMXB10% & () - ||

() 5 XBL0

10! XB409%

0,

D

LS

& ()-1.DCBIO% &

Sl 109 &

XB10%W & ()-1.rrrrrsssoQ >10%

& ()gd. 10

& ()-T. 810% & ()-

yl0% & ()- @
"Y-10% & ()-10! ss#sUs&s*s, S-S
P& ()-T.!p-s1s3s4s8s: s;

S?SPX<>10%W & ()-T. pl0%B & ()-T
| SMECssW>10% & ()-T.10% & (
W[ S] SMsxX@pl0% & ()-T.10%

) ]
' ()'4'Eap10%

X X@GRup1

AR ()-TBOWR ()-T

()-l

XB10% & () -1 .

& ()-1.DeXB10% &
trvrsW: &nXB10%
viwr {r}r~rrr
D@rrrrrrrpX
XBlO%&()-I

D@(BlO%&
XB10% & () -1

) -

)-1.

—D@XB10% & ()-1.XB

. XB10% & ()-1.D@
1109 & () -

p(10% & ()-T. 10%

42
AT RN

B
() -T 1004% ()-T p10)

0,

%&'-()-T.lﬁ%&'-()-T.

g
pX<>10% & ()-T.plO0B & ()-T.1

TOR & ()~ 1. IO & ()

' ()-T. ?sAsBsFsHs
A& ()-T. GsPsTsVs
p~sbsdsesi sksl sps

T. pSrssswsyszs~s

SSW>10% & ()-T.10% & () - T. p1ae

%KE§ -|;

109%_8; (\-1 n1004 & (

\

J-

T. SSSSSSSSXX@p

108 & ()-T.108 & ()-T. plOW & ()-T. 10%& ()-T. psssssssspx<>10%& ()-T.plQ% &
"()-T.10% & ()-T.pl0B & ()-T.10%B & ()-T.sSSSSSSSSSW>10W & ()-T. 108 & ()-T.p
104 & ()-T.10% & ()-T. pl0% & ()-T.SSSSSSSSXX@pPl0W & ()-T.10%8 & ()-T. pl0% &
"()-T.10% & ()-T. pssssssSSSpX<>108 & ()-T.plOR & ()-T. 108 & ()-T.pl0ONB & ()-T
.10 & ()-T.5ssSSSSSSW>10% & ()-T. 108 & ()-T.pl0W & ()-T. 108 & ()-T. pl0% &
"()-T.5SsSSSSSXX@PlO0W & ()-T.10W & ()-T. plOB & ()-T. 1098 & ()-T. psssssssstw

il

yS10%89% &&' () -10! T10! 10! 10% & ()-T. pl0% & ()-T. 10% & ()-T.t % -t 5t G Ht Kt M ~f

J*>: 10%89% &&' () -, > 10%&% &&' (

) -

. >; 10989 && () -

> 109896 &&' ()

y10%&9% && ()- y! 100/&%&& ()- I\/tNtQtStTtWYt thx@ 109&% &>; 10%8% && () -

A NN IOA AL A NN AL

A NN AL

" 2 s £ 2 a2

oA NN L



le*f 10% % &
"Bf " 10%ERI(YY
*£10% % & () -
*£10% % & () -
1e*f10% % & () -
OQRSTUVb} dC*f 10% °
1e*f10% % & () -

.Qs_ *£10% % & () -
% (+- .
1e*f10% % & () -
*f10% % & () -
1109 & () -

“1e*f10% % & () -

" 10% %

13sWr*f 1096 f 10% % & () -

& ()- n"10% % & ()t

1e @FEF| KLOpX<*f

le*f10% % & (945 *F 10% % & () -

T10% & () - pX<C*f1010% & () -c. h\UJ.U%
)-C.sSWCf1010% & ()-c. 010% &

@*f 1k010% & ()-c. 010% & () - c.

)
K018% & (

0

- C. 010% -C. K
D sSe- 1 1

-c. 010% & () -c. kpX¢

k0109 & ()-c. 010% & () - c. k010¢
"()-c.k010% & ()-c. 010% & () - ¢-

° &n%%m/" &

OL0% & ()-C. SWCT 10

\ & v\[ ¥ 1|/r11 ﬂO/"P'

.kO10% & ()-c.010% & ()-c. kpXg
W& ()-c.010% & ()-c. sSWC+f 10!

c. k0109% & () -c.
$& xX@*f 1k010% & () - c. 010% &
1010% & () - c. k010% & () -c. 010%%

C f $010%

&'() C. kOLO%&'() C.

7 &,0) -

010% & (- c. k010% 4

§ SEP 202

*£10% % & () PCTAISIHESID% % & () -
3479: =2@X@f 10%e*f 10% % & () -
*£10% % & () -

109 f 10% % & () -

109 & () - 10, % 10, % 10, % *f 10% % & () -
}KK3CHf 1k0109% & () -c. 010% & ()-c. k010% & ()-c.010% & () -c.

60 & ()-c.010% & (
. kO10% & () -c. xX
Cf1010% & ()-c.
0% & ()-c.010% &
()-¢c.010% & ()-c
010% & ()-c. k010
& ()-c.010% & () -

() -2%k010

& ()-c. CLOW & ()-¢G.

K' +-. 2459pX<C*f

1822, K

010% & () 5. 010% &

QD04 L Q) L. AL O/

<@CG sWIC+f 1010% & () - . 010%4-&
| INPQUWKx X@* f 1k010% & () - c. O]
pX=010"010% & () - c. k010% & ()|
010" OXC109% & () - T. XC109% & () -
y10% & () - 10" 10" xX@10" BXCL0%

C. RU

O%‘L&ZP) cl.

L300
U770 ()= Cr UIU/T ™

k010% & A -c. 010% &

16- 3288 & (

()-c. kOlOQ@&'() c. 01

1U70 &

& 1228 X

=&Y IO9&—
10% & ()-8 BXC10% &

T. BpX<010" XC10% & () - T. BXCLO%
T. SW010XC10% & () - T. XC10% &
XX@?10BXCL10% & () - T. XC10% & (

& (pog X410% & () - § BXCLO% &

-T1§%é100] & ()-T.XB10%W& ()-T.

()-T.BXCL0% & ()-T. XC10% & ()
SW010XC10% & () - T. XC10% & ()

IT. 5%%0%

& ()-T. XCRO% & ()-T.

. T12%R100

& - T XCLO?
& ()-T xBi0o

XX@10BXC10% & () - T. XC10% & ()

)-c.9;

) -c. KO10% & () -c.
' ()-c. kX\~_cefgh

09 & ()-c.hijvcC

()-T. XCL0% & () -
()-T. XCL0% & () -
T. BXC10% & ()-T.

BpX<010XC10% &

1BXC10% & ()-T.
-T. B" $9% pX<010XC10

W& ()-T.BXCLO% & ()-T. XC10% & (122iBX 109% & ()-A XCLO%® & ()-T.(*+.0135sW0
10XCLO0% & ()-T. XC10% & ()-T.B CI0Z &' OF T- XCIOW & ()- 1. BXC10% & ()-T. 569;
<?ABXxX@10BXC10% & () - T. XC10% 043-&- 1() - T. BBEGHKMNQ X
<010XC10% & ()-T. BXC10% & () - I' Xﬁﬁ% &|()-T.BXC1A%W & ()-T. XC10% & ()-T. QSTW
YZ] _sW010XC109% & ()-T. XCL0% & ( g !EBX 1098 & () - L. XCI0% & L) -T. BXC10% &' () -
T. " dfgj | mX@10BXC10% & ()-T BH—F BXGLoM & F—F4CL0% & ()-T. Bnprs
tuvw 110 122m B

yy10% ! & ()-10! T10! 10! XC10% &
()-d.vplo%e! & ()-d. 1 ovplOo%! &
y!10%! & () - xX@pl0% ! | ovpl0%

p | &W?Od

098 & () - TgXC10% & (

010%! & (F-d.lolvpl

1 & ()-d. 1 opX<vplO%Wpl0%! & ()

d. hggalo%l&' () d. )g_plO%é'&' ()

)-d.vplOo%e! & ()-d. sWvpvplOo%e!&
"()-d.lovpl0o%! & ()-d. xX@plo
10%! & () -d. | opX<vpvplO%! & (

-U. v

IR,'(\ d_1d

-T. ~fJ*vpl0o%! &

()-
%! & ()-d. vpl0%
-d. 1l ovpl0%! & (
& ()-d.vplOo%e! &

pvpl0%! & ()-d. vp

- dljzgy-plq%al & ()- dva10%3| &

)-d.vplOo%! & ()-d.

