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PCT/ US97/ 17809 HETEROARYL SUCCI NAM DES AND THEI R USE AS
VETALLOPROTEI NASE | NHI Bl TORS Matri x netal |l oproteases ("MWs") are
a famly of proteases (enzynes) involved in the degradation and renodeling
of connective tissues. Menbers of this famly of endopepti dase enzynes are
secreted as pwoesirisas from various cell types that reside iRCTHSIHEI809
associated with connective tissue, such as fibroblasts, nonocytes,

macr ophages, endothelial cells, and invasive or netastatic tunor cells.
MVP expr essi on iFETERGARYE SUCSCINAMIDES ANP FHER USE AS MEFALLOPRQTEMNASE INHIBITGRS | ocal
ti ssue environnent, where these enzynes act to specifically degrade protein
conponents of the extracellular matrix, such as collagen, proteoglycans
(protein core), Mathiroettibproteases ("MVEPsti) are a fathibys ef prineages (emaymeshinvodnedlin the ar
matri X conponents are present in the linings ofjoints, interstitial
connective ddghaiutic andaaredelifg sfxohieatiastisaued. Mefnberds afhis family of enddpeptiddbés
share a nunber of properties, including zinc and cal ci um dependence,

secreti On agzzmeDae Bkretstid pfidns/aids BonAriaes cdil Hes@RGEsidea Bl 26 Yssodihed Rith
met al | oenzynmes have been wel | -characterized as MW s in humans, including

three col | agRRAKSS tisshbs8&h asTHbrdbIRIsYRbibtytel, WhcPhapbd, BAfARlialRRAY, bhd/iBiBive or
met al | oel ast ase, and menbrane-type MVP, as di scussed in greater detail

bel ow. metastiatﬂ'.t fabndt éetl?aménlg%ﬁf}?&%ﬁmﬁﬁhﬁ'by%vm&doﬂ dnli %*mﬁﬂ& in the e on

rate-limting cleavage o agen types I, and
the major s gﬁm he
matri x of n%rel&l%%gh‘gs gir’qg;&feanp e, Igl?st%c g aonieElé edﬁgon an OI?ﬂR; of

LTS b e s BIRIBRAR 00 e it et L

at physiolo cal .t enper tur an’g_éx he ore beco S t i.bl. eavage
by | ess spe est ub 8?‘?%)‘&5@ "g “”""oﬂ%m%ﬁ Pg@enﬁxggilﬁ ’\‘“éé&f {oé'ﬁf ﬁﬁfrﬁtét 0SS
of structural |nte r|t¥ of the t t ssH essentially an irreversible

process. ThEMEeHvE T @WW““?W Wt #%an col | agenases, the first two

of which are rel at i veIPy wel | -characgterized, (FASEB
s share a number of properties, including zinc and calcium dependence,

secretion as zymogens, and 40-50% amino acid sequence homology. Eleven metalloenzymes

have been well-characterized as MMP's in humans, including three collagenases, three

stromelysins, two gelatinases, matrilysin, metalloelastase, and membrane-type MMP, as
“discussed in greater detail below.

Interstitial collagenases catalyze the initial and rate-limiﬁg cleavage of native collagen
types I, Il and III. Collagen, the major structural prot;:in of mammals, is an essential component
of the matrix of many tissues, for example, cartilage, bone, tendon and skin. Interstitial
collagenases are very specific matrix metalloproteases which cleave these collagens to give two
fragments which spontaneously denature at physiological temperatures and ;herefore become
susceptible to cleavage by less specific enzymes. Cleavage by the collagenases results in the loss
of structural ir;-tegrity of the target tissue, essentially an irreversible process. There are currently

three known human collagenases, the first two of which are relatively well-characterized (FASEB
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PCT/ US97/ 17809 J., 5, 2145-54 (1991)). Hunan fi brobl ast-type col |l agenase
(HFC, MWP-1, or collagenase-1) is produced by a wide variety of cells

i ncluding fibroblasts and nacrophages. Human neutrophil- type col |l agenase
(HNC, MWP-8, wosswishhgenase-2) has so far only been denonst rRETEEI7/4738%
produced by neutrophils. The nost recently discovered nenber of this group
of MWs is human coll agenase-3 (MW- 13), which was originally found in

breast car ci ngnes2164¢-5B(1991))Chamhn fiB0Blast-tyRe,c6ffrdfe (IR0, MNPAS b0 colibdbnadday is

since shown to be produced by chondrocytes (J. din. Invest., 97, 761-768,
1996) . odda b9 alvald %ﬁ@%fbélfé'thﬂfdxﬁ%’ﬁﬁﬂl&k' 218 macidpfaghy. qmryanrrebt?épﬁﬂ-
enzynes: a 72- f<D enzynme ge ati nase -2 secreted

]Elgglrg?: ﬁztsz E%H%ﬂmg%%ﬁyg’fw easég;gb%ﬁo%c?ﬁzac ear gdnocy B deris neuotetrgég[\r:sl s,
corneal epithel 'dul:eﬁl% |l i hﬂm%dsl f%cenggﬁ%{ygﬁggﬁh%go%ﬁ??gr Eféﬁggfﬂ?&’ﬁuﬂﬁn

These gel ati n&Se own to

| I t V. t d
oo s o R R, e 5’2%5‘2?%72 R

br oad t I fib
Br ot ogl yoans, Gt 5D ALY PELE Hge ShRI X oF FOEHER Y FSHAMERFEch Cm e L
Matrilysin (MVP-7, PUMVP-1) has been shown to degrade a wi de range of matrix

substrates i ndﬁh&ﬁ&ds‘?ﬁ)ot eogl ycans, gelatins, fibronectin, elastin and
lam nin. Its expression has been docunent ed I n nononucl ear hk%gocyt es,
rate uterine expl afhesdatiasesinchide by distinct by highlsrelatedcpngpes; és7p enzyme
characterized MWs include nacrophage netal |l oel astase (MVE, MW-12),
menbr ane t ype (gai#rinaseMR HEG, MMR®) secraterehy,fliroblasts(ane mwide) variety of other ceil types, and a
2

92-kD enzyme (gelatinase B, HNG, MMP-9) released by mononuclear phagocytes, neutrophils,

comneal epithelial cells, tumor cells, cytotrophoblasts and keratinocytes. These gelatinases have
been shown to degrade gelatins (denatured collagens), collagen types IV (basement membrane)
and V, fibronectin and insoluble elastin.

Stromelysins 1 and 2 have been shown to cleave a broad range of matrix substrates,
including laminin, fibronectin, proteoglycans, and collagen types IV and IX in their non-helical
domains.

Matrilysin (MMP-7, PUMP-1) has been shown to degrade a wide range of matrix
substrates including proteoglycans, gelatins, fibronectin, elastin and laminin. Its expression has
been documented in mononuclear phagocytes, rate uterine explants and sporadically in tumors.
Other less characterized MMPs include macrophage metalloelastase (MME, MMP-12),

membrane type MMP (MMP-14), and stromelysin-3 (MMP-11).
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PCT/ US97/ 17809 Excessi ve degradati on of extracellular matrix by
MWPs is inplicated in the pathogenesis of many di seases of both chronic
and acute nature. For exanple, numerous studies, as reviewed in Exp. Opin.
| nvest. DrugsWa»sga@3335, (1996), have established that exprEE'E’F’ﬁW’lg
activation of MWs are critical events in tunor growh, invasion and
netastasis. In addition, MW activity has been found to be required for
angi ogenesi s, Whi ClExtdsinedepsaiation of @ktrdcliNér etV by MMPs\UEiplita¢d in@elPathogenesis
pat hol ogi cal conditions such as macul ar degenerati on. MVP

S!
especial ly str 'ﬂ?aln%’ Qisbirsds ofbBth BERRANE dcule nate E&lekARNE ATRerdus A&, RYSHewed
strongly inplicated in the destruction of articular cartilage that is the

hal | mark of r f‘ﬁﬁt%ﬁ_f@’ggﬂ"?ﬁggg gfﬁli%aséggbaf?m REthtiisied R ExprésSibon ExPdERYAion J-

t

Cin. Invest. ItTon, the tissue destruction

associ ated wt r&j@' e ' .dj ' i evad:,: -

medi at ed by Ogver eg%r\régég%égv%gFQMggﬁ%s"g)gﬁglgﬁﬁoﬁegar%g%f ﬁlaa%q’r%lg)g’rh?/ﬁp AcEviyY

cyt oki nes. Se | ecul ar Pat .h nesis_of. Per.i;adontal D e :

1517200 ( 1904yt BreRaporh g b ERUPRHE fibloRe Rpioy Ml S RO By GRS gpithins bl for

I dentified include | tiple sclerosis (J. ur oi mmunol ., 41, 29-34

(1562)) . “cor neergrBalogieR shndiiors s = aseia reFetB: sunl Sei . 32,

1569- 1575 (1989)), stroke , (Brain Research, 703, 151-155 (1995) ,and J.

Coreb. B 00 FI ow (EVES, Spepisy SesmebRg . o ieyases | 08 co iRt BRE Pomiohgy

(Nature, 379, 335-339 (1996)), chronic obstructive pul m)nar‘él di se@se, ..

such as enphysigplicatadhin the desgmictipn of areular catilage tyatjs the pallmarks of theymateid ggbrjtis and

chronic ulceration (J. Ain. Invest., 94, 79-88 1994%), cardiac .

arrhyt hni a, ancfteoattitist Sew §orsxampleal Clin. Ineste 97761 - %&@99 ). Aeldifiangthe tissue

degradati on of basenent menbranes have been proposed in the rupture of

at her oscl er ot i desyphcign esso¢iBes with BimgivitGand periadontgigligaseity belipved sobempedigtedion ) )

and in the devel opnment of gl onmerul ar disease (J. Cdin. Invest., 97,

1094- 1101 ( 1998Weyexpression of MMPs in response to proinflammatory cytokines. See Molecular 3
Pathogenesis of Periodontal Disease, Ch. 17, 191-202 (1994). Other diseases in which critical
roles for MMPs have been identified include multiple sclerosis (/. Neuroimmunol., 41, 29-34
(1992)), comneal ulceration (/nvest. Opthalmol and Visual Sci., 32, 1569-1575 (1989)), stroke
(Brain Research, 703, 151-155 (1995) and J. Cereb. Blood Flow Metab., 16, 360-366 (1996)),
sun-induced skin ageing (Nature, 379, 335-339 (1996)), chronic obstructive pulmonary disease,
such as emphysema (dm. J. Respir. Cell. Mol. Biol. 7, 5160-5165 (1994)), chronic ulceration (/.
Clin. Invest., 94, 79-88 (1994)), cardiac arrhythmia, and endometriosis. Finally, roles for MMP-
mediated degradation of basement membranes have been proposed in the rupture of
atherosclerotic plaques (Basic Res. Cardiol., 89(SUPPL.1), 59-70, (1994)) and in the

development of glomerular disease (J. Clin. Invest., 97, 1094-1101 (1996)).
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PCT/ US97/ 17809 I nhibitors of MWs are expected to provide useful
treatments for the diseases described above in which degradat i on of t he
extracel lular matrix by MWPs contributes to the pathogenesis th

di sease. In g¥RIBHP643se| ective MVP inhibitors of particul ar Eﬁ’ﬁﬁ@f’g“@? MVPs
may of fer therapeutic advantages, as it has been typically observed that a
limted nunber of nenbers of the MW famly are involved in any one of the
di sease states |i shhibitaisof ¥MMPFmre expactd to,pravive usefnlMtodatnsanisifor thé disqasks\destribdd
col | agenases in the degradation of tissue collagens probably depends

mar kedl y on t Abovelis shieh ddgradatiorssiitke ektratetlulatiina®it b MV Bsmontribotel agke paissgenesis
suggests that collagenase- 3 is the major participant in the degradation

of the col | agentheiskdsy. I gefiéthl] ieleage MMP ihiibitctobf RAGRORAS Qrbletd &f MNP may Kbty t O
be involved in tissue renodeling of skin and other soft tissues. In

addi tion, streRlusicddantdyesas ﬁhi%e@x?ry#ﬁé%ﬁéeﬁé‘cﬁﬂ&%ﬂinﬂlc& nﬁx%er%’ﬂﬁx%ﬁ%ér&’@f the
| oss of proteoglycan from cartil age t he i nventive conmpounds

di scl osed her Qi ey A Bk ilanY Snd S¥HhONilllc il BbvEOPOARBple A0

stronel ysin over agenase- are pref erred or treatnent | Seases
associ ated wi I r
o, g RRRAE st B T i

270, 14568. 145PALCDGGIN o %&‘ém‘rﬁ%@‘ Ko E PR Mg e s o s,
Ve c an(” SRR Ry Pli‘g‘“l’%“fin S ety Al o b T 27 v,
2, 743-762 (1995)

Drug Di scover ;‘F°l$45ﬂ%a§°'l 15 my%s l’kﬁ-;?g%@‘ﬁy ;[’ﬁegl%%ﬁ‘rﬁ még@% piin g’i“@?ﬁ% ﬁ%ﬁgfﬂi‘f

of nunerous patents and patent ap&er cations. .In_ the mgjority of theseﬂ_
publ i cati ons, agditionseermelysinr! japrearste belarzelysrspansibie fog pxeessar R AhPrOteRlY £R8 oy
it has been well-established that the hydr oxamat e function i s.the optinal

zi nc- coor di natchmidpge.uBhys; ha invertive compeyndiidiseiosed herpia that are selective whibitonyless.  For
4
collagenase-3 and stromelysin over collagenase-1 are preferred for treatment of diseases

associated with cartilage erosion, such as rheumatoid and osteoarthritis. Similarly, among the
MMPs, metalloelastase has been specifically implicated in the pathology of pulmonary
emphysema. SeeJ. Biol. Chem. 270, 14568-14575 (1995).

The design and uses of MMP inhibitors are reviewed, for example, in J. Enzyme
Inhibition, 2, 1-22 (1987); Progress in Medicinal Chemistry 29, 271-334 (1992); Current
Medicinal Chemistry, 2, 743-762 (1995); Exp. Opin. Ther. Patents, 5, 1287-1296 (1995); and
Drug Discovery Today, 1, 16-26 (1996). MMP inhibitors are also the subject of numerous
patents and patent applications. In the majority of these publications, the preferred inventive
compounds are hydroxamic acids, as it has been well-established that the hydroxamate function

is the optimal zinc-coordinating functionality for binding to the active site of MMPs. For
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PCT/ US97/ 17809 exanpl e, the hydroxamate inhibitors described in the
literature are generally 100 to 1000-fold nore potent than the
correpondi ng i nhibitors wherein the hydroxam c acid functionality is
repl aced by aWOBB®AY|ic acid functionality. Neverthel ess, h‘iﬁi‘i"ﬂé aci ds
tend to exhibit relatively poor bioavailability. The preferred corrpounds
di scl osed herein are carboxyli ¢ acid |nh|b|tor$ t hat pos L tor

pot ency agai n$kamRie:{thg Wdfﬁ’“%/‘ﬁté inhiprors dsaribedinthseratie ae G"Geiaﬁiélb(g lghi&lqv)f
the hydroxam c acid inhibitors that have been reported in the literature.
The fol | owi ngngseipesentshagike qygpmsimamm@awmnti!ﬁébsqlresa@neeﬁ*%é%mne it%d§ d

inhibitiors that are, as are the inventive carboxylic acid inhibitors

di scl osed her e'emacedrbmawhwha aqidl uactionglity o Nevertheless; amig asidls frind tehibit
Celltech Ltd.: EP-A-0489577 (WO 92/099565), EP-A-0489579, WD 93/24475, WO
93/ 244449; Br |rtlamh:lyan®t bmhvaﬂhlahtanﬁ' be¢ preferred tqmpoundﬁ@sbﬁm ammhgm
Sterling Wnthrop, Inc.: US 5, 256,657; Sanofi Wnthrop, Inc.: W 95/22966;
and Syntex ( U.iShi¥itgrs ihwposseMnEi&thﬁaﬁncy\@iﬁﬁlcér%O&]thaMMRsml@fs/cbﬁ\@&ible to the
SUMVARY OF THE | NVENTI ON The present invention is directed to

conpounds of tjagnéPéfthé Rydroxamic acid inhibitors that have been reported in the literature. The

[err] wherein
following patents and patent applications disclose carboxylic acid inhibitiors that are, as are the
inventive carboxylic acid inhibitors disclosed herein, monoamine derivatives of substituted
succinic acids: Celltech Ltd.: EP-A-0489577 (WO 92/099565), EP-A-0489579, WO 93/24475,
WO 93/244449; British Biotech Pharameuticals Ltd.: WO 95/32944, WO 95/19961; Sterling
Winthrop, Inc.: US 5,256,657; Sanofi Winthrop, Inc.: WO 95/22966; and Syntex (U.S.A.) Inc.

WO 94/04735, WO 95/12603, and WO 96/16027.

SUMMARY OF THE INVENTION

The present invention is directed to compounds of the formula I:

Y. O

wherein
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PCT/ US97/ 17809 X is a single bond or a straight or branched, saturated or
unsaturated chain containing | to 6 carbon atons, wherein one or
nore of the carbon atons are optionally independently d
with Oor S, WA ein one or nore of the hydrogen atomns a?@"@%?#gﬁglly
replaced with F; Yis a single bond, -CHOH)-, or -C(O-; Rlerr] is H,
an al kyl group, an_aryl group, a heteroaryl group, a cycloal kyl group, or a
het er ocycl oal ks a@l"&l?rh"ng or-4 graight orbragched, Satyurptod orynsatprated phasy sﬂnﬂg&%‘sg 6
heteroaryl group, a cycloal kyl group, a heterocycloal kyl  group, or
C(ORerr] carbquraseras, iwhefeay arle of mots of she c@rban kipins greoptionalinindenepdently oup,
an aryl group, a heteroaryl group, a cycl oal kyl group, a

het er ocycl oal kyl grepiaoed with O-cxiSydndgrhetsin oreeror @oed dfithe ydmgen atoms are optionally
NR[err]Rerr]; wherein R err] is H an alkyl group, an

O al kyl group, an adpydcedywitip; a heteroaryl group, a

cycl oal kyl group, or a heterocycl oal kyl group, and

wherein R errlyiss sgﬂglea&ng,l CHoH-08C(@); aryl group, a heteroaryl group, a
cycl oal kyl group, or a heterocycl oal kyl group,

or wherein R Eﬁ,ril H?ﬁ:dallgl %ﬂ%bﬁ%@gﬂ&?gﬂﬁswf&ﬂ @@ycmgkk%gb’ b Whi ch they

are et eroaryl roup or ocycl oal kyl
group; and errl,. i n al kyl group, an aryl group, a heteroaryl
group, a cyclJgkﬁvyhﬁggﬁgpnﬁ’heterocycloaIkyI group, NR[err]Rerr], or
ORe[rr], whereln err] .and err] are defJi ned aboye or

together with é‘zﬂéﬁ[a‘f’bad’%)g)g“l“& ﬁ“i‘ﬁe@ﬁ%’%ﬂé‘t&’%‘ﬁ’n@&!°yﬂa8‘rh$'8upé9@?‘ 5%?5&%%1
group or a het er ocycl oal kyl group;

6 group, or C(O)R;,
wherein R,, is H, an O-alky! group, an alkyl group, an aryl group, a heteroaryl group, a
cycloalkyl group, a heterocycloalkyl group, an O-aryl group, an O-alkyl group, or
NR R |
wherein R,, is H, an alkyl group, an O-alkyl group, an aryl group, a heteroaryl
group, a cycloalkyl group, or a heterocycloalkyl group, and
wherein R, is H, an alky! group, an aryl group, a heteroaryl group, a cycloalkyl
group, or a heterocycloalkyl group,
or wherein R, and R,, form, together with the nitrogen to which they are
attached, a heteroaryl group or a heterocycloalkyl group; and
R, is H, an alkyl group, an aryl group, a heteroary! group, a cycloalky! group, a heterocycloalkyl
group, NR;R,,, or OR,;, wherein R, and R, are as defined above,

or R, and R;, together with the atom(s) to which they are attached, forma éycloalkyl groupora

heterocycloalky! group;
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PCT/ US97/ 17809 R4 is Hor any suitable organic noiety; Rerr] is

AOQNHOH, (O ORferr], SH NOHCHO SCORerr], P(O(OH)Rerr], or

P(O(OHORerr]; Rlerr] is H an alkyl group, or an aryl
group, WO98/17643 Rl err] is an alkyl group or an aryl ¢PeUPSI7ARE
Rlerr] is an al kyl group; and [err] Is a heteroaryl group having
five ring atons, including 1, 2 or 3 heteroatons sel ected

fromQ, S, andN§H or amsujsakie engadeimoisti; | y acceptabl e salts and sol vates
t hereof, and pharnmaceutically acceptable prodrugs thereof, said prodrugs

bei ng di f f er erR, i§ CEONEIOH) @{OIBR qfSH, NEOHITHD) SC(O)R,;, DX OHIR\¢ or P@)OHOR, 1 hat

if the conpound of fornula (1) is: [err] wherein R err],
Rlerr], and R err] are RgisRfinig! gloay,or atMrySgréip, OH, @ hal o group, an al kyl
group, or an O al kyl group, and ?ﬁrther wherein when mis 2, 3,

or 4, nis 1, 2, 3, or & i&0chid1eoupbl &1 drfigrddp, &l or N-alkyl; and
7

R, is an alkyl group; and

is a heteroaryl group having five ring atoms, including 1, 2 or 3 heteroatoms

selected from O, S, and N;
and pharmaceutically acceptable salts and solvates thereof, and pharmaceutically acceptable
prodrugs thereof, said prodrugs being different from compounds of the formula (I); with the

proviso that if the compound of formula (1) is:

RS. N c-—%—-(CHZ)n/
R, 0 H |

O

wherein R,, R,, and R, are as defined above, W is H, OH, a halo group, an alkyl group, or an O-
alkyl group, and further wherein

whenmis2,3,0r4,nis1,2,3,or4,and A is CH,, O, NH, or N-alkyl; and
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PCT/ US97/ 17809 when mis 4, 5, or 6, nis O, and Ais -CHJ-,
wherein J is carboxy, al koxycarbonyl, or car banoyl ; or
pharmaceutically acceptable salt or solvate thereof, or a pharnace aIIy
accept abl e pr¥@P8Y 643 her eof , sai d prodrug being different fri&HE gﬁ@bund
of the formula (1); then is pyrrolyl. The
present invention is further directed to pharmaceutical conpositions
conprising a thergpaw jsaak|o¢ 6ed is@cmdvmsacnmvhaémqlmsewmmm}cafuaﬁmra 1,
or a pharmaceutically acceptab1e salt or solvate thereof, or a

phar maceutical |y accepE%g rodrug t hereof, said prodrug being different
froma conmpound of the a (1). The present invention is even
further directed to ne ounds of

|
and phar maceu? GRIPTRACE S%fﬁ?péaﬁcaﬁaﬁgr ?ﬁ‘@tt%tgfrﬁ Wﬁ’é‘?&%’f‘cal&%&%laﬁle(".m}mg
T eront T 53{#9&’0&%%3@ e dene Bisres fiama pppound SRR th e ®' "

8 -
18 pYITOlYL

The present invention is further directed to pharmaceutical compositions comprising

—+

»

a therépeutically effective amount of a compound of formula 1, or a pharmaceutically acceptable
salt or solvate thereof, or a pharmaceutically acceptable prodrug thereof, said prodrug being
different from a compound of the formula (I).

" The present invention is even further directed to methods of using the the compounds of
formula (1), and pharmaceutically acceptable salts and solvates thereof, and pharmaceutically

accebtable prodrugs thereof, said prodrug being different from a compound of the formuta (I).
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PCT/ US97/ 17809 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
invention is directed to conpounds of the forrmula I:

[err] wherein X is a single bond or a straight or _br ,
saturated or W@SBHIMAted chain containing 1 to 6 ca?%ﬁ%@ﬁg,
wherein one or nore of the carbon atons are optionally independently

replaced with_Q_or i t he hydrogen atons are
optionally DETAILE"JS%‘E%&%&”“Q‘*&N%@@ ngl e bond, -CH(OH)-, or

- O -; Rlerr] is H an alkyl group, an aryl group, a heteroaryl group, a
cycl oal kyl group, ©he piesentinyestionis direpsgddy comgpayngs of thedpenyla :j s H  an al kyl
group, an aryl group, a heteroaryl group, a cycloal kyl group, a

het er ocycl oal kyl group, or CCORerr], wherein Rerr] is H an
al kyl group, an aryl group, a heteroaryl grou Ria cycl oal kyl group, a

het erocycl oal kyl group, an Oaryl group, an al kyl group, or
NR[err]Rerr]; wherein r] is H an alkyl group, an

O al kyl group, an aryl group, a heteroar group, a
cycl oal kyl group, or a heterocycl oal kyl up,Hand
0 R, Y. M

wherein
X is a single bond or a straight or branched, saturated or unsaturated chain containing | to 6
carbon atoms, wherein one or more of the carbon atoms are optionally independently
replaced with O or S, and wherein one or more of the hydrogen atoms are optionally
replaced with F;
Y is'a single bond, -CH(OH)-, or -C(O)-;
R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, or a
heterocycloalkyl group;
R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a heterocycloalkyl
group, or C(O)R g,
wherein R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a
heterocycloalky! group, an O-aryl group, an O-alkyl group, or NR;Rp»;
wherein R, is H, an alkyl group, an O-alky! group, an aryl group, a heteroaryl
group, a cycloalkyl group, or a heterocycloalkyl group, and
9
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PCT/ US97/ 17809 wherein R err] is H an alkyl group, an
aryl group, a heteroaryl group, a cycloal kyl group, or a
het er ocycl oal kyl group, or wherein R err] and err
form toget héVO®B/1764x he nitrogen to which they are PCT/US97/1780
attached, a heteroaryl group or a heterocycl oal kyl group; and Rerr] is
H, an al kyl group, an aryl group, a heteroaryl group, a cycloal kyl group, a
het er ocycl oal kyl gr owpereiNm £isrH, Rh elky] growp; arCiylagrenp, a renayingr&pea eyclaatigl
Rlerr] are as defined above, or Rerr] and R err], together with the
aton(s) to which they ag®uptorahtedcyclaatkyl groay/cl oal kyl group or a
het er ocycl oal kyl group; Rlerr] is Hor any suitable organic noiety;
Rlerr] s OLOYNHOH, Gl Ohabntin Ry, R ¥k bl Sl ) hgenlto wRLOMePd er 1],
or PLO(OH R err], wherein Rlerr] is H ~an al kyl group, or
an aryl group; up or an aryl
group: and attached, a heteroaryl groRTp org]hétlclso%)éc%&élﬁjkgﬁéh%%%gp; and

[err] is a I&{]ﬁg ?If Qr?élwl gg{ugg% ec\[/gé:%gfiﬁe\(eg : %?o gh d%oafk?f:ér&gpi, A geté‘rbc;%logfkyls

het er oat ons rom

10 group, NR|R;s, or OR,,, wherein R,, and R, are as defined above, .

or R, and R;, together with the atom(s) to which they are attached, form a cycloalkyl group or a
heterocycloaikyl group;
R, is H or any suitable organic moiety;
R, is C(O)NHOH, C(O)OR', 1» SH, N(OH)CHO, SC(O)R,,, P(O}(OH)R4, or P(O)}(OH)OR 3,
wherein R,; is H, an alkyl group, or an aryl group;
R, is an alkyl group or an aryl group; and
R,s is an alkyl group; and

is a heteroaryl group having five ring atoms, including 1, 2 or 3 heteroatoms

selected from O, S, and N;

10



WD 98/ 17643

PCT/ US97/ 17809 and pharnmaceutically acceptable salts and sol vates

t hereof , and pharnaceutically acceptable prodrugs thereof, said prodrugs
bei ng different from conpounds of the fornula (I); with the rovi so that
if the compouW@BfA7§3drmula (1) is: PCT/US97/17809
[err] wherein R err], Rerr], and Rlerr] are as defined above,
Wis H, OH a halo group, an al kyl group, or an O al kyl group, and
further wher eiafid pharmaceuticallyvieptabié Saltd andsolvates theredf,iaid fharrlace®ically ackeptabl A
is CHerr], O NH or Nalkyl; or when mis 4, 5, or 6, nis O,

and Ais -CHI; “prodfih3 tiRirdef, Said$ r&ﬁ!i%ﬂ%éﬁﬁg ek oA chRpdUnds ¢Tthe formula (I); with the

car banoyl ; or a pharmaceutically acceptable salt or solvate thereof, or a
phar maceuti cal ] m‘%i 1 r.eof sai d prodrug being di ffer ent
froma corrpou délvcl)%q'{}aﬁlﬂt W (H sua% pr odr ug being different froma
conpound of theforrmla(l) t hen [err] is pyrrolyl.

WD 98/ 17643

PCT/ US97/ 17809 More preferably the

of the present
invention are selected from conpounds of

wher ei n

«N—(CHm

wherein R,, R,, and R, are as defined above, W is H, OH, a halo group, an alkyl group, or an O-
alkyl group, and further wherein
whenmis 2, 3,or4,nis 1, 2, 3, or 4, and A is CH,, O, NH, or N-alkyl; or
whenm is 4, 5, or 6, n is 0, and A is -CHJ-, wherein J is carboxy, alkoxycarbonyl, or
carbamoyl;
or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceuticaily acceptable prodrug
thereof, said prodrug being differeAt from a compound of the formula (), said prodrug being

diﬁ'efent from a compound of the formula (I); then

is pyrrolyl.

11



Xis a single bond; Y is a single bond, -CHOH)- or -C(O-; Rerr] is an
aryl group or a heteroaryl group; Rerr] is H an alkyl group, an aryl
group, a heteroaryl group, a cycloal kyl group, a heterocycl oal kyl group,
or C(ORerr], wherein Rerr] is as defined above; Rerr] is H an alkyl
group, a het emsessareédadroup, NR[err]Rerr] or ORl err], wherei nPRIERI78AJ
Rlerr] are as defined above or Rerr] and R err], together with the atons
to which they are attached, forma cycl oal kyl group or heterocycl oal kyl
group; R err] is Morepmefeablythepomppundoef the presgnsinkgritiog argisglectéd-frem cpmpounds of
NH-al kyl , or a cycloal kyl group; Rerr] is CCONHOH, C(OORerr], SH or
SC(O R err], theformulalwheeeiein Rlerr] is H an al kyl group, or an aryl

group, and Rerr] is an alkyl group or an aryl group; and
is pyrrolyl, ixnsdg@glybad;pyrazolyl, furyl, thienyl, thiazolyl, oxazolyl,
i soxazol yl, i sot hi azol yl, oxadi azolyl, or triazolyl; or a

phar maceut i calty , 3ngRBbad LEHESRNL oic(GpR! vate thereof, or a pharmaceutically
accept abl e prodrug "thereof, said prodrug being different froma conpound

of the fornmnul L), hetdrB npounds of the present invention,
and the phar ngésasu%‘ia?’élgToyng%e%traﬁgﬁg%?ts and sol vates thereof, and

Egﬁ{j -n'ac eutica lRlz ¥s Iica%%?grlo&, R 2{‘}[ é'rgﬁp,ta%g{e?bg;y‘l gx%{xg,faecg'glgilk/yl %&2153, fhe?eironc%%yl

08/ 17643 o ,
PCT/ US97/ 178080uP, of CORw, Whersin Ryp fs 25 4505 8P r o4 enmbodi ment's, when Y is

-CH -, preferabl err] is Hor an a | group ar together with err
and( tOH)he at gr’r( & ik %ﬂﬁ‘[dhng%‘%rarhfte&‘ﬁﬁ’l W@Pﬁ&@leg&%i&m&m n A2 B areﬁ#g[wiy}

group or heterocycl oal kyl group, and nore preferably Rerr] is H Wen Y is
- O -, above
or R, and R,, together with the atoms to which they are attached, form a cycloalkyl group or
heterocycloalky! group;
R, is H, an alkyl group, OH, an O-alkyl group, NH,, NH-alkyl, or a cycloalkyl group;
R, is C(O)NHOH, C(O)OR,;, SH, or SC(O)R,4,
_ wherein R, is H, an alkyl group, or an aryl group, and R,, is an alky! group or an aryl
group; and
is pyrrolyl, imidazolyl, pyrazolyl, furyl, thienyl, thiazolyl, oxazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, or triazolyl;
or a-pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug
thereof, said prodrug being different from a compound of the formula (I).
In the compounds of the present invention, and the pharmaceutically acceptable saits and
solvates thereof, and pharmaceuticaily acceptable prodrugs thereof , preferably X is a single
bond.

12



preferably R3 is an alkyl group, NRerr]Rerr], or ORlerr], wherein R err]
and R err] are as defined above, or together wwth R2 and the atons to
which Rerr] and R err] are attached, forns a cycl oal kyl group or

het er ocycl oal kyl group. When Y is a single bond, preferably Rl:er rJ is a
heteroaryl grV@Psia@de preferably the heteroaryl group: PCT/USI7/17809
[err] wherein R err] and Rerr] are i ndependently any suitabl e organi c

noi ety or together with tom;to hey ar.e . at d form
an aryl group, B&Péf‘tf&fﬂgrp&?%{igemy E‘F%ew&’?l ‘ﬁ Opregerab?y ;8 Hor an

het er ocycl oal k group. Preferably and Rlerr] are selected from

hydr ogen, an ah/q L gro exipeethen with Ry wdR!é? #ol(s) ko ‘h‘@?}eﬁﬂ&?% ag apgphed Orms? o
group, a C(O O-al kyl group, a carbanmoyl group, a _ cycloal kyl group, a
het er ocycl oal kyé¢loajkygrpup or heterocycloalRylegreypa prid/marg preferablysR sin HarWhengf 5uf( Q?r a
het eroaryl group. Mre preferably Rerr] is an aryl group of the formul a:
[err] preferably R, is an alkyl group, NR Ry,, or OR,,, wherein R,, and R, are as défBied above, or WO
98/ 17643

PCT/ US97/ 1780 0getheh@itie Rpand th&atbins thakIHEER), and R, alelaitiched, Gihs aaycisaiiglt kyoup gr oup,
a cyano group, a hydroxy group, an aryl group, a heteroaryl group, or a

het erocycl oal lyler 3y @byl sroup When l?n@s ghgbwnd?bef&dbw &, ifh h@étrodty Ktburd dktd, OF
OH More preferably Rerr] is r an al kyl group

preferably the heteroaryl group:

wherein R,, and R,, are independently any suitable organic moiety or together with the carbon
atoms to which they are attached form an aryl group, a heteroaryl group, a cycloalkyl group, or a
heterocycloalkyl group. Preferably R;, and R, are selected from hydrogen, an alkyl group, an
aryl group, a heteroaryl group, a halo group, a C(0)O-alky! group, a carbamoy! group, a
cycloalkyl group, or a heterocycloalkyl group.

Preferably R, is an aryl group or a heteroaryl group. More preferably R, is an aryl group

O

of the formula:

13



selected fromCHR err]OH and CH(NHR[err])R[err], wherein Rerr] is H an
al kyl group, an aryl group, a heteroaryl group, a cycloal kyl group, or a
het er ocycl oal kyl group, and R err] is CCORerr], SORerr], H an alkyl
group, an aryl rou a heteroaryl group, a cycloalkyl group

het er ocycl oal ¥§ 17~d'}1‘-’()up, or Rlerr] and Rlerr], together wit H’?ﬁ'@@%m to
whi ch they are attached, forma heterocycl oaI kyl group; wherein Rerr] is
H, an al kyl group, _an aryl grou a heteroar group, a cycloalkyl group,
a het er ocycl oshergin Zdg B hglosss Lgroyp, 8y Q:al g@mamm@r%m’p hygroxy group, an
NR[err]Rerr]; wherein R[err] and R[err] independently are H, an al kyl
group, an ar mlgrmpahaerm!@rwwa@mwclodkylcgymom kyl group, or a

het er ocycl oal kyl group, or Rlerr] and Rlerr], together with the nitrogen
atomto which th&yeferisy & isif,hadlkyl group, ar Ot chyxefeuﬂ:lyi&lis Hrooerpalkyl group
Preferably [err] is pyrrolyl, imdazolyl, pyrazolyl,

furyl, thi enydelecﬁe&l&amim,,ononWHR;,mgga/ne:’emlnm is H, sr0dlkyl gFopbydn,aryl group, a
oxadlazolyl or triazolyl, nore preferably is pyrrolyl, fuyl or thienyl,

and nost pr | S ’ b A émdﬁ{ wOIR,, SO, ED"
o0 2 by RSty AL, o oyl Ol SO

preferred co §
. r@ﬁwgso Caﬂ l Q)u Q, efiéfod )&p\régdg{e] fé}clo%&l‘%@uphorahcterocycloalkyl

N-[2, 2-Di met h ’bam) phenyl - 1H pyrrol -

3]/_|4) succi namv\;:# AR fe%nénd Rin together with the atoms to which they are attached, form a

PCT/ US97/ 17809
N- ( 8- Ox0- 4- 0 X%thocyclaplg%leﬁr?qpc VBF’S‘P&!G‘S i—l 61'[1 gl}ql]gf%u& w group, 2 heteroaryl group, a

_1 >1,|( )1 SL C é,z n ;fn Qlyecsz il g%’gt?p, 9 eterocyc)loalkyf) grRLp,(Ag OD he clalip} Ay 8-a{kyPgroup, or NRpRyq;

N-12,2-Di nethyl -1(S nmet hyl car banoyl ro 3(R 3- ridin-4- 1H pyr
rol[ 1-  yl] Su%bqrq(aﬁq),cgqqcﬁ.,dgldependenﬂy )a/re)l-P p l]grov}p, a)miryl g(ng)u){),ahctt:roaryly grgu Py

cycloalkyl group, or a heterocycloalkyl group, or Ry and Ry, together with the nitrogen atom to
which they are attached, form a heterocycloalkyl group.

Preferably

is pyrrolyl, imidazolyl, pyrazolyl, furyl, thienyl, thiazolyl, oxazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, or triazolyl, more preferably is pyr_rolyl, fuyl or thienyl, and most
preferably is pyrrolyl.
Preferably R, is C(O)NHOH or C(O)OR,;, wherein R;3 is'hydrogen.
_ Particularly preferred compounds according to the invention include:
N-[2,2-Dimethyl-l(S)-(methylcarbamoyl)propyl]-3(R)-(B-phenyl-lH-pyrrol-1-

yl)succinamié Acid;
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3(R)-[3-(Bi phenyl -4-yl)-1Hpyrrol -1-yl]-N-[ 2, 2-di met hyl - 1(S) -

(met hyl car banoyl ) propyl ] succi nam ¢ Aci d;

3(R)-[3-(Bi phenyl -4-yl)-1H pyrrol - 1-yl]-N-[ 2- hydroxy-1(S)-[ (1H i m dazol - 4-
yl ) met hyl ] et hyl ] succi nam ¢ Aci d;

N-[ 2, 2- Di et hMQ9B(%43 (et hyl car banoyl ) propyl | - 3(R) - [ 3- (4- pr obGTPRERTAY -

1H pyrrol -1-yl] succinam ¢ Aci d;

3(R)-[3-(4-Cyanophenyl )-1Hpyrrol -1-yl]-N-[ 2, 2-di net hyl - 1(S) -

(met hyl car banoyl ) pNeByxp-4senach, hdiazatrickeloff.6.1.0 '+ ]octadeca- 11(18),12,14,16-tetraen-9(S)-y1)
N-[ 2, 2-Di net hyl - 1(S) - (hydr oxymet hyl ) propyl ]-3(R)-[3-[4-(pyridin-yl)phenyl]-
1H pyr r ol - 13(R)-{ BpteaylrtHrpyrroddiy)succinamic Acid;

N ( 2- Hydr oxy- 1(S) - phenyl ethyl )-3(R)-[3-[4- (pyridi n-4-yl)phenyl]-1H pyrrol -1
-yl ]succinani ¢ Rq@;Dimethyl-1(S)-(methylcarbamoyl)propy!]-3(R)-[3-(pyridin-4-yI)-1H-pyrrol-1-
3(R)-[3-(4' - Cyanobi phenyl -4-yl)-1Hpyrrol -1-yl ] -N-[ 2, 2-di net hyl - 1(S) -

(met hyl car bangybucpingmi¢l Acidicci nam ¢ Aci d;
3(R) -[3-(4'-Cyanobi phenyl -4-yl)-1Hpyrrol -1-yl]-N-[2, 2-di met hyl - 1(S) - (pyrid

3( ;?)4: [ 3- {Lcarcgfﬂ??é‘y’ﬁ%?%’”ﬁé‘k?f“ “3?%1"’3’#"‘3;’?’%|[2%d TS 2- di et hyl - 1() -
(et hyl car bamgubd 0 a0hd bl 1GHLifark dic;
TV N2, 2 di et ngROAGinfe P st TR RGO
3(R-[3-(4"- O@ﬂnm%myﬂgtﬁws'uéé}ﬂ%il AL Py ol -1-yl]-N-[2, 2-di met hyl - 1( S) -
.. N-[2,2-Dimethyl-1(S)-(methylcarbamoyl)propyli]-3(R)-[3-(4-propyiphenyl)-
1 H-pyrrol-1-yl] succinamic Acid;
3(R)-[3-(4-Cyanophenyl)-1H-pyrrol-l-yl]-N-[2,2-dimethyl-l(S)-
(methylcarbamoyl)propyl] succinamic Acid;
: N-[2,2-Dimcthyl-1(S)-(hydroxymethyl)propyl]-3(R)-[3-[4-(pyridin—4-yl)phcnyl]-lH-
pyrrol-1-ylJsuccinamic Acid;
N-(2-Hydroxy-1(S)-phenylethyl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-
yl]succinamic Acid;
. .. 3(R)-[3-(4'-Cyanobiphenyl-4-yl)-1H-pyrrol- 1-yl]-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]succinamic Acid;
_3®)- [3~(4'-Cyanobiphenyl-4-y1)-1H-pyrrol- 1-yl]-N-{2,2-dimethyl-1 (S)-(pyridin-4-
ylcarbamoyl)-propyl]succinamic Acid;
3(R)-[3-(4'-Carbarmoylbiphenyl-4-yl}- 1H-pyrrol-1-y1}-N-[2,2-dimethyl-1(S)-

(methylcarbamoy!)propyl]succinamic Acid;
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(hydroxynet hyl ) propyl ] succi nam ¢ Aci d;
N-(2(R) - Hydroxyi ndan-1(R)-yl')-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H pyrrol-1-

yl] succi nam ¢ Aci d; N-(2,2-Dinethyl-1
(S)- (et hyl carbanoyl ) propyl )-3(R)-[3-(4-(pyridin-4-yl)phenyl)-1H
pyrrol - 1-yl ] SUOSPE®A ¢ Aci d; T/USI7/17809

N- (4, 4- Di net hyl - 2- oxo-tetrahydrofuran-3(S)-yl)-3(R) -[3-[4-(pyridin-4-yl)phe
nyl]-1H pyrrol -1-yl]succi nam ¢ Aci d;

TRy - T U . —
(

[
3(R-[3-[4-(pyridin.4-ylyphenyl]-1H pyrrol-1-yl] succinam c Acid,

[2, 2-Di met h%‘f‘bﬁ’e@)‘)l’t"éﬁ?“ﬁf‘ﬂ:x'ﬂ’]-%c& r bamoy! ) propyl ] - 3(R) - [ 3- [ 4- (pyri di n-4-y
phenyl]- 1H pyr -1-yl]lsucci nam c i d; .
[1(S)- (I HImi dazéﬁ%ﬂl'&‘%( #@%ﬁhﬁwmﬁtﬁ%‘?%‘(%‘:3[‘131“[[3'-2(%‘9?‘]‘%}7lr@ZL- yl ) phenyl ] -
H pyrrol -1| - yl'] succjnam ¢ Acid;., . .
[err]-[2, 2- D(WEWPFW@TPPH WeHMEASH ) propyl 1 - N[ err] - hydr oxy- 2(R) - [ 3- [ 4-
pyri di n-4- yl)phenyl ] -1H pyrrol -1-yl] _ succi nam. de;
N-{ 2, 2- Di met hyl - 1( E)(Z{Raéimvmdwﬁ@ww@bﬁ-?z@mn-ﬂl)eh@ﬂl-dHrﬁyﬁfﬁbh'yll) -1Hp
yrrol- 3- yl ] succi nam ¢ Aci d; 3
(S)-[1- (4" - Cyausinaphiesgid- 4-yl ) - 1H-pyrrol -3-yl]-N-[ 2, 2-di met hyl - 1(S) -
(et hyl car banoyl ) propyl ] succi nam ¢ Aci d; '
16 WO 9811KRe22-Dimethyl-1(S)-(methylcarbamoyt)propyl)-3(R)-[3-(4-(pyridin-4-yI)phenyl)-1H-
PCT/ US97/ 17809
3(S)-[1- (4" - Cpgriobi-phemnsthandicWejd; 1H- pyrrol -3-yl ] -N-[1(S) - (1Hi m dazol - 2-yl ) -
3- nethyl butyl]succinam ¢ Acid;
3(9S) - [ 1- (4" - CyanobiNoaghpimethyli2)oxbitetpihrydrofurad-3(8)}-yIN (R-[3+H4d (pyedindk Y phenyll- et r a
hydr of ur an- 3(S)-yl)succi nam ¢ Aci d;

pyrrol-1-y[]succinamic Acid;

pa

o

N-(8-Oxo0-4-0xa-1,7-diazatricyclo[9.6.1.0 '*"Joctadeca-11(18),12,14,16-tetraen-9(S)-yl)-
3(R)-[3-[4-(pyridin-4-yl)phenyl]-1 H-pyrrol-1-yl] succinamic Acid;

N-[2,2-Dimethyl-1(S)-(pyridin-4-ylcarbamoyl)propyl}-3 (R)-[3-[4-(pyridin-4-yl)phenyl]-
1H-pyrrol-1-yl}succinamic Acid;

N-[l(S)-(IH—Imidazol-2-y1)—3-methylbutyl]-3(R)-[3-[4-(pyridin-4-yl)phcnyl]-1H—pyrrol—l-
yl] succinamic Acid;

N'-[2,2-Dimethyl-1(S)-(hydroxymethyl)propyl]-N*-hydroxy-2(R)- (3-[4-(pyridin-4-
yl)phenyl}-1H-pyrrol-1-yl] succinamide;

N-[Z,Z-Dimethyl—l(S)-(methylcarbamoyl)propyl]-3(S)-[1-(4-ﬂuorophcnyl)-lH-pyrrol-3-
yl]succinamic Acid;

3(S)-[l-(4'-CyanobiphenyI-4-yl)-1H—pyrrol-3-yl]-N-[2,2-dimethyl-l(S)-

(methylcarbamoyl)propyl]succinamic Acid;
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3(R) -[3-(4' - Cyanobi phenyl 4-yl)- |

Hpyrrol-1-yl]-N-[1(S)- (1H i m dazol - 2-yl ) - 3- nmet hyl but yl ] succi nam ¢ Aci d;
3(R)-[3-(4-Cyanophenyl )-1Hpyrrol -1-yl]-N-[1(S)- (1Hi m dazol - 2-yl ) - 3-

met hyl but yl ] succi nam ¢ Aci d;

N-[ 2, 2- Di et Y983 ( hydr oxynet hyl ) propyl ] - 3(S) - [ 1- [ 4- ( pyr i EHUSI74 ¥ heny!
]-1H pyrrol-3-yl] succinamc Acid;
3(R)-{3-[2-(4-Cyanophenyl)ethynyl]-1H pyrrol -1-yl}-N[2, 2-di net hyl - I
(S) (met hyl car banmoy4 ks.p. )0 HOBY rfbl-3-y1]-N-[1(8)-(1 H-imidazol-2-y1)-3-
3(R)-{3-[2- (4- q/an%%%gn@??sé%"ﬁgwﬁ'ﬁa@r o T RN L T A SR

(
N

S) (et hyl car ba Bﬁ q.ﬁ}nF Cl nam ¢ Aci d;
[err] - Hydroxﬁcﬂf‘[g’}egrur 1}_31?%: y cél('l -[3-(4-(pyridin-4-yl)phenyl)-1H pyrrol-1-y
| ] succi nam de;

3(R-[3-(4"- Q/anobiﬁ’(spfélﬁgﬁ'-cﬁwmpy ?LW'pSYPF lcl)'f'P)fero}"I:;]y-l]21?'é‘)"?é%“éﬁthoypl)—rzbof){)e'lteﬁ,fdzr?félfaai m

et hyl - 1(S) t hyl car banpyl ) propyl ) succi nam ¢ Aci d;
3(S)-[2- (4 -&gﬁdﬁg%@wqrE%#)furan-4-y| ]-N-[2, 2-di met hyl - 1(S) - (net hyl carb
anoyl) propyl ] succi nam ¢ Acid; .
3(S)-[ 1- (4' - CyanobPEhdt :Cdm%}vimlﬁyxl}'bﬁ‘-%ve)r YN DS a2 9D
(1r7ret hyl car b%o&&ﬁmﬁuc}nz&gk&gydroxyrret hyl ) succi nam ¢ Aci d;
PCT/ US97/ 17809 ..
3(S)-[ 1- (4" - CyanobBRaday4-Caanopheny P i5]pyrenl-d 9N LE-( - poidazlsd-ni3- 1( ) -
(et hyl car banmoyl ) propyl ) - 2(S) - (hydr oxy) succi nam ¢ Aci d;
3(R) -[3- (4" - Cyaninhibyyigsugdinataiy Aridi H- pyrrol - 1-yl ] -N- (2, 2-di net hyl - 1(S) -
(et hyl car banmoyl ) propyl ) - 2(S) - (hydr oxy) succi nam ¢ Aci d;

: N-[2,2-Dimethyl-l(S)-(hydroxymethyl)propyl]-3(S)-[l-[4-(pyridin-4-yl)phenyl]-lH-

pyrrol-3-yl] succinamic Acid;
3(R)-{3-[2-(4-Cyanophenyl)ethynyl]—lH-pyrrol-l-yl}-N-[2,2-dimethyl-
1(S)(methylcarbamoy!)-propyl] succinamic Acid;
3(R)-{3-[2—(4-Cyanophcnyl)ethyl]-1H-pyrrol-l-yl}-N-[Z,Z-dimethyl-
1(S)(methylcarbamoyl)-propyl] succinamic Acid;
N'-Hydroxy-N*-methyl-3(R)-[3 -(4-(pyridin-4-yl)phenyl)-1H-pyrrol-1-yl]succinamide;
3(R)-[3-(4’-Cyanobipheny1-4-yl)—lH—pyrrol-l-yl]-2(S)~cyclopropyl-N-(Z,Z-dimethyl-
1(S)(methylcarbamoyl)propyl)succinamic Acid;
3(S)-{2-(4'-Cyanobiphenyl-4-yl)furan-4-yi}-N- [2.2-dimethyl-1(S)-(methylcarbamoyI)
propyl]succinamic Acid;
3(S)-[1-(4'-Cyanobiphenyl—4-yl)—lH—pyrrol-3-yl]-N-(Z,Z-dimethyl—1(S)-

(methylcarbamoyl)propyl)—2(R)-(hydroxymethyl)succinamic Acid;
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and the pharnmaceutically acceptable salts and sol vates thereof, and the
phar maceutically acceptable prodrugs thereof. As used in t he
present application, the follow ng definitions apply: "al kyl
group” is intended to nmean a straight or branched chain nnnovalent di cal
of saturat edV@A#II#3 unsat urated carbon atons and hydrogen FD ﬁ@h

met hyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, ethenyl
pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, pentynyl,

hexynyl, and the |3(&efi-(@Cyzhobipheniiol-yihs Hipytrok 1y RN-(22-¢imethybI(SH ni ng onl y
carbon and hydrogen) or substituted by one or nore suitable substituents as

defined bel OV‘(methylcarbamoy \ﬁi}@(sm{ dﬁ&?ﬁﬁkcxn’aﬁxdﬂi&nded to mean an oxygen
bonded to an al kyl group, erein the al kyl group is as defined above.