-d123§p1

el & ()-dBup10ouel & |

sWvpvpl0o%e! & ()-d. vpl0o%e! & (
-d

122t

B

196 (, ./ xX@pl ovpl0%! & {)-d. v
356: <=ApX<vpvpl0o%!' & ()-d. | ov|
0%! & ()-d. ACDHIKOQGsW vpvpl0%

FTOYET & ()

pl &1 63vd. v

T TovploZel & ()-d.
0 1

p10%! & (B d. | ovp10s

)-d. lovplO%! & (
)-d.lovplOo%! & (
pl0o%! & ()-d. o/

' pl0% ! & ()-d.vpl
e! & ()-d.vplo%e!

& ()-d.lovplOo%e! & ()-d. QRVXY] |

i(g I oV

p10°/e' & (k d. vpl0%e!

n/A\I Q'J\ lA\ln’Lnn/A\l

& ()-d.1ovplO%e!

& ()-d.vplo%e! & ()-d.lo df gk

()-d.lovplO%! & ()-d.vplOo%! &
ovplO%! & ()-d.vpl0%! & ()-d.
()-d.lovplOo%! & ()-d. vplOo%e! &
) MLO% & () -

() 1d3bt u

| SV\TJQVDBO‘V@' &' ()-d

& ()-d.vplo%! &
. vpl0% ! & ()-d. |

() - d xx%pl ovpl0%e!

& ()-d.vploYe! &

ovgégg@a

‘-’II.

[
,V'J IJ.U/UQL \) LIS 41U

1094 & () - 10e! d10e! 10e! vp10%! & () - d. SW;

8 & ()-

vprf109% & ()-h. ~f10% & ()-h. @f10% & ()-h. ~f 10% & ()-h. e@f 10% & () - h. xXX@

vp@f 10% & ()-h.~f109% & ()-h. @f10% & ()-h. A 10% & ()-h. @ pX<;
vpAf 109 & ()-h. @F10% & ()-h.Af10% & ()-h. @f10% & ()-h. ~f10% & () - h.
vpr 109 & ()-h. Af109% & ()-h. @109 & ()-h. ~f10% & ()-h. @f 10% & () -

é\/\?;
h. 1" &) x

X@ vp@f 10% & ()-h. ~"f10% & ()-h. @f10% & ()-h. ~f10% & ()-h. @ -/ 0467; pX<;

vprMf10%B & ()-h. @f10% & () -
=>BDEl KsW;

h. 1098 & ()-h. @f10% & () -

h.Af10% & () -

vp~rf 1098 & ()-h. Af109% & ()-h. @f109% & ()-h. ~f10% & ()-h. @f10% & () - h. KLPRSW
YZXX@ vp@f 10% & ()-h. ~f10% & ()-h. @f10% & ()-h. ~f10% & ()-h. @"" aeghl pX<;
vprf 109 & ()-h. @F10% & ()-h.~f10% & ()-h. @f10% & ()-h. ~f10% & () - h. | nosuv

z| sW;

AL A PNAA Y N 1 ANL A /SNAA Y 7\ 1

~a A PNAA Y N

1 ANL A /ISNAA Y 7\ 1

~a A PNAA Y 7N

1 1 Y N7~



& ()- Y 109%9$& ()- g 109 ()- YqO!109%@$& ()-#109&Z#Z& ()- |
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llO%ri m& ()- Y s10%n m& ()- Ys10%m& ()- |[:-710m'm YV 3" 10%n m& () -

b 3"10% & ()- ] 3"109 & ()- ¢ 3"10% & ()- ~3"109%& ()-

3"109%& ()-% JbA710m' m Y , | n 109%8' 3&' ()- 24lent 109°%&" ()- Y! 10% ' & ()-

Y10% ' & ()- Y10% ' & ()-10nt mlont nky{ Z9A710m' m e@ $(10% '| & ()-& t $(10%

& & ()-& YF 110%' & ()-&8&! nF !10%& ()-& "7 |1 ni 10% +% & () -

X | nt 109" $& (TabUél0.Y Tosp@eet}. (CasRA69HGE qnd (CaBPRERHYE () -

Y@O09%X#& ()-' 10 # 10 # 18 Hipi Sl dA%Eeg () -3479: =kS7410 8 109%#& () -, - k#8
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Example Caspase-3 Ki Caspase-4 Ki Caspase-8 Ki

(nM) (nM) (nM)

7¢ C ND C

7d c ND B

7f C ND C
24a C ND ND
29%a C ND ND
29b C ND ND
324 B ND ND
46b B ND ND
69 C ND B
122b Cc A B
1224 C A C
122f C ND B
122k C ND B

5 PBMC Cell Assav
IL-1B Assay with a Mixed Population of Human Peripheral

Blood Mononuclear Cells (PBMC) or Enriched Adherent
Mononuclear Cells
Processing of pre-IL-1B by ICE can be
10 measured in cell culture using a variety of cell
sources. Human PBMC obtained from healthy donors
provides a mixed population of lymphocyte subtypes and
mononuclear cells that produce a spectrum of
interleukins and cytokines in response to many classes
15 _of physiological stimulators. Adherent mononuclear
cells from PBMC provides an enriched source of normal
monocyvtes for selective studies of cytokine production
by activated cells.
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1096#& () -, k8 1096H& () -, wx{} ~xX@10 ks_;%%g#&'()-,s 1096#& () -, k8
1096#& () -, 8 1096H& () -, kpX<410 8 109%6#& (-, K8 1096#& ()-, 8 1096#& () -, k8
1096#& ()-, 8 1096#& () -, SW410 8

Experimental Procedure:

An initial dilution series of test compound
in DMSO or ethanol is prepared, with a subsequent
dilution into RPMI-10% FBS media (containing 2 mM L-

5 glutamine, 10 mM HEPES, 50 U and 50 ug/ml pen/strep)
respectively to yield drugs at 4x the final test
concentration containing 0.4% DMSO oxr 0.4% ethanol.
The final concentration of DMSO is 0.1% for all drug
dilutions. A concentration titration which brackets

10 the apparent K; for a test compound determined in an
ICE inhibition assay is generally used for the primary
compound screen.

Generally 5-6 compound dilutions are tested
and the cellular component of the assay is performed in

15 duplicate, with duplicate ELISA determinations on each
cell culture supernatant.

PBMC Isolation and IL-1 Assay:
Buffy coat cells isolated from one pint human
20 bloocd (yielding 40-45 ml final volume plasma plus
cells) are diluted with media to 80 ml and LeukoPREP
separation tubes (Becton Dickinson) are each overlaid
with 10 ml of cell suspension. After 15 min
centrifugation at 1500-1800 xg, the plasma/media layer
25 is aspirated and then the mononuclear cell layer is
collected with a Pasteur pipette and transferred to a
15 ml conical centrifuge tube (Corning). Media is
added to bring the volume to 15 ml, gently mix the
cells by inversion and centrifuge at 300 xg for 15 min.
30 The PBMC pellet is resuspended in a small volume of

media, the cells are counted and adjusted to 6 x 106
cells/ml.