A "cycl oal kyl gro -f35(4i- A0 [ & n@&yal ent
nonocycl i c, bi cyc )?( o?yfxreﬁg ??t@adl%gapgoﬂttgﬁ? n&netﬁ,y%mS 6, 7, 8,

9, 10, 11, 12 f of which may be
saturated or &mejdgg[ uré‘%"éﬁ”mﬁ’ﬁ9g&§5@g’°§‘gﬁﬁ%‘“ﬁ’s°ﬁ‘gt| tuted or substitut ed by
one or nore suitabl.e substifuent an

fused one or ?ﬂﬁir‘E e phagpgceptcally. possy ?SagP %psg,g'a%? 9‘1"“’8? Sﬁ%tge Slﬁafmﬁcef“écra ogr yl
groups, which thensel vgwsngl f unsubstituted or substituted by one or
more sui t abl e3SSERIARE PTO@MBSICePE yst rat i ve exarrpl es of  cycloal kyl groups
i nclude, but are not limted to, cl opropyl, cyclobutyl, cyclopentyl,

cycl opent enyl , cyc4\b¢ﬁe§(wth395¢§qnb%@}i/%ﬂﬁ‘§?%m% HP%‘H&S@@“‘”&WH&OCWI

bi cyclo[ 2. 2. 1. ] heptyl,

WO 98/ 17643 An "alkyl group” is intended to mean a straight or branched chain monovalent radical of
PCT/ US97/ 17809 bi cyclo[2.2.1.] hept-2-en-5-yl, bicyclo[2.2.2]octyl,

bi cycl of 3. 2. 1sdurated hod/driunyatbrated c8b®1 atams dnd hy&sogspctanisisuth 63 nietbyl, ethyl, propyl,

i ndan-1-yl, indan-2-yl, tetralin-1-yl, tetralin-2-yl, adamantyl, and the
li ke. " isoprdpyiliRingl[ i9ehutyl xeulsy) etigphyiyénteng], bunéreyt becbetd, erlempl, Butynyl,
non-aromati ¢, nonoval ent nonocyclic, bicyclic, or tricyclic radical,

which is sat Ugﬂatp?g/l CHen Eé*'&ﬁ’}tl efad teQike AVt @aydbe hsuttitufed (ife., cBntaifling bﬁly
11, 12, 13, 1 18 ring atons, and which i ncl udes 1, 2, 3,
4, or 5 heter b Ed hydrogen) or substituted by one or more suitable substituents as defined below.
An "O-alkyl group" is intended to mean an oxygen bonded to an alkyl group, wherein the
alkyl group is as defined above.

. A "cycloalkyl group" is intended to mean a non-aromatic, monovalent monocyclic,
bicyclic, or tricyclic radical containing 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, or 14 carbon ring atoms,
each of which may be saturated or unsaturated, and which may be unsubstituted or substituted by
one or more suitable substituents as defined below, and to which may be fused one or more
heterocycloalky! groups, aryl groups, or heteroaryl groups, which themselves may be
unsubstituted or substituted by one or more suitable substituents. Illustrative examples of
cycloalky] groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, eyclooctyl, bicyclo[2.2.1.]heptyl,
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selected fromnitrogen, oxygen and sul fur, wherein the radical is
unsubstituted or substituted by one or nore suitable substituents as
defined below, and to which may be fused one or nore cycl oal kyl groups,
aryl groups, or heteroaryl groups, which thensel ves may be unsubstituted or
substituted bWOSBE763 nore suitable substituents. |11 ustratiVeeRBes of
het er ocycl oal kyl groups I ncl ude, but are not |limted to, azetidinyl,

pyrrolidyl, piperid erazi nyl, hol i , _

t et r ahydr o- ZHQCY&N%? };rl*}eﬁ ?'enﬁé‘tl’r%’&%f@l"w L g’d}’%?/[aﬂdf}a?‘w bicyclof4.3.0]nonyl,

t et r ahydr opyr anyl dropyranyl , 1, 3- dloxolanyl 1, 3-di oxan

1, 4- di oxanyl , blcxe,lowﬁeféml,amam T1yl3indanad-i, tetrglin-1-yl, Getralin-Biyh agamantyl, and the like.
azabicylo[3.2 1] octyl, azabicyl o[ 3. 3. 1] nonyl, azabi cyl o[ 4. 3. 0] nonyl ,

oxabi cyl o[ 2. 2. 1] hept 'ghle;erocydlozﬂkﬂ-graup%lisémyrdecbtbadenn;alnpn—awdxatihendnbkaécnt monocyelic,
An "aryl group"” is intended to nean an aronmatic, nonoval ent nonocycli c,
bicyclic, or bicykli¢, @Y tcyélicradict abhictois kaiwaied gr ﬁxsatﬂ;ﬁ:ed;le@manﬁnglmpﬁlsbms 9,il0g
atons, which may be unsubstituted or substituted by one or nore suitable

substituents ag, ¢£fi5nrg 198601, oAFridglatahs, ﬁﬂmmyh iA6luliss69, 18 r 5 he@foaldRise
cycl oal kyl groups heterocycloalkyl gr oups, heteroaryl groups, which

t hemsel ves may, elermmofmy&%}.laxygﬁ%e SylfH txsﬂekémeaiadm 19 0fsuBstitdtRd 6 stibstibuadal by

substituents. ustrative exanpl es of aryl groups include, but are not
limted to, phenyl. na I ,

A "het er oar y! GO SO abpiey R etick beloh M Wikh e e leBorde e fore
?Lcyigl C16 17cyc{9f1 kllé(il?v.lm(% ! dl %g:ls, or%gtg:r%arr}i gl%ups wgmh Zhemsélves may%e unsubstil‘u%ed
19 WD 98/ 17643 |
PCT/ US97/ 17809substitpted biyjpnepr morgsuitgble substituents. , Hjustragive gxamples of heterpeyeloglky

ni trogen, oxygen and sul fur, which nmay be  unsubstituted or substltute ly
one or nore suﬂm@nﬂleclmbb‘itlatth{@“@émdﬂi‘@@d Rysphidyl. mprgidylo PipprAERY L, ’Pr%l?
fused one or nore cycloal kyl groups, heterocycloal kyl groups, or ary
groups, which tetritodme2H-d - mnbleteernmm&. dthedroﬁarylstammoaxrwlwhyémmﬂvl
nore suitable substituents. Illustrative exanples of heteroaryl groups

i ncl ude, but at,g-divxblahyliri,B-ltbxtunyl, 4-diomdnyl, 1, 3-oxathislanyl; [1,3-gxathianpl, §,8-dithianyl,

azabicylo[3.2.1]octyl, azabicylo[3.3.1]nonyl, azabicylo{4.3.0]nonyl, oxabicylo[2.2.1]heptyl,
1,5,9-triazacyclododecyl, and the like.

An "aryl group" is intended to mean an aromatic, monovalent monocyclic, bicyclic, or
tricyclic radical containing 6, 10, 14, or 18 carbon ring atoms, which may be unsubstituted or
substituted by one or more suitable substituents as defined below, and to which may be fused one
or more cycloatkyl groups, heterocycloalkyl groups, or heteroaryl groups, which themselves may
be unsubstituted or substituted by one or more suitable substituents. Illustrative examples of aryl
groups include, but are not limited to, phenyl, naphthyl, fluoren-2-yl, indan-S-yl, and the like.

A "heteroaryl group" is intended to mean an aromatic monovalent monocyclic, bicyclic,
or tricyclic radical containing 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 ring atoms,
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furyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, isothiazolyl, oxadiazolyl,
triazolyl, tetrazolyl, pyrazinyl, pyridyl, pyrimdyl, pyridazinyl,

i ndol yl, isoindolyl, benzimdazolyl, benzofuryl, isobenzofuryl,
benzot hi enyl, quinolyl, isoquinolyl, phthalazinyl, carbazolyl, purin
pteridinyl, wWorod¥dyl, phenant hroI i nyl, phenoxazi nyl, phenol"Fﬁ ’HX%? and
the Iike. An "acyl group” is intended to mean a -C(O-R- radl cal ,
wherein Ris any suitable substi tuent as defined bel ow.

"sul fonyl gr oupeludiag jfe é’rﬁzl 8P peerppiams splectsd pmairogen oxypcaand sylfie vdhich i ke
any suitable substituent as defined bel ow. The term "suitable
substituent" iunsubstitsied onsubstintied by ansoranore puitable pubsiituensasdlefieaddglom: ansl te whichy o
those skilled in the art as not adversely affecting the inhibitory activity
of the inventimsy be fusedopeomnmere cydidalig geuips; betemaynivlakkg! groups ortasth grups, which
substituents include, but are not limted to, oxo groups, al kyl groups,
hydr oxy gr oupsthefistives Siap bPtnsubstianed @1sabsfifaredrtly oh@©orgficre Bitablewabstitukity.| Ilustrative
groups, heterocycl oal kyl groups, aryl groups, heteroaryl groups,

t2(r)| al kyl si | 5\:!) g&gﬁxﬁﬁhf heteroaryl groups include, but are not limited to, pyrrolyl, imidazolyl, pyrazolyl,

PCT/ US97/ 17809, STQLOI{(I%)PM)I?I {sBxazolyl, isothiazolyl, oxadiazolyl, tnazol?'l , tetrazolyl,
[err] mhereln rr] Is hydrogén, an al kyl gfoup, a cycloal kyl group, a

het er ocycl oal ky lraz% ?%ﬁdﬁ by Hmi liyl pyRidiy, ifldoisd, 19&50%&)9%&&1111%&19&91 benzSYPS of

formul a (B)

isobenzofuryl, benzothienyl, quinolyl, isoquinolyl, phthalazinyl, carbazolyl, purinyl, pteridinyl,
acridinyl, phenanthrolinyl, phenoxazinyl, phenothiazinyl, and the like.

An "acyl group" is intended to mean a -C(O)-R- radical, wherein R is any suitable
substituent as defined below.

A "sulfonyl group" is intended to mean a -S(O)(0)-R- radical, wherein R is any suitable
substituent as defined below.

The term "suitable substituent” is intended to mean any of the substituents recognizable
to those skilled in the art as not adversely affecting the inhibitory activity of the inventive
compounds. Illustrative examples of suitable substituents include, but are not limited to, oxo
groups, alkyl groups, hydroxy groups, halo groups, cyano groups, nitro groups, cycloalkyl

groups, heterocycloalkyl groups, aryl groups, heteroaryl groups, trialkylsilyl groups,
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[err]

wherein R err] is hydrogen, an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an aryl group, or a heteroaryl group, gr oups of
formula (O [err] wherein R err]
and R[err] are independently hydrogen, an al kyl group, a cycl oal kyl group,
a heterocycM8643gr oup, an aryl group, or a heteroaryl gPCTHESITNIPOUpS
of formula (D) [err]
wherein R err] is hydrogen, an al kyl group, a cycloal kyl group, a

het er ocycl oal kgtoups efifprmuda(sgr y| group, a heteroaryl group, a hydroxy

group,
21

Rl err]
group,
group,
[err]

PCT/ US97/ 17809 group, a dial kyl am nocl?group

an al koxy group, an am no group, an al kylam no
WD 98/ 17643
iy OF an acyl am no group; and
i s hydrogen, an al kyl group, a,Cc.KcI oAl kyl group, a heterocycl oal kyl
an aryl group, a heteroaryl group,?an am no group, an al kylam no

or a di dmknAidRydsgdeH n A SORS aQ&cl&Woﬂp,(a@sterocycloalkyl group, an aryl
group, or a heteroaryl group,

groups of formula (B)

o)

I
B

wherein R, is hydrogen, an alkyl group, a cycloalky! group, a heterocycloalkyl group, an aryl
group, or a heteroaryl group,

groups of formula (C)

i
_E > R, ©
R
wherein R, and R, are independently hydrogen, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group,

groups of formula (D)

N
I
C

SR

(D)

wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl
group, a heteroaryl group, a hydroxy group, an alkoxy group, an amino group, an alkylamino
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wherein R err] is an al kyl group, a cycloal kyl group, a heterocycl oal kyl
group, an aryl group, or a heteroaryl group, groups of formula (F)

[err] wherein R err] and R err] are independently hydrogen, an al kyl
group, a cycloal kyl group, a het er ocycl oal kyl group, an aryl group, or a
het eroaryl grwopsn764gr oups of fornula (G PCT/US97/17809

(G wherein R err] is an al kyl group, a cycloal kyl group, a
het er ocycl oal kyl group, an aryl group, a het eroaryl group, or a group of
f2 (z)r nula (A)[ %ﬁ\g ;&amwlhﬁn{of’g}oupt & diliPlarhfab. grdup! 4HdIRE is Hylrogex, af alkylgréup, a (K) ,

PCT/ US97/ 178 cloalﬂfl%t&ﬁ QIfleltérQJ Llﬁyl(éfuup, an aérrl group, a heteroaryl group, an amino group, an

[err] rern rogen Kyl "group, a cycloal kyl group,
a heter ocycl o] : p, a heteroaryl group, a hydroxy
group, an al K& %ﬁb‘?gégwgﬁggl %hﬁ?oo%[)&jor a group of
groups of formula (E)
0
—ﬁ_R' (E)
0

wherein R, is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, ora
heteroary! group,

groups of formula (F)

wherein R, and R, are independently hydrogen, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroary! group,

groups of formula (G)

wheréin R, is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a

heteroary! group, or a group of formula (A), formula (B), formula (C), formula (H), or formuia

K,
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formula (A), formula (B), fornula (C or formula (D); and wherein Rlerr] is

hydr ogen, an al kyl group, a cycloal kyl group, a heterocycl oal kyl group,
an aryl group, a heteroaryl group, or a group of formula (A, formula
(B), formula (G, fornmula (D), formula (E), or formula (F), gr oups of
formula (J) Wo098/17643 [err] wher ei n FGIEYSIP/17889

hydr ogen, an al kyl group, a cycloal kyl group, a heterocycl oal kyl group, an
aryl group, a heteroaryl group, or a group of formula (C), and gr oups
of formula (K) [err]

wherein R[err]gr%uﬁaoﬁog?‘?lf@re i ndependently an al kyl group, a cycl oal kyl
group, a heterocycl oal kyl group, an aryl group, a heteroaryl group, a
hydr oxy group, an al koxy group, an am 0 group, an al kyl am no group, or
a di al kyl ami no group. SN ()

23 WD 98/ 17643 '

PCT/ US97/ 17809 The term "suRi table organic noiety" is intended to

mean any organi c noiety recognizable to those skilled in the art as not
adversely affecting the inhibitory activity of the inventive corrpounds
|1l ustrative ekengh Bgisbfdregent auliey! grogpai cycloalk mraug, 4 hrtdronyeloalksyltgrenpeanrsy!
limted to oxo groups, alkyl groups, hydroxy groups, hal o groups, cyano

groups, nitro gong,pieteopnyl gratik whydrgxogrosy, ahelkexyeryup, amirkinb gpupops ,grcapyf
groups, heteroaryl groups, trialkylsilyl groups, and groups of fornulas

( A, (B), (C),fofrhilla (A)Hormfl)B), fdmunla(€) or foxnula @)rand threastdeﬁydi@knadnaﬂql
"hydroxy group” is intended to nean the radical -
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group, or a group
of formula (A), formula (B), formula (C), formula (D), formula (E), or formula (F),

groups of formula (J)
~g-R O
wherein R, is hydrogen, an alky! group, a cycloalky! group, a heterocycloalkyl group, an aryl

groﬁi); a heteroaryl group, or a group of formula (C), and

groups of formula (K)

wherein R, and R, are independently an alky! group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, a hydroxy group, an alkoxy group, an amino group, an

alkylamino group, or a dialkylamino group.
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An "oxo group" is intended to nean the divalent radical =0 A

"hal o group” is intended to nean any of the radicals -F, -, -Br, or -I.

A "cyano group” is intended to nmean the radical -C=N. A"nitro
group” is intended to nmean the radical -NO2. A "trial kyl silyl
group” is intwodeH76d mean the radical -SiRerr]Rerr], wherBCTPE77809
Rlerr], and R err] are each independently an al kyl group. A
"carboxy group" is intended to nmean a group of forrmula (B) wherein R err]

i s hydrogen. The ternd\"suithilosrganic moiep” igintoged o meanany oradic mpisteeerognizgbloup

of formula (B) wherein Rerr] is an al kyl group as defined above.
A "carbanoyl gs tieg'skilkd ihthe an @cndt adveesely affegitng i infiibitody sativity 6£the iverttive n
Rlerr] and Rlerr] are bot h hydr ogen. An "am no group" is

i ntended to nRampéulas. Hditeative C)MT%FS of suitable orgarfié morliés)ihditeut @re@dplimit& to oxo
i ntended to nean the radical -NHR err], wherein Rerr], is an alkyl

g;OUD as de{/\'o Lsup Qﬂ%{?groups hydroxy groups, halo groups, cyano groups, nitro groups, cycloalkyl

E?ifl; cal |- NR ol :ﬂff",“"l‘mf““*q sy sBT g bl o BRRR BolERd T
phar maceit | oS AECERTAL Y B dih GE 1-‘%@37@333588%535 s

may converted under ph S|olog|cal ndi ti gns Qr solvolysis to a
conmpound of the fofmk Vg"°¥ group™is intend ‘°;ﬂ‘F&Fﬂ’§ if? ¢l y acceptabl e sol vate"
is intended to nean a solvate that retains the bi ol ogi cal effectiveness
and properties of ﬁﬂe"%‘?W%'i‘&%@?eda'eﬂ%“@(ﬁiﬁﬁlﬁﬁ@ﬁ@‘gﬂ_ - conpounds of
formula I.

A "halo group" is intended to mean any of the radicals -F, -Cl, -Br, or -I.
A "cyano group" is intended to mean the radical -C=N.
A "nitro group" is intended to mean the radical -NO,.
_ A “trialkylsilyl group” is intended to mean the radical -SiR R .R,, where R, R, and R, are
each independently an alkyl group.
_ A "carboxy group" is intended to mean a group of formula (B) wherein R, is hydrogen.
A “alkoxycarbonyl group" is intended to mean a group of formula (B) wherein R, is an
alky! group as defined above.
A "carbamoyl group" is intended to mean a group of formula (C) wherein R, and R, are
both hydrogen.
. An "amino group" is intended to mean the radical -NH,.
. An "alkylamino group" is intended to mean the radical -NHR,, wherein R, is an alkyl

group as defined above.
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Exanpl es of pharmaceutically acceptabl e sol vates include, but are not

limted to, conpounds of formula | in conbination with water,
i sopropanol , ethanol, mnethanol, DMSO, et hyl acetate, acetic acid, or
et hanol am ne. In the case of solid fornulations, it is understood

that the invewpi9r6ddnpounds may exist in different forns, PEEH7E8%¢ ap| e
and netastable crystalline forns and i sotropic and anor phous forms, all
of which are intended to be within the scope of the present invention.

A "pharmaceuti cal | % "dialkRiniid gogptlis intenBed to hRASIRE ridical®R)R], MbereinFglahd R}, hat
retain the bi ol ogi cal effectiveness and properties of the free acids and

bases and t hatyalG @k sithbrQHr& | Ye Qh an alRfIRRIPIAS BeritRdIgRVE DI €.

Exanpl es of pharmaceutically acceptable salts include, but are not limted

to, sulfates, px_r.%ﬁmnfa ggﬂlztgg%y‘!a{,%&%ﬁ,fg% ihlehdtR o .h%[%ee;?gpg&d that may

phosphat es, nonohydr dgenphosp rogenphosp

nmet aphosphat es, r ophpsphat es hl ar.i des romdes, iodidegs e S,
proptonat es, (ftaa%?%f 9’9&18?%?“5&;5’5?58%%?ibél?"e%‘,wyﬁ‘%‘f’r?ﬁ?‘é‘g‘i’ i gs&%?@f?ﬂg*ia?s,
caproat es, hept anoat es, rqpi ol at es, .oxal ates, onat es, sycci pates,
suberates, sebacat és ,Pﬁ?fm?&?‘*ﬁfagg,ac ?Eéts%lé'?te bif f%’ﬂggg'% mepn 3-5@’%5%#‘@%’?”’“5 the

hexyne- 1, 6-di oat es, benzoates, chlorobenzoates, nethyl benzoates,
di ni t r obenzoathiejogical effectiveness and properties of the biologically active components of compoun%of

WD 98/ 17643

PCT/ US97/ 1780%ormilytr oxybenzoat es, net hoxyenzoates, phthal ates, sul fonates,
xyl enesul f onat es, phenyl acetates, phenyl propi onates, phenyl butyrates,
citrates, |actates Exhmpled ofphamexsitiosliyr amcaptablegolvates ttlads, butare nagiiméted to,

met hanesul f onat es, propanesul f onat es, napht hal ene- 1-sul f onat es,

napht hal ene- 2- guipbeiid b€ formald in ¢oaititation eith water, isopropanol, fethaiie, metanot, DMSO,
conpound is a base, the desired salt nay be prepared by any suitable

met hod known tQnyi B&eré, laceticRbidlstett@ndligme.ment of the free base with an
i norgani ¢ acid, ‘'such as hydrochl ori ¢ acid, hydrobrom c acid, sulfuric

acid, nitric acid, his BRSRAYrsQidinthiARAs, NS uhdekfood Hat the WiveRivdRoMpEIABE Mapeiid,

such as acetic acid, maleic acid, succinic acid, mandelic acid, fumaric

aci d, in different forms, such as stable and metastable crystalline forms and isotropic and amorphous
formg, all of which are intended to be within the scope of the present invention.

A "pharmaceutically acceptable salt" is intended to mean those salts that retain the
biological effectiveness and properties of the_free acids and bases and that are not biologically or
otherwise undesirable.

Examples of pharmaceutically acceptable salts include, but are not limited to, sulfates,
pyrosulfa_tes, bisulfates, sulfites, bisulfites, phosphates, monohydrogenphosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates,
propionates, decanoates, caprylates, acrylates, formates, isobutyrates, caproates, heptanoates,
propiolates, oxalates, malonates, succinates, subergtes, sebacates, fumarates, maleates, butyne-

1,4-dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
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mal oni ¢ acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid,
pyranosi dyl acids such as gl ucuronic acid and gal acturoni c acid,

al pha- hydroxy acids such as citric acid and tartaric acid, am no acids
such as aspartic acid and glutam c acid, aromatic acids such as benzoic
acid and  ci M®A¥1643ci d, sul fonic acids such a p-tol uenesul PEHVES743808 or
et hanesul fonic acid, or the I|ike. If the inventive conpound is an
acid, the desired salt nay be prepared by any suitable met hod known to
the art, i ncl ubjidaxybenzeatesemethokyentomtes,rphehaesis hulfbriakes ANy |dnBsutfomatdsCphRhyladetites; C
base, such as an amne (primary, secondary or tertiary), an alkali netal

or al kal i ne eaplehylpibivhates, piehyDatyeesOfitrhtas la!cia{ée,-y-Mcﬂrék%ﬁt?Jaie&?g(l}ﬁ%ﬁfE@,' 1@frated,
suitable salts include organic salts derived from™ am no acids such as

glycine and ar gihhmulfoRHER Brop ﬁlfd?ﬁlrey,ma;lﬁﬂmg-"ié;\ﬁlf@zﬁgs}rﬁFﬁthﬁé&-ﬁH&‘lfgﬁﬁes, aid
cyclic am nes such as piperidine, norpholine and piperazfne, and | norganic
salts derived fLQilaesSOdi um cal cium potassium magnesi um manganese,

i ron, copper, zinc, alumnumand |ithium The inventive conmpounds
may exi st as singl ;. soner r. tes.and/ or m xtures of .

enanti omers and/ or qglﬁrggévg&é%r?g E‘S §ung| lﬁg g%f&s#ﬁ‘é%é”& fray E%P?Bﬂ%dr by any suitable: os
et o By P EPa Egwith Sre 3 FRfi e bearhent Br el e base it 2B Snorgantc acialsuch &
26 WD 98/ 17643 . o o )

PCT/ US97/ 17809hydresplorig acidy hydeqbromin geidsplbiicacid, niicqcidnphesphoriaacid and theliksapns
at least 90% of a single isoner (80% enantioneric or diastereoneric
excess), nore pitkbarergpnigad, spehasecaisosidooalsie acid, suecinic acid, magdedic acidrfumaric acid,
preferably at |east 97.5% (95%e.e. or d.e.), and nost preferably at | east
99% (98% e. e. walonid acid) pyrBoerpaid; osialiciadidnglydolie deithesalidylic add, pyragdsidy! acids such as
stereoi soners are neant to describe conpounds wused in a formthat contains
at | east 90% oglucursiit\gdidandsgalaeturonic acid, alpha-hybiexyacids ath at EliRenatidand tattadiddcidyer
directed to nmethods of inhibiting matrix met al | oprot ei nase activity that

conpri se cont aghin® @il idich bOispATiCacM hrddl ghitarfiiclaGia] drdiRattHo1dS buchas Benzoi6 st anind
of fornmula | or a pharmaceutically acceptable prodrug or a pharmaceutically

cinnamic acid, sulfonic acids such a p-toluenesulfonic acid or ethanesulfonic acid, or the like.

If the inventive compound is an acid, the desired salt may be prepared by any suitable
method known to the art, including treatment of the free acid with an inorganic or organic base,
such as an amine (primary, secondary or tertiary), an alkali metal or alkaline earth metal
hydroxide or the like. Illustrative examples of suitable salts include organic salts derived from
amino acids such as glycine and arginine, ammonia, primary, secondary and tertiary amines, and
cyclic amines such as piperidine, morpholine and piperazine, and inorganic salts derived from
sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.

The inventive compounds may exist as single stereoisomers, racemates and/or mixtures
of enantiomers and/or diastereomers. All such single stereoisomers, racemates and mixtures
thereof are intended to be within the scope of the present invention. Preferably, the compounds
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acceptabl e salt or solvate thereof. For exanple, one can inhibit matrix
net al | opr ot ei nase activity I n mammal i an tissue by adm nistering a
conmpound of forrmula | or a pharmaceutically acceptable prodrug or a
pharmaceutically acceptable salt or solvate thereof. The activity
of the i nventWQ@8/tm#hounds as inhibitors of matrix metal | oprETEFHHLEM
activity may be neasured by any of the nethods available to those
skilled in the art, including in vivo and in vitro assays. Exanples of
sui t abl e assayftht present inveritiop arrsmediinayforn that qontaing et le4st90% of 4 siegloisemeri(B0%
determ nation of the hydrolysis rate of a fluorescently-I|abelled peptide
substrate, edntichericordbsterdohetic fees), more preferably at leash@6%1{90% e at drdre.)ofver he

compounds of the formula I, or their pharmaceutically acceptable

prodrugs or phahdpeRibbiyaldait 97G0@ERY.E ob@t.}, Sndihost plefeditbat 16y oRe(9pHrdeonmmed
according to any of the accepted nodes of adm nistration available to
those skilled gdy idagpdiidds idehdifi Hefdin %irR¥ePd disomers afdf méat fodldcaibebmiesounds
admi ni stration Incl uge, but are not limted to, oral, nasal, intraocular,
Fz)f;lr enteral, V\:)%géélflﬁl‘?g%g‘r AR RGAR ke 18430098 6f Alingle isomer.

PCTI USOTI 17809 Theniesehl Sviybif Mo SURRUDUR 88 SO @] L 01

pharmaceutically a rugs —and pharnmaceuti acceptable salts
and sol vates, may be adm nistered as a pharpmaceutical .compasi.ii ' y
sui t abl e phar raialeproteinase atiyity g’ébﬁ’mpi’é%&’é&f & eeprg}fﬁelwe'ﬁ' aﬁreﬁ?‘g%ﬁ%%%ﬂ?to abl e
phar maceutical forms include, but are not limted tq, solid, sem.sqlid,
liquid, or |ycemppynded formyladhar aphasmaceutically aceeptpble profuig of g RRATPRCEUBSAY. || o
suppositories, suspensions and aerosols. The pharnmaceutical conpgsitiaon,
may al so i ncl Ladesptabletsalb pesolyats thereofi For expmplerans caniahiol MaFixgAellogrqtyiRgsg actviyy
wel | as other pharmaceutically active agents, depending upon the intended
use. idamepiadiah dssoe by adisinisferipg @ pamponnd effoumuld feorpmgme@mqlldapcepeblﬁs
of the pharmaceutical conpositions are known to those skilled in the art.
For exanpl e, piadrig6cdphafmdcefticallpsiceéptabissalt or solvate thereof.

The activity of the inventive compounds as inhibitors of matrix metalloproteinase activity
may be measured by any of the methods available to those skilled in the art, including in vivo
and in vitro assays. Examples of suitable assays for activity measurements include the
fluorometric determination of the hydrolysis rate of a fluorescently-labelled peptide substrate,
which is described herein.

Administration of the compounds of the formula I, or their pharmaceutically acceptable
prddrugs or pharmaceutically acceptable salts or solvates, may be performed according to any of
the accepted modes of administration available to those skilled in the art. Illustrative examples

of suitable modes of administration include, but are not limited to, oral, nasal, intraocular,

parenteral, topical, transdermal and rectal.
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may be prepared foll ow ng conventional techniques of the pharnaceuti cal
chem st involving steps such as m xing, granulating and conpressi ng when
necessary for tablet forns, or mxing, filling and dissolving the

i ngredi ents as appropriate, to give the desired products for oral,
parenteral , tWpi98AT643i ntravagi nal, intranasal, intrabronchi FCTPHABB Ul ar,
intraural and/or rectal admnistration. Solid or liquid
pharmaceutically acceptable carriers, diluents, vehicles or excipients nmay

be enpl oyed in t herjahveiBetidinp6idids 6PIRAGA {, a8 their bhdrnadeufidally @cceptablel pdiugs er s

i ncl ude starch, l'lact ose, calcium sul phate dihydrate, terra alba, sucrose,
talc, gelatin dﬁ:%ﬁxg&a@euﬁ%ﬁ cBeptdBRAARSAN Tolvared, fid) BE Edmiﬂiafé;eata?thsﬁmQ&pﬁtal
IIlustrative Flduid carriers r?ay i ncl ude syrup, peanut oil, olive oil,

sal ine solution, and (g rLer ] | [& : i |l e
prol onged-rel & smo%%ﬁstgfajﬁﬂip&%%[ agésu%é?l%rgﬁﬁ&%%gtﬁ%%é g@!aéd%&s%f';%u é%??

di stearate, alone or . wih a, . Wen a. .liquid . carrier is..uU

prepar ati on nﬁ%ﬁ“B%ceP'I‘F\% #?émT Wvﬁ?%lbmaar%?&&&m%%’ iqq‘rd’ 8 'qoﬁcsl’i Hagid, érgg?ph}gl% tin
gggzgtg’ | Is'([:]ﬁlr gfg‘ﬁ’ég%ﬂ%g“gﬁ Lsetatl;lgtg,uplogvdgrg,' c%j)su?eg,l sldéglaogirt] ries,%{xsp%nsrilgngaagél serosols. The

28 WD 98/ 17643 . ] . . ) ) .
PCT/ US97/ 1780gharmaceutical compogision may alsp incjyde suitable srsirisnts, dilvantss e 20 fEiths
at least a therapeutically effective anount of the active conpound (i.e.,
a conpound of a$ welinas aher pharmacepticallractivgapends, Hspeadingynoathedntended®stig or a

phar maceutical ly acceptable salt or solvate thereof) and preferably is made
up of one or noreApdepmbleaetiodsal prefasagmitable pharmitesticbfopus eftheiphwamaraytichle
adm nistered to a manmal, for exanple, a human patient, in need of

treat ment nmedicahgekitas e RhéV ioQRose killal inithe artFopéxamplepplaimaeaticalirepatatigns by
any known net hod of adm nistering the dose including topical, for exanple,

as an oi nt meniy, 9. ﬁkg&@a floRhdgeonveRGoml {e¥hnidues oftKepHAbRaceRcaPchemMBPIASOIVIAE Y ;
parenterally by” 1nhjection; or continuously by intravaginal, intranasal,

I ntrabronchi alg. .l oif 384hde, BandiftidzAs tAressing Wheh Aékessary for tablet forms, or mixing,

-4

filling and dissolving the ingredients as appropriate, to give the desired products for oral,
parenteral, topical, intravaginal, intranasal, intrabronchial, intraocular, intraural and/or rectal
administration.

- - Solid or liquid pharmaceutically acceptable carriers, diluents, vehicles or excipients may
be employed in the pharmaceutical compositions. Illustrative solid carriers include starch,
lactose, calcium sulphate dihydrate, terra alba, sucrose, talc, gelatin, pectin, acacia, magnesium
stearate, and stearic acid. Illustrative liquid carriers may include syrup, peanut oil, olive oil,
saline solution, and water. The carrier or diluent may include a suitable prolonged-release
material, such as glyceryl monostearate or glyceryl distearate, alone or with a wax. Whena
liquid carrier is used, the preparation may be in the form of a syrup, elixir, emulsion, soft gelatin
capsule, sterile injectable liquid (e.g. solution), or a nonaqueous or aqueous liquid suspension.
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A "therapeutically effective amount” is intended to nean that anount of a
conpound of formula | or Il that, when adm nistered to a mammal in need
thereof, is sufficient to effect treatment for disease conditions
alleviated by the inhibition of the activity of one or nore matrix

met al | opr ot e WRSHE643such as tunmor growth, invasion or metastP&I{USI7/17809
osteoarthritis, rheumatoid arthritis, osteoporosis, periodontitis,
gingivitis, chronic dermal wounds, corneal ulcerations, degenerative skin

di sorders, multiple,sclerosis, stroke, diabetic.retin th :
degenerati on, ang#oqofﬁ?%ét,’mﬂ%ﬁ?ﬁ%cﬁrwgf‘ggﬁ%ﬁf% a&%???ﬁbef%%&% Iér;fge?\tévrey
di sease, such as enphysenm, atheyosclerosis,,.glonerular disease, cardj.ac
arrhyt hmi a, ameynetthegeie gmpg g2 CW&P‘f?f&g@%&F&@E‘@maE%c%v ERBRE e d
angi ogenesi s. The anount of a given conpound of formula I that w ||
correspond t predrug erea phemeaceuticpily aceemabls saler sokvatathereefy and ppeferpbly dsyasdeivR G upon
factors such as the particular conpound, the disease condition and the
severity t heronebr marehhammacentigeldosagy units. Theseleatedrdoseimay he edministeredse 2 msm¥nadan

neverthel ess be readily determ ned by one of skill in the art.
29 WoPékathpledBhuman patient, in need of treatment mediated by inhibition of matrix
PCT/ US97/ 17809 "Treating"” or "treatnent"” is intended to nean at

| east the ni th@aidpiteindse actiliity SRRy kAGWM inktdd of administeringahe doselinbluding sopivalyfor,
that is alleyiateg by the inhibition of the activity of one or nore matrix
met al | opr ot ei RasGe HUARirBedt'oFBrearl! (Y] recially,36r eXBmple, 28 s@5positor parenterally by
osteoarthrities,” rhematoid arthritis, osteoporosis, periodontis,
gingivitis, ShiomCofleh 40 Shravaia , Gl Bloh@RS, inGRARNE iAdos@aski N
di sorders, rru‘P{e?%inéosc g@%glﬁg, pstr(‘;%g',i gl?tgagggtdil C raeti n(l)p'hlgt hy, malcul ar
degenerati on,. ng_’ of i bromas, hemangi omas, or di sease conditions

characteri zedmgﬁ fhwant ed angi ogenesi s, and includes: (a)

hal actic t t t in. |, ticularly when .t '
[0 ho- predi sposech BRI RE-tF eBREY BUNEIeY B ah oG EPP el

having it;

formula I or II that, when administered to a mammal in need thereof, is sufficient to effect
treatment for disease conditions alleviated by the inhibition of the activity of one or more matrix
metalloproteinases, such as tumor growth, invasion or metastasis, osteoarthritis, rheumatoid
arthritis, osteoporosis, periodontitis, gingivitis, chronic dermal wounds, corneal ulcerations,
dcgc;;érativc sﬁn disorders, multiple sclerosis, stroke, diabetic retinopathy, macular
degeneration, angiofibromas, hemangiomas, chronic oh§chtive pulmonary diééase, such

as e'x'n.physema, atherosclerosis, glomerular disease, cardiac arrhythmia, endometriosis or disease
condi-tions characterizé& by unwanted angiogenesis. The amount of a given compound of
formula I that will correspond to a "therapeutically effective amount" will vary depending upon
factors such as the pérticular compound, the disease condition and the severity thereof, and the
identity of the mammal in need thereof, but can nevertheless be readily determined by one of
skill in the art.
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(b) I nhi biting the di sease condition; and/or (c) al I evi ating,
In whole or in part, the disease condition. The inventive
conpounds, and their salts, solvates and prodrugs, may be prepared by

enpl oyi ng the techniques available in the art using starting materials that
are readily aW@i9PAW#E.  Certain novel and exenplary net hodg?%'i’"sp‘)’wéﬁggri ng
the i nventive conpounds are descri bed bel ow.

30 WD 98/ 17643
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I NHI Bl TORS

in a mammal, such as a human, that is alleviated by the inhibition of the activity of one or more
matrix metalloproteinase, such as tumor growth, invasion or metastasis, osteoarthrities,
rhematoid arthritis, osteoporosis, periodontis, gingivitis, chronic dermal wounds, corneal
ulcerations, degenerative skin disorders, multiple sclerosis, stroke, diabetic retinophathy, macular
degeneration, angiofibromas, hemangiomas, or disease conditions characterized by unwanted
angiogenesis, and includes:

(a)  prophalactic treatment in a mammal, particularly when the mammal is found to be
predisposed to having the disease condition but not yet diagnosed as having it;

" (b) inhibiting the disease condition; and/or

(c) alleviating, in whole or in part, the disease condition.

The inventive compounds, and their salts, solvates and prodrugs, may be prepared by
employing the techniques available in the art using starting materials that are readily available.
Certain novel and exemplary methods of preparing the inventive compounds are described

below.
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PREPARATI ON OF COMPOUNDS OF FORMULA | The net hods of preparing
conpounds of Fornmula I, where Rlerr] is carboxyl, culmnate in the
deprotection of esters (1) to the correspondi ng carboxylates as illustrated
in Reaction Schene | below. Appropriate types of esters (1) and the

cl eavage of RY&P'3e described, for exanple, in G eene, TECREIN8M G v
"Protective G oups in Organic Synthesis,"” Wley: 1991 and Koci enski, P.J.
"Protecting Goups,” Thiene: 1994, which are incorporated herein by

ref erence. ” SoRpETHOBEFOR PREMRNG ERRBONAOKTE SEAPRDEMETAY GrRDYEASEE! O
\é&ﬁﬁ TTORS REACTI ON SCHEME |

PCT/ US97/ 17
As an exanple of a typical ester cleavage, an ester of Formula (1) where
Rlerr] is benzyl is

The methods of preparing coﬁxpounds of Formula I, where Ry is carboxyl, culminate in
the .deprotection of esters (1) to the corresponding carboxylates as illustrated in Reaction Scheme
[ be-alow. Appropriate types of esters (1) and the cleavage of R are described, for example, in
Gr.eene, T; Wuts, P.G.M. "Protective Groups in Organic Synthesis," Wiley: 1991
an@ Kocienski, P.J. "Protecting Groups,” Thieme: 1994, which are incorporated herein by

reference. Some examples and conditions encountered herein are given below.

31



pl aced in a suspension with solvent, for exanple, ethyl acetate al so
containing netal catalyst, preferably palladium0) in a hydrogen source
such as hydrogen gas at one atnosphere or above, at anbient tenperature
for 30 mnutes to three days, preferably four hours. The carhoxyl { of
Formula |, WWQes/RP& r] is -COOH, are anenable to CUStOITB.I’yPIC'Sl‘Giég?.,g and
purification. For esters of Formula (1) where R err] is t-butyl,
the ester (1) is deprotected in a solution of sol vent, preferably

chl orof orm or di chl oronet hane, wi t h REACIIGNISQHBMIBE oacetic acid, at anbient
tenperature for 15 mnutes to 12 hours to obtain a carboxylate of Formula
l. For esters of Fornmula (1) where Rerr] is allyl, the ester (1)
under goes cl eavage in an inert solvent, preferably acetonitrile, with a

catal yti c anmount of pall adi um .Lngst, such as R4

tetraki s(triphenyl phosphin | adi um{0), with an excess ondary

am ne, such as nmor phol i or 15 mnutes to 12 hours at i ent

t enper at ure. > 0O 32
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PCT/ US97/ 17809  Re, Ne-¥itee condi ti onsygreN Bt Rt h
functi onal groups con?ai ned i ei ther Rlerr] or Rerr], :othg prptective

strategi es may be used. FBa examplR2 sinultaneous protectRan wher &2 Rl err]
is olefinic and Rlerr] is carboxylate may occur through their ygonnection as
in a hal ol act one of Formul a () where X is hal ogen, as displayed in

Reaction Schenme |1 bel ow. The hal ol actone (2) under goes reductive opening
to compounds of Fornula |, where Rlerr] is allyl and R err] is
car boxyl at e. REACTI ON SCHEME 1 |

As an example of a typical ester cleavage, an ester of Formula (1) where Ry is benzyl is
placed in a suspension with solvent, for example, ethyl acetate also containing metal catalyst,
preferably palladium(0) in a hydrogen source such as hydrogen gas at one atmosphere or above,
at ambient temperature for 30 minutes to three days, preferably four hours. The carboxylates of
Formula I, where Ry is -COOH, are amenable to customary isolation and purification.