109%#& ()-, 8 109%#& () -, k8 10%#& ()-,8 10%H& ()-, k8 109 p)mxc@uo k8
09XHE! WX#& () -, k8 109X#& ()-, 8 109X#& () -, kpX<4 ()-

9
OW#&"?’%’ 9@”*8%(#&' ()-, k8 10%#& ()-,8 10%H& ()-, sW41 fég/@@?
1096#& () -, k8 10%#&' ()-, 8 109#& () -, k8 10%#&' ()-, xX@10 k8 10%(#&' ()
1096¢#& () -, k8 10%#&' ()-, 8 109#&' () -, kpX<410 8 109#& () -, k8 109%K#&' ()-
109#& () -, k8 109%#& ()-, 8 - 248 -

For the cellular assay, 1.0 ml of the cell
suspension is added to each well of a 24-well flat
bottom tissue culture plate (Corning), 0.5 ml test
compound dilution and 0.5 ml LPS solution (Sigma #L-

5 3012; 20 ng/ml solution prepared in complete RPMI
media; final LPS concentration 5 ng/ml). The 0.5 ml
additions of test compound and LPS are usually
sufficient to mix the contents of the wells. Three
control mixtures are run per experiment, with either

10 LPS alone, solvent vehicle control, and/or additional
media to adjust the final culture volume to 2.0 ml.
The cell cultures are incubated for 16-18 hr at 37 °C
in the presence of 5% CO,;.

At the end of the incubation period, cells

15 are harvested and transferred to 15 ml conical
centrifuge tubes. After centrifugation for 10 min at
200 xg, supernatants are harvested and transferred to
1.5 ml Eppendorf tubes. It may be noted that the cell
pellet may be utilized for a biochemical evaluation of

20 pre-IL-1f and/or mature IL-1B content in cytosol
extracts by Western blotting or ELISA with pre-IL-1B
specific antisera.

Isolation of Adherent Mononuclear cells:

25 PBMC are isolated and prepared as described
above. Media (1.0 ml) is first added to wells followed
by 0.5 ml of the PBMC suspension. After a one hour
incubation, plates are gently shaken and nonadherent
cells aspirated from each well. Wells are then gently

30 washed three times with 1.0 ml of media and final
resuspended in 1.0 ml media. The enrichment for
adherent cells generally yields 2.5-3.0 x 105 cells per
well. The addition of test compounds, LPS, cell
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Example | PBMC IC50 (nM)
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1.5 ml Eppendorf tubes

Test compound stock solutions (™ 25mM in DMSO or other
golvent)

Endotoxin -free sodium chloride solution (0.9%) and
HBSS

Lipopolysaccharide (8igma; Cat. # L~3012) stock
solution at 1lmg/ml in EBSS

IL-1f ELISA Kit (R & D Systems; Cat # DLB50)

TNFo. ELISA Kit (R & D Systems; Cat # DTAS50)

Water bath or incubator

Whole Blood Assay Experimental Procedure:

Set incubator or watex bath at 30 °C.

Aliguot 0,25ml of blood into 1.5 ml Eppendorf tubes.
Note: be sure to invert the whole blood sample tubes
after every two aliquots. Differences in replicates
may result if the cells sediment and are not uniformly
suspended. Use of a positive displacement pipette will
also minimize differences between replicate aliquots.

Prepare drug dilutions in sterile pyrogen-
free saline by serial dilution. A dilution series
which brackets the apparent X; for a test compound
determined in an ICE inhibition assay is generally used
for the primary compound screen. For extremely
hydrophobic compounds, prepare compound dilutions in
fresh plasma obtained from the same blood donor or in
PBS-containing 5% DMSO to enhance solubility.

Add 25 pl test compound dilutiom or vehicle
control and gently mix the sample. Then add 5.0 pl LPS
solution (250 ng/ml stocked prepared fresh: 5.0 ng/ml
final concentration LPS), and mix again. Incubate the
tubes at 30 °C in a water bath for 16-18 hr with
occasional mixing. Alternatively, the tubes can be
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YlO%L"L&'() of/1DH@O (9r \pompound solvent used in the experiment.
Additional saline is added to all control tubes to
normalize volumes for both control and experimental
whole blood test samples.
10 After the incubation period, whole blood

samples are centrifuged for 10 minutes at 2000 rpm in
the microfuge, plasma is transferred to a fresh
microfuge tube and centrifuged at 1000 x g to pellet
residual platelets if necessary. Plasma samples may be
15 stored frozen at -70 °C prior to assay for cytokine

levels by ELISA.

ELISA:
R & D Systems (614 McKinley Place N.E.

20 Minneapolis, MN 55413) Quantikine kits may be used for

measurement of IL-1B and TNF-a. The assays are
performed according to the manufacturer's directions.
IL-1B levels of ~ 1-5 ng/ml in positive controls among
a range of individuals may be observed. A 1:200

25 dilution of plasma for all samples is usually
sufficient for experiments for ELISA results to fall on
the linear range of the ELISA standard curves. It may
be necessary to optimize standard dilutions if you
observe differences in the whole blood assay. Nerad,

30 J.L. et al., J. Leukocyte Biol., 52, pp. 687-652
(1992) .
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Example | Whole Blood IC50 (nM)
26e A
26f
269
26h
27a
27b
27d
27e
27f
27g
27h
271
271
27m
27n
28a
28b
28cC
29a
298¢
29d
29e
29g
29h
291
297
29k
291
29n
290
29p
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Metabolism and Excretion
single pass perfusion studies in rat were

performed to assess gastrointestinal (GI) wall
5 metabolism (f(g)), liver metabolism (£(h)), and biliary
excretion. The method used has been described in Pang,

C.S., J. Pharmacol. Exp. Therapeutics, 333, pp. 788-798

(1984) .
10 Table 6. Metabolism and Excretion Data
Example | £ (g)X£(h) Riliary Excretion
5¢ A C
5k A
5m B C
74 D A
7£ C A
7ac C C
18f D A
20f B C
20g B A
23 B B
24a Cc A
24c¢ A &
24e A C
25d C C
25e C B
26C A C
26e B B
26f A C
27a C A
27b B A
2%b A B
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Example | f(g)Xf (h) Biliary Excretion
29g B B
29n A
290 C A
29p B C
29q C A
29r C B
46b B C
57 B B
65 B C
€9 C A
l22a B A
122b C A
122c¢ C B
1224 C A
122r B A
In Vivo Assays
In vivo Rat Clearance Assay - Clearance Rates
The rate of clearance in the rat (ml/min/kg)
5 for compounds of this invention may be obtained using
the method described below:
Representative Procedure
Cannulations of the jugular and carotid
vessels of rats under anesthesia are performed one day
10 prior to the pharmacokinetic study. M.J. Free, R.A.

[
[44]

Jaffee; 'Cannulation techniques for the collection
blood and other bodily fluids'; in: Animal Models;

p. 480-495; N.J. Alexander, Ed.; Academic Press;

(1978). Drug (1lomg/mL) is administered via the jugular
vein in a vehicle usually consisting of: propylene
glycol/saline, containing 100mM sodium bicarbonate in a
1:1 ratio. Animals are dosed with 10-20 mg drug/kg and
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blood samples are drawn at 0, 2, 5, 7, 10, 15, 20, 30,
60, and 90 minutes from an indwelling carotid catheter.
The blood is centrifuged to plasma and stored at -20 °C
until analysis. Pharmacokinetic analysis of data is
performed by non-linear regression using standard
software such as RStrip (MicroMath Software, UT) and/or
Pcnonlin (SCI Software, NC) to obtain clearance values.