For esters of Formula (1) where Ry is t-butyl, the ester (1) is deprotected in a solution of
solvent, preferably chloroform or dichloromethane, with excess trifluoroacetic acid, at ambient
temperature for 15 minutes to 12 hours to obtain a carboxylate of Formula L

For esters of Formula (1) where Ry is allyl, the ester (1) undergoes cleavage in an inert
solvent, preferably acetonitrile, with a catalytic amount of palladium catalyst, such as
tetrakis(triphenylphosphine)-palladium(0), with an excess of secondary amine, such as

morpholine, for 15 minutes to 12 hours at ambient temperature.
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Preparation of Conmpounds of Fornula |I. where Rlerr] is Allyl and R err] is
Car boxyl at e A solution of halolactone (2) is exposed to a
reductive environnent, preferably excess zinc powder in acetic acid. The
resulting carboxylate of Formula | where Rerr] is allyl is isolated and
purified via WOAYEI6#3 onal net hods. Conpounds (5) FCTASPHIARY |
where Rl err] is hydroxamc acid (-C(O NHOH) may be obt ai ned from
conpounds (3) of Formula | where Rlerr] is carboxyl. Any of the nunerous
commerci al |y avai | e thayahove pepditionsyera insompatibbeowith Rgctiopal graupy eontdingd imditheer
to a protected version

33 WO R&Sir ReoetBer protective strategies may be used. For example, simultaneous protection where
PCT/ US97/ 17809 of a conmpound of Formula (4) where R err] is alkyl or

directly to hyRyixlefinit and R) is carbopidté inag tecythrdul thek @61inc@ibn2s itiRididctonb of ow.
REACTI ON SCHEME | | | [err]

Formula (2) where X is halogen, as displayed in Reaction Scheme II below. The halolactone (2)

undergoes reductive opening to compounds of Formula I, where Ry is allyl and Rg is

carboxylate.
REACTION SCHEME II

~R :
. X X—R4
0 H — o H

N Y —Rj —
0 > ~7 N. _Y—R;
Re : Rz
\ 1
| X (2) I 1

r i d w i a is Carboxylate

A solution of halolactone (2) is exposed to a reductive environment, preferably excess
zinc pé&der in acetic acid. The resulting carboxyiate of Formula I where R, is allyl is isolated
and purified via conventional methods.

Compounds (5) of Formula I where Rs is hydroxamic acid (-C(O)NHOH) mﬁy be
obtained from compounds (3) of Formula I where Rs is carboxyl. Any of the numerous

commercially available coupling reagents can be used for conversion either to a protected version
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Step 1 - Preparation of Conmpounds of Fornula (4) or (5) Car boxyl ic
acids of Fornmula (3) and hydroxylamne or its O al kyl derivatives in inert
sol vent, preferably dinmethylformam de (DWMF), are coupled with any of the
nuner ous avail abl e coupling reagents, preferably

benzot ri azol -WOPRER4R ri s(di net hyl ani no) - phosphoni um  hexaf IRGEEHYEBhat e
(BOP), at anbient tenperature for one to 24 hours to provide either

hydr oxamates (5) or O al kyl hydroxanates (4), respectively. The products

are anenabl e bfa conipatifid sFFobaile (4) Mher R ipalkyifor GiddetlP fo hydroRbu@iite £5); asfugtinad By | On
of Conpounds of Fornula (5) from Conpounds of Formnula (4)

Protect ed hydptaddicfSchimd M stldwa (4) are deprotected as determ ned by the
nature of the protecting group Rlerr]. Wiere Rlerr] is a trialkylsilyl,

mld acid hydrolysis or fluoride cl Wc or aprotic solvent at
anbi ent tenperature or below for oné urs Ts sufficient. Were

34

PCT/ US97/ 17809 WD 98/ 17643 R7 is benzyl, selective deprotection w thout
N-O bond cl eavage proceeds in thg, carbon, with a

hydrogen source, such as hydroge in a
sui tabl e sol vent, such_.&Stdi met xR

gas at at rmspperl c pressur
| f or mani de g net hanol .

PREPARATI ON COF CC]VP S OF FORMMA || Pyrrol e conpound f Formul a
Il can be prepared{fr mbtyq(l oco‘ﬂ'dEfl’fSa o] aﬁn n@s &¥*2 Lor muRa 6)va|$__R

t et r ahydr of ur ansfaIT~FEORMOFE (1), as Shown 'T:%eactl*éﬂ'u~ 3
REACTI ON SCHEME |V R Rz Re Rz Re

(3) (4) (5

- arati 0

Carboxylic acids of Formula (3) and hydroxylamine or its O-alkyl derivatives in inert
solvent, preferably dimethylformamide (DMF), are coupled with any of the numerous availabie
coupling reagents, preferably benzotriazol-1-yloxytris(dimethylamino)-phosphonium
hexafluorophosphate (BOP), at ambient temperature for one to 24 hours to provide either

hydroxamates (5) or O-alkyl hydroxamates (4), respectively. The products are amenable to

routine handling and purification.

Protected hydroxamates of Formula (4) are deprotected as determined by the nature of the
protecting group R,. Where Ry is a trialkylsilyl, mild acid hydrolysis or fluoride cleavage in

protic or aprotic solvent at ambient temperature or below for one to 12 hours is sufficient. Where
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[err] Preparation of Conmpounds of Fornula II

Condensation of amne salts of Formula (6) and

2, 5-di met hoxyt etrahydrofurans of Formula (7) nmay be carried out in acetic
acid for a period of one to 24 hours at tenperatures from 97/17809

40[ err] - 90[ ewolo®176dn0t her effective set of conditions includées heating a
sol ution of conpounds (6) and (7) in inert organic solvent, for exanple
1, 2-dichl oroethane, with or without acid, such as trifluoroacetic acid,

and with or wthout stoichionetric amounts of water, for a period of one to
48 hours at ﬁﬂ@fsg?‘PT!"%F@PVF]@’“FH‘@%W%%IF-%M#6km&me%miﬂmreaew ofind

purified by conventional ngans.

35 agigymy¢ n, with a hydrogen source, such as hydrogen gas at atmospheric pressure, in a
PCT/ US97/ 17809 ALTERNATE PREPARATI ON OF COVPOUNDS OF FORMULA 11
Anot her et heuitablesolpendysuetnas dimetb¥lfqupemile or mettgemiinds of Fornula 11 invol ves

earlier ring formation. Cyclocondensation of D-am no acids of Formula (8)
with tetrahydrofurans of Formula (7) and subsequent coupling is shown
bel ow i n Reaction Schene V: REACTI ON SCHEME V

Pyrrole compounds of Formula II can be prepared from cyclocondensation of amines of

Formula (6) with tetrahydrofurans of Formula (7), as shown below in Reaction Scheme IV:

REACTION SCHEME [V

/R1
R AN
x /
NH3* =X N y
Rs H\/Y._Ra + MeO — R N\/Y‘-R3
O OMe
Ry O Ry
(6)

R4 O R2
N 1

ti

Condensation of amine saits of Formula (6) and 2,5-dimethoxytetrahydrofurans of
Formuia (7) may be carried out in acetic acid for a period of one to 24 hours at temperatures from
40°-90°C. Another effective set of conditions includes heating a solution of compounds (6) and
(7) in inert organic solvent, for example 1,2-dichloroethane, with or without acid, such as
trifluoroacetic acid, and with or without stoichiometric amounts of water, for a period of one to
48 hours at 40°-90°C. The product of Formula II is isolated and purified by conventional
means. -
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Step 1 -

36

Preparati on of Conmpounds of Fornula (9)

Am no acids of Formula (8) and 2, 5-di net hoxytetrahydrofurans of E la (7)
pya

are di ssol waksaré4duspended in solution in an inert organi BCLy
exanpl e 1, 2-di chl or oet hane,

aci d,
pyri di ne,
80[err]C,
by conventi onal

such as trifluoroacetic acid,

neany.

with chlorotrinethylsilane,
and with or wthout
for a period of one to 48 hours at anbient tenperature to

preferably the latter. The product (9)

for
with or w thout
a base, such as

Is isolated and purified

Another method for preparation of pyrrole compounds of Formula II involves earlier ring

formation. Cyclocondensation of D-amino acids of Formula (8) with tetrahydrofurans of

Formula (7) and subsequent coupling is shown below in Reaction Scheme V:

REACTION SCHEME V.

NH,
R OH Me
. 7 + 5
"Ry O

(8)

(9) + H,N__-YRa

Rz

(10)

X~

OMe

N

step 2
—————
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Step 2 - Preparation of Compounds of Fornula Il from Conpounds of Fornul as
(9) and (10) Car boxyl ates of Fornula (9) and am nes of Formul a
(10) are coupl ed under typical coupling conditions. Acids of Forrml a (9)
may first be converted to a corresponding activated ester éi 17 aC| d
fluoride) or WOSH1IMIh a reagent, for exanple BOP, along wt

(10) in an inert solvent such as chloroform and with or w thout a base
such as N-net hyl m)rphol [ ne (NM\/p for a period of one to 48 hours at
O[err]C to anigtg RO 1 ilhel atter. The product 11 is
| sol ated and purlfled by conventlonal neans

PREPARATI ON OF  STARi§achds DFRbrmituta 58) deepﬁametmﬂweéah%R%s of FdrRumE(T)urd 6)

Am nes of Formula (6), where Rlerr] is hydrogen and R[err] is an ester

(-COORferr]) %Ps‘?ol@é’daér séﬁeﬁded in ?Jlﬁtf%’hb‘f %ﬁn@& E135ni ol veAL Y6} ekdingle @Qldidﬁfbro%ﬂ’&ﬁéfe

VI: coupling of comercially aval D aspartate derivatives (11) and
vari ous ani ne | K

deprotection é?ghs)t?% r&;l gg, am&%é‘?lﬂz ?‘E‘Y‘ﬁ?éﬁir%% h&g% {rﬁgfugrgﬁegc?% ,-ﬁﬁ&lwﬁﬂkr without
géT/ Us97/ 17 8\6\8 b%?e/ %117 i’tgpyndme, for a period of one to 48 hours a@kiﬁn't mpw 8\(}|°C

[err]

preferably the latter. The product (9) is isolated and purified by conventional means.

Carboxylates of Formula (9) and amines of Formula (10) are coupled under typical
coupling conditions. Acids of Formula (9) may first be converted to a corresponding activated
ester (i.e., acid fluoride) or used with a reagent, for example BOP, along with the amine (10) in
an iriert solvent such as chloroform, and with or without a base such as N-metﬁylmorpholine
N MM), for a period of one to 48 hours at 0°C to ambient temperature, preferably the latter. The

product 1 is isolated and purified by conventional means.

PREPARATION OF STARTING MATERIALS
) Amines of Formula (6), where R is hydrogen and Ry is an ester (-COORg) are available
aﬁer two steps as shown in Reaction Scheme VI: coupling of commercially available
D-asﬁanate derivatives (11) and various amines (10) of commercial or synthetic origin.

Subsequent deprotection of protected amines (12) furnish amine salts (6).
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Step 1 - Preparation of Conmpounds of Fornula (12) Car boxyl at es of
Formula (11) and ami nes (10) are condensed as descri bed above for the
preparation of a conpounds of formula Il according to Reaction Schene V.
Typi cal coupling reagents, for exanple BOP, are used in an inert solvent
such as chl orwp@smiesund with or without a base such as  PCTAUSIIT7809

N- et hyl norpholine, at O[err]C to anbient tenperature, preferably the
|atter, for a period of one to 48 hours to furnish the product of Formula
(12), WhICh is isolated and purifieREACVIONSVEPMESTal neans. Step 2 -
Preparation of Am nes of Formula (6) t - But oxycar bonyl am nes of
Formula (12) are deprotected traditionally, for exanple, in an i nert

sol vent, preferably dichloronethane or chloroform wth an excess of
trifluoroacetic acid, at, O[err]C to anbient teﬁe)fture preferably the

former, for 30 m nutes t hours to obtain amn salts (6), V\/mch can
be i medi ately used wi to®¥ T urther Puttficatidn 'E)ut are am2nabl & t K v
custonmary handlin aHf i€at | ®&n. Re—0 : Re— R
38 WO 98/17643 - o &
PCT/ US97/ 17809 Prepif-ati on of Corrpounds of Fornukta (18) e

Aspartates of Fornula (8) where R err] is hydrogen are available for ,
purchase, or from synthesis according to nmethods understood by those
skilled in the art, such as those descrlbed in the literature. However,
aspartates of 3te [ » Joype el ust be synt hesized. An
exanpl e of this synt heS| sis shown in Reactl on Schenme VI bel ow.
D-Aspartate (13) i LCarboxgiateeof Buimuiad1Diand hmines:@0)are ¢ondynsedasalepraibechabovy fpsihe
whi ch under goes | reI and- Cl ai sen rearrangenent

preparation of a compounds of formula II according to Reaction Scheme V. Typical coupling

reagents, for example BOP, are used in an inert solvent such as chloroform, and with or without a
base such as N-methylmorpholine, at 0°C to ambient temperature, preferably the latter, fora
period of one to 48 hours to furnish the product of Formula (12), which is isolated and puriﬁed
by conventional means.

- Pre i ine:

t-Butoxycarbonylamines of Eormula (12) are deprotected traditionally, for example, in an
inert solvent, preferably dichloromethane or chloxioform, with an excess of trifluoroacetic acid, at
0°C- to ambient temperature, preferably the former, for 30 minutes to 18 hours to obtain amine
salts (6), which can be immediately used without further purification but are amenable to

customary handling and purification.
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of the [err]-ester to allyl conpound (16).
car boxyl ates of Formul a (18) where Rerr]

for later conversion to | ower alkyls,
Rlerr] is propyl.
0 WO 98/17643 [err]

Compounds of Fornula (14)
in any of a variety. of

39 WD 98/ 17643
PCT/ US97/ 17809

p-tol uenesul fonic acid, for

for exanpl e,

D Aspartat e dual

Appropri ate processing provides
is allyl, which are suitable
reduction to where
REACTI ON SCHEME VI |
Step 1- Pr @8FEURHVIEHof
esters can be produced
D-aspartate (13) is esterified

bspaeates ofiFprnula ) whers Rads ydrogemare available fripyrehasg,qs fgm

one to 12 hours,

at reflux under conditions to

azeot r opi cal | synthesiveesordingse metheds unalerstopd hy thoseskilistl insthe art,suchi a5 thase deserfied in

I sol ated and purified by conventi onal

neans.

Step 2 - Preparation of

Conpounds of fheliremtare( Bojvever, aspartates 6f Exrmukai(8)rwhefe Ryis aliyiroust be syathesized. An

docurnent ed and understood by those skilled

in the art. For

example of this synthesis is shown in Reaction Scheme VII below. D-Aspartate (13) is

converted via diallyl ester (14) to aspartate (15), which undergoes Ireland-Claisen rearrangement

of the B-ester to allyl compound (16). Appropriate processing provides carboxylates of Formula

{18) where R, is allyl, which are suitable for later conversion to lower alkyls, for example,

reduction to where Ry is propyl.

(1)

"
W AN s )\if(
oo\/\ O/\g/::/l\g/"\/\ O/\ q) 1

D-Aspartate dual esters can be produced in any of a variety of ways. For example,

D-aspartate (13) is esterified with an excess of allyl alcohol, preferably in inert solvent such as
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exanple, amne salt (14) is treated with excess di-t-butyl-dicarbonate in
appropriate solvent, preferably dichloronmethane, in the presence of base,
preferably triethylamne for one to 24 hours at anbient tenperature. The

product (15) is isolated and purified by conventional neans. Steg 3 -
Preparati on oWO@¥H$éinds of Fornul a (16) Esters of REHVAN/A780% 5)
are treated with a specified stoichionetric anmount of hindered l'ithium

am de base, preferably two equivalents of |ithium hexanethyldisilazide, in
an inert apbeizere vadi siicitiometrie irowitd of atidf suelnyst-woiuenasnlfonid acid] &rene foQ2thours,15
to 45 m nutes, whereupon preferably two equival ents or nore of

trialkylsilyl aﬁbﬂ&rurd&,coﬁmﬁbmabiemsﬁiéamp@érﬁdm&yI ‘Thd 53N €14) piecipitatelan isnd
the reaction solution is subsequently warned at 50 to 70[err] C or reflux

for 30 m nut egmbAyidk ikiEPand putii@ibydonPeiaitndl fesR0! . and quenched with

met hanol . Subsequent routine aqueous workup | eads to I sol ation of allyl
conpound (16) g4 ] ; a2l neans. Step 4 -
Preparation o Acids of formula (16) are

esterified to di St#ggb‘:‘ﬁ%@g%ﬂ%&%ﬁ wIelFEJEh en% r%&dézg%&%&c{%tﬁ&% silled mgt?e”mb"?ﬁe

carried out by any ose 'S

art, preferabl wth a te I sourea,to ent .racem zation, for

exaipl e wit h EHERE pine Sk (Y is et %mtbﬁwaﬁf@a bu%& é?‘la“’éBFRPé?&“aEGB'PF'&s

chloroform at reflux for 3 to 6 hours. fedles l) Is isolated and

purl fied by c arefesahly dishlpromethaae, in the presence of base, pre crably tncthy amine for one to 24 hours
WD 98/ 17643 L . .

PCT/ US97/ 17809t ambixns femperatyve. Phprpaedust(18) is &sgletsd andipurified by penyentiopalgneans.

Sel ecti ve nono- depr ot ectlon of diesters of Formula (17) is effected

preferential | Btdm3 - Prepars Anpounds muladlélc| eavage conditions, as

di scussed above for Reactlon Schene |I. A solution of the diester (17) S

pl aced in pol ar apEsiérs of Eainuia(l5) ape wéatedatithya specificirstdichidnetricdndunt gfdliddad um

catal yst, for exanple with palladium (0) tetrakis-(triphenylphosphine) and

?X ce i Z secondigdiym ?ﬂld%%aiéaﬁﬂferdvlﬁtfv@' eﬁbﬂv&lem’bﬂhmhinﬂﬁxailﬁet}ﬁylld?sxaﬂﬁe,ﬁxemamt ure

or m nutes to four

aprotic solvent, preferably tetrahydrofuran, at -78°C for 15 to 45 minutes, whereupon preferably

two equivalents or more of trialkylsilyl chloride, preferably chlorotrimethylsilane, are added and
the reaction solution is subsequently warmed at 50 to 70°C or reflux for 30 minutes to 4 hours,
then allowed to cool, and quenched with methanol. Subsequent routine aqueous workup leads to
isolation of allyl compound (16), which is purified by conventional means.

Step 4 - Preparation of Compounds of Formula (17)

Acids of formula (16) are esterified to distinguish carboxyl termini. This esterification
can be carried out by any of a number of means understood by those skilled in the art, preferably
with-an appropriate isourea to prevent racemization, for example with O-benzyl- .
N,N'-diisopropylurea, in inert solvent such as chloroform, at reflux for 3 to 6 hours. The diester
(17) is isolated and purified by conventional means.
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hours, preferably 30 m nutes. The product acid of Fornmula (18) is isolated
and purified in routine nmanner. Preparation of Conpounds of Fornmula (2)
For the simultaneous protection of R err] and R err] functionali ty for

certain conpounds of Fornula I, for exanple where Rlerr] |s al | and
Rlerr] is carB®%743 he hal ol act one-ani de of Formula (2) isP 5’?'@89
synthesis of these conpounds of Formula (2) uses nethods described for
Formula Il in Reactlon Scheme V, as shown in Reactlon Schenes VIII and | X
bel ow. R it R batammoaci d (19) under goes
conventi onal coupl [ ng (as descri bed for Reactlon Schenme V) with am ne of

Formula (10) to Q'Séﬁcﬁma@nooée pFoRdcAM @f&&g}sof{ggﬁtﬁp(lﬁﬁlsqwtﬁaﬁat | 014119 b?m ne

of Formula (21). The pyrroerlngls formed n

pyrroles in &% P?}Lﬁﬁ’ﬁ’é‘ﬁ{}?es}% Q&a@@l&ﬂx:&%} )as b sctugscg agg% ?or)%aétyoh hcgne)l A0

obtai n produ
géT 1 US97/ 1780§o%§mn o?ﬂu: diester (17) is placed in polar aprotic solvent, %Q@hlmegﬂq@wm I

err ] . .
[ ] palladium catalyst, for example with palladium (0) tetrakis-(triphenylphosphine) and excess

secondary amine base, preferably morpholine at ambient temperature for 15 minutes to four
hours, preferably 30 minutes. The product acid of Formula (18) is isolated and purified in
routine manner.

For the simultaneous protection of R, and R; functionality for certain compounds of
Formula I, for example where R, is allyl and R is carboxyl, the halolactone-amide of
Formula (2) is prepared. The synthesis of these compounds of Formula (2) uses methods
descrii:ed for Formula IT in Reaction Scheme V, as shown in Reaction Schemes VIII and IX
below.

In Reaction Scheme VIII, the monoacid (19) undergoes conventional coupling (as
described for Reaction Scheme V) with amine of Formula (10) to give amide of Formula (20),
which 1s deprotected to amine of Formula (21). The pyrrole ring is formed (as in the preparation
of pytroles in Reaction Scheme V) on amine (21) with dimethoxy-furan (7) to obtain products of

Formula (2).
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The coupling of acid (19) and am ne (10) is acconplished with the routine
peptide am de formng conditions as described above in Reaction Schene V,
Step 2. Step 2 - Preparation of Conmpounds of Fornula (21) The

deprotection of amne (20) to amne salt (21) is acconplished as descri bed
above for thWOIBRE4? ation of amines of Fornula (6) in ReactTGHUSSZMBAL: VI,
Step 2. Step 3 - Preparation of Conpounds of Fornula (2) The

formation of pyrroles of Fornmula (2) from (21) and (7) can be acconplished

as described above in Reaction Sclmﬁ%mm%_\%% An al ternate
route to conpounds of Formula (2) proceeds via rirati on of pyrrole (23)

prior to a coupling, as °i | lustrated by Reaction Schene | X bel ow
42 WD 98/ 17643
PCT/ US97/ 17809 o H o>< ;&E)@TI ON SCHEME | X
[err] OH Y—R. step1 o HN g o NH'X
N Ry = R O R
{19 {10) {20) ' (21)
Ry
X

R
X o ;
step 3 F" Y—R
{21) + —— (o Y ~ 3
HCO" N0 Hs (W H

X \:_- Q R:

(n (2)
tep 1 - ti

The coupling of acid (19) and amine (10) is accomplished with the routine peptide amide

forming conditions as described above in Reaction Scheme V, Step 2.
2- i 1

The deprotection of amine (20) to amine salt (21) is accomplished as described above for
the preparation of amines of Formula (6) in Reaction Scheme VI, Step 2.
Step 3 - Preparation of Compounds of Formula (2)

The formation of pyrroles of Formula (2) from (21) and (7) can be accomplished as
described above in Reaction Scheme V, Step 1.

An alternate route to compounds of Formula (2) proceeds via formation of pyrrole (23)

prior to a coupling, as illustrated by Reaction Scheme IX below:
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Step 1 - Preparation of Conmpounds of Fornula (22) The deprotection
of nonoacid (19) to amne salt (22) is as described above for the
preparation of am nes of Fornmula (6) in Reaction Schene VI, Step 2. Step 2
- Preparation of Conpounds of Formula (23) The condensation and
cyclization of conmpounds (22) and (7) provides pyrroles of

43 WV 29/178464 3 PCT/US97/17809

PCT/ US97/ 17809 Forrmula (23) in the sane manner as di scussed above for

Reaction Schene V, Step 1. Step BEWarati on of Conpounds of
Formul a (2) The coupl i ng of "aci and am ne (10) is acconplished
with the routine peptide am de formation conditions described above for
Reaction Schene V, Step 2. O FRor, the preparation of |ate stage

i nternedi ates of Fornula (2), as art}é derivatives of
o HN” 7O

OH

o) NHy*+ "X

step 1
———

(f‘

O

[\
N
23)  + HN__ Y-R, _Step3 )WH
N N._Y-Rj
: 0 ~
Ra X \— O R2

10
(10) (2)

Step 1 - Preparation of Compounds of Formula (22)

The deprotection of monoacid (19) to amine salt (22) is as described above for the
preparation of amines of Formula (6) in Reaction Scheme VI, Step 2.

- arati

The condensation and cyclization of compounds (22) and (7) provides pyrroles of
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Formula (19) are needed. As shown in Reaction Scheme X bel ow, internediate
(16) is alternatively cyclized to afford hal ol actones (25), which

simul taneously protect the ultimate Rl err] carboxylate and olefin of R4 at
an early stage. REACTI ON SCHEME X

[err] WO98R7643 preparation of Conpounds of Fornul a (2BYT/US97/17809

Car boxy-ol efins of Fornula (16) in a suspension of inert solvent, for
exanpl e tetrahydrofuran or acetonitrile, and excess aqueous alkali,

preferably soHbrtuma(R3)dn henahemamict as dicRsHEe Bbove R Reation Belerzan siprief er abl y
lodine, initially at -10 to OC, then allowed to warmand equilibrate at

anbi ent_t enpesaburalayfite Pradritdf of Compbtndihe Pittha A1C Product hal ol actone
(25) is isolated and purifred according to routlne t hods.

44 WD 98/ 118 . . . . . , \ . .
PCT/ US97/ 17809 élti‘eég'ﬁ’:lmﬁf £acid (23) and amine (101 is accomplighed-wish the routipe peptide amide
Conmpound (19) ¢4 [ . f C ound, of .Formul a (25).in a manner
identical to gohg%t%nggg%tr?l gé&g%eg\?%g\{% rl}%aén?ﬂ %&Fr%‘ﬁgaf conmpounds of

Formula (18) in Reaction Schene, VIlI, Ste . Preparation of
Tet r ahy d§ of Lr ans 3-?0;‘ kﬁPFﬁEF‘&“‘(“ﬁf late stage 1nten€ed?ates of FonJ?nula (2), aspartate derivatives of

Formula (19) are needed. As shown in Reaction Scheme X below, intermediate (16) is

alternatively cyclized to afford halolactones (25), which simultaneously protect the ultimate Rs

carboxylate and olefin of R4 at an early stage.

REACTION SCHEME X

0 (o] o)
o) HN,U\OK step 1 0 HN)LOX o HN’U\OX
m————— R ey

HO” N o\/\ 07N 0\/\ o7\ OH
- - &

Ir > X\,--' X\:.-' 0

(16)  (25) (15

Carboxy-olefins of Formula (16) in a suspension of inert solvent, for example
tetrahydrofuran or acetonitrile, and excess aqueous alkali, preferably sodium bicarbonate, are
exposed to excess halogen, preferably iodine, initially at -10 to 0°C, then allowed to warm and
equilibrate at ambient temperature over a period of 2 to 24 hours. The product halolactone (25)

is isolated and purified according to routine methods.



The tetrahydrofuran of Forrmula (7) where Rlerr] is hydrogen and Xis a
single bond is comercially available. Mre often 3-substituted furans
(26) are treated with bromne in nethanol to provide

2, 5-di net hoxy-di hydrofurans (27), which are in turn hydrogenated to
produce tetr3MOa643r ans (7). The overal | approach is il us®FHUSY/LSP

Reacti on Schenme Xl bel ow. REACTI ON SCHEME
X [err] St ep 1 - Prepar ation of Conpounds of Fornula (27)
Furans of FoiSpapl2a K i Aho qauja (N onetri ¢ anounts of brom ne
I n et hanol as sol vent or in mxtures with | ess polar solvents, at

tenperatures of -@8h mh@mas;ﬁeﬁwﬁr&omcd@mmmmulawfﬂmmldarﬁﬁal té that 10
mnutes to 8 hours, preferably for 90 m nutes. The products (27) are

i sol ated and d@ééﬁbéd &@v@ﬁbr SR PYepRati S\ cofB@lRs of Formula (18) in Reaction Scheme VII,
45 WO 98/ 17643

PCT/ US97/ 178Q%, 5. Step 2 - Preparation of Conpounds of Fornula (7)
Qefins of FOrmila (27) are reduced in a suitable protic or aprotic solvent

under hydrog epa 0 3 n the presence of netal

catal yst, pr pal | adi um on car bon i n t he

t enperature range rom a t

preferably 3 hourg{‘ 5“%% '%'Pq@@s‘g}f%?eghﬂs%xgogurl$gg %l conventlonal
nmeans.

commercially available. More often 3-substituted furans (26) are treated with bromine in
methanol to provide 2,5-dimethoxy-dihydrofurans (27), which are in turn hydrogenated to

produce tetrahydrofurans (7). The overall approach is illustrated in Reaction Scheme XI below:

REACTION SCHEME XI
) x R4 X Ry
step 1 ==
O e =R o]
07" ™0OMe O~ ™0OMe
{26) (27) (7)

Furans of Formula (26) are treated with stoichiometric amounts of bromine in methanol
as solvent or in mixtures with less polar solvents, at temperatures of -20°C to ambient
temperature, preferably -10°C, for 10 minutes to 8 hours, preferably for 90 minutes. The

products (27) are isolated and purified by conventional means.
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The tetrahydrofuran (7a) of Forrmula (7) where X is a single bond and R err]
Is fornyl (-CHO is comercially available. Construction of various X and
Rl err] conbi nations are possible t hrough el aborati on upon the

car boxal dehyde. One possible scenario is displayed in Reaction ?g&gms Xl
bel ow. WO 98/17643 REACTI ON SCHEME XI PETU&YHY

Step 1 - Preparation of the Conpound of Fornula (28) As an

exanpl e, the al dghyde of .Formyla (73) i adeto a mxture with at |east

t wo equi va
tri phenyl phosphi ne, and zjnc

P yip V\Dp98 / 19lgfins of Formula (27) are reduced in a suitable protic or aprotic solvent under hydrogen
PCT/ US97/ 17809 powder in dichl ormethane over 24 hours at anbient .
tenperature. AfdneatnBBpherhenabovedn therpsesenre of metabratabist peeferatherhgdiymonglumina or
i nternmedi ate 1, 1-di bronool efin can be isolated and purified in
conventi onal palladiam onldagboa) ikyirceppaatuctrange fisorabout) °C28%0 G fquabaie &-Bdofiisom
treatment of 1,1-dibronoolefin with alkyllithium preferably

n-butyl | it hi UBtefdrably PRétrs. Cdthunds (FPire ésolated apd piirifled bl yoriveitionklymband, ur an, at
| ow tenperature, -78[err]Cto O[err]C after 60 m nutes, and subsequent

capping with trial 4 siapmkurk(7hPst Fortll (B whek! X0TsQlsingletbodd arddiR) i fovinyl The
product (28) can be

(-CHO) is commercially available. Construction of various X and R, combinations are possible

arbon tetrabrom de,

through elaboration upon the carboxaldehyde. One possible scenario is displayed in Reaction

Scheme XII below.
REACTION SCHEME XII
SnBu,
f _&fc/ C’Rl
o step | c step 2 c?
e MeO
0—“OMe OMe 0~ ~OMe
(28) @9
(7a) R
@9) — Meod\/
O0~"™0OMe
(7b)

Step 1 - Preparation of the Compound of Formula (28)
As an example, the aldehyde of Formula (7a) is added to a mixture with at least two
equivalents of the reagent formed from carbon tetrabromide, triphenylphosphine, and zinc
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handl ed and purified with routine nethods. Step 2 - Preparation of the
Conmpounds of Fornula (29) The al kyne (28) is el aborated through an
al kylation with the correspondi ng anion for conmpounds of Fornula (7)
where X is -C=C and R err] is alkyl, or the alkyne (28) is COtrJlPI ed in a
Stille-type "@B8¥1764 to a conpound of Formula (7) where X i SCIUSEUEB09,

Rlerr] is aryl. For the former conmpounds of Formula (29) Wnere R[err] |s

al kyl, a 50' u d&dar Ala (@bg%xes ¥ ax](z%%)o st heREdt tem p%PJ:MSHAgfégo'm?&s%mbﬁwre

anbi ent or ow un exchange Wlt a sulta ['ithium

2an;oisesub;(ra?uent l éfekiﬂk%ﬁ%egg%%eﬂ8§ g‘?ﬁ%@unglg orl?r’uﬂgega?’gg%%vﬁ%iel{lgr R err]
presente o kO aEA T2 e myfg?;,mogzsmodncaetufg% SQuebgol  the
(triphenyl phosphi ne) pal | ad| ug{sﬂt‘ th aprotic solvent at bel ow or above

anbi ent t enpekt-atdihremoolefiwith, @tt@,afefqr%hlmbmthﬂgyme!w%m@mseVawd can be

purified by conventional techniques. Step 3 - Preparation of the
Conpounds of freferablytetratiyjirofuran, at low tenmansrp,kmsl 23§ afterfOpRinpps AedyBIsERAuent i n
suitabl e solvent, with a hydrogen source, such as hydr ogen gas at

at nospheric pé@fpﬁigrv&;h ttislkylbtennyt bedide, cechods cblomlmbysm (Iudhe a@dmﬂ&m on
car bon, WO
98/ 17643 handled and purified with routine methods.

PCT/ US97/ 17809 to furnish, for exarrpl e, conpounds (7b) of Formula (7)
where X is - Cg D¢ i ok younds U Fu 4 (1) can be subjected to
routi ne handling i cation. CI her tetrahydrofurans of

Formula (7) where a? ?Q? EHH tREbh A akylatibs with EHé'coﬁ‘E Faﬁdﬁg anich/f6r

avai l able fromthe corries urans The appropriately functionalized

5?&3{‘50? aryl © fé‘gﬁ“ﬁasr@qs f’ﬁk‘fh%‘l“%%[]@t%d s SR I R iORLEIE 2 2

oTeogradhei{] sequent | Suzuki, Heck,

or Stille-sty lSnllg?y%B reaction t‘é"'athm;?Ju%BB UPl(% VRereX is a -C=C- and R, isaryl. Forthe

former compounds of Formula (29) where R, is alkyl, a solution of the alkyne (28) in inert
solvent at low temperature, ambient or below, undergoes metal exchange with a suitable
alkyllithium, and is subsequently alkylated with a suitable alkylating reagent, for exampie
primary alkyl halides. For compounds of Formula (29) where R, is vinyl or aryl, the alkyx_me (28)
and.ylinyl or ary! halide couple in the presence of palladium catalyst, suc.:h as tetralus- .
(triphenylphosphine)pa'lladium(O), with aprotic solvent at below or above ambient temperature.
Thet_?roducts of Formula (29) are isolable and can be pun'ﬁed by conventional technigggs.

| N The alkyn; (29) can be hydrogenated in suitable solvent, with a hydrogen source, such as

hydrogen gas at atmospheric pressure, in the presence of a catalyst, such as palladium on carbon,
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aryl boronic acids, aryltriflates and/or aryltinalkyls can be used to

prepare aryl furans (22), as exenplified in Reaction Schenmes X1, XV,
XV, and XVI bel ow. An exanpl e of a Suzuki-style coupling to
develop R err] is shown below in Reaction Schenme Xl 11. 9
REACTI ON SCHEWESSA7643 [err] PEFASEY I Pon of
Conmpounds of Fornula (32) 3-Bronofuran (30) and boronic acids of
Forrmula (31) where Rlerr] is aryl or vinyl, in a m xture of inert
solvent, for exX@mNhefoberaile coﬁﬁﬁnaﬂqsmoﬁhﬁﬂk‘?) wh?xre@!f ﬁr@m(ﬂ{éo%&ﬁﬂaducw of
car bonate in the presence of a suitable netal catal yst,”ar'e heated at
30[err] to re S e Yk r

48 E‘éxg:}%iéiggg lﬁecftéa to Pdlind Qanaﬁng and purification.

PCT/ US97/ 17809 t al l.u l, Ladi 0
tetrakis(triphenyl gﬁ‘g‘stﬁﬁéﬁgﬁo aneso ?‘i%é&ﬁ @51{” %lrf dﬁé?lgglég%f’gpaggm ‘ %ﬂé‘

A ternati vel yeaHRiapBEe: @?gwﬁ%{" e °C93§e€m'a%g5s‘é§?mowi 3L g o
exanpl e as shown in Scheme XV hel ow wherein, furan- 3- e; borom c acid (33)

and unsat ur at S¥pstient glaboration-yjz faupking of apmrpprigie winy oxarykp i gefullpdi de, or

triflate and Rlerr] is vinyl or aryl, couple to result in conpounds (32).
choreographed sequential Suzuki, Heck, or Stille-style couplings with olefins, haloaryls,

arylboronic acids, aryltrifiates and/or aryltinalkyls can be used to prepare arylfurans (22), as
exemplified in Reaction Schemes XIII, XIV, XV, and XVI below.

An example of a Suzuki-style coupling to develop R, is shown below in Reaction

Scheme XI11.
REACTION SCHEME XIII
/ Br HO._ _R aYe
/ + \?/ 8 P /
OH
(30) @1) (32)

&

3-Bromofuran (30) and boronic acids of Formula (31) where Ry is aryl or vinyl, ina
mixture of inert solvent, for example benzene, and aqueous alkali, preferably sodium carbonate,

in the bresence of a suitable metal catalyst, are heated at 30° to reflux temperature for one to 24

48



REACTI ON SCHEME XIV  [err] Preparati on of Conpounds of Fornul a

(32) Furan- 3-yl boronic acid (33) and vinyl or aryl halides of
Formul a (34) are reacted under conditions simlar to those described
above for Reaction Scheme XIII. The Heck coupling represents

addi ti onal uS¥P 81763t hodol ogy to introduce and el aborate LGRSVt s on
unsaturated systens as displayed in Reaction Schene XV as foll ows:

REACTI ODN SCHEME XV [err] WD 98/ 17643

PCT/ US97/ 1780Rours. Auitabla ateeal Endlpay intludepalthdita(p eerails{triphedyphosphiney 62)
3-Bromofuran (30) and ol efinic conpounds of Fornula (35) where Rerr] is
aryl or vinyl palRARm() ReQE ak BxafnpidS TROS@LL (sz) iswéméaﬂh\fﬁme processed & routine
presence of rret al catalyst, preferably palladi un(0)

tetrakis(tri pﬁﬁ fi%h pPhosphine) or palladiun(l1) acetate with catalytic
tertiary phosphine, preferably tri(o-tolyl)phosphine or

The' pr odust ?éi') "PadafEl, S8l g %%**%*r e 2%‘%{&? Tadag s iBuh i

For | ar ger Eﬂ}#ne%g%):?ow wfilcreurx1 ?urane-!! orrgrgxlc Seid eif3) an aefluratgl Earl{d]:s o' F%ngu can

be obtai ned f

(34), where X is bromide, iodide, or triflate and Rg is vinyl or aryl, couple to result in
compounds (32).
REACTION SCHEME XIV

(j/ BOH: 4 X—Ry _ gﬂs
0

(33) (34) (32)

e i

Furan-3-ylboronic acid (33) and vinyl or aryl halides of Formula (34) are reacted under
conditions similar to those described above for Reaction Scheme XIII.
The Heck coupling represents additional useful methodology to introduce and elaborate

substituents on unsaturated systems as displayed in Reaction Scheme XV as follows:

REACTION SCHEME XV
(30) (35) (32)
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different coupling conditions, conplinentary to those reactions depicted in
Reacti on Schenes Xill, XV, and XV above. For exanple, once the above

nmet hods are used to prepare a furan of Formula (36), it can in turn be
mani pul ated to join an additional vinyl or aryl group as shown in

Reacti on Schaweesarsddel ow. PREAISHT P RIPsCHENVE
XVl [err] (38)

50 WD 98/ 17643
PCT/ US97/ 178081ternate pof e mde bf Kinmquda (3% of Fornmul a (37)

Phenol of Formul a (36) ina solution of inert solvent, for exanple
chloroform in the-Bropiofitr&i(30) &id ofefinitcoR@stnds pf Biranialids) wheke-RgUs argll orevinygtarea
tenperature of -10[err]C or above, preferably Oferr]C, is treated with a

stoi chi onetri Ela&ﬁ‘?:‘ﬂi‘?,usﬁénsfoh'of indR sk, NA R pHésérRE bme Myt Srefetddy fAladiLIG(0)
triflate (37) is potentially reactive; it nmay be isolated and purified

3 3 :j g rk | ;‘;‘n hydr opgaGQBEhEdyRkRsihihe) of ﬁlﬁﬁ&mxﬂﬂm&mi@m cadl iRy bhBShise Siteferably

tri(o-tolyl)phosphine or tri(o-tolyl)arsine, at ambient to reflux temperature for one to 24 hours.
The product (32) is isolable and can be processed in routine fashion.

For larger R, groups, further elaboration of smaller R, groups can be obtained from
different coupling conditions, complimentary to those reactions depicted in Reaction Schemes
XIII, XIV, and XV above. For example, once the above methods are used to prepare a furan of
Formula (36), it can in turn be manipulated to join an additional vinyl or ary! group as shown in

Reaction Scheme XVI below:

REACTION SCHEME XVI
step 1 9
OH > O—-%—CF;;
/ o]
I a6 I @
Me3Sn—Rg ' R
(37) or X N or step 2 - , 8
I (37a) 5"37::)'“‘ (32b)
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Step 2: Alternate Preparation of Conpounds of Fornula (32b)
Either triflate of Formula (37) or vinyl halide of Fornula (37a) is coupled

with trialkyl- vinyl or aryl tin(lV) of Fornmula (38) in a solution of
i nert solvent, such as benzene,in the presence of netal catal uch as
pal | adi un(II)W@e%Ué‘!?'e with a stoichionetric anount of |Ithllm[}/s ride

at anbi ent tenperature or above. The coupled product (32b) is arrenabl eto
conventional isolation and pur| fication. The furan buil ding
conponents i nshg Paratitee pdunds iila (33nd XVI are readily

avai l able. 3- Brormfuran (30) can be purchased fromAI drich.

Furan- 3-yl - boronl Cp&ﬁblct)f@aﬂmh@(ss) inf QRO IF inérPéolRHE R leRam cHi@6fokh R thei N
Thonpson, Gaudi no, Org. Chem 1984, 49, 237-5243. Furans

of Formul a (Bg}ehgnggo%ﬁ?%@ﬁ}f@&)&}y%%‘-lﬁﬂd;h@@t E 25ka1e Qg V1 00k ok hide, ﬁaaxﬁgl)

for Reaction enes nic aci ds of Formul
are known in s cJt% &B@m @ngﬁm%)f {Hﬂl&g ﬁ?.nes&?f&m ydMdk Vine %'oduct
conpounds of are a novvn terature” or can be

%ngg/ei;éig triflate (37) is potentially reactive; it may be isolated and purified under anhydrous conditidfs in

PCT/ US97/ 17809 PREPARATI OF FORMULAS 111, 1V, V, VI, VI,
AND VI | | inert atrapsph MM%“SFSJ%%?%S I11, 1V, V, VI, VIl, and VIII
where R err] is car boxyl can b . produced fromthe correspondl ng esters as
descri bed, abaien siohllenare, ration efGempoundsehFormulatdgb)y inds of For nul as
[, 1v, Vv, vi, vil, and VIII Wnere Rlerr] is N-hydroxycarbano
C( O NHOH) can be pEUhhmleﬂm)?f Hokmulkﬂﬁotlv*dﬂsf’ewetﬁEOMéhbﬁ Cméét“f“brﬁﬂ@@ﬂ‘ene
The heterocyclic acetic acid derivatives of Formula (40) where
R9 i s al koxy, virdykyt ayplitin(1V)of Boramtd (38) in-a3olyution ofimertsolkvgntasuckiastienzene,in the
[err]-hal oesters of Formula (39) where X is chloride,
presence of metal catalyst, such as palladium(II) acetate, with a stoichiometric amount of lithium

chloride at ambient temperature or above. The coupled product (32b) is amenable to
conventional isolation and purification.

The furan building components in Reaction Schemes XIII, XIV, XV, and XVI are readily
available. 3-Bromofuran (30) can be purchased from Aldrich. Furan-3-yl-boronic acid can be
prepared, for example, as described in Thompson, W. J.; Gaudino, G. J. Org. Chem. 1984, 49,
5237-5243. Furans of Formula (36) can be synthesized using the methodology outlined above
for Reaction Schemes X111, XIV, XV, and XVI. Boronic acids of Formula (31) are known in the
literature or can be synthesized. Organotin(IV) compounds of Formula (38) are also known in

the literature or can be synthesized.
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brom de, iodide, or triflate to target esters of Formula (41) as shown
bel ow i n Reacti on Sche: XVIl1. The R err] group of conpounds of Fornmul a
(40) can serve as a chiral auxiliary to help establish the absolute
stereochem stry of conpounds of Formula (41).

REACTI ON SCHWe9847643 Sol uti ons of WHWM
Formula (40) in inert solvent, preferably tetrahydrofuran, added to
solutions wt Ch. r ] e,
POl Ut one, W ¢ B Qe e CogiengEi ARMATA IR R RV RS WiEE ||

I nert sol vent, pref r abl etr erat.ure,

preferably -78 to A ST'EP%P@° ‘ﬂlﬁ%ﬁl :}n{'u{fa&s V?i)‘B‘ﬁ%Ikﬁ’ﬁ re Rgis.carboxyl can b

52 WO 98/ 17643 ) . ] )

PCT/ US97/ 1780¢@roducsdiftoithe caresspangling estens apdaserihsd cibovefor Basmulad i Reackign 36hemn .
Then [err]-hal oesters of Fornula (39) are e added alone or in a
sol uti on of i CempowdsvEFermulph 1IN, ¥, V3 XHi aod VHwhereeRs is Nahydowydarbamayl (-r f or
30 mnutes to 24 hours, preferably one hour, to formtarget esters (41),

which are i solcem)}u{eﬂyhanrbulprdduad bbyhermnhodxksmbhdmmbsc for Reaction Bchemeril. exanpl e
of the alkylation process outlined by Reaction Scheme XVII where Rlerr] is

a chiral auxili aryTheiRferiRGolid dcotic Soad derPatides bf Fobfilila (40) Atere RYiiNgkdxy, dlkylami
schenme, am des of
or oxazolidin-3-yl, are alkylated with &-haloesters of Formula (39) where X is chloride,
bromide, iodide, or triflate to target esters of Formula (41) as shown below in Reaction Sche:

XVII. The Ry group of compounds of Formula (40) can serve as a chiral auxiliary to help

establish the absolute stereochemistry of compounds of Formula (41).

(39)

Solutions of compounds of Formula (40) in inert solvent, preferably tetrahydrofuran,
added to solutions with stoichiometric and/or defined amounts of a suitable base, for exampls
sodium hexamethyldisilazane or lithium diisopropylamide, in inert solvent, preferably
tetrahydrofuran, at low temperature, preferably -78 to -15°C, for five minutes to one hour, ar
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Formul a (40) where Rl err] are chiral oxazolidines (see Fornmula (42) bel ow)
can undergo me stereosel ective al kylation to provide products
of Formula (43), which in turn can furnish hydroxyethyl am des of Fornul a
(44) (Formula | where R err] is an ester, Y is -CH(OH-).

REACTI ON SCHEME XVI | | [err]

53
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PCT/ US97/ 17809 Step 1 - Preparation of Compounds of Fornula (43)

Conpounds
Rlerr] is
descri bed
conmpounds
conpounds

of Formula (43) are prepared from conpounds of Fornula (40) where

a suitgbie tepdffegtdammention ohbe aorerspongingdiniono Aben athaledstssd of Formiha(8) are

above for tthe preparation of conpounds of Formula (41) from

of added alohear if 8 S9lutimcbf (neft)solventRI&E told reaSivhemirture isMidwed exstie fdr 304 t h

of Fornmul a €l42) substituted for conpounds of Formula (40). The
minutes to 24 hours, preferably one hour, to form target esters (41), which are isolated and

purified by routine methods.