Representative Analytical:

Rat plasma is extracted with an eqgual
volume of acetonitrile (containing 0.1% TFA). Samples
are then centrifuged at approximately 1,000 x g and the
supernatant analyzed by gradient HPLC. A typical assay
procedure is described below.

200 pL of plasma is precipitated with 200
pL of 0.1% trifluorocacetic acid (TFA) in acetonitrile
and 10 uL of a 50% agueous zinc chloride solution,
vortexed then centrifuged at 71000 x g and the
supernatant collected and analyzed by HPLC,.

HPLC procedure:
Column: Zorbax SB-CN (4.6 x 150 mm)
(S5 particle size)

Column temperature: 50 °C

Flow rate: 1.0 mL/min

Injection volume: 75 uL.

Mobile phase: A=0.1% TFA in water and B=100%
acetonitrile

Gradient employed: 100% A to 30% A in 15.5 min

0% A at 16 min
100% A at 19.2 min

Wavelength: 214 .nm
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A standard curve is run at 20, 10, 5, 2 and

1 pg/mL concentrations.

Table 7. Clearance Data

Example | Rat I.V. Clearance
(ml/min/kg)

7d A

7f

20h B

20m A

65 C
122b B
122c C
1224 B
122f A

5
Biocavailability

Oral pharmacokinetic studies
Male Sprague-Dawley rats (Harlan, Indianapolis, 1IN,

300-350 g) were anesthetized by an intramuscular

10 injection of ketamine/rompun mixture. A PE-50 cannula
was inserted in the right carotid artery for arterial
blood sampling. The rats were allowed to recover from
surgery overnight (216 hours) prior to being used in
the study. Test compounds were administered orally in

15 25% Cremophor EL/water (w/w) or 100% propylene glycol
(PG) in a dose volume of 10 mL/kg. Blood samples
("0.30 mL) were removed at 0.25, 0.50, 1.0, 1.5, 2, 3,
4, 6, and 8 hours post-dose, plasma separated by
centrifugation and stored at -20°C pending analysis.

20 Quantitation of the plasma samples was conducted using
a gradient HPLC/MS/MS or enzymatic method detailed
below:
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HPLC/MS/MS Method for the guantitation of ICE

inhibitors in rat plasma

Sample Preparation

e 50ul of plasma are aliquotted into Eppendorf
centrifuge vials.

e An equal volume of Acetonitrile is added to the
plasma to precipitate plasma proteins.

e Samples are vortexed for 5 minutes, and centrifuged
at 14,000 rpms for 5 minutes.

e 75ul of the supernatant is loaded into 12mm HPLC
liquid sampler wvials.

e 50ul of sample is injected for analysis via the mass
spectrometer.

HPLC Instrumental Parameters

HPLC: Hewlett Packard HP1100 RBRinary Solvent
Delivery System.

HPLC Gradient Conditions
A = Hy;0 0.2% Formic Acid
B = Acetonitrile 0.2% Formic Acid

Mobile Phase
Time %A %B

0 100 O
100 O

5 0 100

11 0 100

11.5 100 O
17 100 O

HPLC Analytical Column: Keystone Phenyl -2 Hypersil
2.0x100mm, 5p 120A pore size, P/N# 105-39-2
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Injection Volume: 50ul
Flow Rate: 0.20 mL/min.

Mass Spectrometry Instrumental Parameters
Instrument: P E Sciex API-365 Tandem Mass Spectrometer

Tonization Technique: Turbo-Ionspray (ESI)

Polarity: Posltive

Dwell Time: 300msec

Pause Time: Smsec

Scan time: 0.9sec

Scan Mode: MRM (Multiple Reaction
Monitoring)

ICE ENZYMATIC ASSAY FOR THE QUANTITATION OF ICE
INHIBITORS IN RAT PLASMA

50 pL of plasma was extracted with 150 pL acetonitrile,
sonicated, vortexed, centrifuged at 10,000xyg and 180 uL
of the supernatant dried in a Sorvall vortex evaporator
at room temperature. Samples were reconstituted in
100 uL buffer (10 mM txis-HCLl, pH 7.5 with 0.1% CHAPS,
1 mM DTT) with sonication. 10 gL of each sample was
mixed with 10 gL ICE (1.1 mg/mL) in a microtitre plate
with 60 pL buffer. Samples were incubated for 15 min.
at room temperature then 20 pL Sucec YVAD-pNA (400 uM,
prewarmed to 37°C) added, and the plate monitored at
405 nm for 20 min. at 37°C used a SpectraMax reader.
The data were fitted using a 4 parameter fit with the
SpectraMax software using an extracted standard curve.
The assay was linear from 0.15 to 2.0-3.0 pg/mL
aldehyde.
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Pharmacokinetic Parameters

Pharmacokinetic analysis of these plasma concentration
data was conducted using noncompartmental methods. The
area under the curve (AUC(g-r)) was estimated from time
zero to the last measured time point using the linear
trapezoidal rule. The rate of elimination (ke) was

estimated by log-linear regression from the terminal
phase of the plasma concentration-time curves. Area
under the taill of the curve was estimated as the ratio
of the last measured concentration to ke. The area
under the curve from time zero to infinity (AUC(0-o))
was obtained by addition of the area under the tail to
AUC(0-t). Elimination half-life was estimated as
0.693/ke. The observed values for the peak plasma
concentration (Cmax) were recorded. For prodrug
studies: aldehyde availability (biocavailability) was
calculated as: (AUCald/prodrug p.o.)/ (AUCaig/ald
i.v.) x (dose ald, ald i.v./dose prodrug, prodrug p.o.)
x (MW prodrug/MwW aldehyde).

Table 8. Biocavailability Data

Example Cmax AUC t 1/2 (hrs) | F (%)
(ug/mL) (ngXh/mL)

56 A - B A
45 A

90 C C A o
85 A B B A
68 A C B

76 C C C

77 B B a A
78 A A B A
85 B C o

83 | A c c
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Example Cmax AUC t 1/2 (hrs) | F (%)
(pg/mL) (ugXh/mL)
A

o

98d
98h
S8e
98c
98k
98ae
98af
98b
111
980
l108a
98ag
98a
98am
ll6a
98an
1169
116h
llee
108b

i@l o | |P Pl |Yio|wio |
il iEin|pI|Elaoin|n
wiw W |0 W |B |d |0 ijw (g o |0 |w oo [wln |w|w |w

Antiviral Assays
The efficacy of the compounds of this

invention at treating or preventing antiviral related
digseases, disorders, or conditions may be evaluated in
various in vitro and in vivo assays. For example,
assays may be preformed to determine the ability of
these compounds to inhibit inflammatory responses
associated with viral infections. In vitro assays may
employ whole cells or isolated cellular components. In
vivo assays include animal models for viral diseases.
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Examples of such animal models include, but are not
limited to, rodent models for HBV or HCV infection, the
Woodchuck model for HBV infection, and chimpanzee model
for HCV infection.

Compounds of this invention may also be
evaluated in animal models for dietary alcohol-induced
disease.

Other assays that may be used to evaluate the
compounds of this invention are disclosed in PCT
application PCT/US96/20843, published June 26, 1997,
under publication no. WO 97/22619. Such assays include
in vivo pharmacokinetic studies in the mouse,
inhibition of ICE homologs, inhibition of apoptosis, in
viveo acute assay for anti-inflammatory efficacy,
measurement of blood levels of drugs, IGIF assays,
mouse carrageenan peritoneal inflammation assay, and
type II collagen-induced arthritis.

Insofar as the compounds of this invention
are able to inhibit caspases, particularly ICE, in
vitro and furthermore, may be delivered orally to
mammals, they are of evident climical utility for the
treatment of IL-1-, apoptosis-, IGIF-, and IFN-y-
mediated diseases.