Foran i:gcample of the alkylation process outlined by Reaction Scheme XVII where Ry is
a chiral auxiliar;z, see Reaction Scheme XVIII below. According to this scheme, amides of
Formula (40) n\t/:\ere Ry are chiral oxazolidines (see Formula (42) below) can undergo

stereoselective alkylation to provide products of Formula (43), which in tum can furnish

hydroxyethylamides of Formula (44) (Formula I where Ry is an ester, Y is -CH(OH)-).

o]
RS\O)H/X . @

0

(39)
(43)
are
&
(44)

e
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product of Fornmula (43) is anenable to conventional isolation and
purification. Step 2 - Preparation of Conpounds of Fornula (44)
Compounds of Fornmula (43) in solvent, such as tetrahydrofuran, is treated
W th excess acid, preferably dilute, 0.5 nolar aqueous hydrochl oric acid,
at anbi ent tovees17643 tenperature, preferably the forner. FEEYPUHEY: of

Formula (44) is isolated and purified via routine nethods. The
di substituted heterocycles of Formula (41) may al so be assenbled in a
variation in Ste widt 0 HHddlve in Reaction Schene XVII
The al kylations in the above Schenes XVIl and XVIII can precede the

installation or el@mpoahdswof Fofmuld@3pare prepared figrh compdunds e Fornula (40) Rhere Ry isa
stages use appropriate sequences of coupling nethods discussed in Reaction

Schemes XI 11, chitaVoxaffidice\hder\dondifiéts inieap bthosk e IBABGH dbbVe fOEHE PRpathtionitEl OW,
nonosubstituted heterocycle of Fornmula (46) m ght be hal ogenated to an

appropriately comﬁhuﬁa’mtpb&mwmrﬁaﬁrceﬁy&ms SHF RGBS dnfl (40) in'RéEtior Sl:thdé nis

a coupling partner for nethodol ogy outlined in Reaction Schenes X1

XV, XV, and Xy e*% dttSeo \‘f;'rgﬁms%f F@rm%ﬁz(ug)' suﬁs‘ﬁﬂﬂnlld f@xgcogptohnds o Po LG "I‘ﬁc of

Formula (31) is used to gi a conpound of” Formu
54

PCT/ US97/ 17 80§ro%uct o??or?hula (43) is amenable to conventional 1ﬁE&Wu§Eﬁéﬁ\/& X1 X

- arati 4

Compounds of Formula (43) in solvent, such as tetrahydrofuran, is treated with excess
acid, preferably dilute, 0.5 molar aqueous hydrochloric acid, at ambient to reflux temperature,
preferably the former. The product of Formula (44) is isolated and purified via routine methods.

The disubstituted heterocycles of Formula (41) may also be assembled in a variation in
the order of execution shown above in Reaction Scheme XVIII. The alkylations in the above
Schemes XVII and XVIII can precede the installation or elaboration of the portion that contains
X and R;. Late stages use appropriate sequences of coupling methods discussed in Reaction
Schemes XIII, X1V, XV, and XVI1. For example, in Reaction Scheme XIX below,
monosubstituted heterocycle of Formula (46) might be halogenated to an appropriately
disubstituted heterocycle of Formuia (47), which in turn is a coupling partner for methodology
outlined in Reaction Schemes X111, XIV, XV, and XVI. In this example, a Suzuki coupling with

boronic acid of Formula (31) is used to give a compound of Formula (48).
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[err] a- Hal oesters of Fornmula (39) where R4 is hydrogen
are comercially avail able. Wen Rl err] is alkyl, many conpounds of
Formul a (39) can be prepared by syntheses described in literature. For
exanpl e, many am no aci ds can be converted to optically active conp nds of
Fornul a (39) WheW¥644 is al kyl as described in Coppola, G ﬁFT"@%Wh@?er, H.
F. Asymmetric Synt hesis: Construction of chiral nolecul es using am no
acids; J. Wley & Sons: New York, 1987. Certain heterocyclic
acetic acid derivatives of Fornula RE%EIEEESQHEEHiKD@"Y avail able in
certain cases (for exanple, 2- or 3-thiophene acetic acid), but usually
must be synthesized in various ways, as described bel ow.

55 WD 98/ 17643
PCT/ US97/ 17809

Direct kyl ati on on the nidfogen of an

Q
appropri ate het er,ﬁ\cyitl exof For (49)ywwhere T, andyey2 ar e each
i ndependently car nitrogen] by tRAe a-hal pac@ti § aci ddert vative f
Formul a (50), where Xf%s hal ogen riflate, Rp‘r e e desi rred Ry
i nternedi ates of Fornula (51), s shown in Reactimgn Scheme XX bél o &

(99) 8 (48) R un

Ho\ step 3
wn ¢ mf&_& -

1)

PREPARATION OF STARTING MATERIALS

a-Haloesters of Formula (39) where R, is hydrogen are commercially available. When
R, is alkyl, many compounds of Formula (39) can be prepared by syntheses described in
literature. For example, many amino acids can be converted to optically active compounds of
Formula (39) where R, is alkyl as described in Coppola, G. M., Schuster, H. F. Asymmetric
Synthesis: Construction of chiral molecules using amino acids; J. Wiley & Sons: New York,
1987.

Certain heterocyclic acetic acid derivatives of Formula (40) are commercially available in
certain cases (for example, 2- or 3-thiophene acetic acid), but usually must be synthesized in

various ways, as described below.
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REACTI ON SCHEME XX Step 1 - Preparation of Conpounds of
Formul a (51) Ni t rogen-cont ai ni ng heterocycles of Fornula (49) (for
exanpl e, pyrazole) are placed in aprotic solvent such as

N, N-di met hyl formami de, and if warranted, deprotonated with a _base such as
sodi um hydri &AM $Beated with [err]-hal oacet am des of For nEFFUSYHY8Rher e
X is hal ogen or triflate, at roomtenperature or above for one to 24
hours. The products of Formula (51) are anenabl e to routine techni ques

for isolation and poirdct hikati®ibn the nitrogen of af BppRd}RLR AL DRl GHFIRhAIL vhere T
substitution of the heterocyclic rilnggeinnvol ves the al kf/ﬁ;tt‘?‘on opggn e

organomet al | | Cydeld Y allelch indepBRictRY Arlor bt nitf3EES b Mk Bunal Bl §ATBLRaribes b UM

PCT/ US97/ 17809 ' . Q[ copper, W_th an rr]-hal oaceti Ci
derivative of E%?n#ﬁ@gjg%{é%aggglﬁ%%&ﬁﬂm’ PREY‘EE ﬁcﬁ%ﬂgﬁ’g‘“ t°'°b‘gfIF§W“ga 1),
REACTI ON SCHEME, XXI . .

as shown in Reaction Scheme XX below:

REACTION SCHEME XX
X —((
},"'\<V + 7
LN ‘\[ng —_— T
H O kn/RS
(0]
(49) {50) (51)

Nitrogen-containing heterocycles of Formula (49) (for example, pyrazole) are placed in
aprotic solvent such as N,N-dimethylformamide, and if warranted, deprotonated with a base such
as sodium hydride and treated with a-haloacetamides of Formula (50) where X is halogen or
triflate, at room temperature or above for one to 24 hours. The products of Formula (51) are
amenable to routine techniques for isolation and purification.

An analogous straightforwérd substitution of the heterocyclic ring involves the alkylation

of an organometallic derivative of Formula (53) where M is, for example, lithium,
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[err] Step | - Preparation of Compounds of Fornula (53)
Heterocyclic netall o derivatives of Fornula (53) are available in customary

fashion from a heterocycle of Formula (52). Principal nethods i ncI ude
deprotonati on of parent of Formula (52) where Wis hydro% 78
hal ogen- net alWeR¥k&#ye of the correspondi ng hal o- het ero ﬁ!‘{‘g’ 'B’f or rrul a

(52) where Wis hal ogen. These reactions are typically carried out in
inert, aprotic solvent such as tetrahydrofuran, at ambient tenperature or
bel ow, in 15 mimaghesium, or copp&dwith e g-haldlretioadidderivetivel df Forsubd (56)) asshoem (153)

are typically unstable to atnosphere and noi sture. They are routinely
formed i n situRebdiod SekmeXIIbetdwe! Y W t hout i sol ati on.
57 WD 98/ 17643

PCT/ US97/ 17809 Step 2 - Alter nmsg%%gm Conpounds of Fornul a
(40) The organonetallics of Formula are al kyl ated by
stoichionetric or excess anounts of acetate or acetam de of Fornula (50)

in inert solvent, preferably te/t.Rﬁhydrofuran, at low _mperatures of -78
to Oferr]C, inten to 90 ni #Es. The product of EoreBla (40) is isolated

and step 1
—_—

w M
(52) (53)
xR
X step 2
53) + ‘Wng e
O Rg
O
(50) (40)

Heterocyclic metallo derivatives of Formula (53) are available in customary fashion from
a heterocycle of Formula (52). Principal methods include deprotonation of parent of Formula
(52) where W is hydrogen, or from halogen-metal exchange of the corresponding halo-
heterocycle of Formula (52) where W is halogen. These reactions are typically carried out in
inert, aprotic solvent such as tetrahydrofuran, at ambient temperature or below, in 15 minutes to
24 hours. The organometallics of Formula (53) are typically unstable to atmdsphere and

moisture. They are routinely formed in situ and used immediately without isolation.
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purified with routine methods. As anot her alternative, an
acylation can be carried out with oxal ates or oxanates of Formul a (54)
where R err] is, for exanple, hal ogen, al koxy, or imdazol-1-yl, to

ket oesters or ket oam des of Formula (55), which are subseci,uentl
deoxygenat ed W€} al steps to ester or am des of Formul 9(%6?/”,78%?5
shown in Reaction Schenme XXI| bel ow

58 WD 98/ 17643

PCT/ US97/ 17809 SCHEME XXI |

The organometallics of Formula (53) are alkylated by stoichiometric or excess amounts
of acetate or acetamide of Formula (50) in inert solvent, preferably tetrahydrofuran, at low
temperatures of -78 to 0°C, in ten to 90 minutes. The product of Formula (40) is isolated and
purified with routine methods.

As another alternative, an acylation can be carried out with oxalates or oxamates of
Formula (54) where R, is, for example, halogen, alkoxy, or imidazol-1-yl, to ketoesters or
ketoamides of Formula (55), which are subsequently deoxygenated in several steps to ester or

amides of Formula (40), as shown in Reaction Scheme XXII below.

58



[err] Step 1 - Preparation of Compounds of Fornula (55)

Het erocyclic organonetallic derivatives of Fornmula (53) where Mis lithium
can be prepared as shown in Reaction Scheme XXl above and acyl ated by an
oxal ate or oxanmate of Forrmul a (54) where Rerr] is typically hal n,

al koxy, or | rW@a¥¥641-y| in inert solvent, preferably ~ tet® W?%ﬁg'ﬁan, at
| ow tenperatures of -78 to O[err]C, in ten to 90 mnnutes. The product of
Formul a (55) is isolated and purified with routine nethods. Step 2 -
Preparati on of Conmpounds of For nul %@mﬂﬁw ket oester or am de of
Forrmul a (55) in solvent, preferably ethanol, at tenperatures of -15 to
O[err]C, is treated with hydride reducing agent, preferably sodium

bor ohydride, for fivg_ Rimnutes to four hours to g(,d%i de products of x/R1

Formul a (56), which~are isol ale and pugified g conventi onal
t echni ques. @ + R i{eﬁfL- step2 59 @ WO
98/ 17643 o ® -

PCT/ US97/ 17809 SMep 3 - Prepar&ion of Conpoyg of Formul a (57)HO
Al cohol s of Fornula (56) can be processed for deayygenation by conver 4
to various - noiettb®s designatedsqQ preferably wieje Qis an ester Olsg)
hal i de. Typically they are acylated in

(56) step 3 @ step 4 @
Q Ry rﬂg
(0] o]

= a
Heterocyclic organometallic derivatives of Formula (53) where M is lithium can be
prepared as shown in Reaction Scheme XXI above and acylated by an oxalate or oxamate of
Formula (54) where Ryq is typically halogen, alkoxy, or imidazol-1-yl in inert solvent, preferably
tetrahydrofuran, at low temperatures of -78 to 0°C, in ten to 90 minutes. The product of Formula
(55) is isolated and purified with routine methods.
Step 2 - Preparation of Compounds of Formula (56)
The ketoester or amide of Formula (55) in solvent, preferably ethanol, at temperatures of
-15 to 0°C, is treated with hydride reducing agent, preferably sodium borohydride, for five
minutes to four hours to provide products of Formula (56), which are isolable and purified with

conventional techniques.
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aprotic solution, for exanple chloroform wth excess acylating agent, for
exanpl e acetic anhydri de or acetyl chloride in the presence of excess
anm ne base, preferably pyridine, wth or wi thout catalytic amounts of

(4-di met hyl am no)pyridine to give acetates of Fornmula (57) where Qol S
acet oxy, whi OMOA¥E’6ndl ed and purified in usual fashion. Té‘ﬁ?%"— ?
Preparati on of Corrpounds of Forrml a (40) [err]-Halides or
acetates of Fayug 2 )a t3id roeu@lisAcet oxy, respectively, are

reduced to products o catal yst, preferably

| | adi b |
formate. The products ?ﬁo?F‘a‘P’Z‘“ﬁ@%"RB E*Q&QQ% deg%’”ﬂ“?‘ﬁ“’%%‘é%@b%ﬂﬁ%ﬁ

The di substltut ed 9 For nul 4 S n in a
difterently  POrERbRN. Sl BhiH ol o Tyiy S el b et
contains X and REerr ut| | i zi @eag&ggdprl aI}(la sequences qf couplin

met hods di scuSPEHicisRuERR, &ricxsm TRt YAt EXEPSy 2cKARNE ZBT 1R example acetic

Many of the nonosubstituted heterqcycles that are_comrercially avail abl e
bear only one anhydridegparerh clprdedp heiprasenss of exsrg amingibatcopraierabRyadioe yth
necessary to prepare disubstituted het erocycl es of Fornul a (401) as

shown i n ReactVigwutearlytic spounts pE{4oiimetplaminodnyzitling to giveagetates pf Formula (57) where
nono- substituted heterocycles of Forrmula (58) where R err] is hydrogen,
hydroxy, or  Qad dcetoxy,(Which azebanpled and3pifrified in wual faskimhdehyde or 3-furfural,
where R err] is hydrogen) can be horml ogat ed t hrough any of nunerous
sui t abl e net hcglep 4 R Pyvepairsti Caynpouhd : 4 t, for exanpl e, that
described in Martin, S. F. Synt hesi s 1979 633 665, to furnish

2-heterocyclic ac etei-Halides or acetates of Formula (57) where Q is halogen or acetoxy, respectively, are60
WO 98/ 17643

PCT/ USQ7/ 1780%cqitci El: pt6ddclE 'Fl{ﬁﬁdz( {a8) withi frictal GatllysB %refféiiﬂlﬁﬁdrillla&uﬁﬁin' catbbfind a

for exanple as a halide of Fornmula (60). Alternatively, e heterocycl es

o (), BBl Y2 B Oy i
conpound of For mu“‘“mé"j{%a“g with an appropriate coupl i ng partner such as a
V

[ of .
conpound of Fof® es esters or anides

The disubstituted heterocycles of Formula (40) can also be constructed in a differently
ordered sequence: late formation of the portion that contains X and R, utilizing appropriate
sequences of coupling methods discussed in Reaction Schemes XIII, XIV, XV, and XVL

Many of the monosubstituted heterocycles that are commercially available bear only one
carbon in the substituent, and additional processing is necessary to prepare disubstituted
heterocycles of Formula (40), as shown in Reaction Scheme XXIII below. Commercially
available mono-substituted heterocycles of Formula (58) where R, is hydrogen, hydroxy, or
alkoxy (for example, 3-furan carboxaldehyde or 3-furfural, where Ry; is hydrogen) can be
homologated through any of numerous suitable methods known to those skilled in the art, for
example, that described in Martin, S. F. Synthesis 1979, 633-665, to ﬁxﬁﬁsh 2-heterocyclic acetic
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of Fornula (62).
of the nmethods in
steps. For exanpl e,

As recogni zed by those skilled in the art,
Reaction Scheme XXIlI1 allows interchangability of the
t he substitution of

the versatility

hal i des of Forrmula (61) with

boronic acids of Fornmula (31) rmay precede a honol ogation to '
i nt er medi at eSVOPYFI§#3ul a (62) (not shown). rerdiilhiy

REACTI ON SCHEME XXI | |
[err]

(61)

98/ 17643 .

PCT/ Us97/ 17809 Hergtively, the heteroe
(60) The het erocvcl es
conpounds of Eﬁ % f“%m

nat ure of R[er and
1979, 633-665.

I oNns

A regp e séS PRI kogrs e‘%‘é‘?aﬁﬂﬂ‘éi&ﬁ&?’%@%&"

for

S PPEP A PP Parroh ot AL g1 Totrals (i Bivesgbiars ¥ ames

acid derivatives (59), which can be further substituted, for example(ég.)hali%elof Formula (60{./\0

oun or mu

ormula (SP) aé%substitutad as l?ali s of F rmula( (‘%3 then

of Formula (62). As recognized by those skilled in the art, the versatility of the methods in

Reaction Scheme XXIII allows interchangability of the steps. For example, the substitution of

halides of Formula (61) with boronic acids of Formula (31) may precede a homologation to

desired intermediates of Formula (62) (not shown).

(58)

{60) +

tep 1
sh‘ ! sep (60)

REACTION SCHEME XXIII

\\\\\jfiz
(59) t

61
{61) Rs
H step 3
0>B —Ry T @
HO Re
o]
(31) (62)
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hydrogen, the anion of 2-trinethylsilyl-1,3-dithiane is used in inert
aprotic solvent, preferably tetrahydrofuran at | ow tenperature, 0 to
-78[err]C for 30 mnutes to several hours, to obtain the correspondi ng
di t hi ane adduct, which is subsequently converted through any of ety
of met hods Wa98#idedvat i ves of Formula (59). An exanpl e of ﬁFT’HF%Hé&?emval
uses nercuric chloride in water and al cohol to afford an ester of Fornul a
(59) where R err] is al koxy. The products of Formul a (59) are anenable to
conventi onal sandl Prgpardtibng of Com ' IS5 andR6@par at i ons of
Compounds of Fornulas (60) and (61 As an exanple of the
i ntroduction of t g RRERAEFIRAVE LML BY) afd GUPEE hdrHEBEated 16 ETHRIBUAGK S Fofulas
Forrmul as (59) and (58) in an inert solvent are hal ogenated, for exanple,
with a bromn C ;0 | NgJxi Nt
(o) an 60 eBXel), BebehiRf o o/ naMrDX D ANFRL Sek] (PexaRipledNALAN"

tenperature o ran ‘hour ay. The resul fant hetereoary

puri 11 cat i on SnaSHPAAYEE Ponee> Ay BB, diobep B G LN Wi RIY" | "€

Formul a (62) The .coupl i ng.,gf eroaryls. af For mul 0]

carried out aPreggEEe PR GfLrin g’ég}l’aéldﬁ gﬁh’ﬁ‘"&r‘s %gigltlf’ apé%q}u%éﬁ]é'é&)érft?{a%,

or XVI to obtain conpounds of Fornul g ( . Am d wth.the
generic For wleWQM@S%WWW?@Qé‘P %I)’%fﬁ‘ﬁg mpEesdp sEA™ gaé‘i'ﬁ’ bRy thg
the correspondi ng carboxylic acid or activated esters of Formula (40) where
Rlerr] is al kexsesponding dhglm%dﬁ?c%ﬁhlékléﬁ‘thﬁw%b’ qopverted thrpugh any- el Naristy e/

bel ow. 62 WO

98/ 17643 methods to derivatives of Formula (59). An example of dithiane removabyses merpnricrehiayide
REACTI ON SCHEME XXI V

in water and alcohol to afford an ester of Formula (59) where Ry is alkoxy. The products of

Formula (59) are amenable to conventional handling and purification.
Step 2 - Preparations of Compounds of Formulas (60) and (61)

As an example of the introduction of the second heteroaromatic substituents, compounds
of Formulas (59) and (58) in an inert solvent are halogenated, for example, with a bromine
source, such as bromine or N-bromosuccinimide, at ambient temperature or below, for an hour to
aday. The resultant hetereoaryl halides of Formulas (60) and (61), respectively, are subject to
routine purification and manipulation.

Step 3- Preparations of Compounds of Formula (62)

The coupling of heteroaryls of Formula (60) are carried out analogous to that described
for Reaction Schemes X111, XV, or XVI to obtain compounds of Formula (62).

Amides with the generic Formula (40) where Ry is alkylamino are often available from
the corresponding carboxylic acid or activated esters of Formula (40) where Ry is atkoxy or
hydroxy, as exemplified in Reaction Scheme XXIV below:
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[err] The formation of am des (64) (i.e., Fornula (40)
where Rerr] is alkylamne) results from acids of Forrmula (63) coupling
with am nes of Forrmula (10) under the sanme conditions as descri bed above
for Reaction Schene V, Step 2. The products of Fornula (64) are isoqlated

and  purifi S4OBY1%6&nvent i onal net hods. xazol i di neFUSEEVAN a
(42) can be nmade fromthe acetam des of Fornula (65) where Y in terns of
formula | is -CH(OH) -, as shown in Reaction Schenme XXV bel ow
REACTI ON SCHEME XXV REACTION SCHEME XXV
[err] 63 WO
98/ 17643
PCT/ US97/ 17809 The hydroxyam des of Formula (65) are placed in
sol ution containing acetong,or its R,
x/ x~
H . TN K. _v—R
: e hannd
Ry Y
o) o} R,
(63) to) (64)

The formation of amides (64) (i.c., Formula (40) where R, is alkylamine) results from
acids of Formula (63) coupling with amines of Formula (10) under the same conditions as
described above for Reaction Scheme V, Step 2. The products of Formula (64) are isolated and
purified by conventional methods.

. Oxazolidines of Formula (42) can be made from the acetamides of Formula (65) where Y

in terms of formula I is -CH(OH)-, as shown in Reaction Scheme XXV below:

REACTION SCHEME XXV
N ™
w . ®
N\E)\R’ N\)\ Ry
o R 0O R,
(65) (42)
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equi val ent, preferably 2-nethoxypropene, with a catal ytic anmount of acid,

such as p-tol uenesul fonic acid, under dehydrating conditions, such as
trappi ng of water with a Dean- Stark apparatus, at anbient tenperature
to reflux, for a suitable anmbunt of tine to convert starting materi al
(65). The proumean76452) is amenable to routine processing fon"c?"gjﬁ? H%%n and
purification. A preferabl e avenue to oxazolidines of Formula (42)
i nvol ves coupling of oxazolidines of Formula (67) to acetic acids of
Forrmula (63), as s eact | The, . . 0x es
(67) in turn origi Hﬁ%,\gy‘#?’ﬁ'm"édﬁfﬁ gﬁ%ﬁ“ﬁgmwg" al%?g??gtzr%aieé c%sal
and synthetic origi CTl ON SCHEME
XXVI equivalent, preferably 2-methoxypropene, with a catalytic amount of acid, such as [err]

64 WD 98/ 17643

PCT/ US97/ 1780%-toluenesulfonic acid, under dehydrating conditions, such as trapping of water with a Dean-
Stark apparatus, at ambient temperature to reflux, for a suitable amount of time to convert
starting material (65). The product (42) is amenable to routine processing for isolation and
purification.

A preferable avenue to oxazolidines of Formula (42) involves coupling of oxazolidines of
Formula (67) to acetic acids of Formula (63), as shown in Reaction Scheme XXVI below. The

oxazolidines (67) in turn originate from aminc-alcohols of Formula (66) of commercial and

synthetic origin.

REACTION SCHEME XXVI
OH
HzN\_)\ R, step 1 \j\
' HN R
R, 3
(66) (::)
{R1 x/ R1
. en  sw2
@ e
OH N\_)\R3
(o] | o ﬁz
(63) (42)



Step 1 - Preparation of Conmpounds of Fornula (67) Conmpounds of
Formula (67) are prepared from conpounds of Formula (66) using a nmet hod
simlar to that described above for the preparation of conmpounds of Fornul a
(42) Reaction Schene XXV, except |ower tenperatures are preferred The
products of FBPMH®EN67) can be somewhat unstable and are PCHVISHET used
in situ or inmmediately in the next reaction W t hout purification. Step
2 - Alternative Preparat|on of Cbnpounds of Formula (42)

Condi ti ons f orStepd - Prepan \ unds apNcal coupling reagents as

di scussed above for Reaction Schene V, Step 2, apply to the preparation

of conpounds of Foerﬂ;nu:@d&Z:}‘Fonnula(ﬂ)mﬁ@pmf&f?&n&éﬂ%ﬁuhdslﬂfﬁdmhﬂiﬁﬁpﬁ‘m@aes
that are not available commercially, the rings may be constructed. For

exanpl e, for tJﬂ@th&@iﬂ%ﬁhﬂd&a@&esﬁ%eﬂﬁb&re'f&r’the ﬁ?aﬁi‘i@%f Qe Wzds'af %:‘r?:ﬁﬂd
Scheme XXVI1, tetrahydrofurans of Formula (68) where Rerr] hydr ogen or

al kyl are_condgnsesh schnt OTERSS: Bherich 5%& ggrﬁf&erfrrﬁ&u@% oo i 8

Fornul a (70). Depending on the nature err

(70) may be c %mé%f E@ge@agglﬁe%%? gx@fr&ﬂmgi% u%pdl0 g)?xj?u &Qmmetl'ilr Fyquil Eiae neXt réittion

al kyl (as in ion

gEACT | ON SCHEI\/E 1;()(\/ )ﬁcanon rrj

PCT/ US97/ 17809 v ]
Step 2 - Alternative Preparation of Compounds of Formula {42)

Conditions for the formation of amides with typical coupling reagents as discussed above
for Reaction Scheme V, Step 2, apply to the preparation of compounds of Formula (42).

For mono-substituted heterocycles that are not available commercially, the rings may be
constructed. For example, for the compounds of Formula III, as shown below in Reaction
Scheme XXVII, tetrahydrofurans of Formula (68) where R,, is hydrogen or alkyl are condensed
with amines of Formula (69) to provide pyrroles of Formula (70). Depending on the nature of X
and Ry, Ry, of pyrrole (70) may be converted from hydrogen to a halogen and subsequently an

alkyl (as in Reaction Scheme XXII, for example).

REACTION SCHEME XXVII
OMe /R"
HN ===
OMe Ry .
Rq2
{68) (69) - (70)
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Preparation of Conmpounds of Fornula (70) Conpounds of Forrmula (70) can be
prepared from conpounds of Formulas (68) and (69) using the conditions
identical to those described for the preparation of pyrroles of Formula I
in Reaction Schene |IV. EXAMPLES The foll ow ng exa S Sed ©
merely illustW@P¥1764%f the invention and should not be corF H% 7@?
limting the invention. The exanples include preferred enmbodinents of the
i nventive conpounds, One skllled |n the art can make, w thout undue

experi nent at i &S gas ok Hormpla.(78hq vari ati ons.

66 WO 98/ 1 7 643
PCT/ US97/ 1780%ompounds of,Formula (70) can be prepared from compounds of Formulas (68) and (69) using

the conditions identical to those described for the preparation of pyrroles of Formula II in

Reaction Scheme IV,

EXAMPLES

The following examples are merely illustrative of the invention and should not be
construed as limiting the invention. The examples include preferred embodiments of the
inventive compounds. One skilled in the art can make, without undue experimentation, various

substitutions and variations.
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Exampl e 1(a).

N-(1(S)-Benzyl - 2- hydr oxyet hyl )-3(R)-[ 3- (bi phenyl -4-yl)-1H pyrrol - 1-

yl ] succinam c Acid err]
A suspension of 10% Pd/ C (wet DeGussa type, 15 rrg) and Nu(ﬁ‘%ﬁ%@‘%ﬁo

hydr oxyet hyl ) W(9®)117643- ( bi phenyl - 4-yl ) - 1H pyrrol - 1-yl ] succi na %enzyl
ester (68 ng, 0.12 wmmol) in EtOQAc (5 nl) vvas stirred under Herr] for
hours. The catalyst was filtered onto Celit and rinsed with MeOH The
filtrate was E3pmalek@k %(léﬁ)&qnzrlédwerawﬂwsﬁmwx@mﬂ 4yRrdHrpyroldr | |

whi ch was pur D’i]#@d‘n@liﬁsh col um chromat ography with a 1% HOAc/ 2- 5%
MOH CH err]C[err] stepwi se gradient elution to provide 47 ng (82% of
N-(1(S)-benzyl - 2- hydroxyet hyl )-3(R)-[ 3-
(bi phenyl -4-yl)-1Hpyrrol -1-yl]succinam c acid _a @ white solid. [err]H NWR
(CDO [err]): [err] 7.66-7.48 (m 3H), 7.42 (t H J =17.2 H), 7.34-7.28
(m 1H), 7.21-7.12 (m 2H), 7.04-6.96 (m Fy, 6.94 (bs, 1H), 6.68 (dd,

1H J = 2.5, 2.5 Hz), 6.55 (dd, 1H, J = 106N 1.6 Hz) '5.78 (bd, 1H,J = 7.5

Hz), 4.90 (t, 1H, J = 7.2 Hz), 4.36-4. NiH)L, 3. 68 (dd 1H, J = 3.4,
11.2 Hz), 3.50 (dd, IH, J =5.3, 9.0 31(8E1J = 5.9, 7.4 Hz), 3.12
(dd, 1H, J = 7.2,17.1 Hz), 2.74 (ddd, 1H J = 6.¥N14.3, 14.3 Hz), 2.68
(ddd, J = 8.7, 14.0, 14.3 Hz). IR (film: 3387, 8, 2931, 1715, 1660,

1532, 1494, 1204, 702, 698 cnferr]. HRFABMS: Cal cul ated for

err]Herr]N err err 12 F 43. 85 Anal .
c(::[al cu} a'E ed 1‘0£ C[!a sﬁq[e Wr}%(r%gw?]defjélrgraf’@ ggﬁﬁaf’&)w(s’)%ﬂé Herr]O
g:? 71.80; Hmhggrp)_megy@ SIS(R)-E!-(bxp% ny(il-4-y% 1111 1-}|'1]succmam1c a't\clnd bSenZy7l ester (68 mg, 0.12

PCT/ US97/ 17809  The_ starting mater
N (10S) - bensy Fomolh O 6 TP WoStir ftes B 5@Appuss. Thocatslysiyges feced spiCelit

and rinsed with MeOH. The filtrate was concentrated under reduced pressure to give a yellow

oil, which was purified via flash column chromatography with a 1% HOAc/2-5% MeOH/CH,Cl,
stepwise gradient elution to provide 47 mg (82%) of N-(1(S)-benzyl-2-hydroxyethyl)-3(R)-[3-
(biphenyl-4-y1)-1H-pyrrol-1-yl}succinamic acid as a white solid. "H NMR (CDCl3): 6 7.66-7.48
(m, 3H), 7.42 (t, 2H, J = 7.2 Hz), 7.34-7.28 (m, 1H), 7.21-7.12 (m, 2H), 7.04-6.96 (m, 1H), 6.94
(bs, 1H), 6.68 (dd, 1H, J = 2.5, 2.5 Hz), 6.55 (dd, 1H, J = 1.6, 1.6 Hz), 5.78 (bd, 1H, J = 7.5 Hz2),
4,90 (t, 1H, J = 7.2 Hz), 4.36-4.02 (m, 1H), 3.68 (dd, 1H, ] =3.4, 11.2 Hz), 3.50 (dd, 1H,J=5.3,
9.0 Hz), 3.31(dd, } =5.9, 7.4 Hz), 3.12 (dd, 1H, J = 7.2, 17.1 Hz), 2.74 (ddd, 1H, J = 6.2, 14.3,
14.3 Hz), 2.68 (ddd, J = 8.7, 14.0, 14.3 Hz). IR (film): 3387, 3028, 2931, 1715, 1660, 1532,
1494,‘ 1:204, 702, 698 cm™’. HRFABMS: Calculated for CogHgN,04Cs (M + Cs™): 643.1209.
Founci: 643.1185. Anal. calculated for CogH5N,0, @ 0.1 CHCl, ® 0.35 H,0: C, 71.80; H,

5.96; N, 5.75. Found: C, 71.92; H, 5.87; N, 5.77.
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succinam c acid benzyl ester, was prepared as follows:

N-(1(S)-Benzyl - 2- hydr oxyet hyl ) -3(R) - (t-but oxycarbonyl am no) succi nam ¢ Aci d
Benzyl Ester [err]

To a solution of Nt-butoxycarbonyl-Daspartic acid [err]-benzyl ester
(2.00 g, 6.20MN7W43 in CHO [err] (80 nL) at O[err]C was adRfEAUSIH17809
successi on 1-(3-di net hyl am nopropyl ) - 3- et hyl - car bodi i m de hydrochl ori de
(EDC, 1.30 g, 6.82 mml) and N hydroxybenzotriazol e hydrate (HOBt *

DT - 5 pine s bt el Nl Bbendth TR e S (R 3-(oiphenyl -y timymol- Lyl

resul tant m xture wa war m ent t emper at ure overni ght.
After 20 hours e gagl{iure (/j\%ers“fafp?egﬁedmﬁ@hﬁvﬁ% aqueous HO (5 m) and
saturated aqueous NH4ClI (25 nlL). The separated aqueous |ayer was extracted
with nore CHCl [err] (2 x 10 nlL). The conbi ned organic extracts were
washed with saturat ed aqueous NaHC1)3 H20 (25 25 rrL) tvvo t| mes, dr| ed over
Na[ err] SO er r ] ML PRz ORYEY s WLOXY, RINING inamis Acid Bena
was recrystallized from Et OAC/ hex in successwe crops to afford 2 34 g
(83% of

N-(1(S)-benzyl - 2- hydroxyet hyl )-3(R)-(t- but 0X oq{\ﬁonyl am no) succi nam c acid
benzyl ester as white m croneedl es, rrp [err]C. [err]H NWR
(cbCferr]): [err] 7.40-7.10 (m 10 NHJ,H J =10.8 Hz), 5.55
(d, 1H, J = 7.2 Hz), 5.11 (ddd, 2H, 1 2, 6. Hz) 4.504.32 (bm 1H),
4.21-4.04 (m 1H), 3.68 (dd, 1H, J 3 4, 11.2 Hzf . N3.52 (dd, 1H, J = 5.3,
11.5 Hz), 3.03 (dd, 1H, 68
WD 98/ 17643

/ / acid B~befizyt estery: .
(ng U|Sa7 %7203 > J il‘g a‘%o?utSer 4 - t-@ﬁ%g}éc%rt%&l(lgt%paﬁﬁ acid f7b Zzyq stér%z.ao E‘,Zé 20 r?xmgl?)

in CHCl; (80 mL) at 0°C was added in succession 1-(3-dimethylaminopropyl)-3-ethyl-

carbodiimide hydrochloride (EDC, 1.30 g, 6.82 mmol) and N-hydroxybenzotriazole hydrate
(HOBt @ H,0, 1.04 g, 6.82 mmol). After 10 min at 0°C, 2S-amino-3-phenyl-1-propanol (936
mg, 6.20 mmol) was added and the resuitant mixture was allowed to warm to ambient
temperature overnight. After 20 hours, the mixture was stirred with 10% aqueous HCI (5 mL)
and saturated aqueous NH,4Cl (25 mL). The separated aqueous layer was extracted with more
CHCI3 (2 x 10 mL). The combined organic extracts were washed with saturated aqueous
NaHCO;3:H,0 (25:25 mi,) two times, dried over Nay,SOy, and concentrated in vacuo to a yellow
foam, 2.84 g, which was recrystallized from EtOAc/hex in successive crops to afford 2.34 g
(8_3%) of N-(1(S)-benzyl-2-hydroxyethyl)-3(R)-(t-butoxycarbonylamino)succinamic acid benzyl
ester as white microneedles, mp 94-95°C. 'HNMR (CDCly): & 7.40-7.10 (m, 10H), 6.81 (d, 1H,
J =l 10.8 Hz), 5.55 (d, 1H, ] =7.2 Hz), 5.11 (ddd, 2H, J = 1.2, 6.9, 7.4 Hz), 4.50-4.32 (bm, 1H),
4,21-4.04 (m, 1H), 3.68 (dd, 1H, J =3.4, 11.2 Hz), 3.52 (dd, 1H, ] = 5.3, 11.5 Hz), 3.03 (dd, 1H,
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=59, 17.1 Hz), 1.43 (s, 9H). IR (KBr): 3442, 3381, 3307, 1729, 1676,
1656, 1554, 1522, 1300, 1164, 1041, 701 cnferr]. Anal. Calculated for
Cerr]H err] N[ err] Jerr]: C 65.77; H 7.07; N, 6.14. Found: C, 65.74; H,

7.10; N, 6. 4- Bi phenyl boroni c
acid wo 98/17643 [ er r PCT/US97/17809

4- Bi phenyl boroni c acid was prepar ed differently than descri bed in the
literature (see Yabroff, D. L.; Branch, G E. ; Bettrran Am Chem

R s ATl o R O
b R LR A 1 B0

syringe. After 10 m nutes,, the resultant honpgeneous_sol ution was
to warmto ambl@dniodl efRiemhi phual. Gakgulaged for ‘Fasﬁmf‘bgsaﬁdG%gr H1P6R%4 lﬁe}f%é‘érp
Et CAc (50 nmL) and 10% aqueous HClI (50 nL). The aqueous | ayer was
separ at ed and6s%4;Hhdtl8uNvh-2h nore Et OAc. The conbined organic | ayers were
washed with brine, dried over NaJerr]SO err] and concentrated to give a
crude product which was triturated 4suiphenylboranieacido yield 1.53 g (90% of
4- bi phenyl boronic acid as a white solid. [err]H (DVMBO-d6): 8 8.05 (s,
2H), 7.83 (d, 2H, J = 8.5 Hz), 7.65 (d, 2H, J = Hz), 7.60 (d, 2H, J =
8.1 Hz), 7.43 (t, 2H, J = 7.4 Hz), 7.33 (t J = 7.2 Hz). Anal.
C[err]H[err]BCIerr] C, 72.78; H, 5.60. *lPoa /°C, 72.51; H, 5.62.

WD 98/ 17643 OH
PCT/ Us97/ 17809
3- (Bi phenyl -4-yl)furan

4-Biphenylboronic acid was prepared differently than described in the literature (see

Yabroff, D L.; Branch, G. E.; Bettman, B. J. Am. Chem. Soc. 1934, 56, 1850-1857). Toa
solution of 4-bromobiphenyl (2.00 g, 8.58 mmol) in THF (20 mL) at -78°C was added n-
butyllithium (4.0 mL of 2.5 M in hexanes) in a slow stream via syringe. After 15 minutes,
triisopropylborate (3.0 mL, 13 mmol) was added in a slow stream via syringe. After 10 minutes,
the resultant homogeneous solution was allowed to warm to ambient temperature over 45
minutes and partitioned between EtOAc (50 mL) and 10% aqueous HCI (50 mL). The aqueous
layer was separated and extracted with more EtOAc. The combined organic layers were washed
wittr brine, dried over Na,SO, and concentrated to give a crude product which was triturated
with hexanes to yield 1.53 g (90%) of 4-biphenylboronic acid as a white solid. THNMR
(DMSO-dg): & 8.05 (s, 2H), 7.83 (d, 2H, J = 8.5 Hz), 7.65 (d, 2H, J = 7.0 Hz), 7.60(d,2H,] =
8.1 Hz), 7.43 (t, 2H, ] = 7.4 Hz), 7.33 (1, 1H, ] = 7.2 Hz). Anal. C|;H,BO;: C, 72.78; H, 5.60.

Found: C, 72.51: H, 5.62.
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[err] A bi phasic m xture of 3-bronmofuran (2.90 nmL, 32.1 nmol),
benzene (70 nmL), and 2N aqueous Na[err]CJerr] (50 nL) was degassed and
purged with argon. Tetrakis(triphenyl phosphine) pal | adi un( 0) (3 7 g, 3.2
mmol ) and a sol ution of 4-biphenyl boronic acid (6.36 g, 32. %5

Et OH (50 ni) WRPH78#ded sequentially. The mixture was heat ed’ca'fns% f"é‘f’r] C
for 18 hours, allowed to cool, and partitioned between CHerr]J]CJ[err] and
H err] O The aqueous | ayer was separated and extracted with CH2Cl 2 two
times. The conbined organic |ayers wek@ipheghad/\ibh brine, dried over
Na[err] SO err], and concentrated to a crude product, which was dissolved in
a mnimal anount of CHerr]C[err] and applied to a flash chromat ography
col um packed with hexanes. Elution with 10% CHerr]CJ[err]/hex led to
some m xed fractions, which were rechromatographed. A total of 5.37 ¢

(76% of 3-(biphenyl-4-yl)furan was obt ai ned a pale yellowoil. [err]H

NVR: [err] 8.28 (s, IH), 7.64-7.55 (m , 7.50 (s, 1H), 7.45 (t, 2H, J
= 7.35 Hz), 7.40 (t, 1H, J = 7.35 Hz), A (s, 1H). Anal , cal cul ated for
C[err]H[err]O C, 87.25; H, 5.49. Foundd- C, 87.15; H, 5.52.

WD 98/ 17643

PCT/ Us97/ 17809 .
A biphasic mixture of 3-bromofuran (2.90 mL, 32.1 mmol), benzene (70 mL), and 2N

aqueous Na,CO5 (50 mL) was degassed and purged with argon. Tetrakis(triphenylphosphine)
palladium(0) (3.7 g, 3.2 mmol) and a solution of 4-biphenylboronic acid (6.36 g, 32.1 mmol) in
EtOH (50 mL) were added sequentially. The mixture was heated at 80°C i'or 18 hours, allowed
to cool, and partitioned between CH,Cl, and H;0. The aqueous layer was ;scparatcd and
extracted with CH,Cl, two times. The combined organic layers were washed with brine, dried
over Na,S0Oy,, and concentrated to a crude product, which was dissolved in a minimal amount of
CI~i2C12 and applied to a flash chromatography column packed with hexanes. Elution with 10%
CH;Cly/hex led to some mixed fractions, which were rechromatographed. A total of 5.37 g
(76%5 of 3-(biphenyl-4-yl)furan was obtained as a pale yellow oil. "H NMR: 5 8.28 (s, 1H),
7.64-7.55 (m, 6H), 7.50 (s, 1H), 7.45 (t, 2H, J = 7.35 Hz), 7.40 (t, 1H, J ='7.35 Hz), 6.75 (s, 1H).

Anal. calculated for C,gH;,0: C, 87.25; H, 5.49. Found: C, 87.15; H, 5.52.
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3- (Bi phenyl -4-yl) -2, 5-di hydro- 2, 5- di met hoxyf ur an

[err] To a slurry of 3-(biphenyl-4-yl)furan (100 ng, 0.450 mol)
and NaJerr]Cderr] (48 ng, 0.45 mol ) in benzene (1 nL) and MeOH (1 i)
at -10[err] C was added bromine (22 [err]L, 0.43 movl) dro \@Tﬁ'&y{’ﬁ”
syringe. Aft VOl hutes at -10[err]C, the mixture was dil ut Et OAc
and filtered twce. The filtrate was concentrated to give a crude solid
whi ch was purified via flash coI um chrorratography with a 0-1%

Et OAc/CH err]Cl [err] gradi ent={phes rapr@nidieL 9SURGNPIIEN of a

di asteroneric m xture of 3-(bi phenyl dro- 2, 5- di net hoxyf uran
as a colorless oil. [err]H NI\/R(CDCI[err]) 70728(m 9H), 6.35
(dd, 0.75H, major isoner, J 0.9, 0.9 Hz), 0. 25H, m nor isomer,
J =6.0 Hz) 6. 04-6.03 (m 1H maj or +m nor ~u- 5 71 (d, 0.75H, mgjor

i sonmer, J = 0.9Hz), 3.60-3.40 (m 6H). An‘éqc
C[err]H[err]CIerr] C, 76.57; H, 6.43. Found: ,376.52; H, 6.38.

3 (B phenyl -4-yl)- %, ﬁs&h‘}%?BQ§.¥ﬁﬁyﬁﬁbwﬂfﬁf(mﬁﬂg, 0.450 mmol) and Na,COs (48 mg, 0.45

[err]

STt e AR S Eat e B s
1.75 T T

Cgﬁ,cent r at ggr fd(g W%\H%@%%Eg er@ﬁ’a }guté%aa elroeé t§ %ingg Ua& gllutem&{ %MAC%? Was

5% Pd/ C (300 Y}
ereoneric m xture

3- bi phenyl - 4- yI 5-dingth tetrah dro-furan as .a [l ess oi 33\,11
was typically U?E—S‘G twicen dtig g%?el“faﬁﬁ%ﬁc Ypptedra give ﬁ"Nﬁﬁﬁ'ﬁéﬁﬁh VA gg= }deV? ar‘?]h
3\3) 98/7 1?24\’79, 28co§uﬂn chromatography with a 0-1% EtOAc/CH,Cl, gradient eluant to provide 90 mg (74% of

PeTr S9! 1780921 diasteromeric mixture of 3-(biphenyl-4-y1)-2,5-dihydro-2,5-dimethoxyfuran as a colorless oil.
'H NMR (CDCl,): & 7.70-7.28 (m, 9H), 6.35 (dd, 0.75H, major isomer, J =0.9, 0.9 Hz), 6.30 (d,
d.ZSH, minor isomer, J = 6.0 Hz), 6.04-6.03 (m, 1H, major+minor isomer), 5.71 (d, 0.75H, major
isomer, J = 0.9Hz), 3.60-3.40 (m, 6H). Anal. Calculated for C;gH;30;: C,76.57; H, 6.43.

Found: C, 76.52; H, 6.38.

O
J

HyCO
. O0-0OCH,

A mixture of 3-biphenyl-4-yl-2,5-dihydro-2,5-dimethoxyfuran (1.00 g, 3.55 mmol) and
5% Pd/C (300 mg) in EtOH:EtOAc (1:2) was stirred under H, atmosphere for 1.75 hours. The
catalyst was filtered onto Celite. The filtrate was concentrated to provide 0.97 g (97%) of a
diastereomeric mixture of 3-biphenyl-4-yl-2,5-dimethoxy-tetrahydro-furan as a colorless oil
which was typically used without purification. 'H NMR:  7.60-7.53 (m, 4H), 7.45-7.28 (m,
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5H), 5.26 (t, 1H, J = 5.5 Hz), 5.02 (d, 1H, J = 4.4 Hz), 3.54 (s, 3H), 3.36
(s, 3H, 2.63-2.53 (m 1H), 2.41-2.30 (m 1H). Anal. calculated for
Cerr]JHerr]Jerr]: C 76.03; H, 7.09. Found: C, 75.74; H, 6.92.
N-(1(S)-Benzyl - 2- hydr oxyet hyl ) - 3( R) - [ 3- (bi phenyl -4yl )-1Hpyrrol -1-yl ] succin
am ¢ Acid WO sB/3643 Benzyl“ﬁ'?t’%?xml”

[err] To a solution of

N-(1(S)-benzyl - 2- hydroxyet hyl ) - 3(R) - (t - but oxycar bonyl am no) succi nam ¢
aci d benzyl estdl, $2860, {l’é,J 3.8 5i2), ;03I(g, 1ith J Eld[detiz)] 3054 (a7 3H), 1.36 (x| JH2.63-258 ¢d,
trifluoroacetic acid (1 nL). After 2.5h at anbient tenperature, the

sol vent was r erib)e2idi-h3¥ e UudDt dngli satcubdtdd)for C gH,005: C, 76.03; H, 7.09. Found: C, 75.74;
am no-N-(1(S)-benzyl - 2- hydr oxyet hyl ) succi nam ¢ aci d benzyl ester

trifluoroacetatiggaalt as a yel |l ow foam that was placed with

3- (bi phenyl - 4-yl -) 2, 5- di met hoxyt et rahydrofuran (182 nyg, 0.641 mol ) in
HOAc (1 i) and heai®dntyhGydkseRlyNBHRRM Sy 1&¢M%ﬂ1—t‘-’&&fﬁ%§%ﬁ@%&&g
cool, carefully stirred wth saturated adj HCOert] (25 :

extracted into CHCl [err] (3 X 15 m). € C I ned
dried over Na[err]SO err] and evaporated to give a br
Fl ash col um chromat ography with 10% MeOH CH err]
276 ngy (64% of
N- (1(S) - benzyl - 2- hydr oxyet hyl ) - 3(R) - ( 3- (bi pheny{@4-yl ) - 1H pyrrol - 1-yl ) succi
nam c acid benzyl ester as a yellow solid.Q[irr HNWR (CDCl[err]): [err]
7.70-7.48 (m 10H), 7.44 (dd, 2H, J = 72 " YiZrpH7. 38-7.12 (m 5H),

rgani c | ayers were
oil, 685 ny.
rr] as eluant provided

7.08-6.98 (m 2H), 6.89 (bm 1H), 6.63 , 1H P =+ , 2.5 Hz), 6. 54
(dd, 1H, J =1.2, 1.2 Hz), 5.76 (d, 1H, J = 7.5 Hz), 10 ( dd, 2H, J =
12.1, 15.9 Hz), 4.95 72
WD 98/ 17643 To a solution of N-(1(S)-benzyl-2-hydroxyethyl)-3(R)-(t-butoxycarbonylamino)

PCT/ US97/ 17809
succinamic acid benzyl ester (389 mg, 0.85! mmol) in CH,Cl, (5 mL) was added trifluoroacetic

acid (1 mL). After 2.5h at ambient temperature, the solvent was removed in vacuo to give 3(R)-
amino-N-(1(S)-benzyl-2-hydroxyethyl)succinamic acid benzyl ester trifluoroacetate salt as a
yellow foam that was placed with 3-(biphenyl-4-yl-)2,5-dimethoxytetrahydrofuran (182 mg,
0.641 mmol) in HOAc (1 mL) and heated to 50°C. After 2 hours, the mixture was allowed to
cool, carefully stirred with saturated aqueous NaHCO; (25 mL), and extracted into CHCl; (3 x
15mL). The combined organic layers were dried over Na,SO,4 and evaporated to give a brown
oil, 685 mg. Flash column chromatography with 10% MeOH/CH,Cl, as eluant provided 276 mg
(64%) of N-(1(S)-benzyl-2-hydroxyethyl)-3(R)~(3-(biphenyl-4-yl)-1H-pyrrol-1-yl)succinamic
acid benzyl ester as a yellow solid. 'H NMR (CDCl3): 5 7.70-7.48 (m, 10H), 7.44 (dd, 2H, J =
7.2,7.8 Hz), 7.38-7.12 (m, 5H), 7.08-6.98 (m, 2H), 6.89 (bm, 1H), 6.63 (dd, 1H, J=2.5,2.5 Hz),

6.54 (dd, 1H,J =12, 1.2 H2), 5.76 (d, 1H, ] = 7.5 Hz), 5.10 ( dd, 2H, J = 12.1, 15.9 Hz2), 4.95
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(dd, 1H, J = 5.0, 8.7 Hz), 4.344.00 (bm 1H), 3.66 (dd, 1H, J = 3.7, 11.2
Hz), 3.49 (dd, 1H, J = 5.3, 11.2 Hz), 3.37 (dd, IH J = 5.0, 16.8 Hz),
3.18 (dd, 1H, J = 8.7, 16.8 Hz), 2.74 (ddd, 2H, J = 6.5, 13.7, 15.9 Hz).

| RCKBr): 3314, 3029, 2925,1731, 1658, 1548, 1495, 1355, 11%}52% g9’ 61,
698 cnjerr] ;WPAL764kal cul ated for Clerr]Herr]Nerr]Jerr] err] @

C, 76.17; H 6.22; N, 4.94. Found: C7624H618N497

The followi ng were prepared in a simlar nmanner:

N-[ 2, 2- Di et gd,1H By SQad iz, deddisbdfbipim) prpgﬁﬁIddzm)lﬂﬂpHeHgm 31@1@9&%1 =
1-yl ) succi nam ¢ acid ‘h@i]d

Accor di ng to 33)e1pHxySBT(dd,dek ¢ risthe d6.8 Bz 3 dfidds 1H( b 8. 7NG&H, UvhedddyaH, I £S) -
(et hyl car banoyl ) propyl ] - 3(R) - ( 3- phenyl - 1H pyrrol -1-yl ) succi nam ¢ acid
benzyl ester g$13.715.9 Hz). QR{RBr)NIEIH) 3026, 9REH 731, 3658, ) 54825495y tBS6gER6) Wb%d t o
provi de 301 ng (1009 of N2, 2-

di met hyl - 1(5)76(1me b%ﬁﬂaﬂwﬁtafﬁpm ,;k]r N%@}(@ @smenalmfﬁpwam N 4)94) Bolgdi na

mc acid as a yel | ow foam [err] [err] :[err] 7.50-7.20 (m

4H), 7.15 (tt 3 Hz), 7.06 (dd, 1H, J = 2.0, 2.0 Hz),
6.78 (dd, 1H€J715 2}1’5"&1%1\%4% 6.48 (dd, 1H J = 1.6, 28Hz) 5.20 (t,

1H J = 6.9 H £34 (dd, 1H 3= 6.9, 17.4
Hz), 3.06 (dd, IH, 5?@%@;&%@5&@@%%&@5 g, 3|(4 J = 4.7 H), 0.93 (s,

rrEses. cal craale KLY IR B b ipunt b e

518. 1037. Anal-yDsueci ed for (Jerr]Herr]Nerr]err] * 0.3 CHC [err]:

C, 60.73; H 6.53; N 9.97. Found: C, 60. . H 6.58; N, 9. 84.
73 VO 98/ 17643 £
PCT/ US97/ 17809
HOJ\*rN“)LNHMe
° A

According to the procedure described in Example 1(a), N-[2,2-dimethyl-1(8)-
(methylcarbamoyl)propyl}-3(R)-(3-phenyl-1H-pyrrol-1-yl)succinamic acid benzyl ester (371 mg,
0.781 mmol) in MeOH (15 mL) was hydrogenolyzed to provide 301 mg (100%) of N-[2,2-
dimethyi-1 (S)-(methylcarbamoyl)propyl]-3(R)-(3-phenyl-lH-pyrrol-l-yl)succinamic acidasa
yellow foam. 'H NMR (CDCl,): & 7.50-7.20 (m, 4H), 7.15 (¢, 1H, J= 1.2, 7.3 H2), 7.06 (dd,
lHl, I= 2.0, 2.0 Hz), 6.78 (dd, 1H, J = 2.5, 2.5 Hz), 6.48 (dd, 1H, J=1.6, 2.8 Hz), 5.20 (¢, 1H, J =
6.9 Hi), 420(d, 1H, J=9.3 Hz), 3.34 (dd, 1H, J = 6.9, 17.4 Hz), 3.06 (dd, I1H,J=72,17.4 Hz),
2.69 (d, 3H, J = 4.7 Hz), 0.93 (s, 9H); IR (KBr): 3318, 2966, 1718, 1654, 1559, 1542, 1202, 745
cm’!. HRFABMS: Caled for C51Hp7N;0,Cs (M + Cs'): 518.1056. Found: 518.1037. Anal.
Calculated for C;;Hp7N30,4 @ 0.3' CHCl;: C, 60.73; H, 6.53; N, 9.97. Found: C, 60.70; H, 6.58;

N, 9.84.
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The starting material,

N-[ 2, 2-di net hyl -1(S) - (et hyl car banoyl ) propyl ] - 3(R) - ( 3- phenyl -

1H pyrrol -1-yl)succi nam ¢ acid benzyl ester, was furnished as foll ows:
3(R)-t- Butoxycarbon |.am no- N- (2, 2-di net hyl - 1(S) - (et hyl car banoyl ) proyl ) - suc
ci nanic Acid a3 Benzyll’cé’é%&’"%’
[err] To a solution of Nt-butoxycarbonyl-D aspartic acid
[err]-benzyl ester (2.19 g, 6.77 nmmol) in DM (40 nL) was added in
successi on 4- et hy | Therstaktoigi omeser{alNiv[ 2,2 Binfethyivd(S)-(rhetdflcarbamoyBpropyl]-3(R)-(3-phenyl-
(1H benzotriazole-1-yl)-N,N, N, N -tetramet hyl uroni umtetrafl uoroborate
(TBTU; 2.17 g, |B-pyrfol-1-pilsukdinaiie acld Serzyl dsef) wak filmithed @8ifolloRs: - et hyl ani de
(see Mal on, P.; Pancoska, P.; Budesinsky, M ; H avacek, J.; Pospisek, J.;
Bl aha, K Coll. Czech. Chem Commun. 1983, 48, 2844-2861; 886 ng, 6.15
mml) in DMF (10 m_) After 3 hours at anbient tenperature, the m xture was

stirred withyj R AMSRMSoAUERCH SN A AR m11( 1 100 5oh- A
extracted w th CHC 100 m.) thre%a juf‘é‘?rr[j“ex.rawc S
were washed with 10% aqueous KHSO err]: H'e TJ.O 250 m.), sat ur at ed

aqueous NaHCO err]:Herr] O (100:200 nm.), and (200 nL) three tines,
dried over Na[err]SJerr], and evaporat ed ;?,%ve 2.49 g (90% of
3(R) -t -but oxycar bonyl am no- N-(2 2- di met hé
1(S) - (met hyl car bamoyl ) propyl ) succi n cid HCHster as a yel |l ow f oam
typically used Wi t hout further pur cation. /Iﬁash col utm chr omat agr aphy
with 3% MeOH CHC [err] as eI uant afforded anal ytically pure anorphous
solid. [err]HNIVR err] 40-7.30 (m 5H), 7.03 (d, 1H J = 9.0 Hz) ,
5.90 (bd, 1H, J [o7a s@)non@f E@-Wycazwny D-asgprtiy aqzd)ﬂ-b@zmgsted@ 19ZH5 73 mmol)

2.5, 17.4 Hz), 4. 56 74
WO 98/ 17643 in DMF (40 mL) was added in succession 4-methylmorpholine (NMM, 13.5 mmol, 1.49 mL), 2-
PCT/ US97/ 17809 (bd, 1H, J = 7.5 Hz), 4.11 (d, 1H, J = 9.0 Hz), 3.00

(dd, 2H J = 4({M-békBotRatdlg-1-yB-NN,N' (N'-tediamethy Kirohium tetrafluoroborate (TBTU; 2.17 g, 6.77
mmol) and a solution of L-t-leucine N-methylamide (see Malon, P.; Pancoska, P.; Budesinsky,
M.; Hlavacek, J.; Pospisek, J.; Blaha, K. Coll. Czech. Chem. Commun. 1983, 48, 2844-2861; 886
mg, 6.15 mmol) in DMF (10 mL). After 3 hours at ambient temperature, the mixture was stirred
with 10% aqueous KHSO, (25 mL) and water (100 mL) and extracted with CHCl, (100 mL)
three times. The CHCl5 extracts were washed with 10% aqueous KHSO,4:H,0 (10:250 mL),
saturated aqueous NaHCO5:H,0 (100:200 mL), and water (200 mL) three times, dried over
Na, S0y, and evaporated to give 2.49 g (90%) of 3(R)-t-butoxycarbonylamino-N-(2,2-dimethyi-
1(S)-(methylcarbamoyl)propyl)succinamic acid benzyl ester as a yellow foam, typically used
without further purification. Flash column chromatagraphy with 3% MeOH/CHCI, as eluant
afforded analytically pure amorphous solid. 'H NMR: & 7.40-7.30 (m, 5H), 7.03 (d, 1H, J=9.0

Hz), 5.90 (bd, 1H, ] = 4.7 Hz), 5.56 (bd, 1H, J = 8.5 Hz), 5.13 (dd, 2H, J=2.5, 17.4 H2), 4.56
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Hz), 1.00 (s, 9H). Anal.Calculated for err]J]Herr]Nerr]Jerr]: C, 61.45;

H, 7.85; N, 9.35. Found: C, 61.56; H, 7.83; N, 9.27.

2. 5-Di hydro- 2, 5-di net hoxy- 3- phenyl furan [err] Accor di ng to the
procedur e descrl bed in Exanple 1(a) for the preparation of 3- hen

4-yl -2, 5-di hyMOBA7643di net hoxyfuran, 3-phenyl furan (see Pri dﬁ%ﬁgsﬂ:”l

Jones, S. S. J. Og. Chem 1982, 47, 1590 1592 and Yang, Y.; Wng, H N

C. Tetrahedron 1994, 32, 9583-9608; 848 , 5.89 mmol) prow ded 1.00
(82% of 2,5- du(bq;dHon?él'I:ﬁ)rﬁeledxy-lQﬁ%ﬁy],ﬁﬂﬁﬁid A, = 4.0, o H)v2.83 (d, 3H.H|=c417
was an approxi mately 80:20 m xture of diastereoners by [err]H NVMR and used
wi t hout f urt herHznur00f(s,O38)i dnal.Gaboutatdd NG HCDGO e Cr §1.45; Hor.85; N,.964: Found: €,m
2H), 7.44-7.30 (m 3H), 6. 36- 6.30 (m 0.9H, major + mnor isomner), 6.28
(dd, O 1H, mi n®.565K8%83; NJ927.1.2, 3.7 Hz), 6.04-6.00 (m 0.9H, mmjor +
m nor isoner), 5.70 (d, 0.8H, mgjor isomer, J = 1.2 Hz), 3.52 (s, 2.2H,

maj or i somer), 3.46 (s, O. 60%&%&#&@“2 2H, maj or
i somer), 3.40 (s, 0.60H, m nor I sormer); Ana Cal cul ated for

Cerr]Herr](Jerr] * 0.04 Br[err]: C, 67.78; H, 6.64. Found: C, 67.79; H,

6. 45. - - o - - 7;5
WO 98/ 17643 HLC
PCT/ US97/ 17809 ° OCH,
According to the procedure described in Example 1(a) for the preparation of 3-biphenyl-

4-yl-2,5-dihydro-2,5-dimethoxyfuran, 3-phenylifuran (see Pridgen, L. N.; Jones, S. S. J Org.
Chem. 1982, 47, 1590-1592 and Yang, Y.; Wong, H. N. C. Tetrahedron 1994, 32, 9583-9608;
848 mg, 5.89 mmol) provided 1.00 g (82%) of 2,5-dihydro-2,5-dimethoxy-3-phenylfuran as a
yellow oil, which was an approximately 80:20 mixture of diastereomers by '"H NMR and used
without further purification. "HNMR (CDCly): 6 7.64-7.52 (m, 2H), 7.44-7.30 (m, 3H), 6.36-
6.30 (m, 0.9H, major + minor isomer), 6.28 (dd, 0.1H, minor isomer, J = 1.2, 3.7 Hz), 6.04-6.00
(m, 0.9H, major + minor isomer), 5.70 (d, 0.8H, major isomer, J = 1.2 Hz), 3.52 (s, 2.2H, major
isomer), 3.46 (s, 0.60H, minor isomer), 3.43 (s, 2.2H, major isomer), 3.40 (s, 0.60H, minor
isomer); Anal. Calculated for C,,H,40; ® 0.04 Bry: C, 67.78; H, 6.64. Found: C, 67.79; H,

6.45.
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2. 5-Di nmet hoxy-3 -phenyl -t etrahydrof uran

[err] A m xture of 2,5-dihydro-2,5-di nmet hoxy-3-phenyl furan (590
ng, 2.86 mmol) and 10% Rh/A[err]derr] (110 ng) in EtQAc (10 nlL) was
stirred under Herr] atnosphere for 24 hours. The cat al ysﬁ,ﬁ\@gﬁh%&ered
onto Celite MWP¥6M8ed with Et OAc. The filtrate was concent I'n" vacuo
to afford 583 ng (98% of 2,5-dinethoxy-3-phenyl-tetrahydrofuran as a
colorless oil which was typically used without further purification.
[err]H NVR [err] 7.40-7.18 ( : : : 3.70-3.40 (m
6H), 2.78-2.43 (m 1.2H), 2.34%dad, o750 - 50, 12.7, 18.3Hz), 2.17
(dd, 0.1H, J =8.4,12.8 Hz). Anal. Calcd for err]Herr]Jerr] . 0.2
Herr]O C 68.03; H 7.80. Found: C, 68.11; H, 7.60.

3(R) - Ami no-N- (2, 2-di net hyl - 1(S) - (et h}}/l ca yl) propyl ) succinam c Acid
Benzyl Ester 1CO4 och Trifluoroacetate Salt
[err] To a sol ution of 3

3(R) - but oxycar bonyl - am no- N- (2, 2-di et hyl - 1( S) -

(et hyl car banoyl ) pk oyixtice ofi2.51ditydioe2, Srdineetinasi-3yrhenydfuran (§99. 06 286 mmeyandk§Py i n
CHCl [err] (15 nl) was added trifluoroacetic acid (3 nL). After 2.5 hours
at anbi ent t eRWalAD;W (1 H) mppin@&tOAc (10inll)veas sttt underdbi atmaospberafid 84 h¢8s. e, and
after 90 m nutes, the solvent was renoved in vacuo to gi ve crude

3(R) - anmi no- N- {atalyst s Bldidd ontd Shlité BRI instCaibBIONL, JThe Gjiypte] veasconcentrdtad iaeaaio
benzyl ester trifluoroacetate salt as a yellow oil that was used w thout

further purifiGaki0sR3 hE(o8¥) ofRdirhe¥dxl-3-phenyl-tetrahydrofuran as a colorless oil which was
76 WO 98/ 17643

PCT/ US97/ 1780 ically used without fusther purification. "H NMR: & 7.40-7.18 (m, SH), 5.30-4.80 (m, 2H),

3.70-3.40 (m, 6H), 2.78-2.43 (m, 1.2H), 2.34 (ddd, 0.75H, J = 5.6, 12.7, 18.3Hz2), 2.17 (dd, 0.1H,
J=8.4, 12.8 Hz). Anal. Calcd for Cj3H;s03 ® 0.2 H,0: C, 68.03; H, 7.80. Found: C,68.11;

H, 7.60.

To a solution of 3(R)-butoxycarbonyl-amino-N-(2,2-dimethyl-1(S)-

(methylcarbamoyl)propyl)succinamic acid benzyl ester (2.05 g, 4.57 mmol) in CHCl; (15 mL)
was added trifluoroacetic acid (3 mL). After 2.5 hours at ambient temperature, more
trifluoroacetic acid was added (3 mL), and after 90 minutes, the solvent was removed in vacuo to
give crude 3(R)-amino-N-[Z,Z-dimethyl-1(S)-(methylcarbamoyl)propyl]succinamic acid benzyl

ester trifluoroacetate salt as a yellow oil that was used without further purification. 'HNMR: 8
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7.50-7.20 (m 5H), 5.14 (dd, 2H, J = 12.1, 15.6 Hz), 4.57 (t, 1H J = 6.2
Hz), 4.33 (d, 1H J = 8.7 Hz), 3.13 (d, 1H, 3 =6.2 Hz), 2.74 (d, 3H, J
= 4.7 Hz), 0.93 (s, 9H).

N-[ 2. 2-Di net hyl - 1(S) - (et hyl car banoyl ) propyl ] - 3(R) - (3- phenyl - 1H M r?l -1-yl
) - succi nami cWO 98/17643 Aci d” BeHY §ﬂg

[err] A sol ution of crude

3(R)-am no- N-[ 2, 2-di et hyl - 1( S) - (et hyl car banmoyl ) propyl ] - succi nam ¢

aci d benzyl e3156+7.20r(inf FHp5d4d¢dd, aHel s42.4, (52 BS, #6D(t) L H, J=6.2 Hz),4.33 (d, 1H,J=8.7
2, 5- di met hoxy- 3- phenyl - tetrahydrofuran (583 ng, 2.80 nmol),

trifl uoroacet iHz),303dd,(1H] 6 =[62 K1) 2.78(HBOH LY Hzp 0b3R98). (50 [err]L, 2.8
mol ) in 1,2-dichl oroet hane (1 nmL) was heated at 70C. After 20 hours, the
m xt ure was g : « , " Q ;
oi |, which was puri :
HOAC/ 35% Et QAc/ hex as eluant to afford 40 of

70
N- (2, 2-di net hyl - 1(S) - (net hyl car banoyl )propyl ) i%@( 3- phenyl - |

H pyrrol - 1-yl )succi nam ¢ acid benzyl ester / yel l ow foam [err]H NWVR
[err] 7.52-7.44 (m 2H), 7.38-7.15 (m 3H), 7. , 1H, J = 1.8, 1.8
Hz), 6.78 (t, 1H, J = 2.5 Hz), 6.56 (dd, 1H°J 1@ 2.5 Hz), 6.42 ( d, IH,
J = 9.0 hz), 5.95 (bd, J = 4.0 Hr), )S/!MNt'M'NHSH) 4.30 (d, 1H, =
9.0 Hz), 3.38 (dd, 1H, J 59 168 , 90 dd, 1HJ:84 16. 8
hz), 2.72 (d, 3H, J—50Hz 3 (s IR' 2960,
1645, 1542, 1166, 754 S@@SO%‘[%MCP(R}WA Z?Cétmet#bfh{(éh m%ltyicarbamoyl)pwpyl]
C[err]H[err]N[err]qerr]Cs (M +Cslerr]): 608. 1525. Found: 608. 1549.
Anal . Cal cul asestirmic agidbenrylfestentiifiporpacpiafecalt {2.33 mmol), 14 Sdimrthoxy=3-phenykg:  H,
7. 03; N, 8.77. Found: C, 70.45; H, 6.99; N, 8.84.
77 WeeteBydrafidd (583 mg, 2.80 mmol), trifluoroacetic acid (216 pL, 2.80 mmol), and water (50
PCT/ US97/ 17809

puL, 2.8 mmol) in 1,2-dichloroethane (1 mL) was heated at 70°C. After 20 hours, the mixture

was allowed to cool and concentrated in vacuo to give a brown oil, which was purified via flash
column chromatography with 0.5% HOA«¢/35% EtOAc/hex as eluant to afford 407 mg (37%) of
N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propyl)-3(R)-(3-phenyl- 1 H-pyrrol- 1-yl)succinamic acid
benzy] ester as a yellow foam. 'H NMR: 8 7.52-7.44 (m, 2H), 7.38-7.15 (m, 3H), 7.04 (dd, 1H, J
= 1.8, 1.8 Hz), 6.78 (t, 1H, J = 2.5 Hz), 6.56 (dd, 1H, ] = 1.6, 2.5 Hz), 6.42 (d, IH, 1= 9.0 hz),
5.95'_(bd, J = 4.0 Hz), 5.18-5.04 (m, 3H), 4.30 (d, 1H, I = 9.0 Hz), 3.38 (dd, 1H, J = 5.9, 16.8 Hz),
3.10 (dd, 1H, J = 8.4, 16.8 hz), 2.72 (d, 3H, J = 5.0 Hz), 0.93 (s, 9H). IR: 3301, 2960, 1736,
1645, 1542, 1166, 752, 695 cm’!. HRFABMS: Calculated for CpgH33N304Cs (M + Cs"):
608.1525. Found: 608.1549. Anal. Calculated for CogH33N,04 @ 0.2 H,0: C, 70.18; H, 7.03;

N, 8.77. Found: C, 70.45; H, 6.99; N, 8.84.
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Exampl e 1(c).

N- (8- Oxo-4-oxa-1, 7-di azatricyclo[9.6.1.0[err]]octadeca-11(18), 12, 14, 16-
tetraen-9(S)-yl)-3(R)-(3-phenyl -1H pyrrol -1-yl)succinam c Acid

[err] According to the procedure described in Exantg 1(a),
N- ( 8- 0X0- 4- OO 98/I7643 aza- PCT/USYTILT80
tricyclo[9.6.1.0[err]]octadeca-11(18), 12, 14, 16-tetraen-9S-yl)-3(R)-(3-pheny
| - 1H pyrrol - 1- yl )succi nam ¢ acid benzyl ester Was, hydr ogenol yzed to
give in 94% yi Example §&).ON€8-Dx03deoxa; 177-diazatricyclo[9.6.1.0 " "Joctadeca-11(18), 12,14,16-

di aza- t ri cycl ofetraén-9(SHMyBrA(R}-Gepledele HH-hy (rdB)-yl)succinamic Acid

12,14, 16-tetraen-9(S)-yl)-3(R) - (3-phenyl - 1H pyrrol - 1-yl)succinam c acid
as an anor phous solid. [err]H NVR (CDerr]CN):Zherr] 7.65 (d 1H, J = 7.4
Hz) , 7.48 (d, 2H, J = 7.7 Hz), 7.39 (d, /¥t = 8.1 Hz), 7.33 (t, 2H, J
= 7.7 H), 7.23-7.13 (m 3H), 7.11 (s9 , ®97 (s, 1H), 6.78-6.71 (m
2H), 6.43 (t, IH, J = 2.0 Hz), 5.46-5. 48" OmNHM~G0ll (t, 1H, J = 7.2
Hz), 4.42-4.34 (m 1H), 4.28-4.10 (m 2H), ®45%3,24)(m 5H), 3.07-2.76 (m
5H) . Anal. Calcd for CJerr]Herr]Nerr]Jerr] (N0 35 Herr]O. 0.1 MIBE:
C, 66.89; H 6.07; N, 10.58. Found: C, 66.994 B, 6.06; N, 10.33.
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According to the procedure described in Example 1(a), N-(8-ox0-4-oxa-1,7-diaza-
tricyclo[9.6.1.0'>"Joctadeca-11(18),12,14,16-tetraen-9S-yl)-3(R)-(3-phenyl-1 H-pyrrol-1-
yl)succinamic acid benzy! ester was hydrogenolyzed to give in 94% yield N-(8-ox0-4-oxa-1,7-
diaza-tricyclo[9.6.1.0' %' Joctadeca-11(18),12,14,16-tetraen-9(S)-yl)-3(R)-(3-phenyl-1H-pyrrol-
1-yl)succinamic acid as an amorphous solid. 'H NMR (CD,CN): & 7.65 (d, 1H, J = 7.4 Hz),
7.48 (d, 2H, J = 7.7 Hz), 7.39 (d, 1H, J = 8.1 Hz), 7.33 (t, 2H, J = 7.7 Hz), 7.23-7.13 (m, 3H),
7.11 (s, 1H), 6.97 (s, LH), 6.78-6.71 (m, 2H), 6.43 (t, 1H, J = 2.0 Hz), 5.46-5.43 (bm, 1H), 5.11
(t, 1H, ] = 7.2 Hz), 4.42-4.34 (m, 1H), 4.28-4.10 (m, 2H), 3.45-3.24 (m, 5H), 3.07-2.76 (m, 5H).
Anal. Calcd for CygH3oN,O5 @ 0.35 H,O @ 0.1 MTBE: C, 66.89; H, 6.07; N, 10.58. Found: C,

66.99; H, 6.06; N, 10.33.
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WD 98/ 17643

PCT/ US97/ 17809 The starting material,

N- (8- oxo0-4-oxa-1, 7-di aza-tricyclo[9.6.1.0[err]]octadeca-

11(18), 12, 14, 16-tetraen-9S-yl )- 3(R) - (3- phenyl - 1Hpyrrol - 1- yIP) succi nam c

aci d benzyl Q817643 avail abl e as fol | ows: /USHT/17809

3(R) -t-Butoxycarbonyl am no- N- (8- Oxo- 4-oxa-1, 7-di aza-tricyclo[9.6.1.0[err] oc
t adeca- 11(18), 12, 14, 16-tetraen-9S-yl )sucm nam c Acid
Benzyl Ester The starting material, N-(8-0x0-4-oxa-1,7-diaza-tricyclo[9.6.1. ol2! ]octadeE:ﬁr r]
According to the procedure described in Exanple 1(b) for the preparation of
3(R)-am no- 185 12i411@&hh¢ﬂ-9slﬁ§)s$d)r(;3mﬂypmlamyll - IRuQMAmi GatiCbenylesterd whe

benzyl ester trifluoroacetate S-t - but oxycar bonyl am no- 4- oxa-

1, 7-di aza-tri gygl.8relad féllowsOl €rr]] - oct adeca- 1
1(18),12, 14, 16-tetraen- 8 one (see Cast el hano, Liak, T. J.; Home, S.;

Yuan, Z.; Krantz « APRL A 95)
was deprot ected WIII%TL]t ?‘rulU X (ﬁ'tml%pF Omvﬁwﬁ%%%%%e

described in Exanpl e 1(b)L o tthetpre
1(S) - (et hyl car banmoyl ) propyl ) - 3(R) - t - but oxycar bonyl am nosucci nani ¢ aci d
benzyl ester, the crude am ne salt and N-t-bytoxycarbonyl -D aspartatic
acid [err]-benzyl ester was coupled with TB)'\_I' to afford in 70%vyield
3(R)-t-but oxycarbonyl am no- N- ( 8- oxo- 4- oxa-d HNK- di aga-tricycl o-
[9.6.1.0[err]]-octadeca-11(18), 12, 14WNHM§UCC| nam c acid

benzyl ester. Trituration w th MIBEsgave anOof t-white anorphous solid
that was suitable for further use wthout addi tifo purification. [err]H
NVR (DMSO-d[err]): [err] 7.76 (d, 1H, J = 8.1 Hz) .49-7.28 (m 8H),

7.14 (d, 1H, J =8.1 Hz), 7.08 (s, 1H), 7.04 (d, , J = 7.7 Hz), 6.98 (t,
1H, J = 7.0 Hz), 5.07 (s,

79 WO 98/ 1 ARéckding to the procedure described in Example 1(b) for the preparation of 3(R)-amino-
PCT/ US97/ 17809

N-(2,2-dimethy!-1(S)-(methylcarbamoyl)propyl)succinamic acid benzyl ester trifiuoroacetate

salt, 9S-t-butoxycubonylaMnM—oxa- 1,7-diaza-tricyclo-{9.6.1 0! 2’”]-ocl:adeca-
11(18),12,14,16-tetraen-8-one (see Castelhano, A. L.; Liak, T. J.; Home, S.; Yuan, Z.; Krantz, A.
Int. Patent Appl. W095/04735-A1, 16 February 1995) was deprotected with trifluoroacetic acid.
According to the procedure described in Example 1(b) for the preparation of N-(2,2-dimethyl-
1(S)-(methylcarbamoyl)propy!)-3(R)-t-butoxycarbonylaminosuccinamic acid benzyl ester, the
crude amine salt and N-t-butoxycarbonyl-D-aspartatic acid f-benzyl ester was coupled with
TBTU to afford in 70% yield 3(R)-t-butoxycarbonylamino-N-(8-0x0-4-oxa-1,7-diaza-tricyclo-
[9.6.1.0'%'"}-octadeca-11(18),12,14,16-tetraen-9S-yl)succinamic acid benzyl ester. Trituration
with MTBE gave an off-white amorphous solid that was suitable for further use without
additional purification. 'HNMR (DMSO0-dg): 8 7.76 (d, 1H, ] = 8.1 Hz), 7.49-7.28 (m, 8H),
7.14 (d, 1H, J = 8.1 Hz), 7.08 (s, 1H), 7.04 (d, 1H, J = 7.7 Hz), 6.98 (t, 1H, J = 7.0 Hz), 5.07 (s,
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2H), 4.38-4.15 (m 4H), 3.47-3.38 (m 2H), 2.96-2.75 (m 5H), 2.65-2.53 (m
2H), 1.34 (s, 9H). Anal. Calculated for (JQerr]J]Herr]Nerr](err]: C
64.34; H, 6.62; N, 9.68. Found: C, 64.24; H, 6.65; N, 9.61.

N (8- Oxo-4-oxa- 1, 7- d| aza-tricyclo[9.6.1.0[err]]octadeca- 11(1%) 12,14 16-tet
raen- 9S-yl ) - 31(@)93/ TIUS97/17809
phenyl - 1H pyrrol - yI )succi nam ¢ Acid Benzyl Ester

[err] According to the procedure described in Exanple 1(b) for
t he preparati GiD.*384. K (mn#th3.47-3.38 (m, 2H), 2.96-2.75 (m, 5H), 2.65-2.53 (m, 2H), 1.34 (s, 9H).

N- (2, 2-di net hyl -1(S) - (net hyl car banoyl ) propyl ) succi nam ¢ acid benzyl ester
trifl uoroacet anel. Calculated for C3;H3gN4O4: C, 64.34; H, 6.62; N, 9.68. Found: C, 64.24; H, 6.65; N,
3(R) -t -but oxycarbonyl am no- N- ( 8- oxo-4-oxa- 1, 7-di aza-tricyclo-[9.6.1.0[err]]
- oct adeca- b14118), 12, 14, 16-tetraen-9S-yl )succi nam ¢ acid benzyl ester
(157 ng, 0.27 mmol) was deprotected with trifl uoroacetlc acid. A solution
of dried crud .; v

ng, 0.32 mol, rom Exarrple 1l
was heated at ~75C for 17 hours,
Et QAc/ pH7 phosphate buffer. The conbi ned orfgnic | ayers were dried over
Na[err] SO err] and concentrated to gi ve due which was purified via
flash col unm chromat ography with 0-25% CHperr]C [err] gr adi ent
eluant and triturated with MIBE to Vo N;Q*A.B&@ of

N- ( 8- oxo- 4- oxa- 1, 7- di aza- 0 lé-t/‘
tricyclo-[9.6. 1 Oferr]]-octadeca-11(18), 12, 14, 16 “tRtr aen- 9S-yl ) - 3(R) - (3- phe
nyl - 1H pyrrol - yl)succinam c acid benzyl es as an off white solid,

np 163-6C. [err]H NI\/RS}E err]) [err] 7.68 (d; 1H, J 66H22

7.37-7.13 (m 12H) Acepr e proedurs dsspriped iniFypmple 16 fonthe meparagion op3(R)- Rnino-

6.32 (s, 1H), 617d1HJ—77Hz)514(s 2H), 4.96 (t, 1H J =

7.2 Hz), 4. 62M(2;Z}d@q.hyj_—ﬂ-55) (methyilcarbatpyl)propyl)succinamic acid benzyl ester tnﬂuoroacetate

80 WO 98/ 17643

PCT/ US97/ 17803alt, 3(R)-t-butoxycarbonylamino-N-(8-ox0-4-oxa-1,7-diaza-tricyclo-[9.6.1.0 12, l-']-octadt.at:a-
11(18),12,14,16-tetraen-9S-yl)succinamic acid benzy! ester (157 mg, 0.27 mmol) was
deprotected with trifluoroacetic acid. A solution of dried crude amine sait and 2,5-dimethoxy-3-
phenyl-tetrahydrofuran (67 mg, 0.32 mmol, from Example 1(b)) in anhydrous 1,2-dichloroethane
(2 mL) was heated at ~75°C for 17 hours, allowed to cool, and partitioned between EtOAc/ pH7
phosphate buffer. The combined organic layers were dried over Na,SO, and concentrated to
give a residue which was purified via flash column chromatography with 0-25% EtOA¢/CH,Cl,
gradient eluant and triturated with MTBE to provide 70 mg (43%) of N-(8-0x0-4-0xa-1,7-diaza-
tricyclo-[9.6.1 .012’”]-octadeca-l 1(18),12,14,16-tetraen-98-y1)-3(R)-(3-phenyl-1H-pyrrol-1-
yDsuccinamic acid benzy! ester as an off white solid, mp 163-6°C. "H NMR (CDCI3): 5 7.68 (d,
1H, J = 6.6 Hz), 7.37-7.13 (m, 12H), 6.95 (s, 1H), 6.64 (s, 1H), 6.45 (t, 1H, J =2.2 Hz), 6.32 (s,
1H), 6.17 (d, 1H, J = 7.7 Hz), 5.14 (s, 2H), 4.96 (t, 1H, J = 7.2 Hz), 4.62-4.56 (m, 1H), 4.44-4.40
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(m 1H), 4.12 (t, 2H, J = 4.4 Hz), 3.49-3.40 (m 3H), 3.35-3.26 (m 1H),
3.09-2.96 (m 3H), 2.92- 2.85 (m 2H), 2.77-2.69 (m 1H). Anal. Cal cul at ed
for Jerr]Herr]Nerr]Qerr] * 0.4 Herr]GO C, 70.66; H 6.06; N, 9.16.
Found: C, 70.69; H 6.11; N, 8.99. Exanmple 1(d).

N-[ 2, 2- Di et W@SBAT68Y - ( et hyl car bamoy! ) propyl ] - 3(R) - [ 3- ( pyr i BEHUSP7HT809 11y
pyrrol -1-yl]succinamc acid

[N_e{ r2] 2- di met K 1k @;ﬁ% nig-EQszp% @rf&e((rjn%ﬁ) (3%§C3ri6b(?n If*{p 3%%'@, }1({)3)2’92.
S d benayl oRad pfﬁﬁéﬁ@éﬂ%@mwﬂcﬁm iR Sk I uanar

N-[2, 2-di net

(met hyl car bar%@ﬁ Np?é@yf‘]uné( R) 70-6%: Hod iV M- yI - 1H pyrrol - 1-yl )] succi nani ¢
acid as a yellow powder, np 145-8[err]C [err]H NVR (CD[err]QOD): [err]
8.48 (d, 2H, Example lz(d)ﬂﬂ-IZmDmbsd:l(Q)quuhyka@b@nm»ropyllﬁ@%ll—@yriﬂmﬁ-ymw
(t, 1H, J = ohybrdidjyllséechntaniic acidH, J = 2.2 Hz), 5.30 (t, 1H, J = 7.3 Hz),
2.98 (dd, 1H, J = 7.2, 16.5 Hz), 2.64 (d, 3H, J = 3.7 Hz), 1.00 (s, 9H).
IR (KBr): 3315, 2959, 1710, 1654, 1545,g;‘h400 1206 cnjerr].

HRFABMS: Cal cul ated for Cerr]JHerr] N e err]Cs (M+ Cs)[err]: 519.1008.
Found: 519.1026. Anal. Calcd for glhi[Qerr]N[err]o[err] * 0.1 EtOAc *
0.2 CHCl [err]: C, 59.03; H, 6.49; NH01 ANHGWynd: C, 59.24: H 6.75; N,
13. 10. 81

\Ié‘\ngg 3/8525;/611:7% 809 According to the procedure described in Example 1(a), N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propy!]-3(R)-[3-(pyridin-4-yl)-1H-pyrrol-1-yl]succinamic acid benzyl ester
was hydrogenolyzed in MeOH to give 60 mg (95%) of N-[2,2-dimethyl-1(S)-
(methylcarbamoy!)propyl]-3(R)-[3-(pyridin-4-yl-1H-pyrrol-1-yl)]succinamic acid as a yellow
powder, mp 145-8°C: '"HNMR (CD,0D): 9 8.48 (d, 2H, J = 6.2 Hz), 7.62 (d, 2H, ] = 6.2 H2),
7.58 (s, 1H), 6.94 (1, 1H, J =2.5 Hz), 6.64 (t, 1H, ] = 2.2 Hz), 5.30 (t, 1H, J = 7.3 Hz), 2.98 (dd,
1H, I = 7.2, 16.5 Hz), 2.64 (d, 3H, J = 3.7 Hz), 1.00 (s, 9H). IR (KBr): 3315, 2959, 1710, 1654,
1545, 1400, 1206 cm™'. HRFABMS:Calculated for C;qH,¢N40,Cs (M + Cs)': 519.1008. Found:
519.1026. Anal. Calcd for CogHpgN;0, @ 0.1 EtOAc @ 0.2 CHCI;: C, 59.03; H, 6.4%; N, 13.37.

Found: C, 59.24; H, 6.75; N, 13.10.
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The starting materials were furnished as foll ows:

4- Fur an- 3-yl - pyri di ne

[err] According to the procedure described in Exanpl e 1(a) for
t he preparation of 3-biphenyl - 4-yl -furan, 4-bronopyridine drochl ori de
(500 ng, 2. 57WMMBI%4%as coupl ed to fresh 3-  furanboronic aRﬁ%USG’E’é@”’
Thonmpson, W J.; Gaudino, G J. Og. Chem 1984, 49, 5237-5243) to

furni sh 373 (100% of crude 4-furan-3-yl-pyridine as an unstable solid
that was used im%amswatmmm Bawsthat of literature (see

Ri bereau, P.; Queguiner, G Can J. Chem 1983, 61, 334-342 and I shi kura,
M; Ohta, T.; Terashima, M Chem Phadsiurded-yl-pyiiOi6 33, 4755-4763).

4- (2 5- D|rrethoxy 2, 5-di hydro-furan-3-yl)pyridi
[err] Accord| ng to the procedurm@rlbe in Exanple 1(a) for

t he preparation of 3-biphenyl-4- yl-2,5-d dr o- 2, 5-di net hoxyfuran, crude
4-furan-3-yl-pyridine (2.57 mmol) was treated with bromne in MeOH at -

15[err]Cin the pr Qﬁ:&ﬁﬁﬁé?& rrtél%??ﬂ%né SeseHey B'E%(_aﬁ& al@ :‘é{}ﬁo{%r;%ﬁn%%tbﬁhglypf

di astereonmers of 4-(2,5- oxy- 2, 5-di hy rar yi)1 I ne as
yelionsll, Wpt@;ha«*s@agmegéw%w% %ﬁ@a@a b RNE
37 te), 5 az&r?@cé‘ﬂéi‘(se%%aséﬂx-"fg&ms nd f‘i 1%3449&%‘5%-#%% 7

|82R 2933, 1597 ?1115%% ?(?O%) 67}" crude 4-furan-3-yl-pyridine as an unstable solid that was used

PCT/ US97/ 17809
immediately. NMR and IR matched that of literature (see Ribereau, P.; Queguiner, G. Can. J.

[

Chem. 1983, 61, 334-342 and Ishikura, M.; Ohta, T.; Terashima, M. Chem. Pharm. Buil. 1985,

33, 4755-4763).

N
HyCO /"
)

OCH,

According to the procedure describe in Example 1(a) for the preparation of 3-biphenyl-4-
yl-2,5-dihydro-2,5-dimethoxyfuran, crude 4-furan-3-yl-pyridine (2.57 mmol) was treated with
bromine in MeOH at -15°C in the presence of Na,CO, to provide 450 mg (85%) of a mixture of
diastereomers of 4-(2,5-dimethoxy-2,5-dihydro-furan-3-y[)pyridine as a yellow oil, which was
used without further purification: 'H NMR (CDCI3): 8 8.62 (d, 2H, J = 5.0 Hz), 7.44-7.38 (m,
2H), 6.52 (d, 1H, J = 0.9 Hz), 6.02 (dd, 0.5H, J = 0.9, 3.7 Hz), 6.00 (dd, 0.5H, J = 0.9, 3.7 Hz),

5.98 (s, 0.5H), 5.71 (d, 0.5H, J = 1.2 Hz), 3.48-3.40 (m, 6H). IR: 2933, 1597, 1547, 1438, 1369,
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1193, 1118, 1039, 974,918, 889,821 cnferr]. HRFABVS: Cal cul ated for
CerrJ]Herr]Nderr] (M+ Herr]): 208.0974. Found: 208.0968.

4- (2, 5-Di et hoxy-tetrahydro-furan-3-yl)pyridine

[err] According to the procedure described in Exang_ﬂg 7}& for
t he prepar at ivWa9%¥768- bi phenyl - 4-yl -2, 5-di met hoxy-t et rahya’ U

m xture of 4-(2,5-di nmet hoxy-2, 5-di hydro-furan- 3- yl ) pyridi ne (500 ng
2.41 mmol) was hydrogenated in MeOH (2 nL) and EtOAc (8 nlL) for 2h to

gi ve 500 ny (ilfb@%uﬁflo@9r97xtwses@fsﬁuﬁ$t CHRPABUS: exchivel ot C 1H1NO M +H";
4-(2,5-di met hoxy-tetrahydr o- furan-3-yl)pyridine as a yeI ow 0|f [err]H
NVR (CDO [err r 8 (m 2H), 5.34-4.98 (m 2H), 3.60-3. 20
(m 6H, 2. 76idl8 2 iE“llmgl-i?ggﬁglgﬂ(KBr) 2920, 1601, 1120, 988, 860 cnferr].
HRFABMS: Cal cul ated for (Jer err H. el Bl oy 1130. Found:
210. 1137.

N-(2, 2- Di net hyl - 1(S) - met hyl car banmoyl propyl ) - 3(R -Pg3-pyridin 4-yl - 1H pyrrol -

1-yl)succinamc Acid Benzyl Ester
[err] A sol ution of crudd8 no- N- (2, 2-di met hyl - 1(S) -
met hyl car banmoyl propyl ) succi nam ¢ acid benzyl™ e@®rr trifluoroacetate salt
(0.44 mml ), 4-(2,5- di met hoxy-tetrahydro-furan-3 }/I)pyrldlne (101 ngy
0.482 mmol ), pyri dheverdirgse tieqrodedure desoribadrin Example Habifor e preperationaf ﬁ;hl@hcmdne
(366 [err]L, 2.88 nmmol) in 1,2-dichloroethane (5 nL) was heated at 90C.
After 3 days, 4{yhe,5Fdimetborq-myéioFfumch mixtwoof 4-@Qfddicethoen.faibydrorfuraggdeuo t o
give a brown 83

WD 98/ 17643  ylypyridine (500 mg, 2.41 mmol) was hydrogenated in MeOH (2 mL) and EtOAc (8 mL) for 2h
PCT/ US97/ 17809

to give 500 mg (100%) of 2 mixture of diastereomers by NMR of 4-(2,5-dimethoxy-tetrahydro-
furan-3-yl)pyridine as a yellow oil. TH NMR (CDCI3): 3 8.52-8.48 (m, 2H), 5.34-4.98 (m, 2H),
3.60-3.20 (m, 6H), 2.76-1.94 (m, 3H). IR (KBr): 2920, 1601, 1120, 988, 860 em’

HRFABMS: Calculated for C;; H;gNO; (M +H"): 210.1130. Found: 210.1137.

N
4

Q\OJ\A’NH}NHCH

A solution of crude 3(R)-amino-N-(2,2-dimethyl-1(S)-
methylcarbamoylpropyl)succinamic acid benzy! ester trifluoroacetate salt (0.44 mmol), 4-(2,5-
dimethoxy-tetrahydro-furan-3-yl)pyridine (101 mg, 0.482 mmol), pyridine (156 pL, 1.92 mmol),
and chlorotrimethylsilane (§66 uL, 2.88 mmol) in 1,2-dichloroethane (5 mL) was heated at

90°C. After 3 days, the mixture was allowed to cool and concentrated in vacuo to give a brown
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oil which was purified via flash col um chromat ography w th 0.5% HOAc/ 10%
MeOH CH err]d[err] as eluant to afford 90 ng (43% of

N- (2, 2-di net hyl - 1(S) - met hyl car banoyl propyl )-3(R)-(3-

pyridin-4-yl-1H pyrrol -1-yl)succinam c acid benzyl ester as a pale yellow
powder, np 13903817643 [err]H NVR (CD[err]PD): [err] 8.36 (bPCTAPVITEONG (d,
2H, J = 4.4 Hz), 7.51 (d, 2H, J = 5.0 Hz), 7.48 (t, 1H, J = 1.8 Hz),
6.93 (t, IH J =2.5 Hz), 6.61 (dd, 1H, J =1.7,3.0 Hz), 5.34 (t, 1H J =

L7 800, 16, sShubHyaghinste viahathcaingciapgiehd i S gt et

3314, 2965 1734, 1648 4, 1167 cd
for derr] H er?#RyeBP &’é&&]"&%éﬁﬂ& Eé[(ggF}Wem%d(ésqtigﬂéfllcamﬁﬁlﬁﬂlﬂ%w'%@d@
Anal : Cal cul afed for C[err gpsrr]N[err Qerr] * OchEerr]Ci[err]
MeOH: C, 65. 27eyndin-4-ybBH-piroly bylsyccipaminapid benzyl estetassxmlemel @ Bovden mp(5059C.