While we have described a number of
embodiments of this invention, it is apparent that our
basic constructions may be altered to provide other

embodiments which utilize the products and processes of
this invention.
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What is claimed is:
1. A compound represented by formula I:
5
o] RS RS
R? //JL\\ R®
N N
R Nx N v
¥
(@]
15 R
]
wherein:
Y is
(a)
R?
)
H
20 0
provided that when R7 is -OH then Y can also be:
(b)
O
m
o]
HO” "H
25
X is -C(R3)2- or -N(R3)-;
mis 0 or 1;
30 R! is H, -R8, -C(O)RE, -Cc(0)C(O)RE, -5(0)2RS,

-S(O)RB, -C(O)ORB, -C(O)N(H)RB, -3(0)aN(H)-RrSE,
-5 (O)N(E)-R8, -C(O)C(O)N(H)RB, -C(0)CH=CHRS,
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optionally replaced by -R0, a hydrogen atom bound to
any -aryl or -heteroaryl carbon atom is optionally

15 replaced by -R!1l, a hydrogen atom bound to any nitrogen

atom of the ring system is optionally replaced by -RY;

R4 is -H and each RS is independently -H, an
amino acid side chain, -R8, -alkenyl-R?, or -alkynyl-
20 R9, or R4 and one RS together with the atoms te which
they are bound form a ring system selected from:

/
. ! Eey
/

R1\N N¢\ (CHz n
| N
~ - \<
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wherein a hydrogen atom bound to any -alkyl or
-cycloalkyl carbon atom is optionally replaced by RO,
a hydrogen atom bound to any -aryl or -hetercaryl

5 carbon atom is optionally replaced by RI1l, and a
hydrogen atom bound to any nitrogen atom of the ring
system is optionally replaced with R, or R4 and one RS

together with the atoms to which they are bound form a
ring system:

rd

10 ;
R6 is -H;

R7 is -0H, -OR8, or -N(H)OH;
15
each R8 is independently -alkyl, -cycloalkyl,
-aryl, -heteroaryl, -heterocyclyl, -alkylcycloalkyl
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-alkylaryl, =-alkylheteroaryl, or -alkylheterocyclyl,
wherein a hydrogen atom bound to any -alkyl or
-cycloalkyl carbon atom is optionally replaced by R10,
a hydrogen atom bound to any -aryl or -heterocaryl

5 carbon atom is optionally replaced by R11, and a
hydrogen atom bound to any nitrogen atom is optionally
replaced by RL;

each R% is independently -aryl, -heterocaryl,
10 cycloalkyl, or -heteroecyclyl, wherein a hydrogen atom
bound to any -alkyl or -cycloalkyl carbon atom is
optionally replaced by R10, a hydrogen atom bound to
any -aryl or -heteroaryl carbon atom is optiocnally
replaced by R11, and a hydrogen atom bound to any
15 nitrogen atom is optionally replaced by R1;

each R0 is independently -OH, -SH, -F, -Cl,
-Br, -I, -NOz, -CN, -NHz, -COgH, -C(O)NHz, =-N(H)C(O)H,
-N(H)C(O)NHa, -perfluorocalkyl, -0-alkyl, -0O-aryl,

20 ~-O-alkylaryl, -N(H)alkyl, -N(H)aryl, -N(H)-alkylaryl,
<N{alkyl)s, -C(O)N(H)alkyl, ~-C(O)N{(alkyl)sz, -
-N(H)C(0)alkyl, -N(H)C(O)Oalkyl, -N(H)C(Q)Oaryl,
-N(H)C(0)0alkylaryl, -N(H)C(0)Oheteroaryl,

-N (H)C(0) 0alkylhetexrocaryl, -N{(H)C(0O)Ocycloalkyl,

25 -N(H)C(O)N(K)alkyl, -N(H}C(O)N(alkyl)z2,
~N(H)C(O)N (H)aryl, -N(H)C(Q)N(H)alkylaryl,

-N (H) C{O)N (H) heteroaryl, -N(H)C(O)N(H)alkylheteroaryl,
-N(H)C(O)N(H)cycloalkyl, -S-alkyl, -S-aryl,
-8-alkylaryl, -S8(0)2alkyl, -S(0)alkyl, -C(O)alkyl,

30 -CHgNH2, -CH2N(H)alkyl, or -CH2N(alkyl)2, -alkyl,
-cycloalkyl, -aryl, -hetercaryl, -heterocyclyl,
-alkyleyecloalkyl -alkylaryl, -alkylheterocaryl, or
-alkylheterocyclyl, wherein a hydrogen atom bound to
any -aryl or -heterocaryl carbon atom ig optionally
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replaced by R1l and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R1; and

each R1l is independently -OH, -SH, -F, -Cl,

8 ~Br, -I, -NO2, -CN, ~NHp, -CO24, -C(O)NHz, -N(H)C(O)H,
-N(H)C(O)NHz2, -alkyl, -cycloalkyl, -perfluovoalkyl, -0-
alkyl, -0O-aryl, -O-alkylaryl, -N(H)alkyl, -N(H)aryl,
-N(H)-alkylaryl, -N(alkyl)z, -C(O)N{H)alkyl,
-C(O)N(alkyl)z, -N(H)C(Q)alkyl, -N(H)C(O)N(H)alkyl,

10 ~N(H)C(O)N(alkyl)s, -S-alkyl, -S-aryl, -S-alkylaryl,
-8(0)2alkyl, -sS{0)alkyl, -C(0O)alkyl, -CH2NHj,
~CHoN (H) alkyl, or -CHaN(alkyl)sa,

2. A compound represented by formula I:
0 RS RS
v o ﬁs
20
RS T Sy
R o)
; R
wherein:
Y is
30
o) R® Os. OR®
m
), ) 2
; R® , ,or ;
RS0 H H Y% ;
{¢) (d) {e) (£)

provided that when R® ig not hydrogen, R® and Y,
together with the nitrogen to which they are bound,
35 form a ring (q):
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(9)
X is -C(R3)2- or -N(R3)-;

5 mis 0 or 1;

Rl is H, -R8, -C(O)R8, -C(O)C(O)RB, -5(0)2RE,
-8(0)R8, -C(O)OR8, -C(O)N(H)R8, -5(0)2N(H)-RE,

-s(0)N(H) -R8, -C(O)C(O)N(H)R8, -C(O)CH=CHRS,
10 -C(0O)CHRORE, -C(O)CHN(H)RS, -C(O)N(RE),, -8(0)2N(RE),,

-S(O)N(RB) 5, -C(O)C(O)N(RB),, -C(O)CHaN(RB),, -CHyRE,
-CHp-alkenyl-R8, or -CHy-alkynyl-R8;

R2 is -H and each R3 is independently -H, an
15 amino acid side chain, -RB, alkenyl-R®, or alkynyl-R9,
or each R3, together with the atom to which they are
bound, form a 3 to 7 membered c¢yclic or heterocyclic
cyclic ring system, or R? and one R3 together with the
atoms to which they are bound, form a 3 to 7 membered
20 eyclic or heterocyclic ring system, wherein a hydrogen
atom bound to any -alkyl or -cycloalkyl carbon atom is
optionally revlaced by -R10, a hydrogen atom bound to
any -aryl or -heteroaryl carbon atom is opticnally
replaced by -R11l, a hydrogen atcm bound to any nitrogen

25 atom of the ring system is optionally replaced by -R1;
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R? is -H and each RS is independently -H, an amino
acid side chain, -R8, -alkenyl-R®, or -alkynyl-R?, or

R4 and one RS together with the atoms to which they are
bound form a ring system selected from:

I
l l N N
N yd Ve
/ ’
,}l Eﬁ\s (CHz )n
AN < \< |
’ /

“ RS\N
/I;) /O

-

\
Z2—2
o

\

)