Exanple 1(e). 3(R Bi phen§I4 yI% yrrol-1-yl]-N[2, 2-di nethyl -1(S) -
(et hyl car banogl‘ig“bf{ﬂ)@?i@)c@ A6 Hsc Iﬂe’?& d 2H,J= 44HZ),751 (d,2H,J=5.0 Hz), 7.48 (t,
[err] According to the procedure described in Exanple 1(a),
3(R) - [ 3- (bi phehy,lJ=1t.§He), 6193 (t, 1H, I = 2.5 Hz), 6.61 (dd, 1H, J=1.7, 3.0 Hz), 5.34 (t, 1H, ] = 7.6 Hz),
pyrrol-1-yl]-N[2,2-di met hyl - 1(S) - (et hyl car banoyl ) propyl ] succi nam ¢ acid

benzyl ester was$0 (dd, 1 dr=onendl3yRHM.16(s0i H)e3.34.QdH, 09578 Hef16.5 Hz), 2.60 (d, 3H, I =
33(R)-[3-(bi phenyl 4-yl)-1H pyrrol-1-yl']-N-[2, 2-

di met hyl -1(S I a S
oo Lort T REROSE LI peRald o S GaTEA B JgBIIPRGSS, |

4H), 7.40 + 6. 81
1@{)1 740 Ets I%EDFAﬁng Eal%dk‘&)cz rgazﬁ%egc?(gﬂffk )26’199 1478 FZgr?dlstgdsméH)xnalU ( d(s

1H =0 6C%’§)iatg{(o§§:2-£ﬁi3g?4 e od ciifte lviab[-ﬂ: é,'@sm?a,%é@ﬁ?m.&ﬁ Folnd: &; &

17.5 Hz), 2.71

84 VO 9841 16839; N, 10.52.

PCT/ US97/ 17809

Example 1(e). 3(R)-[3-(Biphenyl-4-yl)-1H-pyrrol-1-yl}-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl}succinamic Acid

A
N
HO*/'\—N”)L NHMe
® A
According to the procedure described in Example 1(a), 3(R)-[3-(biphenyl-4-yl)-1H-

pyrrol-1-yl]-N-{2,2-dimethyl-1(S)-(methylcarbamoyl)propyl]succinamic acid benzyl ester was
hydrogenolyzed to give 310 mg (95%) of 33(R)-[3-(bipheny!-4-yl)-1H-pyrrol-1-yl}-N-[2,2-
dimgthyl-l(S)-(methylcarbamoyl)propyl]succinamic acid as an amorphous solid. 'HNMR
(CDCl,): 8 7.56 (d, 2H, ] = 7.4 Hz), 7.51 (s, 4H), 7.40 (t, 2H, J = 7.4 Hz), 7.32-7.26 (m, 2H),
7.11 (s, 1H), 6.81 (s, 1H), 6.51 (s, 1H), 5.96-5.93 (bm, 1H), 5.23 (t, 1H, J = 6.8 Hz), 4.17 (d, 1H,

J=9.6 Hz), 3.34 (dd, 1H, J = 6.4, 17.1 Hz), 3.09 (dd, 1K, ] = 7.6, 17.5 Hz), 2.71 (d, 3H, 1 =4.8
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Hz), 0.90 (s, 9H); Anal; Calculated for (Jerr]Herr]Nerr]Qerr] * 0.3 MBE
* 0.1 Herr]O C, 69.89; H 7.16; N, 8.58. Found: C, 70.02; H, 7.33; N,

8. 25. The starting material was prepared as foll ows:

3(R) -[3-(Bi phenyl -4-yl)-1Hpyrrol -1-yl]-N-[ 2, 2-di net hyl - 1(S) -

(et hyl car ban®®0Q 98f17@dy| | succi nam ¢ Acid Benzyl Ester PCT/US97/17809
[err] According to the procedure described in Exanple 1(c) for

t he preparation of N (8-o0xo0-4-

oxa- 1, 7-di aza- 1. o- 9.,6.,1 ( 1 t aen
yl)-3(R) - (3- phg &‘6 ‘h Plr‘Sf%L‘l‘ H‘gg%bl?}i&h(ﬁt é%ﬁ%ng%ﬂﬁéét‘é&tégﬁﬁé
3(R) - am no- N-(2 y t hyl car banmoyl ) propyl ) succi nam ¢ acid
benzyl ester ( r%é%\r gédé)s@ﬁb@a r@ anpl e 1(b))was condensed with

3- bi phenyl - 4-yl -2, 5- di met hoxy-tetrahydrofuran (prepared as descri bed in
Exanpl e 1(a)) in 1'deiamg@mh&h@mat#a@ﬁlfowmroacetlc acid to provide in
35%yield 3(R-[3-

(bi phenyl -4-yl)-1H pyrrol
| ] succi nam ¢ acid benzyl (msthgicarhamayl)peopy jnamnis AlcidBenkd Bsie

(CDCl[err]): [err] 7.63-7.57 (m 6H) 7. 44 (t 2H, J_ =.7.6 Hz), 7.35-7.25
(m 6H), 7.09 (s, 1H), 6.80 (t, 1H J = 2.4 Hz), t, 1H J = 2.0 Hz),
6.28 (d, 1H, J = 8.8 Hz), 5.99-5.71 (bm 1H) 7-5.08 (m 3H), 4.02 (d,

1H, J = 8.0 Hz), 3.40 (dd, 1H, J =57, le. ) 3.12 (dd, 1H, J = 8.5,
16.9 Hz), 2.76 (d, 3H, J 4.8 Hz), O. %A %)NH Cal cul ated for
CerrJ]Herr]Nerr]Jerr]: C 74.02; H{ Q. 7 CI‘Elé)und C, 73.87; H,
6.93; N, 7.30. /“ 85
WO 98/ 17643 : o . )
PCT/ US97/ 17809 According to the procedure described in Example 1(c) for the preparation of N-(8-o0x0-4

oxa-1,7-diaza-tricyclo-{9.6.1.0 2.1 7]-octa-deca-1 1(18),12,14,16-tetraen-98-y1)-3(R)-(3-phenyl-
1H-pyrrol-1-yl)succinamic acid benzyl ester, 3(R)-amino-N-(2,2-dimethyl-1(S)-
(methylcarbamoy!)propyl)succinamic acid benzyl ester (prepared as described in Example
1(b))was condensed with 3-biphcnyl-4-yl-2,5-dimcthoxy-tetrahydrc-)ﬁxran (prepared as described
in Example 1(a)) in 1,2-dichloroethane with trifluoroacetic acid to provide in 35% yield 3(R)-[3-
(biphenyl-4-yi)- 1 H-pyrrol-1-yi]-N-[2,2-dimethyi-1(S)-(methylcarbamoy!)propyl]succinamic acid
benzyl ester as an amorphous solid. TH NMR (CDCI3): 3 7.63-7.57 (m, 6H), 7.44 (t, 2H,J = 7.6
Hz), 7.35-7.25 (m, 6H), 7.09 (s, 1H), 6.80 (t, 1H,J=2.4 Hz),.6.61 (t, 1H, J = 2.0 Hz), 6.28 (d,
1H, J = 8.8 Hz), 5.99-5.71 (bm, 1H), 5.17-5.08 (m, 3H), 4.02 (d, 1H, J = 8.0 Hz), 3.40 (dd, 1H, ]
= 5.7, 16.7 Hz), 3.12 (dd, 1H, J = 8.5, 16.9 Hz), 2.76 (d, 3H, J = 4.8 Hz), 0.87 (s, 9H). Anal.

Calculated for C34H35N30,4: C, 74.02; H, 6.76; N, 7.62. Found: C, 73.87; H, 6.93; N, 7.39.
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Example 1(f).

N-(1(S)-Benzyl - 2- met hoxyet hyl ) - 3(R) - [ 3- (bi phenyl -4-yl)-1H pyrrol - 1-
yl]succinamc Acid J[err] According to the procedure
described in Exanple 1(a), N (1(S)-benzyl-2-methoxyethyl) -

3(R) - [ 3-(bi ph\!’ﬁ;’g}l)m%/l )-1H pyrrol -1-yl ] succi nami ¢ aci d benzyRCHEY780%} s
hydr ogenol yzed in 90% vyield to :
N-(1(S)-benzyl - 2- met hoxy-et hyl )-3(R)-[ 3- (bi phenyl -4-yl)-1H pyrrol - 1-

yl ] succi nam ¢ Eemplaé(thri‘l-&uﬁ){gm Z@mthwetkpl)-éa%)@-(mcqwmml(m[-h r]):
[err] 7.64-7.59lspegingpip Acid 7 44 (t, 2H, J = 7.5 Hz), 7.34 (t, 1H J =7.4
Hz), 7.25-7.19 (m 3H) 7.10 (d, 2H, J =8.1 Hz), 6.98 (s, 1H), 6.70 (s,
1H), 6.59 (s, 1H), 5.83 (d, 1H, J =7.7 Hz), 4. (t, 1H, J = 7.0 Hz),
4.22-4.15 (m 1H), 3.43 (dd, 1H, J = 6.6, ), 3.29-3.16 (m 5H),
3.00 (dd, 1H, J = 7.4, 16.9 Hz), 2.78 J =7.0 Hz). Anal. Calcul ated
for JerrJHerr]Nerr]Qerr] * 0.25 Herr C 73.97; H 6.3 1; N 5.75.
Found: C, 73.99; H, 6.59; N, 5.45. o The starting materials were
furni shed as foll ows: HO‘\/'\,,—NH_nOM,

N- (1(S) - Benzyl - 2- net hoxyet hyl ) - 3(R) - (t - but cXy&agQonyl ani no) succi nam ¢ Aci d
Benzyl Ester ﬁ [err]

86 WO 98/ 17 . .o
PCT/ US97/ 17809 .@c%grdmg to the procedure described in Example 1(a), N-(1(S)-benzyl-2-methoxyethyl)-

3(R)-[3-(biphenyl-4-yl)- 1 H-pyrrol-1-yl]succinamic acid benzy!| ester was hydrogenolyzed in
90% yield to N-(1(S)-benzyl-2-methoxy-ethyl)-3(R)-[3-(biphenyi-4-yl)-1H-pyrrol-1-
yl]succinamic acid as an amorphous solid, mp 247°C. 'HNMR (CDCI3): d 7.64-7.53 (m, 6H),
7.44 (t,2H, J=7.5 Hz), 7.34 (t, |H, ] = 7.4 Hz), 7.25-7.19 (m, 3H) 7.10 (d, 2H, J = 8.1 Hz), 6.98
(s, 1H), 6.70 (s, 1H), 6.59 (s, 1H), 5.83 (d, 1H, J = 7.7 Hz), 4.97 (1, 1H, ] = 7.0 Hz), 4.22-4.15
(rﬁ, 1H), 3.43 (dd, 1H, J = 6.6, 16.5 Hz), 3.29-3.16 (m, 5H), 3.00 (dd, 1H, J = 7.4, 16.9 Hz), 2.78
(d,2H, J=7.0 Hz). Anal. Calculated for C;5H;,N,04 ® 0.25 H,0O: C, 73.97; H, 6.31; N, 5.75.
Found: C, 73.99; H, 6.59; N, 5.45.

The starting materials were furnished as follows:

o

oH*o
O oo,

0
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A m xture of N-t-butoxycarbonyl-Daspartic acid [err]-benzyl ester (480 ny,
1.50 mol ), 2S- am no- 1- et hoxy- 3- phenyl propane hydrochl oride (300 ng,
1.50 mml ), benzotriazole-1- yl oxytri s(di met hyl am no) phosphoni um

hexaf | uor ophosphate (BOP; 663 ng, 1.50 mmol) and triethylamne (0.5 ni,
3.6 mmol) in WIPAB4ANL) was stirred at anbi ent tenperature fRGT/USIHETSPS.

The m xture was poured into Herr]O (75 nL) and extracted wth Et QAc: hex
(3:1; 2 x 50 nL). The conbi ned organic extracts were washed with 1IN
aqueous NaHSQ err] Ammixtu@BfN-}-butegtarbatybd-aspardcactdftbenxipi-deief @80 mg( 250 mimpl)] wo
times, and brine (25 nL), dried over NaSO err], and evaporated to gi ve

upon hexane tr $-dméio- Pimcthéhy-8@hdn?Hi¥opaid hydrochloride (300 mg, 1.50 mmol), benzotriazole-1-
N-(1(S)-benzyl - 2-met hoxyet hyl )-3(R)-(t- but oxycar bonyl am no) succi nam ¢

7577016 (m LORp e o o glick bt (ES% R o Lo e,

7.37-7.16 (m .74 (bs, 5. 64 (

3 31523 (o " Sfeapine G (fhkiin phlp (lsi*%@)%lfé e Wbl veredifnd Py a ol
o oo o1 otk vad pdtited 0 350 7 1S otalitd S EIner 11,3 x 50 1. The

Found: C, 65.73; H 7.29. N 5. 89. .

N- ( 1( S) - Benzy| St 5eanis grpsts wemgywashed with I aqueous NaHSQ, (% 25 mLy sappeptedcci na
mc Acid . . _Benzyl Ester

[err] aqueous At O (3§ Mg twh Emes dadkrine 42wk Arigsrye; NaSBuand cvappratgd tpor
the preparation of N-(1(S)-

benzyl - 2- hydr ogiye #psn hexaneryituration B4 Hme 76%)pL IN-(1 (Shhensyt-2-wiethpxyathyddB)-ftani c
acid benzyl ester, N

(1(S) - benzyl - 2butexyearbpndarhinb)sudin@niq 4cidoaenzyt psterras @ nglidamp mazguc&mma:mnu
benzyl ester was 87

WO 98/ 17643  87.37-7.16 (m, 10H), 6.74 (bs, 1H), 5.64 (bd, 1H, J = 6.6 Hz), 5.12 (dd, 2H, J = 12.1, 17.7 H2),
PCT/ US97/ 17809 deprotected and the crude salt condensed in HOAC with

3- (bi phenyl - 4- $l43-4246%m, 1H), 4.25-4.20 (m, 1H), 3.34 (s, 3H), 3.31-3.23 (m, 2H), 2.98 (dd, 1H, J = 4.4, 16.9
Hz), 2.82 (d, 2H, ] = 7.4 Hz), 2.62-2.57 (m, 1H), 1.4 (s, SH). Anal. Calculated for CpgH33N;05

©0.25 H,0: C, 65.87; H, 7.12; N, 5.91. Found: C, 65.73; H, 7.29; N, 5.89.

According to the proecdure described in Example 1(a) for the preparation of N-(1(S)-

benzyl-2-hydroxyethyl)-3(R)-[3-(biphenyl-4-y])-1H-pyrrol-1-yl]succinamic acid benzyl ester, N-

(1(S)-benzyl-2-methoxy-ethyl)-3(R)-(t-butoxycarbonylamino)succinamic acid benzyl ester was
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di met hoxyt et rahydr of uran (prepared as described in Exanple 1(a)) to provide
in 54%vyield N

(1(S)-benzyl - 2- met hoxyet hyl ) - 3(R) - [ 3- (bi phenyl -4-yl)-1H pyrrol -1-yl ] succi na
m c acid benzyl ester as an oil, which was used w thout further

purificati on.WPe¥%# NVR (CDCl [err]): [err] 7.65-7.62 (m  GQE/USITER09 ¢

2H, J = 7.4 Hz), 7.48-7.16 (m 9H), 7.10 (d, 2H, J = 7.7 Hz), 6.98 (s, 1H),
6.69 (s, 1H), 6.57 (s, 1H), 5.78 (d, 1H J = 8.5 Hz), 5.10 (s, 2H), 5.01
(dd, 1H, J = GQepwote@edandithe crdde38l cdrdensedrin HGhc with 43biphivhyl-4-1)-25-= 5. 3, 16. 7
Hz), 3.28-3.15 (m 5H), 3.02 (dd, 1H, J = 9.2, 16.6 Hz), 2.76 (d, 2H J =
7.4 Hz); 1R Q3fddthoxplbahydidfidth (prpakd aea?&anbeﬂrﬁ&amqa&&z?) foptévidel 4PHLY% yield N-
1204, 1167, 764, 737, 698 cnferr]. HRFABMS: Cal cul ated for

CE e; r]H err] N(gsy. &&ﬂrzr ety BRI (3-(BibRerd 4.31)- IERMYbL 1-yPodcREAR acidBkRP! ©
3(R)- [ 3- (Bi pheg ?(Jasén St il Qs ittt e i BOAHER XM NAR) (dDiCh ! 878842

yl ) met hyl ] et byl Tsuccl nam c or oa

g(erR;] 3 (bi ph ST 5@?9 §L99 13, 747 08 QYSRHI AFRSAE 125 B, BYE T, 868ks,

rrol-1-vyl 1 I '
el @ benzyl | edttbds MBS @imd ke BARG0 At oo e B B0 S 208
rever sed- phase HPLC
(bi phony! & 4-y (p- B0 b8 1) THCYT 9 2RRys PO TSR 702 45y
] et hyl ] succi nam ¢ aC| d trifluoroacetate salt was obtained as
rust - col ored &v8Hphod4 Ha! iRy, 33P%r3pf3d3%2?@1)?%9ﬂr}@153Fe1r5|2f 1493, I?Ql“ (867, 1H) ,
7.61-7.51 (m 6H), 7.41 (t, 2H J = &734727 (m 2H, 7.19 (s,
1H), 6.81 (t 764, 7B, 698 cm?, ﬁmms maecmae;d 5 37H6M0 4 (Mt H )H5722675 5Fgundg. 8
Hz), 4.17-4.12 (m 1H), 3.58-3.46 (m
88 V\OSWB2673643
PCT/ US97/17809 2H), 3.30-3.21 (m 1H), 3.06 (dd, 1H J = 4.8, 15.1 Hz),
2.95-2.87 (M EihtnpieAt@\ 3(RYAS-(BipRényd-4fylr-1H-pyrrol-1-yl]-N-[2-hydroxy-1(S)-[(1H-imidazol-4-

yhmethyl]ethyljsuccinamic Acid Trifluoroacetate Salt

el

HOJVkr""/‘ou o
w N HO*CF1

According to the provedure described in Example 1(a), 3(R)-[3-(biphenyl-4-yl)-1H-
pyrrol-1-y1}-N-[2-hydroxy- 1(8)-{(1 H-imidazoi-4-yl)methyl]ethyljsuccinamic acid benzyl ester
was hydrogenolyzed and, after purification via reversed-phase HPLC, (12%) of 3(R)-[3-
(biphenyl-4-y1)- 1 H-pyrrol-1-y1]-N-[2-hydroxy-1(S)-{(1 H-imidazol-4-yl)methyl}ethyl]succinamic
acid trifluoroacetate salt was obtained as a rust-colored amorphous solid. "HNMR (CD;OD): 3
8.74 (s, 1H), 7.61-7.51 (m, 6H), 7.41 (t, 2H, J = 7.5 Hz), 7.34-7.27 (m, 2H), 7.19 (s, 1H), 6.81 (,
1H, J = 2.2 Hz), 6.48 (s, 1H), 5.00 (dd, 1H, J = 5.9, 8.8 Hz), 4.17-4.12 (m, 1H), 3.58-3.46 (m,
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CerrJHerr]Nerr]derr] * 1.0 TFA* 1.4 Herr]O* 0.15 (Jerr]Herr]: C
56.84; H, 5.27; N, 9.17. Found: C, 57.04; H, 5.00; N, 8.94. The
starting material was furnished as foll ows:

3(R) - (t-Butoxycarbonyl am no) - N-[ 2- hydr oxy-1(S-[ (1H i m dazol - 4- yl ]Jeth
yl ] succi nanm YORAT3Benzyl Ester pintho ol

[err] Accordl ng to the procedure described in Exanple 1(b) for

the preparati ( )
but oxycar bonyﬁ@n?é%g ((’? Eﬂdsngﬂﬁi FH Sgs(lr?eltﬂ%zc%sr%s% 2)H|3r Anal %lﬁlgagledn%ﬁi C

acid benzyl 0x n ester
and L- hi stidlﬁnﬁzéeh‘%gtiyf!ﬁ?‘l gg?{z@ Xlsg}@‘g Zégésﬁ?%f?%i‘ﬁt“? &EHF K410 ny
(9299 of 3(R):(t-but oxycar bonyI ani no) - N-[ 2- hydroxy-

1(S) - [ (1Hi m #a%HE. 3001 Yrfet4ay | et hyl ] succi namic acid benzyl ester as a
solid which was used wi thout further furlfl cation.

3(R) - [ 3- ( Bi pheny! -Theptaytingtmatrie} wes fumjshd ag-flowsy dr oxy- 1( S) - [ (1H-i ni dazol - 4-
yl ) met hyl ] et hyl ] sucm nam c AcCi d Benzyl Est er

[err] ] Y hydroxye HS

for the prepammﬂﬂ&w oxo 4-
oxa-1,7-diaza-tricyclo-[9.6.1.0[err]]-octadeca-11(18), 12,14, 16-tetraen-9S-y
1)-3(R) - (3-phenyl - 0 4 89
WD 98/ 17643 0 HN

PCT/ US97/ 17809 | Hpyrrol -1-yl )squmf%ﬁnzyl ester,

3(R) - (t-butoxycarbonyl am no)-N-[ 2- hy xy-1(Sp
I 2

NH

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butoxycarbonylamino-N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propyl)succinamic acid benzyl
ester, N-t-butoxycarbonyl-D-aspartic acid 8-benzyl ester and L-histidinol dihydrochloride were
coupled with TBTU to furnish 410 mg (92%]) of 3(R)-(t-butoxycarbonylamino)-N-[2-hydroxy-
1(S)-[(1H-imidazol-4-yl)methyl]ethyl]Jsuccinamic acid benzyl ester as a solid which was used

without further purification.

OJ\/'\_NH,OH
SRR

According to the procedure described in Example 1(c) for the preparation of N-(8-oxo-4-

oxa-1,7-diaza-tricyclo-[9.6.1.0'%! TJ-octadeca-11(18),12,14,16-tetraen-9S-yl)-3(R)-(3-pheny!-
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[ (1Hi m dazol - 4-yl ) nmet hyl ] et hyl ] succi nam ¢ acid benzyl ester was
deprotected, and the resultant crude am ne salt was condensed with

3- (bi phenyl - 4-yl') -2, 5-di met hoxy-tetrahydrof uran (produced as descri bed
in Exanple 1(a)) in 1,2-dichloroethane in the presence of trifluoroacetic
acid to give Wa9g¥msyi el d PCT/US97/17809

3(R) -[3-(bi phenyl -4-yl)-1H pyrrol -1-yl ] - N[ 2- hydroxy-1(S)-[(1H

i m dazol -4-yl)methyl ] et hyl ] succi nam ¢ acid benzyl ester as a yellow solid.
[err]H NVR ( CDOHfpyrrol)-yl)succipanic hcid by rasted, (R (t-befpxycarbsylanaino)ANt[2-hydroxy- KS)-
Hz), 7.45 (t, 2H, J = 7.4 Hz), 7.37-7.26 (m 7H), 6.95 (s, 1H), 6.70 (t,
1H, J = 2.2 Hz](iHGmEdazdlst-ylihdthyl etHyPsucBinartid)acid berky) dstes wad ddbrotd&teﬂipan@she resdjtant
5.06-5.02 (m 1H), 4.13-4.11 (m 1H), 3.69 (dd, 1H, J =3.9, 11.6Hz),

3.56 (dd, 1H Srude 4mfde sdlflwis doddensed- with - dﬁbhenyMJy‘ﬂ-Z §-dnne'ﬁlo'§_lf/-teh@h)9mbﬂl)an 3.06
(dd, 1H, J 8.8, 16.9 Hz), 2.84 (t, 2H, J = 4. . Ana Cal cul at ed

]Ic\lor 9C[7(23r r }:g{;ﬁ{j Eﬂr%ﬁxﬁ%%lsqc&rrﬁ]:d in Mgg[lﬁﬁ inQ 3. dehlgéeM\@? n%l@grczglcg’-éf  trifthoracedts

§|( ;? )S u E: 2| |(’]§Impge n¥ fi (tjo gl¥é {n 3]7l’7- ﬁ&ﬁ%ﬂi}{% (Ml&)ilen%-%gé %M{op ?-%H}ff' Lé)ll&agoxi( gg), (1H-
by ol -1-y11- 3@%-4w§>a¥=w@%$%ﬁl%*ﬁ%§aﬂF AN oo SHADMR (RER

B8R - [3- (b phaBs ng?@%ﬁ))g{,%'r(g,z@ J%é’%{fg)(gg%ng 74Hz),737 7.26 (m, TH), 6.95 (s,
hydr oxycycl ohex- 1( _@éd)}!sucm nam ¢ aci d _as an anor phous err

(CDlerr]CD): [dH6: 1= 22421865 G, %692923*"'“3@%3" b1 (g2 556 s

7.56 (s, 4H), 7.40 (t, 2H J = 7.5 Hz), 7.28 (t, 1H,
90 WO 98, 17634811 (m, 1H), 3.69 (dd, 1H, J=3.9, 116Hz),.:56(dd 1H, J=4.8, 11.8 Hz), 3.42 (dd,
PCT/ US97/ 17809 = 7.5 Hz), 7.23 (s, 1H), 6.86 (t, 1H J = 2.6 Hz), 6.48

(t, 1H J = 2. AH¥5.5169 Hz),,3.06)d, 1H-T # 88, t&gﬂz),zssa,zi53=«8rﬁz)1h®nal Lalgglated

(dd, 1H, J = 7.7, 16.9 Hz), 2.01-1.95 (m 1H), 1.83-1.78 (m 1H), 1.72-
for C33H;,N,40, @ 0.8 H,0 @ 0.15 MTBE: C, 70.34; H, 6.19; N, 9.72. Found: C,70.51; H,
6.05; N, 10.15.

Example 1(h). 3(R)-[3-(Biphenyl-4-yl)-1H-pyrrol-1-yl]-N-(2(R)-hydroxycyclohex-1(R)-
yl)succinamic Acid

)’\/N\.I OH
NH
0
According to the procedure described in Example 1(a), 3(R)-[3-(biphenyl-4-yl)-1H-
pyrrol-1-y1]-N-(2(R)-hydroxycyclohex-1(R)-yl)succinamic acid benzyl ester was
hydrogenolyzed to obtain in 81% yield 3(R)-[3-(biphenyl-4-yl)-1H-pyrrol-1-yl]-N-2(R)-
hydroxycyclohex-1(R)-yl)succinamic acid as an amorphous solid. 'HNMR (CD;0D): 6 8.00

(d, 1H, J = 8.9 Hz), 7.61 (d, 2H, ] = 7.4 Hz), 7.56 (s, 4H), 7.40 (t, 2H, J = 7.5 Hz), 7.28 (t, 1H,J
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1.61 (m 2H), 1.34-1.11(m 4H). Anal. Calcul ated for
Cerr]Herr]Nerr]dJerr] * 0.5 Herr]O C, 70.73; H  6.62;N, 6.35. Found:

C, 70.79; H, 6 61; N, 6.26. The starting material was prepared as
fol | ows:

(R) -t - But oxycﬂ?l?&lh’&ﬂ‘ihm no- N- (2(R) - hydr oxycycl ohex- 1Ryl ) suc XGTARI¥1IA#M d
Benzyl Ester [err]

According to the procedure described in Exanple 1(f) for the preparation of
N-(1(S)-  benzyb Hz), TRBRQAYREB6 (), 1B( R 216-Hpi)! 620/€ AHD PRI 19471 9167 G UEE T BaN 157),
acid benzyl ester, N-t- but oxycar bonyl - Daspartlc acid [err]-benzyl ester

and racemc trﬁggs3§3 1PDCod @Aenanaly, G |
crude solid which vvagﬁr!t ?!I;t ura @g’d W th wl\\/ﬁsBE/ 2 zcmpl ﬁd(tnwﬁyl suc-;cscetg]g“\\;gllé)2

recrystalli zedl glr Efgt,llts Agﬂp M‘%ﬁgmcdyf&l 265/ |§§)ﬁcéaél%t79 H,

provide 260 Ie di ast er eoner?

3(R) -t - but | h “1Ryl

oy beniyf’xy?&%%i%‘*ﬁ?'\b(ﬁ(ﬁ) P N6 07 e [eérr]HyN)NE”CC' nam ¢
DVBO-d[err]): [ert] 7.52 7.36-7.31 (m 5H), 7.09 (d,
(lH, J =[9. 2] Lz)[ gstaging ateri A‘@sd’fﬁfﬁ‘?gt’s}_‘ggm 'y = 12.1 Hg) 4|_218 (d, 1|(4 J

= 5.2 Hz), 434427(m 1|—|) 276(dd I H, J = 4.4,
16.2 Hz), 2.56 64==30A : YQrox QDeX-1B-YUSHcCamic AcigRenpyigestet m
2H), 1.36 (s, 9H, 1. 20-1.08 (m 4H) Anal Cal cuI ated for 022H32N206 C,
62.84; H 7.67; N, 6.66. Found: C, 63.10; H Z.§% N, 6.60.

91 WO 98/ 17643 o)

PCT/ US97/ 17809 O HN

3(R) - [ 3- (Bi phenyl - 4-yl - 1Hpyrrol - 1-yl ] - WMW@CWIohex-l(R)-yI)succ

I nam c Acid zyl Ester

According to the procedure described in Example 1(f) for the preparation of N-(1(S)-
benzyl-2-methoxyethyi)-3(R)-t-butoxycarbonyl-amino-succinamic acid benzyl ester, N-t-
butoxycarbonyl-D-aspartic acid B-benzyl ester and racemic trans-2-aminocyclohexanol were
coupled with BOP to give a crude solid which was triturated with MTBE/hex, and then
successively recrystallized from MTBE/isooctane and MTBE/cyclohexanes/isooctane to provide
260_m_g (20%) of the single diastereomer 3(R)-t-butoxycarbonylamino-N-(2(R)-hydroxy-
cyclohex-1R-yl)succinamic acid benzyl ester as an off-white solid, mp 124-5°C. 'H NMR
(DMS0-dg): 8 7.52 (d, 1H, J = 7.0 Hz), 7.36-7.31 (m, 5H), 7.09 (d, 1H, J = 9.2 Hz), 5.08, 5.05
(AB quartet, 2H, J=12.1 Hz), 448 (d, 1H, J = 5.2 Hz), 4.34-4.27 (m, 1H), 3.26-3.18 (m, 1H),
2.76 (dd, 1H, J = 4.4, 16.2 Hz), 2.56 (dd, 1H, ] = 9.2, 16.2 Hz), 1.82-1.70 (m, 2H), 1.60-1.50 (m,
2H), 1.36 (s, 9H), 1.20-1.08 (m, 4H). Anal. Calculated for C,oH3,N;0¢: C, 62.84; H, 7.67; N,

6.66. Found: C, 63.10; H, 7.69; N, 6.60.
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[err] As described in Exanple 1(a) for the preparation of
N-(1(S)-benzyl - 2- hydr oxyet hyl ) -

3(R)-(3-(bi phenyl -4-yl)-1H pyrrol - 1-yl)succi nam ¢ acid benzyl ester,
3(R-t- but oxycar bonyl am no- N- (2(R) - hydr oxycycl ohex-1(R) - succi nam c
aci d benzyl 17884 3 bi phenyl - 4-yi - 2, 5- di net hoxy- t et r 2y HSEFF%Nn
(prepared as descrl bed in Exanple 1(a)) were condensed in acetic acid to
furnish in 41%y| el d S(R) [ 3- (b| phenyl - 4- yI) 1H pyrrol - 1 yl]-N
(2(R) - hydr oxycyXRax=tBighemyi-4 al R} o o 19 Ry succinamic o
of f-white solid. [err]H NNR(CDCI[err]ﬁgnz:{lﬁmﬂ_763754(m 6H), 7.45

(t, 2H, J = 7.5 Hz), 7.36-7.26 (m 6H), 7.06 (s, . 6.76 (t, 1H J =
2.4 Hz), 6.58 (s, 1H), 5.46 (d, 1H J = 7.0 Hz), -5.10 (m 3H), 3.61-
3.55 (m 1H),3.49 (dd, 1H, J = 5.5, 16.6 Hz), 3. 27/3.21 (m 1H),3.06 (dd,

1H, J = 8.3,16.7 Hz), 2.04-1.98 (m 1H), 1.85-
2H), 1.32-1.02 (m 4H). Anal. Calcul ated for err]Herr]Nerr]Jerr] *
Herr]O C 73.31; H 6.71;N, 5.18. Found: CQ 930HH 6.72; N, 4.93.

92 WD 98/ 17643 g‘oﬂv\ O

PCT/ US97/ 17809 Exanpl e 1(i).

3(R) - [ 3- (Bi phenyl - élsﬁa%{;%e%/&g i%r gn?;':le }(a¥ Hr th’él_pL on 0 -(lj(é)sgenzsx%-hy o@élﬂ%

2- met hyl propyl ] suc

8 (m 1H), 1.71-1.51 (m

3(R)-(3-(biphenyi-4-yl)-1H-pyrrol-1-yl)succinamic acid benzy] ester, 3(R)-t-
butoxycarbonylamino-N-(2(R)-hydroxycyclohex-1(R)-yl)succinamic acid benzyl ester and 3-
biphenyl-4-yl-2,5-dimethoxy-tetrahydrofuran (prepared as described in Example 1(a)) were
condensed in acetic acid to furnish in 41% yield 3(R)-{3-(biphenyl-4-yl)-1H-pyrrol-1-yl}-N-
(2(R)-hydroxycyclohex-1(R)-yl)succinamic acid benzyl ester as an amorphous off-white solid.
"H NMR (CDCI3): & 7.63-7.54 (m, 6H), 7.45 (t, 2H, J = 7.5 Hz), 7.36-7.26 (m, 6H), 7.06 (s,
1H), 6.76 (, 1H, ] =2.4 Hz), 6.58 (s, 1H), 5.46 (d, 1H, J = 7.0 Hz), 5.15-5.10 (m, 3H), 3.61-
3.55 (m, 1H), 3.49 (dd, 1H,J =55, 16.6 Hz), 3.27-3.21 (m, 1H), 3.06 (dd, 1H, J = 8.3, 16.7 Hz),
2.04-1.98 (m, 1H), 1.85-1.78 (m, 1H), 1.71-1.51 (m, 2H), 1.32-1.02 (m, 4H). Anal. Calculated

for C33Ha4N;0, @ H,0: C, 73.31; H, 6.71; N, 5.18. Found: C, 72.93; H, 6.72; N, 4.93.



[err] According to the procedure described in Exanple 1(a),
a mxture of 3(R)-[3-(bi phenyl-4-

yl)-1H pyrrol -1-yl]-N-[2-hydroxy-1(S)-(hydroxynmet hyl)-2-net hyl propyl ] succin
am c acid benzyl ester (137 ng, 0.26 mml) in EtCH (2.5 \nﬂ_ﬁ%‘_{@g_g _ﬁgob\c
(2.5 nL) was wods/tigéhol yzed after 110 mnutes to give a ' ¥ ,
which was triturated with CHerr]C[err]/hex to provide 85 ng (759 of
3(R)-[3-(bi phenyl -4-yl)-1H pyrrol - 1-yl]- N[ 2- hydroxy- 1(S) r nethyl) 2
- met hyl pr oPydhite ¢G). ﬁaﬁr[a-(Bmhdnsdé-sd)-‘l\mnyeroj-é’ryil]d“-[hbytll‘sw-iéﬁ d}é"

NVR (acet one- di-gfetiylpropeljsukcidaié-Acid 7.61 (m 6H), 7.46-7.39 (m 3H) 7 33
(t, IH J =7.4 H), 7.09 (bd, 1H, J = 8.5 Hz), 6.97 (t, 1H, J = 2.4
Hz), 6.53 (t, 1H, J = 2.2 Hz), 5.28 (t, 1H J = 7. ), 3.81-3.67 (m 3H),
3.35 (dd, 1H, J = 7.4, 16.9 Hz), 3.02 (dd, = 7.4, 16.9 Hz), 1.24
(s, 3H), 1.12 (s, 3H). Anal. Calculated for /, err]Herr]Nerr]derr]: C,

68.79; H 6.47; N, 6.42. Found: C, 68.54; OHN©G.50; N, 6.39. The
starting material was furnished as foll NH~ oy

3- Benzyl oxycar bonyl - 2, 2- di net hyl - 4R- ( 1- hydr ox? -A-omt hyl et hyl ) oxazol i di ne
[err] To a solution of nethyl

2- (3-benzyl oxycar bonyl - 2, 2- d| nmet hyI oxazol | d| n 4R—y| )acetate (see

%g?gg%;?’m J.- M Gﬁtlmor«:iS ng to the procegure ’descnbed R E ample f(a), mﬁznnel'o?l?ﬁi)-[ggb m-‘&

WO 98/ 17643
PCT/ US97/ 17809 ¥)-1Hemyrrol-bl] HﬂrEYdﬂ’%‘(SkﬁtX droxymethy 2 metiyipronyliseginamie agid bengyl
at -78[err]C was added dropw se vi

ester (137 mg, 0.26 mmol) in EtOH (2.5 mL) and EtOAc (2.5 mL) was hydrogenolyzed after 110

minutes to give a white solid, which was triturated with CH,Cly/hex to provide 85 mg (75%) of
3(R)-[3-(biphenyl-4-yl)-1H-pyrrol-1-yl]-N-[2-hydroxy-1(S)-(hydroxymethyl)-2-
methylpropyl]succinamic acid as a white solid, mp 150-2°C. "H NMR (acetone-dg): & 7.67-
7.61 (m, 6H), 7.46-7.39 (m, 3H), 7.33 (t, 1H, J = 7.4 Hz), 7.09 (bd, 1H, ] = 8.5 Hz), 6.97 (1, 1H,]
=2.4 Hz), 6.53 (t, 1H, ] =2.2 Hz), 5.28 (t, 1H, J = 7.2 Hz), 3.81-3.67 (m, 3H), 3.35 (d4, 1H, I=
7.4, i6.9 Hz), 3.02 (dd, 1H, J = 7.4, 16.9 Hz), 1.24 (s, 3H), 1.12 (s, 3H). Anal. Calculated for
czsﬁzauzos: C, 68.79; H, 6.47; N, 6.42. Found: C, 68.54; H, 6.50; N, 6.39.

The starting material was furnished as follows:

To a solution of methyl 2-(3-benzyloxycarbony1-2,2-dimethyloxazolidin—4R—yl)acetate

(see Delacotte, J.-M.; Galons, H.; Schott, D.; Morgat, J.-L. J. Labelled Comp. Radiopharm.
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syringe a solution of nethyl magnesiumbromde (1.5 nL of 3Min ether).

After 15 mnutes, the reaction vessel was placed in a O[err]C ice bath.
After 2 hours, the m xture was cooled to -78C and nore nethyl magnesi um
brom de (0.5 nL of 3Min ether) was added. The m xture was allowed to warm
to O[err] C oP9%1%#rs, then quenched with acetone (1 ni) FEIUSEHABY oned
between EtQAc (50 nl) and 1M pH7 phosphate buffer (50 nmlL). The separated
organi c | ayer was washed w th 1M pH7 phosphate buffer (50 nL) and brine
(25 m), dried9syey, NA2-SOH; Sehmhgchicmmbl)at dry THF(10 milg ot -A8C wibs adbled drspwise via
purified via flash colum chromatography with 0-12% Et OAc/CH err] O [err]

gradi ent el uanyrige afsolutios 6f m&Ry EgrebiGibrathide (1.5 mL of 3M in ether). After 15 minutes, the
3- benzyl oxycar bonyl - 2, 2- di net hyl - 4R- ( 1- hydr oxy- | -

net hyl - et hyl) reseaamesgmaasgacea PO ic@SﬁhOAheriﬁuszﬂe%n@% eadldd%l)w&%a]
7.52-7,45 (m 5H), 5.35- 2H) 4.15 bm

1.67 (s, 3H), t
Gorr]tierr] err§ ﬁeﬁ@lma@'ﬁgmﬁbl% c(es(().SQxIﬂ'.). of 3‘&@ I_fthe?%caﬁ!iéa jﬂeé@{n'x:rg l\jvrﬁallowed
64.48, H 7 87 40 %over en quench tone (1 mL itione

3(R)-t-But oxycgr A am N6- ?\It-“[ués ﬁhy rqoxy T(vgﬁh-a(cﬁ q’r%xyr%eaf‘%%rs -9 rrg?tr{yﬁ propyl
] succi nam ¢ ci d Be | .Ester err
3- Benzyl oxycarq}gﬁfrl(s%m@-ﬂ’idrwf PRT Pklﬂfkp'(aic ttar GQALy- E@T W?até‘??’lé?')m 2 badoidl dfhﬁé
was hydrogenol yzed in the presence of HC, according to conditions
described in Exxgh)ﬁfi@l—lj(pa?sppgc buffﬁ:&ﬁﬂla@a@\d,}mge (25 mL), dried over Na2804, and concentrated
2(R) - am no- 3- net hyl - but ane- 1, 3-di ol hydrochl ori de. Accordin t he
procedure  ddgerdsisiug whwhmm@dyemﬂash e¢lump ghrpmategraghy With & 2% EtOAc/CHzClz
3(R) -t-but oxycarbonyl am do- N- (2, 2-di net hyl -

94 WO 98fidnt 6lagnt to furnish 280 mg (56%) of 3-benzyloxycarbonyl-2,2-dimethyl-4R-(1-hydroxy-1i-
PCT/ US97/ 17809 I (S)-(nethyl car banoyl )prppyl ) succi nam ¢ aci d benzyl
ester, the crunghylryd)-axadlidineas & colpdessloil.0 H NMR (QD;0N).0%7. 575 (- 4DphiT-5.2
acid [err]-benzyl ester with TBTU. Purification via columm

(bm, 2H), 4.68 (bs, 1H), 4.15-3.95 (bm, 3H), 1.67 (s, 3H), 1.57 (s, 3H), 1.21 (s, 6H). Anal.
Calculated for C;gH,3NO, ® 0.3 HyO: C, 64.32; H, 7.96; N, 4.69. Found: C, 64.48; H, 7.87; N,

4.67.

Ox
O NH

©/~0)K/‘\,NH/\°H

A~OH

3-Benzyloxycarbonyl-2,2-dimethyl-4R-(1-hydroxy-1-methyl-ethyl)-oxazolidine was
hydrogenolyzed in the presence of HCI according to conditions described in Example 1(a) to
provide crude 2(R)-amino-3-methyl-butane-1,3-diol hydrochloride. According to the procedure

described in Example 1(b) for the preparation of 3(R)-t-butoxycarbonylamido-N-(2,2-dimethyl-
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chromat ography with EtQAc/CH err]dJerr] (1:1) to 10% MeOH/ CH err]d [err]
gradient elution led to isolation in 52%yield of

3(R) -t -but oxycarbonyl am no- N-[ 2- hydr oxy- 1( S) - ( hydr oxynet hyl ) - 2-

met hyl propyl ] succi nam ¢ aci d benzyl ester, which was used w thout further
purification WABKM (CD{err]CN): [err] 7.51 (s, 5H), 6.99 (HSH/USPH|780% g9
(bs, 1H), 5.25 (s, 2H), 4.57-4.50 (m 1H), 383376(m 3H) 300(dd

(1 A j ‘:1,H):, fi?’zz kflm%%%‘wé"%h)f’%ﬁﬁ?ﬁ%mc peid g“eré F?‘f‘r’[ﬁé r—?*ﬁwewr %%i %ﬁ ﬁrﬂe%* o5
Egﬁ:urj] OC g 8 ])jg,b%{q 9%%;!{ QBL%%&JQJ ed’ Elnzyl ester \%1%1 ’1‘§TU Punﬁtht?on vl}la co umn

3(R) -[3-(Bi phenyl -4-yl)-1Hpyrrol -1-yl]-N 2hdrox 1(S) - (hydroxynet hyl)-2
(R-13-(Brp chrgmatogrgphym ﬁ%ﬂfqu(dbym c&% Chn(:sr%ﬂxéégwycn émary )
[err] According to the procedure descrl bed in Exanple 1(c) for
N- ( 8- 0x0- 4- ox@elatigh-idiS3%gyield of 3(R)-t-butoxycarbonylamino-N-[2-hydroxy-1(S)-(hydroxymethyl)-2-
tricyclo-[9.6.1.0[err]]-octa-deca-11(18), 12,14, 16-tetraen-9S-yl)- 3(R) (3-ph
enyl - 1H- pyr r omethylproply)jsxcinamia atid batzrydesbe,n&lydh vesstused, without further purification. H
3(R)-t-butoxycarbonyl am no- N- ( 2- hydr oxy-1(S) -

hydr oxynet hy| NRMREIDLWONIPS RISV (s) SHY; 6190 3b8, CHRS9d (ﬁssarmys 286! 2H), W3 3-405eRmet gt ed

W th trlfluoroacetlc acid. The crude anm ne salt and

3- bi phenyl - 4- yg3.3, 784l 588}, 508 yad ey phydr nsfmanz 8f aenared, @%@@&Frv 398 o,

Exanple 1(a)) were condensed i n anhydrous ,2-'di chl oroet hane wi

o o oL P2 S R Sl Goptaione 03 K0 « 0 O-CINCH
1(S) - (hydroxy UH% I’%.,ge&tyézogmlésw ﬁalil’llgN’;l%lsg benzyl ester as an

anor phous sol |
5 WD 98/ 1 l
PCT/ US97/ 17809 e e . 5
2H, J = 7.7 Hz), 7.39 (t HIGACC

C1H, | jer ( :
(bd, 1H, J = 9.2 Hz), 6.96 (t, 1H J = 2.6 Hz), dd, 1H J = 1.7, 2.8
Hz) ,
’f

/von

According to the procedure described in Example 1(c) for N-(8-oxo-4-oxa-1,7-diaza-
tricyclo-[9.6.1.0'%7)-octa-deca-11(18),12,14,16-tetraen-9S-yl)-3(R)-(3-phenyl- 1H-pyrrol-1-
yl)succinamic acid benzyl ester, 3(R)-t-butoxycarbonylamino—i\h(Z-hydroxy-l(S)—
hydroxymethyl-2-methyl-propyl)succinamic acid benzyl ester was deprotected with
trifluoroacetic acid. The crude amine salt and 3-biphenyl-4-yl-2,5-dimethoxy-tetrahydrofuran
(prepared as described in Example 1(a)) were condensed in anhydrous lz-dichloroethang with
trifluoroacetic acid to give in 11% yield 3(R)-[3-(biphenyl-4-y])-1H-pyrrol-1-y1]-N-[2-hydroxy-

' ., 1
1(S)~(hydroxymethy!)-2-methylpropyl}succinamic acid benzyl ester as an amorphous solid. "H
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5.35 (t, 1H, J = 7.4 Hz), 5.11 (s, 2H), 3.81-3.62 (m 3H), 3.39 (dd, 1H, J
= 6.8, 16.4 Hz), 3.12 (dd, IH J =7.7, 16.6 Hz), 1.24 (s, 3H), 1.21
(s, 3H). Anal. Calculated for CJerr]Herr]Nerr]Jerr]: C, 72.98; H,
6.5 1; N, 5.32. Found: C, 72.83; H, 6.60; N, 5.24. #

N-[ 2, 2- Di et P 278§ (et hyl car banoy! ) propyl 1- 3(R) - [ 3- (4- prd’ﬁ:“(‘kfﬁjg 599 -

1H pyrrol -1-yl] SUCCI nam c Acid

M2 2- di ot hy NYRAGERRE 8 %7161 Rl 865 WsTe 90FL '79?1‘1),'7“;9%61‘9113 § € 1858, 737
(

met hyl car bano I 3-(4- yl phen 1H- pyrrol - succi nam ¢
aci d %enzyl & Bl% (ﬁé@il&]a(égﬂéfﬁég(hy f’é’g?—}ﬁ&pgjliéa (ddp 1 -Lvidezéﬂz)srg
(91% of N-[22d|math

1(S) - (net hyl car%@%ﬁirdpﬁ/m}, 31 Rs; 210, 8 81 3¢63 ) P BpP Ydd] HH,Jyr 6.8 16 8-H4)] Bl ci
nam c acid as a yel | ow powder, np 104-6C. [err]H NVR (CD[err]OD): [err]
7.95 (bs, 1H), (dd.00i, 4 BS,7, 161 Hzy, 148 (§,3H).2L31 (3, 3H). Anal7 Calchiaded fof. CLEH{,NSO5: 1) |,
7.08 (d, 2H, J = 7.5 Hz), 6.86 (bs, 1H), 6.42 (bs, 1H), 5.34 (t, 1H, J =
7.0.Hz), 4.15 (72b8; HIHE.50 N; 5329Fddngl; C,72(83; Hogl60; N;15.24. = 6.2, 16.0 Hz), 2.62
(s, 3H, 2.60-2.50 (m 2H), 1.7-1.58 (m 2H), 0.95 (s, 9H. IR (KBr):
3300, 2960, 1642Ex 91 )11‘9-@,7 Dim&BYEI(§)}-(methylcdrbh ropy- §g&€$ gdBlfoBS'lxhenyl)v

Clerr]H err] N emk gﬁcgm,-h@s,{ﬁgr] 560 1525. Found:
Cal cul ated for Et OAc C 66. 67, H, 7.86; N, 9.26. Found:

C, 66.93; H, 7. 78, N, 8.89. tarting materials were
made as foll ows: o 96
WD 98/ 17643 o

PCT/ US97/ 17809 Ho A Ky,

3- (4-Propyl phenyl)-furan T

err
[ ] According to the procedure described in Example 1(a), N-[2,2-dimethyl-1(S)-

(methylcarbamoyl)propyl}-3(R)-[3-(4-propylphenyl)-1H-pyrrol-1-yljsuccinamic acid benzy!
ester in MeOH and EtOAc was hydrogenolyzed to provide 30 mg (91%) of N-[2,2-dimethyl-
1(S)-(methylcarbamoyl)propyi}-3(R)-[3-(4-propylphenyl)- 1H-pyrrol-1-yl}succinamic acid as a
yellow powder, mp 104-6°C. 'HNMR (CD;0D): 8 7.95 (bs, 1H), 7.60 (bs, 1H), 7.48 (d, 2H, J
= 7.5 Hz), 7.16 (bs, 1H), 7.08 (d, 2H, J = 7.5 Hz), 6.86 (bs, 1H), 6.42 (bs, 1H), 5.34 (t, 1H,J =
7.0 Hz), 4.15 (bd, 1H, J=35.9 Hz), 2.83 (dd, 1H, ] = 6.2, 16.0 Hz), 2.62 (s, 3H), 2.60-2.50 (m,
2H), 1.7-1.58 (m, 2H), 0.95 (s, 9H). IR (KBr): 3300, 2960, 1642, 1560, 1195, 775 em™.
HRFABMS: Calculated for C;4H33N30,Cs (M +Cs™): 560.1525. Found: 560.1509. Anal.
Calculated for C4Hy3N;0,4 @ 0.3 EtOAc: C, 66.67; H, 7.86; N, 9.26. Found: C, 66.93; H,
7.78; N, 8.89.

The starting materials were made as follows:
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As described in Exanple 1(d) for the preparation of 4-furan-3-yl-pyridine,

1-i odo- 4- propyl benzene (500 ng, 2.03 nmol) was coupled to
3-furanboronic acid to furnish in high yield 3- (4- propyl phenyl)-furan as
a light brown oil that was unstable and used inmedi ately w t hout further

purificati on. WPa¥¥43 NMR (CDCl [err]): [err] 7.69 (t, 1H, J K{T"!?’ﬂ&’f“’? 46
(t, 1H, J = 1.7 Hz), 7.40 (d, 2H J = 8.1 Hz), 7.18 (d, 2H J = 7.8 Hz),

6.68 (t, 1H, J = 0.9 Hz), 2.59 (t, 2H, J = 7.5 Hz), 1.66-1.60 (m 2H),
0.95 (t, 3H J =7.5 Hz). 3-(4-Propyiphenyl)-furan

2, 5- Di net hoxy- 3- (4- propyl phenyl ) - 2, 5- di hydr o- f yran
[err] As described in Exanpl e 1e preparation of
3- bi phenyl - 4-yl - 2, 5-di hydro- 2, 5- di met hdxy- t et rahydr of uran, crude

3- (4- propyl phenyl )-furan was converted to 490 ng (98% from
1-i odo- 4- propyl benzene) of

2, 5-di net hoxy- 3- (4- @J&Mbﬁ@ﬁfﬁﬂﬂnpl% 15(1)‘%%9 x@pir&’cfoﬂ%f@a?urﬂn BiyB B4 ridine, Pidaa-O1 |

that was unstable and used immedr at el FIOU'[ further purlwcatlon [err]H

gll\/? ) ( ngzgeﬁr?g%lbe&@{er(koa mg72 (13%%11%@ uas ﬁzu?le& %94{)‘6%% xj_%’ac@ tu]izlafx% %?%Eh yﬂcldég
W, 250 (1, Sh-Pypgien g pfone s uadabig et gl iigh
02 M) IR eefeataion. ‘B RR ((DCG): o d8 %, S FLOY Ha), 746 ¢, 1, 7= 1.7 H2), 7.0

PCT/ US97/ 17809
2, 5- Di met hoxy- &b 8= 157 &b H2 el §y)2H: d 7 7ahifalr 65%iitalfL J = 0.9 H2), 2.59 (t, 2H, J = 7.5 Ha),

[err]
1.66-1.60 (m, 2H), 0.95 (t, 3H, J = 7.5 Hz2).

As described in Example 1(a) for the preparation of 3-biphenyl-4-yl-2,5-dihydro-2,5-
dimethoxy-tetrahydrofuran, crude 3-(4-propylphenyl)-furan was converted to 490 mg (98% from
1-iodo-4-propylbenzene) of 2,5-dimethoxy-3-(4-propylphenyl)-2,5-dihydro-furan as a light
brown oil that was unstable and used immediately without further purification. 'HNMR
(CDCI3): 8 7.47 (dd, 2H, J = 1 4, 8.1 Hz), 7.17 (d, 2H, J = 8.1 Hz), 6.25, (dd, 1H,J=0.6, 1.2
Hz), 6.00 (d, 1H, J = 0.6 Hz), 5.69 (d, 1H, J = 1.6 Hz), 3.49 (s, 2H), 3.43 (s, 1H), 3.40 (s, 2H),
3.38 (s, 1H), 2.59 (t, 2H, J = 7.5 Hz), 1.64 (q, 2H, = 7.5 Hz), 0.94 (t, 3H, J = 7.5 Hz). IR:

2930, 1514, 1464, 1192, 1105 cm™.
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As described in Exanple 1(b) for the preparation of 2,5-dinmethoxy-3-phenyl -
t et rahydr of uran, 2, 5-di hydro-2, 5-di net hoxy- 3-(4-propyl phenyl)-furan (320
ng, 1.29 mmol) was hydrogenated to give 322 ng (100% of a diastereoneric
m xture of 2,5-di met hoxy-3-(4- propyl phenyl ) -t etrahydrofuran as a vi scous
col orl ess oi IWPAYI768as unstabl e and used i nrediately =~ wi t hQFTYSAVIRE,
purification. [err]HNWR (CDCl[err]): [err] 7.24 (d, 2H, J = 8.1 Hz), 7.12
(d, 2H, J 8.1 Hz), 5.24 (t, 1H J =5.9 Hz), 3.60-3.30 (m 6H), 2.59
(d, 1H, J .5 Hz), 2.52 (d v-Bedl ¢ H, 1.62 (q,
2H, J =7 Hz), 0.92 (t, 3H, =

=7
.5 . .
N-[ 2, 2-Di net hyl - 1( S- net hyl car banoyl ) propyl ] - 3(R) opyl - 3- phenyl -4-yl - 1H
-pyrrol-1- H.C ci nami ¢ Acid Benyl Ester
[err] As described in Exanple 1(:d) a &4 he preparation of
3 .

N- (2, 2- di et hyl - 1(S) -

gg?] 2 g: Cg;? gi’ﬂy)yl PT 0%}; ld)escgge%) in%?cargglg Iltjbl) ?oré%hcygrep]érl_zhigg gf fé-di]fne logc;-l?fpglerwli-m ¢ acid
3(R)-am no- N-[ 2, 2-di ret hﬁé_ 1(S) - (et hyl carbanoyl Zpgr og)yl ] succi nam ¢ aci d
benzyl ester tetfahydrpiiFang & wilydeo-% adimithaxyrAfrpmopytphenyScfisiap £R0ime, 28 mned) was
1(b); 522 ng, 1.16 mmol) was condensed with crude

2, 5- di met hoxy-tgdiogenated i iy 823 mp (108¥e) afy dirti¢reqmeric miixta® of dStdimethoxy-3-(4-

1, 2-dichloroethane wth chlorotrinethylsilane at 90[err] C over 3 days.
The crude dar lkprapylphemd)-fetrahyidrofigtavasca Viscasdcoloriess ailthat sas oumstebizgind pied immediatlo
HOAc/ 10% MeOH/ CH err]Cl[err] as eluant to provide 40 ng (7% of

N-[ 2|, 2j1L di met hykithb(Surtherphfifi¢ation. B4 NMR @DGIY): b736 R, 2837 ée:lugzgpuimmlx%aﬂ p
yrrol -1-

98/ 17643 Hz), 5.24 (]:, 1H, ] = 5.9 Hz), 3.60-3.30 (m, 6H), 2.59 (d, 1H, J = 7.5 Hz), 2.52 (d, 1H, ] = 8.1
PCT/ US97/ 17809 yl ] succi nam ¢ acid benzyl ester as a solid, np

7.20 (m 5H), 7:14
1H, J = 2.5 H .
(d, 1H, = 4.7

63-5 C - = : = =81 Hz), 7.34 -
R e T

: As described in Example 1(d) for the preparation of N-(2,2-dimethyl-1(S)-
methylcarbamoylpropyl)-3(R)-(3-pyridin-4-yl-1H-pyrrol-1-yl)succinamic acid benzy} ester,
3(R)-amino-N-[2,2-dimethyl-1(S)-(methylcarbamoy!)propyli]succinamic acid benzyl ester
trifluoroacetate salt (prepared as described in Example 1(b); 522 mg, 1.16 mmol) was condensed
with crude 2,5-dimethoxy-3-(4-propylphenyl)-tetrahydrofiran (1.29 mmol) in 1,2-dichioroethane
with chlorotrimethylsilane at 90°C over 3 days. The crude dark oil was purified via flash
column chromatography with 1% HOAc/10% MeOH/CH,C), as eluant to provide 40 mg (7%)
of N-{2,2-dimethyl-1(S)-(methylcarbamoyl)propyl]-3(R)-{3-(4-propylphenyl)-1H-pyrrol-1-
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3H), 4.00 (d, 1H, J = 9.0 Hz), 3.38 (dd 1H, J = 5.6, 16.8 Hz), 3.10 (dd,
1H, J = 8.7,16.8 Hz), 2.76 (d, 3H, J 5.0 Hz), 2.59 (d, 1H, J = 7.2 Hz),
2.56 (d, 1H,J: .8 Hz) 1.65 (g, 2H, J:75 Hz), 0.96 (t, 3H J =7.5
Hz), 0.86 (s, . IR (KBr): 3314, 2959, 1736, 1648, 1560, 1165, 697
crierr]. HRFARYRIBIESH | ated for err]Herr]Nerr]Oerr]Cs PREVET[IZ0P] ) -
650. 1995. Found: 650.1977. Anal: Calculated for JerrJ]Herr]Nerr]dJerr] *
0.3 C[err]H[err] C, 72 33 H 7.62; N, 7.71. Found: C, 72.36; H, 7.77; N,

125 (25| 3 B pREmSe r! eﬁfi“m“i: TATS AR AR
Accordiyngpt o) tﬁﬁik‘?’?c-g?b?'% %@é; tlf\gcgng\ﬁ' a{#&s’t&ﬁ gFh -['=19]HZ) 6.78(t, I1H,J=25

4-{2S- [ 2(R) - (3= bi ph

pyrrol-1-y1)- 3} am?ﬂ%a&#i;s%&pa%ﬂywam&nw@ 520 il Bplmt AR A8 Toen:

oic acid met h ester_was drogenol yzed in uantltatlveglleldto

furnish 4-{2s-pH R)OD((Q,_IM éﬁ@rﬁ,ﬁz)‘ﬁ $ (dd, IH, J=5.6, 16.8 Hz), 3.10 (dd, 1H, J = 8.7, 16.8 Hz),

1H pyrrol -1-yl)-3-carbobenzyl oxy- propi onyl - an no] - 4- net hyl - pent anoyl am no} -

benzoic acid 2.76¥d.13¥, J eSt0H2)ad3%(ds biili Jo= 7.2z @S6 1d,[ 18], § FC.8 Ha)y r.3H{qNMR J = 7.5

(CD[err]CD): [err] 7.81 (d, 2H, J = 8.8 Hz), 7.60-7.50 (m 8H), 7.40 (t,

2H, J = 7.4 HzHz),D.98%t, BH, J 2 M5 HE),0.86.(4 oHD) IR KEx(: Ixl4, 2999, 1786,3948,4560] )65, 69748

(s, 1H, 5.16 (t, 1H, J =7.2 Hz), 4.54 (t, 1H, J = 7.2 Hz), 3.77 (s,

3H), 2.98 (dd, chH. HRFAEMS: Ciléutdtedifor C lHﬂ,NKI £C5.(BE+CsTy: 63019950F Qind{( 650,161, J =
9 Hz). Anal. Calculated for C[err]H err]NJerr]Jerr] * 0.6 Herr]Q C,

99 WO 33411 todk3lated for C31H39N 0, ¢ 0.3 C¢Hyq: C,72.33;H, 7.62;N, 7.71. Found: C, 72.36;

PCT/ US97/ 17809  68.92; H, 6.16° N, '7.09. °Found: C, 68.98; H 6.20; N,

6. 98. sg,aﬁg ng material was avail able as foll ows:

4-[ 2S- (3- Benzyl oxycar’bonyl 2(R) -t-but oxycar bonyl am no- pr opi onyl am no) - 4- net

Ey't pentanoyl - grample i(k). 4-[2S-2R)-[3-@Biphenyl-4-y)-1EEEV391-1-D632Q 6oy GrSpibEiihilnoj-
ster 4-methyl-pentanoylamino]benzoic Acid Methyl Ester

HOANANNH :,lN
N
According to the procedure described in Example 1(a), 4-{2S-[2(R)-(3-biphenyl-4-yl-1H-
pyrrol-1-yl)-3-carbobenzyloxy-propionyl-amino}-4-methyl-pentanoylamino } -benzoic acid
methyl ester was hydrogenolyzed in quantitative yield to furnish 4-{2S-[2(R)-(3-biphenyl-4-yl-
1H-pyrrol-1-yl)-3-carbobenzyloxy-propionyl-amino}-4-methyl-pentanoylamino} -benzoic acid
methy! ester as a solid, mp 209-11°C. 'HNMR (CD,0D): 5 7.81 (d, 2H, J = 8.8 Hz), 7.60-7.50
(m, 8H), 7.40 (t, 2H, J = 7.4 Hz), 7.28 (t, |H, J = 7.4 Hz), 7.20 (s, 1H), 6.88 (s, 1H), 6.48 (s, 1H),
5.16 (t, 1H, J = 7.2 Hz), 4.54 (t, 1H, ] = 7.2 Hz), 3.77 (s, 3H), 2.98 (dd, 1H, ] = 6.4, 17.1 Hz}

1.75-1.64 (m, 3H), 0.95 (t, 6H, ] = 5.9 Hz). Anal. Calculated for C34H;5N30¢ ® 0.6 H,0: C,
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—

err] As described in Exanple 1(f) for the preparation of
(1(S)-benzyl - 2- met hoxyet hyl ) - 3(R) - (t-but oxycarbonyl am no) succi nam ¢
cid benzyl ester, N-t-butoxycarbonyl-D-aspartate [err]- benzyl ester and
-(2S am no- 4- rreth | - pent anoyl am no) benzoi c acid nmethyl ester &@C@stel hano,
L.; Yuan, ‘ZP;”’F%%, S.; Liak, T. J. WD95/12603-Al, May 11FCT

coupl ed vm'th BOP to furnish in 91% vyi el d

4-[2S- (3-benzyl oxycar bonyl - 2(R) - t - but oxycar bonyl ami no-

pr opi onyl ani né?&zr%tﬁhkﬁl-l‘% &A% afenpd: 5&&@%@3@&&%@ d methyl ester, which
was used crude, Wi thout any purification. [err]H NWR (CDCI [err]): [err]
8.62 (s 1H), 7. 98T¥q§tarﬁngmatedal&a8aﬂﬂ)tbleisféBox{«s:I 2H, J = 8.8 Hz),
7.38-7.26 (m 5H) 668(bd 1H, J 85Hz) 545(bm 1H) 509(dd 2H,
2.82 (dd, 1H, J = 4.8, 180Hz) mwmgmﬂlﬂmml 70153(m 2H)

_)>4>mz

8%kr e

1.45 (s, 9H), O. 98 0.93(m 6H) Anal . | cul ated for
CerrlJHerr]Nerr]derr] * 0.4 Herr]O S 62, 46; H 6.95; N, 7.28. Found:
C, 62.47; H 6.98; N, 7.36. o NH

100 WO 98/ 17643 ,,,H )NHO)" OCHs.

PCT/ US97/ 17809
4- {28—[3 Benzyl oxycar bonyl - 2(R) - ( 3- bi phenyl }l‘yl 1H pyrrol - 1- yI) prop| onyI a

hyl -
matn ﬁlyl ngér y As described in Example 1(f) for the preBaGratEo%n ‘N 8 fg)qaox\\zyp ﬁ-r)éyet yl)-

3(R)-(t-butoxycarbonylamino)succinamic acid benzyl ester, N-t-butoxycarbony}-D-aspartate -
benzyl ester and 4-(2S-amino-4-methyl-pentanoylamino)benzoic acid methyl ester (Castelhaﬁo,
A.L.; Yuan, Z.; Home, S.; Liak, T. J. W095/12603-A1, May 11, 1995) were coupled with BOP
to furnish in 91% yield 4-[2S-(3-benzyloxycarbonyl-2(R)-t-butoxycarbonylamino-
propionylamino)-4-methyl-pentanoyl-amino]-benzoic acid methyl ester, which was used crude,
without any purification. 'H NMR (CDCI3): & 8.62 (s, 1H), 7.98 (d, 2H, J = 8.8 Hz), 7.73 (d,
2H, J = 8.8 Hz), 7.38-7.26 (m, 5H), 6.68 (bd, |H, ] = 8.5 Hz), 5.45 (bm, 1H), 5.09 (dd, 2H, J =
12.1, 29 Hz), 4.60-4.51 (m, 2H), 3.89 (s, 3H), 3.34-3.26 (m, 1H), 2.82 (dd, 1H, ] = 4.8, 18.0 Hz),
2.01-1.95 (m, 1H), 1.70-1.53 (m, 2H), 1.45 (s, 9H), 0.98-0.93 (m, 6H); Anal. Calculated for

CagH3oN;0g ® 0.4 H,0: C, 62.46; H, 6.95; N, 7.28. Found: C, 62.47; H, 6.98; N, 7.36.
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As described in Exanple 1(b) for the preparation of

3(R)-am no-N- (2, 2-di net hyl -1S- nmet hyl car banoyl - propyl) succinamc acid
benzyl ester, 4-[2S-(3-benzyloxycarbonyl-2(R)-t-

but oxycar bonyl ani no- pr opi onyl ani no) - 4- net hyl pent anoyl am no] b%{}éy%‘?so%? d
met hyl est er WeR8/17648eprot ected with trifl uoroacetic acid.

described in Exanple 1(b) for the preparation of N (2,2-dinethyl-1(S)-
nmet hyl car banoyl propyl ) - 3(R) - ( 3- phenyl 1H- pyrrol -1-yl)succi nam ¢ acid benzyl
ester, cr ude 4. i inol-4

3Ok d R - pent anoyl -am n
0] - benzoi c aci d nmet hyl ester trifluoroacetate sal t and
3- bi phenyl - 4-yl -2, 5- di met hoxy-t et rahydr of uran (prepared as described in

Exanple 1(a)) were condensed in 1, 2-dichlor e wth trifluoroacetic
acid and water to give in 27%yield 4-{2 enzybdoxycar bonyl - 2(R) - ( 3-
bi phenyl - 4-yl - 1H pyrrol - 1-yl ) - propi onylean¥no]e 4 BgH, - pent anoyl am no) - benz
oi c acid net hyl ester as a soli : rr]JH NVR (CDCl [err]):
[err] 8.49 (s, 1H), 7.95 (d, 2H, ~ 8.8 %) N7.69- 7.26 (m 16H), 6.78

(s, 1H), 6.61 (s, 1H), 5.80 (s, 1H), 5.25-5.0 (m 3H), 454450(m 1H),

B T o

73.30; H 6.15; N, 6.26. Found: C 73.21; H

101 V\methglicarpgnpyi-propyl) succinamic acid benzyl estcr, 4—f28-(3 benzyloxycarbomyl-2(R) -t-
PCT/ US97/ 17809 Exanmpl e 1(1),

3(R) - (3-Bi phe hb}tbxytaxjnbnﬂmxpy-tpmpionzlamn)o)ﬂﬂpeﬂeyg;)m(anpx{gun@])@nwc acid methyl ester was
met hyl car banoyl ) - 3- et hyl but yl ] succi nam ¢ Aci d

[err] deprotected with trifluoroacetic acid.

As described in Example 1(b) for the preparation of N-(2,2-dimethyl-1(S)-
methylcarbamoylpropyl)-3(R)-(3-phenyl- 1 H-pyrroi-1-yl)succinamic acid benzyl ester, crude 4-
[2S-(2(R)-amino-3-benzyloxycarbonyl-propionylamino)-4-methyl-pentanoyl-amino]-benzoic
acid methyl ester trifluoroacetate salt and 3-biphenyl-4-yl-2,5-dimethoxy-tetrahydrofuran
(prepared as described in Example 1(a)) were condensed in 1,2-dichloroethane with
trifluoroacetic acid and water to give in 27% yield 4-{2S-[3-benzyloxycarbonyl-2(R)-(3-
biphenyi-4-yl-1 H-pyrrol-1-yl)-propionylamino}-4-methyl-pentanoylamino}-benzoic acid methyl
ester as a solid, mp 186-8°C. TH NMR (CDCI3): & 8.49 (s, 1H), 7.95 (d, 2H, J = 8.8 Hz), 7.69-
7.26 (m, 16H), 6.78 (s, 1H), 6.61 (s, 1H), 5.80 (s, 1H), 5.25-5.05 (m, 3H), 4.54-4.50 (m, 1H),
3.88 (s, 3H), 3.38-3.35 (m, 2H), 1.89-1.80 (m, 1H), 1.54-1.40 (m, 2H), 0.89 (d, 6H, ] = 6.3 Hz).
Anal. Calculated for C4,H,4N304: C, 73.30; H, 6.15; N, 6.26. Found: C,73.21; H, 6.16; N,

6.25.
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According to the procedure described in Exanple 1(a),

3(R)-[3-(bi phenyl -4-yl)-1H

pyrrol -1-yl)-N[21(S)- (N met hoxy- N- et hyl car banoyl ) - 3- net hyl - but yl ] succi nam
c acid benzyl ester was hydrogenol yzed to give in 97%yvyield

3(R) - (3- bi phewWQP17$EE 1H-pyrrol -1-yl )-N-[1(S) - PCT/US97/17809

( N-met hoxy- N- net hyl car banoyl ) - 3- et hyl - butyl ] succi nam ¢ acid as an

anor phous sol i d. [errl?H NI\/R'(CDCIQerrgI): [err] 7.59-7.53 (m 6H), 7.40
(t, 2H J = 7.Exampje1(d. 3R)A3Ripkenyl-4-vi-1Hpyrokiy)-NH(S)>-N-dre®xydd, 1H J =
9.2 Hz), 6.80 mehylcsipameyld-niethylbufy]lsuccibd8mi¢ AcidH, J = 6.8 Hz), 5.03-5.00
(m 1H, 3.76 (s, 3H), 3.39 (dd, 1H, J = 6.4, 17.5 Hz), 3.16 (s, 3H),
3.00 (dd, 1H, J = 7.2, 17.1 Hz), 1.60- 1.42 (m_3H), 0.92 (d, 3H J = 6.6
Hz), 0.89 (d, 3H J =6.6 Hz). Anal. Calculate
Cerr]Herr]Nerr]derr] * 0.25 Herr]O* Q
7.13; N, 8.19. Found: C, 68.28; H, 7.08;4 g

was avail able as foll ows: ' NH .. OCH

3(R) - t - But oxycar bonyl ani no- N-[ 1( S) - ( N*ﬁe’t\@y-ﬁ%ﬁt hyl car barmoyl ) - 3- et hy! -
but yl ] succi nam ¢ Acid Benzyl Ester '\_C 3

[err] WD 98/ 17643

PCT/ US97/ 17809 As described in Exanple 1(b) for the preparation
of N-(2,2-dinethyl-1

met hyl car banoyl pro L‘js'&'gﬁ 19 e ?05?9&%%%%%1"9?.%)) ARB-riphewy 4y Benzy|

ester, 2S- but oxycar. I - N- ret hoxy- 4- net hyl - pent anoyl am de was
depr ot ect ed V\/iﬁyﬁ"w‘inTNbIg\%)a&] oxy= zfpﬁhy)i é@ﬁr@ﬁ'ﬁ)ﬁ‘b&}iﬁr‘]}ﬁ‘é’c’é‘é‘l“t" agiq penzyl
N-t - but oxycar bonyl - D-aspartic acid [err]-benzyl ester were coupled with
TBTU to provi cster wasoulogeralyped torgive in9f vdszsléaﬂ%dwmamyhe-mlﬁwsyl-F—mﬁbilﬁﬁ)xy-
N- et hyl car banoyl ) - 3- net hyl - but yl ] succi nam ¢ acid benzyl ester as an oill ,
whi ch was usedN-methoxyehiimethyidatbamopl3trhetid tbutyljsuckipamicldcitefRar ©DEphiass sqlid; "H
[err] 7.34 (s, SH), 6.90 (d, 1H, J = 8.5 Hz), 5.61 (d,

NMR (CDCI3): & 7.59-7.53 (m, 6H), 7.40 (t, 2H, J = 7.2 Hz), 7.33-7.26 (m, 1H), 7.10 (s, 1 H)},

err]Herr]: C 68.32; H,
093' The starting materi al

6.88 (bd, 1H, J = 9.2 Hz), 6.80 (s, 1H), 6.54 (s, 1H), 5.13 (t, 1H, J = 6.8 Hz), 5.03-5.00 (m, 1H),
3.76 (s, 3H), 3.39 (dd, 1H, ] = 6.4, 17.5 Hz), 3.16 (s, 3H), 3.00 (dd, 1H, J = 7.2, 17.1 Hz), 1.60-
1.42 (m, 3H), 0.92 (d, 3H, J = 6.6 Hz), 0.89 (d, 3H, ] = 6.6 Hz). Anal. Calculated for
C,gH33N305 @ 0.25 H,0 @ 0.20 CgHy4: C, 68.32; H, 7.13; N, 8.19. Found: C, 68.28; H, 7.08;
N, 7.93.

The starting material was available as follows:
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J =7.4 H), 5.13, 5.11 (AB quartet, 2H, J = 12.3 Hz), 5.04-4.98 (m

4.61-4.54 (m | H), 3.76 (s, 3H), 3.19 (s, 3H), 3.02 (dd, 1H, J =

, 16.6 Hz), 2.74 (dd, 1H, J =5.2, 16.6 Hz), 0.93 (d,3HJ:64Hz),

0 (d, 3H J = 6.4 Hz). Anal. Calculatedfor Cerr]Herr]Nerr err] *
[

3.

Herr] O WON68 44: H, 7.82; N, 8.66. Found: C, 59.41: PRI/USYT °9N

OO MEL =
mwmb%l

3( R) - ( 3- Bi phenyl - ol -1- t hoxy:- car banoyl )
- 3- net hyl - Agdesclr;té)an xampe b))for tlL ;%ﬂa}lg%e gnegg'? %EHZW Est er

[err] As described in Exanple 1(c) for the preparation of
N- ( 8- 0x0- 4- ox anethyreaghamexiprony D3R H0- phens(lgHemrotyﬁﬁr})ﬁqcrmﬁezpa@égmllism 28-
8),12,14,16-tetraen-9-yl)-3-(3-phenyl - 1H pyrrol -1-yl ) succi nam ¢ acid
benzyl est er, bB{oRycashonplemigo(N-nBjhokin4rmethydpyatahoyiatmide veas depoesgted wish triflubyphcetic
butyl )succinam c acid benzyl ester was deprotected. The crude am ne salt
and 3- bi phenylacid- {The resultadt Zmidé saltand Nyt-iuedxyedslyahy b Denspantid iddpbenegl estdr were
described in Exanple 1(a)) were condensed in anhydr ous
%( é . di l( g hlbor ﬁetcbnlqﬂai with TBTUitd pio0ide acs9% gieRG(R)-LisutddyOatbdh§lainhod®0 (8)- mﬂxethoxy-

i pheny

WD 98/ 17643 N-methylcarbamoyl)-3-methyl-butyl]succinamic acid benzyl ester as an oil, which was used
PCT/ US97/ 17809

i Eyéig' idhioHt el phfRarioh! TERBRICTICITE WACQIIEN & f T X kb dierld s
7.62 H,_ , . 4

é%;,] 72 Eﬁn U= B z-i%%%@@%ﬁ{@ff%’i&zsﬂﬁ é‘?“z‘*-g%@ g1 gds fw;d

e gm ﬁ%ﬁ?plsolé?w%&-p%?Hﬁ%ﬁlﬁ‘oﬁ,ﬁ%-?@gg 3= sih 163 0.95°

1.67-1. 36 3 0.92 J = 6.25 Hz), 0.87 , 3H. J = 6. .

ARSI o TR 6@5;» bl 3P @ﬁﬂ]r@eaﬁ Catotiptsd oy Copt ¥:Gc8 O HaP .

Found: C, 72.19;: H, 78: N, 7. 16. Exanmp

1(m.3(R) -[3- (5&4@3%%‘%}16)6 Frugst (G, é941r!§s|7}69m[&63z di met hyl - 1(S) -

As described in Example 1(c) for the preparation of N-(8-oxo0-4-oxa-1,7-diaza-tricyclo-

[9.6.1.0'*!"}-octadeca-11(18),12,14,16-tetraen-9-y1)-3-(3-phenyl- | H-pyrrol-1-yl)succinamic
acid benzyl ester, 3(R)-amino-N-(1(S)-(N-methoxy-N-methylcarbamoyl)-3-methyl-
butyl)succinamic acid benzyl ester was deprotected. The crude amine salt and 3-biphenyl-4-yl-
2,5-dimethoxy-tetrahydrofuran (prepared as described in Example 1(a)) were condensed in
anhydrous 1,2-dichlorocthane with trifluoroacetic acid to provide in 48% yield 3(R)-(3-biphenyl-
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(et hyl car banoyl ) propyl ] succi nam ¢ Acid

[err] According to the procedure described in Exanple 1(a),
3(R)-[ 3-(4-cyanophenyl) - 1H

pyrrol -1-yl]-N[2 2-di met hyl - 1(S) - (et hyl car banoyl ) propyl ] sucgi nam ¢ _aci d
benzyl ester ‘I”ﬂgsli and Et OAc was hydrogenol yzed to proviptfemf%y"é”( 90%
of 3(R)-[3-(4-cyanophenyl)- | H

pyrrol -1-yl]-N[2,2-di net hyl - 1(S)- (et hyl| car banoyl ) pr.opyl ] succi nam c aci d
B yel 1o Ay YO LSRN tethof RO bty ey e saeetpgmiazei
1H), 7.82 (bd, 1H J =8.4 Hz), 7.68 (d, 2H J = 8.7 Hz), 7.50 (d, 2H J
= 8.4 Hz), 7.3engyl esterjas amamorphoys pplid. " NMMR(EDCRY 67.62 (R 2H, Hz §.4 Hp) 5558 (s,(3H),
1H J = 2.2 Hz), 5.28 (t, 1H J = 7.5 Hz), 4.19 (d, 1H J = 9.0 Hz), 2.98
(dd, 1H, J = 6.4 (28, 5= 7.1, 7.25-B21 (i, 7TERH].1Q(s~ H), .30 1H, 0 =22 Kz), 6.60bs, IHR,
(KBr): 3317,2963, 2225, 1648, 1550, 1410, 1180 cnferr]. HRFABVS:

Cal cul at ed f or5.\GFEt3 (ni[1&h)S. 1 8y2H).27-4 PLem I¥);:3°87 @) IH)) 3.4644, 1H)08= 5. Fa0ndz),
543.1021. Anal Calculated for CJerr]Herr]NerrJdJerr] * 0.4 EtQAc: C,
63. 60; H, 6.6G.17\s, 318, 03 (ddPIHT = €3, 16:3.14), 1.41-1.36 (m, 3H), 0.92 (d, 3H, J = 6.25 Hz), 0.87
104 WD 98/ 17643

PCT/ US97/ 1780, 3¢8.1 26,3 Phe). Wehah TCalculated for 58,01 €, FRIRH, 8bs; NEx®. ayaid: b e

as follows: 3-(4-&yanophenul ) -furan
[err] . 3 Ggi bed in Exanple 1(d) for the preparation of
3- (pyri di n-4- yﬁZ)IPUE{QQ?S,%%CI@. br omobenzonitrile (4.00 g, 22.0 mmol ) was

O e SRR O A By AL ..

moyl)propyl]succinamic Atid

CN

&

HO ”“f?‘mm
° A

According to the procedure described in Example 1(a), 3(R)-[3-(4-cyanophenyl)-1H-
pyrrol-1-yl]-N-[2,2-dimethyl-1(S)-(methylcarbamoyl)propyl]succinamic acid benzyl ester in
MeOH and EtOAc¢ was hydrogenolyzed to provide 1.2 g (90%) of 3(R)-[3-(4-cyanophenyi)-1H-
pyrrol-1-y1}-N-[2,2-dimethyl- 1(S)-(methylcarbamoyl)propyl]succinamic acid as a yellow
powder, mp 138-40°C. 'HNMR (CD5OD): 5 7.98 (bs, 1H), 7.82 (bd, 1H, ] = 8.4 Hz), 7.68 (d,
2H, J=8.7 Hz), 7.50 (4, 2H, J = 8.4 Hz), 7.38 (t, 1H, J = 1.6 H2), 6.92 (1, 1H, J=2.5 Hz), 6.55
(t, 1H,J=22Hz),5.28 (t, 1H, ] = 7.5 Hz), 4.19 (4, 1H, J = 9.0 Hz), 2.98 (dd, 1H, I = 6.9, 16.5
Hz), 2.64 (d, 3H, J = 4.7 Hz), 0.98 (s, 9H). IR (KBr): 3317, 2963, 2225, 1648, 1550, 1410, 1180
cm’'. HRFABMS: Calculated for CooHpgN404 Cs (M +Cs*): 543.1008. Found 543.1021. Anal.
Calculated for CoyH,6N,O4 ® 0.4 EtOAc: C, 63.60; H, 6.60; N, 12.57. Found: C, 63.80; H,
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i mredi ately without further purification. [err]H NVR (CDC[err]): [err]
7.82 (bs, 1H), 7.67 (d, 2H, J = 8.4 Hz), 7.59 (d, 2H, J = 8.4 Hz),
7.52 (t, 1H, J =1.9 Hz), 6.72 (bs, 1H. IR (KBr): 2214, 1608, 1160,
796 cnerr]. Anal. Calculated for Clerr]Herr]NO* 0.1 Cerr H%J%rrl: C,
78.72; H, 4. OB 91 Found: C, 78.32; H, 4.60; N, FET97/17809
3- (4- Cyanophenyl ) - 2, 5-di hydr o- 2. 5-di net hoxyfuran [err] As
described in Exanple 1(a) for the preparation of

3- bi phenyl - 2, %.74; Ky (12.67.2, 5- di met hoxy-t etrahydrofuran, crude

3- (4-cyanophenyl )furan was converted. Flash colum chr omat ogr aphy

wi th Et OAc: hex (30:s?£an3ga?atakaume£¢mm§&eﬂu§~§ g (73%from 4-

br onobenzonitrile) of 4- cyanophenyl) - 2, 5- di hydr o- 2, 5-di met hoxyfuran as a

yel | ow solid, np 71-2C. [err]H NA@%&%@GFF]_?.GZ (s, 4H,

6.46 (d, 1H, J = 0.9 Hz), 6.22 (dd, O0.5H = .9, 3.7 Hz), 6.00 (dd,

0.5H, J =0.9, 3.7 Hz), 5.97 (d, 0.5H, J = 0.6 Hz),eR.71 (d, 0.5H, J = 1.3

Hz), 3.48-3.40 (m 6H). IR 2933, 2832, 2227, 1(6_0?1505, 1369 cmjerr].
7\

Anal . Cal cul ated for 105
WO 98/ 17643
PCT/ US97/ 17809 errJ]H err] NJ e 607. 52: H 5.67; N 06.

rr]: . C 6.
Found: C, 67.39: H e,scr&edgx_q:;g_mple 1(d) f]or the preparation of 3-(pyridin-4-yl)furan, 4-
3- (4- Cyanophenyl ) - 2, 5-di net hoxy-tetrahydrofuran [err] As
descri bed in Exa rx@bqp@ar)itrfl@(«l.(i(l)rgeq)a gml)a\yas(ynuqu!d to 3-furanboronic acid to furnish in high
3-(bi phenyl -4-yl) -2, 5-di net hoxy- t et rahydr of ur an,
3- ( 4- cyano- phenyyipld2nidedi-(dycgarmplen®]) Surdn asd hrovwy salidamp §3-78C gwhidibwasisedhol )
was reduced to give 3.70 g (97% of a diastereoneric m xture of
3- (4- cyanopheny! jmmedidtely without fd'tmplhiﬂcytidnet'HM(@mmﬁlﬁ 7282 (b) 180),I V67V, 2EE T =
solid, which was used w thout further purification. [err]H NWVR
(CDCl[err]): [erBhHz),009%@d, 22 =8.4H7), 8.55r) 1H, T =42 K4, 6. 2Hbs IHF . IR (KBHZI21451688)-
1160, 796 ecm™. Anal, Calculated for C{H4NO @ 0.1 C4Hg4: C, 78.72; H, 4.33; N, 7.91.
Found: C, 78.32; H, 4.60; N, 7.65.

(4- 5 e Py

_ As described in Example 1(a) for the preparation of 3-biphenyl-2,5-dihydro-2,5-
&imethoxy-te&ahydroﬂuan, crude 3-(4-cyanophenyl)furan was converted. Flash column

- ‘chromatography with EtOAc:hex (30:70) as eluant furnished 3.8 g (73% from 4-
bromobenzonitrile) of 3-(4-cyanophenyl)-2,5-dihydro-2,5-dimethoxyfuran as a yellow solid,
mp 71-2°C. 'H NMR (CDCI3): 8_7.62 (s, 4H), 6.46 (d, IH, ] = 0.9 Hz), 6.22 (dd, 0.5H, 5 =
0.9, 3.7 Hz), 6.00 (dd, 0.5H, J=0.9, 3.7 Hz), 5.97 (d, 0.5H, J = 0.6 Hz), 5.71 (d, 0.5H, J = 1.3
Hz), 3.48-3.40 (m, 6H). IR: 2933, 2832, 2227, 1607, 1505, 1369 cm’'. Anal. Calculated for
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4.94 (m 2H), 3.60-3.20 (m 6H), 2.78-1.92 (m 3H). IR 2912, 2833, 2227,
1607, 1511 cnferr].

3(R)-[-3-(4-Q/anophenyl) 1Hpyrrol -1-yl]-N[2, 2-di met hyl - 1('S) -

(et hyl car bano 2}0 yl ] succi nnam ¢ Acid Benzyl Ester

[err] o d8it764s According to the procedure described | FCHUSH{ITEE 1(c)
for the preparation of N (1,7-

di aza- 4- oxa- 8-oxotricyclo-[9.6.1.0[err]]-octadeca-11(18), 12, 14, 16-tetraen-9
S-yl)-3(R-(-3- ¢3H mmﬁrwleﬂsh‘rnyssplw 508! FotC e @1'99“}?5%@11@' PRnzyl ester,
crude 3(R)-am no- Nl- é 2- di met hyl -

1(S) - met hyl car bam)yl propyl ) sucgidg , AV RINCE ifluroacetate
salt (prepared as descri bed n £xan : y = =
3- (4- cyanophenyl ) -2, 5- di et hoxy-t et rahydr ofur an wer, condensed.
Drying the crude product via azeotrope with benzen ave 1.70 g (41% of

3(R) - [ - 3-(4-cyanophenyl)-1H pyrrol -1-y}1- gMe

2-di met hyl - 1( S) - (et hyl car banoyl ) pr opyl ]

106 WO 98/ 17643

PCT/ US97/ 17809 As desrribed inFnamplec(@) focthe prepasatioa of A{binhepilrd-phiv2Sclimethoxyp
102-4C. [err]H NWVR (CDCl [err]): [err] 7.60- 7.55 (m 4H), 7.30-7.25

(m 5H), 7.12 (t,tetraydrpfuray 32(41qzano-mxemd)-z,54mmoxn-2;s d:msthmﬁna:s@&ﬂ& (16.43 mmol)
1H J = 2.8 Hz), 6.32 (d, 1H, J 8.7 Hz), 5.60 (d, 1H, J 5.0 Hz),
5.18-5.05 (m 3H) wasakg@&ec(tﬂ:gweB 70 g (97%hlof d diast@edindric)mixBre3d 3((d-dyanbbhen§31)~2 5.9,
17.0 Hz), 3.08 (dd, 1H, J 8.7, 16.8 Hz), 2.76 (d, 3 H, = 5.0
Hz), 0.92 (s, 9|—|)dxmleﬁ!nx38&irehydﬂﬂ‘&an asaolly i solid) 48ich Wad dsed mhmwt]ﬁm}kPFABl\/B.
Calculated for Jerr]J]Herr]Nerr]Jerr]Cs(MHCs[err]): 633.1478. Found:

633. 1452. Anal . Galrifichtitne¢H NMR (CDC13): 5moe(ﬂrixwenrs]r&{>enﬂ@ fHQ-481Hz),530-
Cerr]Herr]: C 70.91; H 6.52; N, 10.53. Found: C, .

10. 26. 2 rt)so-no 6H), 2.78-1.92 (m, 3H). | 2912 2833 2227 1607 1511
4-[ 2S- ( 3- Car boxy- 2(R§ 1§pyrro -&m H)pr opi ony(/man}pdo% met hyl’- e’
pent anoyl am nol benzoi ¢ Aci
[err]

- .1-v]1-N-[2. 2-dimethvl-

O/“O"\/\QNHE)NH-CHs_
/I\

According to the procedure described in Example 1(c) for the preparation of N-(1,7-
diaza-4-oxa-8-oxo-tricyclo-[9.6.1.0' % 7J-octadeca-11(18),12,14,16-tetraen-9S-y1)-3(R)-(-3-
phenyl-1H-pyrrol-1-yl)-succinnamic acid benzyl ester, crude 3(R)-amino-N-(2, 2-dimethyl-
1(S)-methylcarbamoylpropyl)succinamic acid benzyl ester trifluroacetate salt (prepared as
described in Example 1(b)) and 3-(4-cyanophenyl)-2,5-dimethoxy-tetrahydrofuran were
condensed. Drying the crude product via azeotrope with benzene gave 1.70 g (41%) of 3(R)-
[-3-(4-cyanophenyl)-1H-pyrrol-1-y1}-N-[2, 2-dimethyl-1(S)-(methylcarbamoyl)propyl}
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According to the procedure described in Exanple 1(a),

4-[ 2S- (3-car bobenzyl oxy- 2(R) -1

H pyrrol - 1-yl - propi onyl am do) - 4- et hyl - pent anoyl am no] - benzoi ¢ aci d et hyl
ester in Et OH and THF was hydrogenol yzed. The crude {,@%ﬁ%ﬂg\as
successi vel ywansiigeddd via fl ash col um chr omat ograpﬁg a 20-40%
Et CAc/ hex-5% MeOH/ CH err]C [err] stepw se gradi ent and preparative
RPHPLC (C18) with 50% CH[ err] CN/ 1M aqueous NH err] QAc to provide 45 ny

of succinnamic acid benzyl ester as a yellow solid, mp 102-4°C. 'HNMR (CDCI3): & 7.60-
4-[2S- (3-carboxy-2(R)-1H pyrrol - 1-yl - propi onyl - am do) - 4- et hyl - pent anoyl am
noj - benzGisgmasty 780iMa5 (BSSHY, 7a3 (f | Mffy2.8 HeR 630%s, | AT 14,53 1), S16 )€
FABMS: 444.1 (Cerr] H[err] NerrfJQerr]; M +H err]).