5
wherein a hydrogen atom bound to any -alkyl or
~cycloalkyl carbon atom is opticnally replaced by R1O,
a hydrogen atom bound to any =-aryl or -heterocaxyl
carbon atom is optionally replaced by R1l, and a
10 hydrogen atom bound to any nitrogen atom of the ring

system is optionally replaced with Rl, or R4 and one RS
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together with the atoms to which they are bound form a
ring system:

p-4

R6 is -H;

each R® is independently -alkyl, -cycloalkyl,
-aryl, -hetercaryl, -heterocyclyl, -alkylcycloalkyl
-alkylaryl, -alkylheteroaryl, or -alkylheterocyclyl,
wherein & hydrogen atom bound to any -alkyl or
~cycloalkyl carbon atom is optionally replaced by R1O,
a hydrogen atom bound to any -aryl or -heterocaryl
carbon atom is opticnally replaced by R!1l, and a
hydrogen atom bound to any nitrogen atom is optionally
replaced by R1;

each R? is independently -aryl, -heteroaryl,
cycloalkyl, or -heterocyclyl, wherein a hydrcgen atom
bound to any -alkyl or -cycloalkyl carbon atom is
opticnally replaced by R0, a hydrogen atom bound to
any -aryl or -~-hetercaryl carbon atom is optionally
replaced by R11, and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R1;

each R10 ig independently -OH, -SH, -F, -Cl,
-Br, -I, -NO2, -CN, -NHz, -CO2H, -C(O)NH2, -N(H)C(O)H,
-N(H)C(O)NH2, -perfluorocalkyl, -0O-alkyl, -O-aryl,
-0-alkylarxyl, -N(H)alkyl, -N(H)aryl, -N(H)-alkylaryl,
-N(alkyl)2, -C(O)N(H)alkyl, -C(O)N(alkyl)a,
-N(#)C(0)alkyl, ~N{H)C(0O)0Oalkyl, -N{(H)C(O)Oaryl,
-N(H)C(0)Oalkylaryl, -N(H)C(Q)Qheteroaryl,
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-N (H) C(Q)Qalkylheteroaryl, -N(H)C(0)Ocyecloalkyl,
-N(H)C(O)N(H)alkyl, -N(H)C(O)N(alkyl)a2,
~N(H)C(O)N(H)aryl, -N(H)C(O)N(H)alkylaryl,

-N(H) C(O)N(H) heteroaryl, =-N(H)C(O)N(H)alkylheterocaryl,
-N(H) C(O)N(H)cycloalkyl, -S-alkyl, -S-aryl,
-S-alkylaryl, -S(0)2alkyl, -S(0)alkyl, -C(O)alkyl,
-CH2NH2, -CH2W(H)alkyl, or -CHaN(alkyl)z, -alkyl,
-eyecloalkyl, -aryl, -heteroaryl, -heterocyclyl,
-alkyleyecloalkyl -alkyleryl, -alkylhetercaryl, or
-alkylheterocyclyl, wherein a hydrogen atom bound to
any -aryl or -hetercaryl carbon atom is optionally
replaced by R11 and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R1; and

each R1! is independently -OH, -SH, -F, -Cl,
-Br, ~-I, -NO2, -CN, -NHz, -COzH, -C(O)NHz, -N(H)C(O)H,
~N(H)C(O)NHs, -alkyl, -cyclealkyl, -perfluorcalkyl, -0O-
alkyl, -O-aryl, -O-alkylaryl, -N(H)alkyl, -N(H)aryl,
-N (H) -alkylaryl, -N(alkyl)s, -C(O)N(H)alkyl,
-C(0)N{alkyl)2, -N{(H)C(0)alkyl, -N(H)C(O)N(H)alkyl,
-N(H)C(O)N({alkyl)a, ~S-alkyl, -S-aryl, -S-alkylaryl,
-8(0)2alkyl, -S(0)alkyl, -C(O)alkyl, -CH2NHz,
-CH2N (H) alkyl, or -CHgN(alkyl)2a:;

rR12 is -C(0)alkyl, -C(0O)cycloalkyl,
-c(0)alkyenyl, -C(O)alkylaxyl, -C(0)alkylheteroaryl,
-C(0)hetexrocyeclyl, or -C(O)alkylheterocyclyl; and

R13 ja -H, -alkyl, -aryl, -alkylaryl or
-alkylheterocaryl.

3. A compound represented by formula I:
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(0} 5 RS
i R
R Ny T Ny
R* 0 ;
wherein:
Y is:
(a)
R?
)
H
5 o or
(b)
(o)
A -
]
HO" "H
10 mis 0 or 1;
X is -C(R%),-

Rl is H, -RS, -C (O)R8, -C(0)c(0)RE, -s5(0)2RS,
15 -S(0)R8, -C(0)ORS, -C(O)N(H)R8, -s5(0)aN(H)-RS,

-S(O)N(H)-R8, -c(o)c(oyN(H)RS, -C(0) CH=CHRS,

~C(0) CHa0R8, -C(0)CHLN ()RS, ~C(OIN(R8) 3, -5(0)oN(RS),,
~S(O)N(R8) 5, -C(O)C(O)N(RE),, -C(O)CH2N (R®) 5, -CHaRE,
-CHy-alkenyl-R8, or ~CHp-alkynyl-R8;
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R2 is -H and each R3 is independently -H, an
amino acid side chain, -R8, alkenyl-rR®, or alkynyl-RY,
or each R3 together with the atom to which they are
bound, form a 3 to 7 membered cyclic or heterocyclic

ring system, wherein a hydrogen atom bound to any
-alkyl or -cycloalkyl carbon atom is optionally

replaced by -R19, a hydrogen atom bound to any -aryl or

-hetercaryl carbon atom is optionally replaced by -R11,
a hydrogen atom bound to any nitrogen atom of the ring

system is optionally replaced by -R1;

R% is -H and each RS is independently -H, an amino
acid side chain, =-RB, -alkenyl-R?, or -alkynyl-R?, or
R4 and one R5 together with the atoms to which they are
bound feorm a ring system selected from:

fi]-""
N
hD\ AN - .
/ , , '
R
HT r;:f/*\s (CHz )n
N
/N e \<

' /N

I?/ Rﬁ\N (/\O
|
_N _N N

’ !
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wherein a hydrogen atom bound to any -alkyl or

-cycloalkyl carbon atom is optiorally replaced by R10,
a hydrogen atom bound to any -aryl or -heteroaryl

5 carbon atom is optionally replaced by RY1, and a
hydrogen atom bound to any nitrogen atom of the ring
system is optionally replaced with R, or R¢ and cne RS
together with the atoms to which they are bound form a
ring system:

10 ;
RE is -H;

R7 is -OH, -OR8, -N(H)OH, or -N(E)S(0)2RSE;
15
each R8 is independently -alkyl, -cycloalkyl,
-aryl, -heteroaryl, -heterocyclyl, -alkylcycloalkyl
-alkylaryl, -alkylheteroaryl, or -alkylheterocyclyl,
wherein a hydrogen atom bound tc any -alkyl or
20 -cycloalkyl carbon atom is optionally replaced by R0,
a hydrogen atom bound to any -aryl or -heteroaryl
carbon atom is optionally replaced by R1l, and a
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hydrogen atom bound to any nitrogen atom is optionally
replaced by R;

each R? is independently -aryl, -heteroaryl,
cycloalkyl, or -hetexocyclyl, wherein a hydrogen atom
bound to any -alkyl or -cycloalkyl carbon atom is
optionally replaced by R10, a hydrogen atom bound to

any -aryl or -heteroaryl carbon atom is optionally

replaced by R1, and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R,

-Br,

-1,

each R0 ig independently -OH, -8#, -F, -Cl,

-NO2,

-N(H)C(O)NH2,
-O-alkylaryl,

-N(H)C(0)alkyl,
-N(H)C(0)oalkylaryl,

-CN, -NHp, -COz2H,
-perfluoroalkyl,
-N(H)alkyl,

-C(O)N(H)alkyl,
~-N(H)C(Q) 0alkyl,
-N(H) C(0)Oheteroaryl,

-0-alkyl,

-N(H)aryl, -N(H)

-N(H)C(O)H,

~O-aryl,

-alkylaryl,

~C(Q)N(alkyl) 2,

-N(H)C(0)caryl,

-N () C(0)Oalkylheterocaryl, ~N(H)C(0)Ocycloalkyl,
-N(H) C(O)N(H)alkyl,
-N (H)C(O)N (H) aryl,
-N(H)C(O)N(H)hetercaxryl,
<N (H) C(OQ)N (H) cycloalkyl,
-S-alkylaryl,
~CHoNH2,

-cycloalkyl,

-Br,

-T,

~-N(E)YC(O)N({alkyl) 2,
-N(H)C(O)N(H)alkylaryl,
-N(H) C(O)N(H) alkylheteroaryl,

-S-~alkyl,
-5(0)alkyl,

~-CH2oN{(H)alkyl, or -CH2N{(alkyl)2,

~aryl,

~heteroaryl,

-S-aryl,
-C{0)alkyl,

-alkyl,

-heterocyclyl,
-~alkylcycloalkyl -alkylaryl, -alkylheteroaryl, orx
-alkylheterocyclyl, wherein a hydrogen atom bound to
any -aryl or -heterocaryl carbon atom is optionally
replaced by R11 and a hydrogen atom bound to any
nitrogen atom is optionally replaced by Rl; and

each Rl is independently -OH, -8H, -F, -Cl,

-NOs2,

-CN,

_NH2 ]

-CO2H,

-C(O)NH2,

-N(H)C(O)H,
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-N{H) C(O)NH3, -alkyl, -Cycloalkyl, -perfluoroalkyl, -0O-
alkyl, -0-aryl, -0O- -alkylaryl, -N(H) alkyl, ~N(H)aryl,
~N(H) -alkylaryl, -N(alkyl)a, -C(O)N(H)alkyl
-C(0)N(alkyl) s, -N(H)C(0)alkyl, -N(H) C(O)N (H) alkyl,
~N(H)C(O)N(alkyl)s, -§- -alkyl, -S-aryl, -S-alkylaryl,
-5 (0) 2a1kyl, -s(0)alkyl, -C(0)alkyl, -CHaNH>,
-CH2N (H) alkyl, or -CH2N (alkyl)s;

provided that if one R3 is -H, then the other
R3 is not -H.

A compound represented by formula I:

h RS RS
5

Y
R“ o )
wherein:
Y is:
0 ORS 0 OR8
m ) )
o) @ m
réq’ H R OR® , OF
H OR8 OR12 ﬁ
(c) {d) {e) (£)

m is 0 or 1;

X is 'C(R:);'
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Rl is H, -R8, -C(O)R®, -C(0)C(O)RE, -5(0)2RS,
-S(0)RB, -C(O)ORB, -C(O)N(H)RE, -5(0)2N(H)-RS,

-S (O)N(H) -R8, -C(O)C(O)N(H)R8, -C(0)CH=CHRSE,
~C(O)CH0RE, -C(O)CHN(H)RE, -C(O)N(R8),, -S(O)2N(R8),,

5 -S(0)N(R8) 5, -C(O)C(OIN(R®)5, -C(O)CHZN(RB),, -CH,RS,
-CHp-alkenyl-R8, or -CHy-alkynyl-RS8;

R2 is -H and each R3 is independently -H, an
amino acid side chain, -R8, alkenyl-R®, or alkynyl-RY,
10 or each R3 together with the atom to which they are
bound, form a 3 to 7 membered cyclic or heterocyclic
ring system, wherein a hydrogen atom bound to any
-alkyl or -cycloalkyl carbon atom is optionally

replaced by -R10, a hydrogen atom bound to any -aryl or

15 -heteroaryl carbon atom is optionally replaced by -R11,
a hydrogen atom bound to any nitrogen atom of the ring

system is optionally replaced by -Rl;

R4 ig -H and each R® is independently -H, an
20 amino acid side chain, -R8, -alkenyl-rR%, or

-alkynyl-R9, or R4 and one R5 together with the atoms
to which they are bound form a ring system selected

from:
N/
|
Lj:l\\ AN AN
/ , , ,
Ry N CHa )n
\T l""\S (CH2)
N AN
P ~ [



AN

AN

10

15

abcdefghijkl mnopqgqrstuvw

18 SEP 2002

- 288 -

Z—2Z
N
P
/
2->
C

\
\
\

\Z \Z
R

\Z

\Z

wherein a hydrogen atom bound to any -alkyl or

-cycloalkyl carbon atom is optionally replaced by R10,

a hydrogen atom bound to any -aryl or -heterocaryl

carbon atom is optionally replaced by R1, and a

hydrogen atom bound te any nitrogen atom of the ring

system is optionally replaced with R, or R4 and cne RS -
together with the atoms to which they are bound form a

ring system:

pd

R6 is -H;

each R8 is independently -alkyl, -cycloalkyl,
-aryl, -heterocaryl, -heterocyclyl, -alkylcycloalkyl
-alkylaryl, =-alkylheteroaryl, or =-alkylheterocyclyl,
wherein a hydrogen atom bound to any -alkyl or
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-cycloalkyl carbon atom is optionally replaced by R10,
a hydrogen atom bound to any -aryl or -heteroaryl
carbon atom is optionally replaced by R!1l, and a
hydrogen atom bound to any nitrogen atom is optionally
replaced by R1;

each R? is independently -aryl, -heteroaryl,
cycloalkyl, or -heterocyclyl, wherein a hydrogen atom
bound to any -alkyl or -cycleoalkyl carbon atom is
optionally replaced by R0, a hydrogen atom bound to
any -aryl or -hetercaryl carbon atom is optionally
replaced by R}1, and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R1;

each R10 ig independently -OH, -8SH, -F, -Cl,
-Br, -I, -NO3, -CN, -NH3, -CO2H, -C(O)NHz, -N(H)C(O)H,
~N(H)C(Q)NH2, -perfluorcalkyl, -0-alkyl, -0O-aryl,
-0-alkylaryl, -N(H)alkyl, -N{(H)aryl, -N(H)-alkylaryl,
-N(alkyl)s, -C(O)N(H)alkyl, -C{O)N(alkyl)z,
-N(E)C(Q)alkyl, -N(H)C(0)Oalkyl, -N(H)C(0O)Oarvyl, - -
-N(H)C(O)Oalkylaryl: -N(H)C(0O)Oheteroaryl,
-N(H)C (0) Calkylhetexocaryl, =-N(H)C(O)Ocycloalkyl,
-N(H)C(O}N(H)alkyl, -N(H)C(O)N(alkyl)a,
-N(H)C(O)N(H)aryl, -N(H)C(O)N(H)alkylaryl,
-N(H) C(O)N (H) heterocaryl, -N(H)C(O)N(H)alkylhetercaryl,
~-N(H) C{Q)N(H)cycloalkyl, -S-alkyl, -S-aryl,
-8-alkylaryl, -S(0)zalkyl, -S(0)alkyl, -C(0)alkyl,
-CHzNH3, -CHaN(H)alkyl, or -CHaN(alkyl)a, =-alkyl,
-cycloalkyl, -aryl, -heterocaryl, -heterocyclyl,
-alkylcycloalkyl =-alkylaryl, -alkylhetercaryl, or
-alkylheterocyclyl, wherein a hydrogen atom bound to
any -aryl or -heterxocaryl carbon atom is optiocnally
replaced by R1l and a hydrogen atom bound to any
nitrogen atom is optionally replaced by R}; and
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each R1l is independently -OH, -SH, -F, -Cl,
-Br, -I, -NO2, -CN, -NH2, -CO2H, -C(O)NH2, -N{H)C(O)H,
~N(H)C(Q)NH2, -alkyl, =-cycloalkyl, -perfluorocalkyl, -O-
alkyl, -O-aryl, -O-alkylaryl, -N(H)alkyl, -N(H)aryl,
-N(H) ~alkylaryl, -N(alkyl)a, -C(O)N(H)alkyl,
-C(0)N(alkyl)2, -N(H)C(O)alkyl, -N(H)C(O)N(H)alkyl,
-N(E)C(O)N(alkyl)2, -S-alkyl, -S-aryl, -S-alkylaryl,
-5(0)2alkyl, -8(0)alkyl, -C(0)alkyl, -CHoNHz,
-CHoN (H)alkyl, or -CHoN(alkyl)s; and

R1Z2 is -C(0)alkyl, -C(O)eycloalkyl,
-C(0O)alkyenyl, -C(O)alkylaryl, -C(0)alkylheteroaryl,
-C(O)heterocyclyl, or -C(0O)alkylheterocyclyl.

5. The compound according to claim 2 or
claim 4 wherein ¥ is:

0
m
o

H
\

and V is: CE,0,
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Q\/\o R1\O\/\o O\/\o
Sl:/\N\/\Q RAO\Q\'\/\O
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S\\ O\\ /NQN
Q/ 9 N
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\»/NN\//“\O AN N\\//“\
, Or
6. The compound according to any one of

claims 1-5 wherein R? and one RS together with the
atomg to which they are bound form a ring system
selected from:

N./
|
N
,E:k AN s
/ , , ,
Ris N== CH, )n
T l/\s ( 2)
N AN
P ~ [
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wherein a hydrogen atom bound to any -alkyl or
-eycloalkyl carbon atom is optionally replaced by R10,

or R4 and one R® together with the atoms to which they
are bound form a ring system:

pd

7. The compound according to claim 6
wherein one R3 is -H and the other R3 is methyl,
isopropyl, tert-butyl, -CH,8 RE, -cu,s0,rRB, -CH,CH,SRS,
or -CH,CH,SO,RE.

8. The compound accorxding to claim 7
wherein one R3 is -H and the other R3 is methyl.

S. The compound according to claim 8
wherein Rl is -C(O)R8 or -c(O)C(O)RS.

18 SEP 2002
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10. The compound according to claim 6

wherein R4 and one RS together with the atoms to which
they are bound form a ring system gselected from:

R
e N
N
a g i
v , |

hlt?’\s (CHa )n
/N\< | ~N
! -~ , or

n

and the other R® is H, wherein a hydrogen atom bound to -
any -alkyl or -cycloalkyl carbon atom is optionally

replaced by RO,

10 11. The compound according to claim 10
wherein one R3 is -H and the other R3 is methyl,
isopropyl, tert-butyl, -CH,8RE®, -CH,SO,R®, -CH,CH,SR8, or
-CH,CH,SO,R8 .

15 12. The compound according to claim 11
wherein one R® is -H and the other R3 is methyl.
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13, The compound according to claim 12
wherein Rl is -C(O)R® or -c(0)C(0O)RSE,

14. The compound according to claim 6

wherein one R% and one R5 together with the atoms to
which they are bound form a ring system:

, and the other R® is H.

15. The compound according to claim 14
wherein one R3 is -H and the other R3 is methyl,
isopropyl, tert-butyl, -CH,SR8®, -CH,S0,R8, -CH,CE,SRE, or
-CH,CH,S0,RE .

16. The compound according to claim 15
wherein one R3 is -H and the other R3 is methyl.

17. The compound according to claim 16
wherein Rl is -C(O)R® or -C(0)C(O)RSE.

18. The compound according to claim 1 or
claim 3 selected from the group consisting of: 5a-5bd,
7a-7at, 20a-20t, 23a-231i, 24a-24e, 264, 26e, 25a-298,
i2a-e, 34, 42, 46, 52, 57, 61, 65, 69, 73, 12}, and
122a-~-v.

19, The compound according te claim 4
selected from the group consisting of: 41, 45, 51, 56,
60, 64, 68, 72, 76-93, 98a-z, 98aa-az, 98ba and 98bb,
101, 102a, 102b, 108a-1084, 110, 111, 1l6a-116h, and
120a, and 120b.
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20. A compound selected from the group

conaisting of: 37, 38, 39, 43, 44, 49, 50, 54, 55, 58,
59, 67, 71, 75, S6a-96c, 97a-97¢, 100, 106, 107, 109,
115a-115¢c, 120a, l20b,
CHy
67b OHaci:i“G
N
N
HsC /[::j/ﬂ\H o {Si?
o 0% “oH ,
F
F
(o] C
1154 J:(?
N
N
H J .
HaoN o OH
o]
FLF
115e S ¥
A -
HsC ﬁ (o] OH . ard
Cl
115F HaCu A F
O O CH
; Y
A -
o]
o™ TN o} H
Cl
21. A pharmaceutical composition comprising:

a) a compound according to any one of claims 1-19; and
b) a pharmaceutically acceptable carrier, adjuvant or
vehicle,

18 SEP 2002
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22, The use of a compound according to any
one ¢f claims 1-19 or a pharmaceutical composition
according to claim 21 in the manufacture of a
medicament for treating or preventing a disease
gelected from an IL-1 mediated disease, an apoptosis
mediated disease, an inflammatory disease, an
autoimmune disease, a destructive bone disorder, a
proliferative disorder, an infectious disease, a
degenerative disease, a necrotic disease, an excess
dietary alcohol intake disease, a viral mediated
disease, inflammatory peritonitis, ostecarthritis,
pancreatitis, asthma, adult respiratory distress
syndrome, glomerulonephritis, rheumatoid arthritis,
systemic lupus erythematosus, scleroderma, chronic
thyroiditig, Grave’s disease, autoimmune gastritis,
ingulin-dependent diabetes mellitus (Type I},
avtoimmune hemolytic anemia, autoimmune neutropenia,
thrombocyrtopenia, chronic active hepatitis, myasthenia
gravis, inflammatory bowel disease, Crohn’s disease,
psoriasis, atopic dermatitis, graft vs host disease,
oesteoporosis, leukemias and related disorders,
myelodysplastic syndrome, multiple myeloma-related bone
disorder, acute myelogenous leukemia, chronic
myelogenous leukemia, metastatic melanoma, Kaposi’s
sarcoma, multiple myeloma, sepsis, septic shock,
shigellosis, Alzheimer's disease, Parkinson’s disease,
cerebral ischemia, myocardial ischemia, aspinal muscular
atrophy, multiple sclerosis, AIDS-related encephalitis,
HIV-related encephalitis, aging, alopecia, neurological
damage due to streoke, ulcerative colitis, traumatic
brain injury, organ transplant rejection, hepatitis-B,
hepatitis-C, hepatitis-G, yellow fever, dengue fever,
or Japanese encephalitis, in a patient.
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23. The use according to claim 22, wherein
the disease is rheumatoid arthritis, inflammatory bhowel
disease, Crohn‘s digeage, ulgerative colitis,
inflammatory peritonitis, septic shock, pancreatitis,
traumatic brain injury, organ transplant rejection,
osteoarthritis, asthma, psoriasis, Alzheimer's disease,
atopic dermatitis, leukemias and related disorders,
myelodysplastic syndrome, or multiple myeloma.

24, The use of a compound according to any
one of claimg 1-19 or a pharmaceutical compesition
according to claim 21 in the manufacture of a

medicament for inhibiting an ICE-mediated function in a
patient.

25, The use of a compound according to any
one of claims 1-19 or a pharmaceutical composition
according to claim 21 in the manufacture of a
medicament for decreasing IGIF orx IFN-y production in a

patient.
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