The starting natqgj aL i £ I = .
The g ma gglil?gzas‘éﬁi)?sﬁz/@,lﬁ,bﬁ 8.9812f, 860 P0S H, J = 5.0 Hz), 5.18-5.05 (m, 3H), 4.05 (d,

PCT/ US97/ 17809 - = -
4-[2S- (3- Benzyl o%?éé?g('?n}ﬁ)’-ﬁ%dgt 1-%dt osxalclg'rot;{oz ’>77’I'oa8 dcrll’ol?lbgogi?b}gi? glzﬂ’ %(-),?(ch?’r?et
hyl - B | -and - | &, AGi t Ester
2] 1= 5042, 432 AN IRCH P8 2R TR Bl PRl e
1(a) for the preparation o S). - +
benzyl - 2- hydr oxy&allﬁ‘/‘la}e-d%?‘Fézﬁ;&bG%/%H’fﬁmﬂGar"ril?l-{)s-' Eonnd; GR3nida2- 4imedy Calswiatgd for
ester, Nt- but oxycar bonyl - D-aspartate [err] - benﬁ/l ester and
4- (2S- ani no- 4- netGyyHzNsOy @ 0.4 Qé'i-/a EntR Pk ASFOBIPAB cFawad: . dPAY HibskoeN, 10.26.
(Castel hano, A L.; Yuan, Z.; Horne, S.; Liak, T. J.
Example 1(n). 4-[2S-(3-Carboxy-2(R)-1H-pyrrol-1-yl-propionylamido)-4-methyl-
pentanoylamino]benzoic Acid Ethyl Ester

L) %
oW o O/LOCH,CH,
HO ON“('NH '

7._

According to the procedure described in Example 1(a), 4-[25-(3-carbobenzyloxy-
 2(R)-1H-pyrrol-1-yl-propionylamido)-4-methyl-pentanoylamino]-benzoic acid ethy! ester in
'EtOH and THF was hydrogenolyzed. The crude product was successively purified via flash
column chromatography with a 20-40% EtOAc/hex-5% MeOH/CH,Cl, stepwise gradient
and preparative RPHPLC (C18) with 50% CH;CN/IM aqueous NH,OAc to provide 45 mg
of 4-[28-(3-carboxy—2(R)-lH-pyrrol-1-yl-propiony1-amido)-4—methyl-pentanoylamino]—
benzoic acid ethy! ester as fluffy crystals, mp 111-4°C. FABMS: 444.1 (C53H3N306; M
+H").

The starting materials were available as follows:
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W05/ 12603- Al , May 11, 1995) were coupled wwth EDC to furnish 2.4 g (67%
of 4-[2S-(3-

benzyl oxycar bonyl - 2( R) -t - but oxycar bonyl am no- pr opi onyl am no) - 4- et hyl - pent a
noyl - am no] - benzoic acid ethyl ester as a glassy so]| | was
used wi t hout WOpSILTfE3 purification. ré'x%ss\m%ﬁp
4-[2S- (2(R) - Am no- 3- benzyl oxcar bonyl - pr opi onyl am no) - 4- net hyl - pent anoyl - am
noj - benzoic Acid Ethyl Ester [err]
As described in Exam ‘ A-RE ' Qfami i i ,
3(R)-am no-N- (2, 2-di anta
acid benzyl ester trifluoroacetate salt,
benzyl oxycar bonyl - 2( R) - t - but oxycar bonyhan no- pr opi onyl am no) - 4- et hyl - pent a

noyl - am no] - benzoic acid ethyl"aester wag deprotected with
trifluroacetic acid, except that a OHN"O gol st idqp. of, the resultant salt
was neutralized by washing a CH MNH}MMW’W 1IN aqueous

108 WD 98/ 17643 O i

PCT/ US97/ 17809 NaOH. Renoval of the Qﬁlvent under reduced pressure

afforded 2.00 g (100% of 4-[2S-

(2(R) -am no- 3- benzyl oxycar bonyl - pr opi onyl - am_ ngQ) - 4- net hyl - pent anoyl - am nqj -

benzoi c aci d et hgcortingtp thepropedyre désgdbed dr Examrls 1) Qémhe H’%’s‘“‘%‘s"éaﬂel(s*

w t hout further purification. . L

4- [ 2S- ( 3- Car bobebengyledehrydz¢xpthy Br3 Rt aoxycaghonylemisioonigtinamicianid bengdepten, Nfent an

oyl am no] - benzoic Acid Ethyl Ester

[err] butoxycarbdnyliDchspatatep-benzyl ester and 4-(2S-amino-4-methyl-

4-12S- (2(R) - am no- 3- benzyl oxycar bonyl - propi onyl - am no) - 4- net hyl -
pentanoylamino)benzoic acid ethyl ester (Castelhano, A. L.; Yuan, Z.; Horne, S.; Liak, T.J.

W095/ 12603-A1, May 11, 1995) were coupled with EDC to furnish 2.4 g (67%) of 4-[2S-(3-
benzyloxycarbonyl-Z(R)-t—butoxycarbonylamino-propionylamino)—4-methyl-pcntanoyl-
amino]-benzoic acid ethyl ester as a glassy solid, which was used without further

purification.

As described in Example 1(b) for the preparation of 3(R)-amino-N-(2,2-dimethyl-

1(S)-(methylcarbamoyl)propyl)succinamic acid benzyl ester trifluoroacetate salt, 4-[2S-(3-
benzyloxycarbony1-2(R)-t-butoxycarbonylamino-propionylamino)-4-methyl-pentanoyl-
amino}-benzoic acid ethyl ester was deprotected with trifluroacetic acid, except that a
solution of the resultant salt was neutralized by washing a CH,Cl, solution with 1N aqueous
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pent anoyl - am no] - benzoic acid ethyl ester (150 ng, 0.310 mmol),
2, 5-di met hoxy- tetrahydrofuran (43 ng, 0.33 nmol), sodium acetate (153
ng, 1.86 nmmol), and gl acial HOAc (3 nmL) was heated at reflux for 30

m nutes. The mxture was allowed to cool, poured onto [ | d
with H20 (30 ‘?Fb)’?’“’éf extracted with EtOAc (2 x 50 nL). The ‘ﬁ% sgjﬁyéage
extracts were washed with brine, dried over MgSJ err], and concentrated in
vacuo. Fl ash col utm chr omat ogr aphy with 15-20-25- 30% Et QAc/ hex

st epwi se gr adi enaOrRamayalpftissolygnt under redsiged pressure afforded 2.00 g (100%) of 4-[28-
4-[2S- (3-carbobenzyl oxy-2(R) - 1H pyrrol - 1-yl - propi onyl am do) - 4- met hyl -

pent anoyl ani no] {2@)2wino-béndylexyrgibomd tpeopionyl-aminfxémethel-f¢nehoyl-amino]-benzoic

N (9- Oxo-1, 8-diaza-tricycl o[ 10.6.1.0[err]] nonadeca-12(19), 13, 15, 17-

tetraen- 10S-yl ) -adidijhylléstan ws & oiseols yelloswisil; whithines Al Gvithout further purification.

[err] According to the procedure described in Exanple

N- (9-oxo-1, 8-di ag i : :

WD 98/ 17643 ie Aci

PCT/ US97/ 17809 tricycl o[ 10. 6. 1. Oi err i | nonageca- 12(19),
13,15, 17-tetraen-10S-yl)-3(R) - 1Hpyrrol - 1-44 - fucci nam ¢ acid benzyl
ester was hydrogenol yzed in Et OH and THFo ystal |4 OEHICH,r oM CH2Cl 2
provi ded 120 ng (36% of oA NH iy

N (9-oxo-1, 8-diaza-tricycl o[ 10. 6. 1.QFerr] ] nongdeca- 12(19), 13,15,1
7-tetraen-10S-yl)-3(R)-1H pyrrol - 1-yl - succi na%’C acid as fluffy colorless
crystals, np 139-44C. FABMS: 451 (Cerr]Herr]Nerr]Jerr]; M+Herr]).
Exanpl e 1(p). : : . .

3(R) - [ 3- [ ( 4- CyanopheAyPiaEeeiA-i2S(XRivAmivn-3-bengyloxygarbonyl-naonigny hyming)-methyl-
(et hyl car banoyl ) propyl ] succi nam ¢ Aci d

[err] pentanoyl-amino]-benzoic acid ethyl ester (150 mg, 0.310 mmol), 2,5-dimethoxy-

1(a),

tetrahydrofuran (43 mg, 0.33 mmol), sodium acetate (153 mg, 1.86 mmol), and glacial HOAc
(3 mL) was heated at reflux for 30 minutes. The mixture was allowed to cool, poured onto
ice, diluted with H,O (30 mL), and extracted with EtOAc (2 x 50 mL). The combined
extracts were washed with brine, dried over MgSQ,, and concentrated in vacuo. Flash
column chromatography with 15-20-25-30% EtOAc/hex stepwise gradient furmnished 107 mg
(65%) of 4-[2S-(3-carbobenzyloxy-2(R)- 1 H-pyrrol-1-yl-propionylamido)-4-methyl-
pentanoylamino]-benzoic acid ethyl ester. B

Example 1(0). N-(9-Oxo-1,3-diaza-tricyclo[10.6.1.0'>'*|nonadeca-12(19),13,15,17-
tetraen-10S-yl)-3(R)-1H-pyrrol-1-yl-succinamic Acid

4
o
HOAA NH _)N'_rj
o =
el
According to the procedure described in Example 1(a), N-(9-oxo-1,8-diaza-

109



Routine allyl ester cleavage conditions were previously described by
Friedrich- Bochni tschek, S.; Wal dmann, H.; Kunz, H J. Og. Chem
1989, 54, 751-756. To a solution of

3(R-(3-[(4 nophenyl ) acetyl - 1Hpyrrol - 1-yl ] - N-[ 2, 2- di net hy|

(et hyl car ban% P %yl ] succinamic acid allyl ester (247 ng,y "3{? )IT‘P%I ) in
acetonitrile (2 us) vvas added in successi on Pd(PPh[err])[er]r (29 ny,
0.026 mml ) and m)rphi)l ine 6426 [e 2. 60 1 The resul tant

m xture was car efRAYFY lygtﬁ"g V]N‘ﬁd‘?fiﬁ'dgﬂ% 1% el 7-totmae mlﬁS-Y R} L pyEralnk-yl-
green mxture was stirred W|th 10% aqueous KHSO err] (20 nL) and extracted
with CHO [err] ( 88ccinamic acid benzylpsterovagapirogdnalyeed inZtORand BAF wCiystallidation dweous
KHSO err] (20 nmL), dried over Na2SO4, and concentrated. Fl ash colum
chr omat ogr aphy WidH; CLofirbiiiel 120ag@6¥ DI {Boxd- 1, 8dikza-tricyclod0.giled* Pimmnadeca-
azeotrope w th n-heptane gave 243 ngy (94% of

3(R) - [ 3- [ (4- cyanqphionyd,) arefesthen=10S-yl)-3(R)-1H-pyrrol-1-yl-succinamic acid as fluffy colorless

1H pyrrol -1-yl]-N-[ 2, 2-di et hyl - 1( S) - (et hyl car banoyl ) propyl ] succi nam ¢
acid as a yel | OWgrystals, mpQho-da°d. eijsNWR T sgferr] 8.09 (d, 1H, J
~'8.7 Hz), 8.05 (dd. 1H§J— '8, 6. 6@‘3&&)@1{?

110 WO 9 l(4- - . .

L so7/ 17806 %;lt&?, t% p[s [(c;] s(igmno;:henyl)aceta/l] 1§- %yé-r%l 1y N-12.3-dimethy) 18
7.46 (d, 2H, J= STSHL r %yt e 2.9 ), 6.59 (dd, J
=1.9, 3.1 Hz), 5.33 (t, 1H J:75 Hz) , 4224%5!“(m 3H) 324(t,

1H, J = 8.7 Hz), 2.98 (dd, 1H, J 5.3, 17.4 2.66 (d, 3H J 4.7 Hz),
0.99 (s, 9H. IR (KBr): 3332 2696, 223, 19, 1654, 1532, 1412, 1177
cnerr]. HRFABVS: Cal cul ated for d er [err]N[err]derr] (M

+H err]): 453.2125. Found: 453.2125. Analg I cgl ated for
Cerr]Herr]Nerr]Jerr] * 0.5 L a[err] C, 58.62; H,
5.89; N, 10.81. Found: C, 58.41; H, 5.72; N, 01‘(?* 50. © The
starting materials were avail able as fol | ows:

3(R) - (t - But oxycar bony Rentineajlyiestepleavapanondifipns W) previeusiy deseritisd hy frigdsckpy | ) s
ucci nam c Acid Allyl Ester

[err] Bochnitschek, S.; Waldmann, H.; Kunz, H. J. Org. Chem. 1989, 54, 751-756. To a solution

of 3(R)-[3-[(4-cyanophenyl)acetyl]-1H-pyrrol-1-y1]-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]succinamic acid allyl ester (247 mg, 0.501 mmol) in acetonitrile (2
mL) was added in succession Pd(PPh,),4 (29 mg, 0.026 mmol) and morpholine (226 uL, 2.60
mmol). The resultant mixture was carefully purged with argon. After 30 min, the resultant
green mixture was stirred with 10% aqueous KHSO, (20 mL) and extracted with CHCl; (35
mL). The organic layer was washed with 10% aqueous KHSO, (20 mL), dried over Na,S0,,
and concentrated. Flash column chromatography with 1% HOAc/3% MeOH/CHCI; and
drying via azeotrope with n-heptane gave 243 mg (94%) of 3(R)-[3-[(4-cyanophenyl)acetyl]-
1H-pyrrol-1-y1]-N-[2,2-dimethyl-1(S)-(methylcarbamoyl)propyl]succinamic acid as a yellow
solid. "HNMR (CD40D): 538.09 (d, 1H, J = 8.7 Hz), 8.05 (dd, 1H, J=2.8, 6.9 Hz), 7.78
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According to Exanple 1(b) for
3(R)-t-butyl oxycar bonyl am no-N- (2, 2-di net hyl - 1(S) -
(et hyl car banmoyl ) pr opyl ) succi nam' c acid benzyl ester,

[err]-allyl-N-t-butoxycarbonyl - aspartate (Bel shaw, P.; Mengeza,
S.; Lajoie, &OBHBommun 1990, 20 3157 3160; 2.00 g, WTM and
L-t-1euci ne N- rret hyl am de (Ml on, P.; Pancoska P Budesi nsky, M;

H k, J. h m Co 1083, 48,
2844.2861; 1. 05 (38'&?‘5-19} 1&%155(‘1«\%%' -c%bf?ba 4®|(4 RHTBT&TmHZgé 90:9a R AP

yellow oil was routi neI used w t hout further purification. Flash
col utm chr omat og?‘ép%'&/Hﬁvﬁﬁgﬁ%i\/Ed]% SHH2), 51331(F, &Hr ) = p6 &iz), ded-421 54h, §H), 3.24 (1,
(84% of 3(R)-(t- butox%/carbon yl am no) - N- (2, 2-di met hyl - 1( S) -

(et hyl car banoy| Yo’V HehedBiddiitH, e 4, b]4§lt). Eé&&tBH,sI%m padzk, 0981(3, OW).0IR .
[err]J NWMR (cbCferr]): [err] 7.05 (d, 1H, J 9.0 Hz), 5.98 (d, 1H,

J = 4.4 Hz), 5. AKBrjid832,2606,2239, 5716, 1653, 532, 1412, uiﬁcxz‘ HAERFABMA) Cdlliightedltst J
= 1.5 2.8 15.6 Hz), 5.23 (dd, 1H J = 1.3, 10.5 Hz), 4.57 (dddd,

111 WO 9@{4HZ@414'05(1\4+H+) 453.2125. Found: 453.2125. Anal. CalculatedforC HyeN,O; ®
PCT/ US97/ 17809 i.6, 3.1, 5.6, 12.1 Hz), 4. 11 TEAE = W1

Hz 2.77 (d, 3 ¢
3(??) Ami no(N(Zwsgﬁcﬁeﬁgﬁmcslg %ﬁ?tdhziHch%ynégﬂ pira%%§ )ézsusc@:_?l{a?rf% Acpgo

Allyl Ester The starti terial ilabl Trifl uoroacetate Salt
[err] T Ao B TR abeﬁsfolﬁ_( ) for the preparation of

3( R) am no- N-( 2, '\Q (B O Co DO I mifo)- (- n-r -f(S% c'ic l 2.03,, ) CI nC

acid benzyl este of: o l.\nms 7
(t-butoxycarbonyl ani no) - N-(2 2- d| met hyI % yI car banoyl ) propyl ) succi n
amc acid all'yl ester was deprotected afgg_r hours. Flash col um
chromat ography with 0.5% TFA/ 7% ,.o

O HN o

s~ AN A NHeH,
© A

According to Example 1(b) for 3(il)-t-butyloxycarbonylamino-N-(Z,Z-dimethyl-1(S)-
(methylcarbamoyl)propyl)succinamic acid benzyl ester, p-allyi-N-t-butoxycarbonyl-D-
aspartate (Belshaw, P.; Mzengeza, S.; Lajoie, G. Syn Commun 1990, 20, 3157-3160; 2.00 g,
7.32 mmol) and L-t-leucine N-methylamide (Malon, P.; Pancoska, P.; Budesinsky, M.;
Hiavacek, J.; Pospisek, J.; Blaha, K. Coll. Czech. Chem Commun. 1983, 48, 2844-2861; 1.05
g€, 7.32 mmol) were coupled with TBTU. The resultant yellow oil was routinely used without
further purification. Flash column chromatography with 2% MeOH/CH,Cl, provided 2.44 g
(84%) of 3(R)-(t-butoxycarbonylamino)-N-(2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl)succinamic acid allyl ester as a pale yellow oil. 'H NMR
(CDCI3): §7.05(d, 1H, J=9.0 Hz), 5.98 (d, 1H, J = 4.4 Hz), 5.77 (ddt, 1H, J = 5.6, 10.3,
16.2 Hz), 5.29 (ddd, 1H, J = 1.5, 2.8, 15.6 Hz), 5.23 (dd, 1H, J = 1.3, 10.5 Hz), 4.57 (dddd,
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MeOH/ CHCl [err] gave 2.46 g (87% of 3(R)-am no-N-(2,2-dinmethyl-1(S)-
(met hyl car banmoyl ) propyl ) succinam c acid allyl ester trifluoroacetate salt

as a colorless foam [err]H NVMR(CD[err]OD): [err] 5. 96(ddt 1H J =
5.6, 10.6, 17.1 Hz),5.35(ddd, 1H J = 1.6,3.1, 17.1 , 5.25 gddd,
1H, J = 1.2, \293?!1715@3 Hz), 4.66 (ddd, 2H, J = 1.2, 1.3, 5. g’qlrﬂjss“"w 4 (dd,
1H, J 5.6, 7.8 Hz), 4.21 (s, 1H), 3.03 (dd, 1H, J = 5.6, 17.4 Hz),

2.94 (dd, 1H J 3H,..J =

Gy 0°95 (o o I Res 55 B, o456 155 Haba. 77 (B, = 3.0 ) s, ¥,
cnferr]. HRFABVS: Cal culated for CJerrJ]Herr]NerrJJerr]Na (M +Na[err]):
322.1743. Found:0-99(s.9H)322 1747 Anal . Cal cul ated for
Clerr]Herr]Nerr]Jerr] * 2. 5_F[err]COC]—I* 0 5 CHCl [err]:
4.38; N, 6.52. Fa (RAmino-Na2.2aimethy A (meth i 1

3-(2, 2- Di br onoet henyl ) - 2, 5- di net hoxy- téinﬂammminﬁmn
[err] VO 98/ 17643

PCT/ US97/ 17809 A m xture of n3 poécwcrér (1.65 g, 25.0 nmmol),
tri phenyl phosphine (6.54 g, 25.0 NWH@ﬁr[err] (8.30 g, 25.0
mol) in dry CHerr]dJ[err] (40 nL) was stiorgd at ambient

tenperature. After 24 hours, 2,5-dinethoxy-tetrahydrofuran-3-carboxal dehyde
(2.00 g, 12.5 nmol ) was added and an exotherm c reaction ensued. After

30 minutes, pet ether E%Q‘ﬂ 3! ayer

rsﬂcjoar ag Ed.StTE'?hl omrgs(gégeé?b%‘é%xw ut edlg’e xoh'SFB(kgaﬁl:toﬁg%R&%rhy{ 0
and pet e e co er

| ayers vvel?r e corrbl(%’(@mﬂgh)sseag.‘r(1 9?#%1#9%%0‘?% fd’%n%? ggt?ﬁnﬂmr c%:t(a)tﬁg;? {nf'rl”a? gg‘?

nder reduced re [ r | o t e 59

52,231 b olrroeéﬁswgﬂjci%g%ﬁwt@fﬁé% ALERCER A Aﬁ%l@% P

col orl ess oi i ch. was m xt ur ia oner s

used i medi at el ?SFFE)WPS PrQeRd %ﬁ?i “(’E%tsﬁ?fﬁ“lmc atography ry ot 0.5% TEATPY

2-5- Di met hoxy-3-(2-tributyl stannyl et hy g tetrah drofuran

[ err] MeOH/CHfCls gavei246r8 @7%&9(%8 -armno-N-( ,2-dimethyl-1(S)-

3-(2, 2-di bronoet henyl ) - 2, 5- di net hoxy-tetrahydrofuran (1.78g
(methylcarbamoyl)propyl)succmamxc acid allyl ester trifluoroacetate salt as a colorless foam.

G 3636 H,

'H NMR (CD;0D): & 5.96 (ddt, IH, J = 5.6, 10.6, 17.1 Hz), 5.35 (ddd, 1H, J = 1.6, 3.1, 17.1
Hz), 5.25 (ddd, 1H, J = 1.2, 2.5, 10.3 Hz), 4.66 (ddd, 2H, J = 1.2, 1.3, 5.9 Hz), 4.34 (dd, 1H, J
= 5.6, 7.8 Hz), 421 (s, 1H), 3.03 (dd, 1H, J = 5.6, 17.4 Hz), 2.94 (dd, 1H, J = 7.5, 17.4 Hz),
2.71 (d, 3H, J = 5.0 Hz), 1.46 (s, 9H), 0.99 (s, 9H). IR (KBr): 3413, 2966, 1672, 1656, 1207,
1143 cm’. HRFABMS: Calculated for Cy4HysN30,Na (M +Na"): 322.1743. Found:
322.1747. Anal. Calculated for Ci4H,sN3O,4 ® 2.5 F;COOH @ 0.5 CHCl;: C,36.36; H,

438; N, 6.52. Found: C,36.34; H,4.25;N, 6.51.

Br

[__K Br
HyCO****OCH,
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5.64 mmol) in ether (30 nL) at -78[err]C was added n-butyllithium (9.02 nL
of 1.25 Min hex). After 1 hour at -78[err]C, tributyltin chloride
(1.68 nL, 6.20 mmol) was added, and the m xture was allowed to warm
to anbient tenperature. After 16 hours, ether (35 nL) and saturated
aqueous NH[er\r’T’})’éP'l'(%%) m) were added. The organic |ayer was RCRUSOZATMP
washed with saturated aqueous NHerr]d (30 m), Herr]O (25 nL), and

saturated aqueous NaHCO er 1 dri over s and
evaporated to give ah* B aw@éféﬂww%@cqq %550 f }ngsfﬂE‘ﬁ‘lé%%‘g L?‘]ran

chr omat ogr aphy W|th 2% B o furni s 0, (77% of

2, 5-di met hoxy- 3-@ob, rﬁﬂ%& @ mmphli la(‘é@t}-r)é{‘fﬁéfl“ﬁﬁﬂfgﬂb‘&‘g a
colorless oil. A m'xture of di astereoners vvas

113 WO Semnperaurg. After 24 hours, 2,5-dimethoxy-tetrahydrofuran-3-carboxaldehyde (2.00 g, 12.5
PCT/ US97/ 17809 evident in the [err]H NVR spectrum which was used

i mredi at el y wi t romol) fvas added aggl ani ekptberniioreaction ensubdz: AR® 26 midwuésopet ¢B#A1 APmE)
1105, 1017, 967 cnjerr]. Anal. Calculated for CCerr]Herr](err]Sn: C,
53.96; H, 8.60. vasadded afid tHedesBltant kippeB la§ér. separated. The lower layer was twice diluted with
3-[2- (4- Cyanophenyl ) - et hynyl ] - 2- 5- di net hoxy-t et r ahydr of ur an

[err] CH,Cl, (50AnIl) axd pétethef (50 mL), and the upper layer reserved. The combined upper
2, 5- di met hoxy- 3- (2 trlbutyl stannyl et hynyl ) -t et rahydrofuran (1.86 g,

4.18 nmol ), 4-i qg)fk‘?@ﬁ@r@ @6tﬁﬁxhéd3p£53ed]t§r09gh Ppdddf STG(&' dnd BRédntrated under reduced

tetraki s(tri phenyl phosphi ne) pal | adi un( 0) 145 ng, 0.125 mol) in
tol uene (25 n) R/l\@sg (5. t
resultant red s ?%E%V\(gg &BD léagéjﬁ?éb(?ggﬁﬁ (55 (ﬁ% débé vent ?Ng-g Srtgrrrr%t\}/‘%

under reducg %@&%ﬁﬁg{ Sa ﬂa?ﬁeg:(g%’le&m SRRV LELARDYr diddresmath by ' RER

Et OAc/ hex provi &
3-[2-(4-cyanoph e hox tetrahydrofuran as an orange
oil. A mxt#é‘;ﬁ"ﬁgék&mg ‘éaé‘%’ed by H NMR, whi ch was used

wi t hout further

Sn(CHos
,H;C@Gii-!,
To solution of crude 3-(2,2-dibromoethenyl)-2,5-dimethoxy-tetrahydrofuran (1.78g,
5;64 mmol) in ether (30 mL) at -78°C was added n-butyllithium (9.02 mL of 1.25 M in hex).
A;fter 1 hour at -78°C, tributyltin chloride (1.68 mL, 6.20 mmol) was added, and the mixture
was allowed to warm to ambient temperature. After 16 hours, ether (35 mL) and saturated
aéﬁeous NH,CI (30 mL) were added. The organic layer was separated, washed with
saturated aqueous NH,Cl (30 mL), H,0 (25 mL), and saturated aqueous NaHCO; (25 mL),
dried over K;CO;, and evaporated to give an orange oil, which was purified via flash column
chromatography with 2% MTBE/hex to furnish 1.92 g (77%) of 2,5-dimethoxy-3-(2-

tributylstannylethynyl)-tetrahydrofuran as a colorless oil. A mixture of diastereomers was
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purification. [err]HNW (CDCl[err]): 3.12 (ddd, J = 2.8, 6.6, 9.0 Hz),

2. 57 (ddd, J =56, 9.3, 13.4 Hz), 2.08 (dd, J = 2.5, 4.7 Hz), 2.04
(dd, J 3.1, 4.3 Hz). IR 2227, 1603, 1216, 1102, 1012, 841 cn{err]
Anal . Calculatedfor C[err]H[err]NQerr] * 0.1 EtOAc: C, 69.51; H 98; N,
5. 26. FOUREENT6S 69. 52; H, 5.76; N, 5.32. FCTUSYITAOS

114 WD 98/ 17643

PCT/ US97/ 17809

3(R-[3-[(4- anegb erétnym acetMﬁ PRV M hich was byeqt imympdiately ity furfher pugification.
Lore]” o2 Aoy kPR e e R (0B R gfiom™, (455 Cootated o oppeoFBnCo

N- ( 8- oxo- 4- oxa-

tricycl 0[9 6. 1. 0{3e9r6r]{]€€‘?a€fé'€$ %1148y H18664, 16-t et raen- 9-yl ) - 3- (3- phenyl - 1H
-pyrrol - yI ) succi nam c acid benzyl ester,

3(R) - am no N- (2, 2- di met hy B={2€4sCyanophenylired Jimethaxvitetrahwdebfuganc ci nami ¢
acid allyl ester trifluoroacetate salt and 3- [2 (4-
cyanophenyl ) - et hynyl ] - 2, 5-di met hoxy-t et rahydr of uPayy Were heated with
trifluoroacetic acid (1 equiv) at 70C for_4Wours. Flash colum
chromat ography twice with 0.5% HOAc/ 15% t QAc/CH err]C[err] as
el uant and azeotrope w th n-heptane afficaedg ®ea; ng (36% 43% based on
recovered furan) of

3(R-[3-[(4- Cyanophew&%&ﬁ@bﬁiidﬁﬂtﬁak&f3cf21ﬁbﬁ}lltaﬂy[eavyﬁylﬂkeﬁﬂﬂa¥dfu&( é)ss g

(et hyl car banoyl ) propyl ] succi nam c acid allyl” estér brown oil. [err]H
NVR (CDCl [ err]) 4. {shnbi), 4-iodobenzonitrile (1.15 g, 5.02 mmol), and tetrakis(triphenylphosphine)

CN

palladium(0) (145 mg, 0.125 mmol) in toluene (25 mL) was heated at 100°C. After 5.5
hours, the resultant red solution was allowed to cool, and the solvent was removed under
reduced pressure. Flash column chromatography twice with 10% EtOAc/hex provided 1.10 g
(100%) of 3-[2-(4-cyanophenyl)-ethynyl]-2,5-dimethoxy-tetrahydrofuran as an orange oil. A
mixture of diastereomers was observed by 'H NMR, which was used without further
purification. 'H NMR (CDCI3): 3.12 (ddd, J = 2.8, 6.6, 9.0 Hz), 2.57 (ddd, ] = 5.6, 9.3, 13.4
Hz), 2.08 (dd, ] = 2.5, 4.7 Hz), 2.04 (dd, ] = 3.1, 4.3 Hz). IR: 2227, 1603, 1216, 1102, 1012,
841 cm™. Anal. Calculated for C,sH,sNO; ® 0.1 EtOAc: C, 69.51; H, 5.98; N, 5.26.

Found: C, 69.52; H, 5.76; N, 5.32.
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7.58 (d, 2H, J = 8.1 Hz), 7.47 (dd, 1HJ = 1.9, 1.9 Hz

), 7.36 (d, 2H, J =
8.1 Hz), 6.84 (d, 1H, J =9.0 Hz), 6.74 (dd, 1H, J

2.8, 2.8 Hz),

6.63 (dd, 1H, J = 1.6, 2.8 Hz), 6.08 (dd, J= 2.8, 6.8 Hz), 5.82 (ddt,
1H J =5.9, 10.3, 17.1 Hz), 5.26 (ddd, 1H, J = 1.2, 2.8, 17.1 Hz), 5.19
(g, | H, WO/M7643 Hz), 4.56 (dddd, 2H, J = 1.6, 2.8, 4.4PCINSYNEE0Y 4 18
(d, 1H, J = 9.0 Hz), 4.05(s 2H), 3.34 (dd, 1H J = 7.2, 16.8 Hz),
2.99 (dd, 1H, J = 7.2, 16. Hz) 2. 72 (d 3H, J = 5.0 Hz), 0. 90 (s,
9H). [err] C NVR(CDC [ ek Syadopl I b9 - v]-N-TB 3-dGnetH

132.2,131.3, 130.3, Ahyidazba 22y isuccldathi® Acid Bl %10.5, 1

66.0, 61.0, 59.4, 46.1, 375 348 31.9, 29.0, 265260.|R(KBr)
3320, 2965, 229, 1736, 1648, 1531, 1173 cnjerr] . ®RFABVES:

115 WD 98/ 17643

PCT/ US97/ 17809 Cal cul ated for (er r]
493. 2451. Found 493. 2462. Anal . Cal cul ate
CerrJ]Herr]Nerr]derr] * 0.2 H[errlg &H@i err]Cl[err]: C 63.66; H,
6.44; N, 10.92. Found: C, 63.86; H, & 55; M¢H10. 58. Exanpl e 2.
N-(l(S) Acetyl - 3-net hyl butyl )-3(R) -[ 3- (bi phenyl -4-yl)-1H pyrrol -
yl )succi nam ¢ Acid
To a solution of
3(R) - (3-bi phenyl py4.r ol N-[.2(
met hyl car banoyl } OXCHQL%%% b ﬂegﬁxg)lWalr’nlé lgﬁ?‘é‘e'( B‘rybp’a%ﬂi‘e%)ﬁ -1HeEokbed in
Exanple 1(1); 209 F (5nmL) at -78[err] C was added
net hyl magnesi UWBF%H‘PHE“‘@S“‘IPFWl es“” 3(R %‘WQP‘N‘ 2THIPY- i se via syringe.
After 15 minutes at -70[err]C and 2 hours at O[err%l t he m xture was
quenched wi t h adwetbylearbauoypropylisuccinamic adidallyd avterari @f@%ﬁdmﬂlél-ﬂw-er r].
The aqueousueous phase was extracted with Et OAc. The conbi ned organic
| ayers wer e dri eyhnoplenyl)-ethynyi]Ng2-8(@etboxy-tetahgdrofirantvetk hedfed evith Fiffleymcetic acid
anbi ent tenperature, the dark residue began to

(1 equiv) at 70°C for 4 hours. Flash column chromatography twice with 0.5% HOAc/ 15%

err]N[err]err] (M+Herr]):
f or

As described in Example 1(c) for the pfeparation of N-(8-oxo0-4-oxa-1,7-diaza- Lerr]

EtOAc/CH,Cl, as eluant and azeotrope with n-heptane afforded 800 mg (36%, 43% based on
recovered furan) of 3(R)-[3-{(4-cyanophenyi)acety!]}-1 H-pyrrol-1-yI}-N-(2,2-dimethyl- 1(S)-
(methylcarbamoyl)propyl]succinamic acid ally! ester as a brown oil. 'H NMR (CDCI3): &
7.58 (d, 2H, J = 8.1 Hz), 7.47 (dd, 1H, J = 1.9, 1.9 H2), 7.36 (d, 2H, J = 8.1 Hz), 6.84 (d, 1H,
§=90 Hz), 6.74 (dd, 1H, J = 2.8, 2.8 Hz), 6.63 (dd, 1H, ] = 1.6, 2.8 Hz), 6.08 (dd, J = 2.8,
6:3 Hz), 5.82 (ddt, 1H,J=5.9, 10.3, 17.1 Hz), 5.26 (ddd, 1H,J=1.2,2.8,17.1 Hz),5.19(q,
1H, J=7.2 H2), 4.56 (dddd, 2H, J = 1.6, 2.8, 4.4, 15.9 Hz), 4.18 (d, 1H, ] = 9.0 H2), 4.05 (s,
2H), 3.34 (dd, 1H, J = 7.2, 16.8 Hz), 2.99 (dd, 1H, J = 7.2, 16.8 Hz), 2.72 (d, 3H, J = 5.0 H2),
0.90 (s, 9H). >C NMR (CDCI3): 8 191.2, 170.2, 169.4, 168.0, 140.6, 132.2, 131.3,130.3,
125.7, 125.7, 122.0, 119.0, 118.9, 110.5, 110.4, 66.0, 61.0, 59.4, 46.1, 37.5, 34.8, 31.9, 29.0,
26.5,26.0. IR (KBr): 3320, 2965, 229, 1736, 1648, 1531, 1173 cm’!. HRFABMS:
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crystallize, and trituration with MIBE/ hexanes provided 90 ng (46% of pure
N-(1(S)-

acetyl -3-met hyl butyl)-3(R)-[ 3-(bi phenyl -4-yl)-1H pyrrol - 1-yl ) succi nam c
acid as an off- white solid. [err]H NVR (CDC1[err]) [err] 7.62-7.55
(m 6H), 7.44vQP817843 J = 7.5 Hz), 7.33 (t, 1H, J 7 PGTBY7IA780911 (s,
1H), 6.81 (t, 1H, J = 2.4 Hz), 6.62 (dd, 1H J = 1.3, 2. 4 Hz), 6.07 (d, 1H,
J = 8.5 Hz), 5.12 (t, 1H, J = 6.8 Hz), 4.61-4.54 (m 1H), 346(dd

I3 =5 15l i By M4 . ol a0 oy e ®
lc_:[|2)er r ?H[Sz.r E ?N[ gﬁyéﬁ%‘f:&%% d_%hgoﬁ[r@ F_}-!gfz '(9 gf} gbd}-{ 844' N, 10.92. Found: C, 63.86; H,

116 4

PCT/ US97/ 17809 68%61&6 gis '18; H, 6.86; N, 6.15. Found: C, 71.01; H,6.78; N,
6. 40.

3(R) - [ 3- (B pheng‘fP qh? Erﬁlle-lﬂgqﬂ}ylwyws}l-[@i\)insynnwﬂﬂ)ol&pmmw-) - 3-
met hyl but yl | succillsuerinanyie Agt

[err] To a sol ution of

N-(1(S)-acetyl-3-nethyl butyl)-3(R)-(bi phenyl -4- pyrrol -

yl)succinam c acid (prepared as described iny le 2; 45 ng, 0.10 mol) |
in THF (2 m) and EtOH (1 nlL) at -7&C Nvas aslded a sol uti on of NaBH4
(19 ng, 0.50 nmml) in EtOH (1 L) woMrgNE kours at - 78C, the

reacti on was quenched with acetone (0.5 nlL) a®d z concentrated in vacuo
to afford a residue which was partitioned with mc and pH 4.5

citrate buffer. The %%%Hﬁoﬂbﬁﬁﬂ) Yﬁ&pﬁéx&%ﬁ?(—l%&ﬁ@l%ﬁﬂN@{S@-a@n@ﬁﬁ) y-Ne

conbi ned organic | ayers were dried over SO4 ‘and ‘evaporated to give

150 3 o ooy e et st
yI)-N-[1(9)-( 1RSZO?X1Q§,?>'§?§5 %{mc}f 1}1 Mﬁﬁylnb% 36 \lréss (&Sednrﬁlmﬁmgﬁegu&%m%ﬂde (3Min

anor phous solid

ether, 0.7mL) dropwise via syringe. After 15 minutes at -70°C and 2 hours at 0°C, the
mixture was quenched with acetone (50 pL), and then added to EtOAc/1N NaHSO0,4. The
aqueousueous phase was extracted with EtOAc. The combined organic layers were dried over
Na,S0,4 and concentrated. After 3 days at ambient temperature, the dark residue began to
crystallize, and trituration with MTBE/hexanes provided 90 mg (46%) of pure N-(1(S)-
acetyl-3-methylbutyl)-3(R)-[3-(biphenyl-4-yI)-1 H-pyrrol-1-yl)succinamic acid as an off-
white solid. 'H NMR (CDCI3): & 7.62-7.55 (m, 6H), 7.44 (t, 2H, J = 7.5 Hz), 7.33 (¢, 1H,J
=7.0 Hz), 7.11 (s, 1H), 6.81 (t, 1H, ] = 2.4 Hz), 6.62 (dd, 1H, J = 1.3, 2.4 Hz), 6.07 (4, 1H, J
= 8.5 Hz), 5.12 (t, 1H, J = 6.8 Hz), 4.61-4.54 (m, 1H), 3.46 (dd, 1H, J = 6.4, 16.7 Hz), 3.0}
(dd, 1H, J = 7.4, 16.9 Hz), 2.16 (s, 3H), 1.58-1.51 (m, 2H), 1.33 (d, 1H, J = 7.4 Hz), 0.92 (d,

3H, J = 6.3 Hz), 0.87 (4, 3H, ] = 6.3 Hz). Anal. Calculated for C;7H3oN;0, ® 0.5 H,0: C,
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NVR (CDCl[err]): [err] 7.60-7.56 (m 6H), 7.44 (t, 2H, J = 7.4 Hz), 7.33

(t, 1H, J = 6.8 Hz), 7.11 (s, IH, 6.82 (s, 1H), 6.61 (s, 1H, 5.70
(m 1H, mnor isomer), 5.49 (d, 1H J = 8.1 Hz, maj or isoner), 5 05
(t, 1H, J = 6.3 Hz), 4.04-4.01 (m 1H, major isomer), 3.86-3.82 g

3.76-3. 74 (mWeEs1T§thor isorrer) 3.41 (dd, 1H, J = 5.9, 16. PGEYS: 7’!378‘.’96 (dd
1H, J = 6.6, 10.7 Hz), 1.75-1.42 (m 1H), 128113(m2|—|) 1.08 (d,
3H, J = 6.3 Hz, I . = 6.3 Hz, nmjor

i somer), 0.87 (dg} E%H‘?Sg%f%% )°““¢in§17l%aﬂc@%§%é4por
C[err]H[err]N[err]qerr] 70.04; H,

6. 05.

Found: C, 69.89: Expmpledg 3(*)-[3§Bgrpenyl-4-yl)- H—pyrrol-l-ylf-N-[l(S) (l(RS)-hydroxy-ethyl)-S-
117 VO 9grethydbutyl|succinamic Acid

PCT/ US97/ 17809 Exanpl e 4(a).

N-(1(S)-Benzyl - 2- hydr oxyet hyl ) -3(R)-[ 3- (4' - cyanobi ph
pyrrol-1-yl]succinam c Acid
[err] Accordi ng to the prgegds
1(a), N-(1(S)-benzyl- N
hydr oxyet hyl ) - 3(R) - [3 (4 - cyanobi phenyl - 4Hp‘@|¥gi%ﬁal -1-yl ] succi nam ¢ aci d
benzyl ester (50 mg, 0.070 nmol) hydrogend®yzed in MeOH Et OAc (2:3 nl)
after 2 hours to give a yel | ow powder, which s washed with CHC [err]

d h to f facdib13- 1
?2(5) eﬁ?ﬂiw %! ﬁ;glrggi?h{/@)&é?g@fsgff&h— RS R Ciphey-yEprmel -, )

1( B‘i‘é@i 3?21 g] o gﬁaﬁﬁqu%é%m%%@qg 5&&%@2«% nng'bﬁb tw)gin TEF Gl
Th 4 oh (1 R i) A7t sc?dfégeéﬂm%%i% rés«oab%o@mﬁgﬁm)
i 453 gnfgr 51'” 3% Afte ,nggﬁKBanc?’fig?méo%zﬁas qasnahed valtiasetone @ S mD)aag’ 1200

concentrated in vacuo to afford a residue which was partitioned with EtOAc and pH 4.5

I-4-y|)-1H—
e descri bed in Exanpl e

citrate buffer. The aqueous phase was further extracted with EtOAc. The combined organic
layers were dried over Na,SO, and evaporated to give a solid that was dissolved in MTBE
and precipitated with hexanes to give 30 mg (67%) of 3(R)-[3-(biphenyl-4-yl)-1H-pyrrol-1-
yD-N-[1(S)-(1RS-hydroxy-ethyl)-3-methylbutyl]succinamic acid as an amorphous solid. 'n
NMR (CDCI3): & 7.60-7.56 (m, 6H), 7.44 (t, 2H, ] = 7.4 Hz), 7.33 (t, 1H, J = 6.8 Hz), 7.11
(s, 1H), 6.82 (s, 1H), 6.61 (s, 1H), 5.70 (m, 1H, minor isomer), 5.49(d, 1H,J=8.1 Hz,
major isomer), 5.05 (t, 1H, ] = 6.3 Hz), 4.04-4.01 (m, 1H, major isomer), 3.86-3.82 (m, 1H),
3.76-3.74 (m, 1H, minor isomer), 3.41 (dd, 1H, J=5.9, 16.9 Hz), 3.16 (dd, 1H, J = 6.6, 10.7
Hz), 1.75-1.42 (m, 1H), 1.28-1.13 (m, 2H), 1.08 (d, 3H, J = 6.3 Hz, minor isomer), 1.0 (d,
3H, J = 6.3 Hz, major isomer), 0.87 (d, 6H, J = 6.6 Hz). Anal. Calculated for Co7H;,N,04 @
0.8 H,0: C, 70.04; H, 7.32; N, 6.05. Found: C, 69.89; H, 7.33; N, 5.97.
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for Jerr]Herr]Nerr]Qerr]Na (MH# Na[err]): 516.1899. Found: 516.1912.
Anal . Cal cul ated for CerrJ]Herr]Nerr]Jerr] * 0.81 CHC [err]: C,
62.69; H 4.75; N, 7.12. Found: C, 62.64; H, 4.89; N, 7.23.

118 WD 98/ 17643

PCT/ USQ7/ 1780%0 9817643 The starting naterial was nade as f ol [RGREIS97/17809
4' - Br ono- bi phenyl -4-carbonitrile

i bed | I f h ' f
5%l pheny! - 4- y1 Examie 4@ XS, Bl bhalipolsonr (B (oA sragobiphett gt e

4- br omopheny| borayErokdiylisyesizamigAcids 9 mp| ) were coupled in EtOH to
afford 4.50 g (67% of 4'-brono-biphenyl-4-car bor&l\}ri |l e as a grey

powder, np 147-8C (lit 153-5C, McNamara, J.; ason, WB. J. Og. Chem
1976, 41, 1071). The material had an Spectrum t hat mat ched
literature (see Amatore, C; Juland, 4 N .; Negri, S. J. Organonet. Chem
1990, 390, 389-398) and was typical Ig{ousagum,bnout further
purification. o

4' - (Furan- 3-yl)-bi phenyl -4-carbonitrile

[err] As described in Exanple 1(a) for the preparation of

3- bi phenyl -4-yl -furan, crude 4'-

According to the procedure described in Exampie 1(a), N-(1(S)-benzyl-2-

hydroxyethyl)-3(R)-[3-(4'-cyanobiphenyl-4-yl)-1 H-pyrrol-1-yl]succinamic acid benzyl ester
(50 mg, 0.070 mmol) hydrogenolyzed in MeOH:EtOAc (2:3 mL) after 2 hours to give a
yellow powder, which was washed with CHCI; and hexane to furnish 35 mg (100%) of N-
(1(8)-benzyl-2-hydroxyethyl)-3(R)-[3-(4"-cyanobiphenyl-4-yl)- 1H-pyrrol-1-yl}succinamic
acid as a yellow powder, mp 189-92°C: "H NMR (DMSO-dg): b 8.82-8.78 (bm, 1H), 7.90
(s, 4H), 7.72 (d, 2H, ] = 8.1 Hz), 7.50 (d, 2H, J = 8.1 Hz), 7.20 (m, 6H), 6.82 (s, 1H), 6.45 (s,
1H), 4.95 (t, 1H, J = 7.2 Hz), 3.88-3.78 (m, 1H), 2.84 (d, 1H, J = 5.9 Hz), 2.75-2.60 (m, 3H).
IR (KBr): 3396, 3029, 2925, 2229, 1654, 1602, 1560, 1495 cm™. HRFABMS: Calculated
fér C3oHasN304Na (MH+ Na'): 516.1899. Found: 516.1912. Anal. Calculated for

C3oHy7N;04@ 0.81 CHCly: C,62.69; H, 4.75; N, 7.12. Found: C, 62.64; H, 4.89; N, 7.23.
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br ono- bi phenyl -4-carbonitrile (200 nmg, 0.775 mml) and 3-furanboronic acid

(see Thonmpson, W J.; Gaudino, G J Og. Chem 1984, 49,5237-5243; 105
ng, 0.937 mmol) in MeOH (2 nmL) were coupled to give a yellow solid,
which was purjfied via preparative TLC. El ution WI th Et OAc: benzene
(1: 99) provi d¥@ ¥4}y (539 of 4'-furan-3-yl-biphenyl - PCT/US97/17809
carbonitrile as a grey powder, np 199-203C. [err]H NVR (CDCI [err]): [err]
7.81 (bs, 1H, 7. 7.61 (s, 4H), 7.51 (bs, 1H),
6.75 (s, 1N). IR KB gﬁnzazmmésodadi@%?%" 1162, 1102, 1058

cnferr]. Anal. Calcul at ed for errhtﬁ_ %”h% !_Eé._CB lEt'SéC * 0.2
Cerr]Herr]: C 119
WD 98/ 17643

CN
PCT/ US97/ 17809 80.78; H, 5.05; N, 5.01. C 80.96; H, 4.88; N,

5. 00.

4' - (2,5-D nmet hoxy- 2, 5-di hydro-furan-3-yl)- BTp enyl -4-carbonitrile

[err] According to the procedure for the preparation of

3- bi phenyl - 4- yI - f ur anAddeseribesidn Example 1(a) fox sheypreparfien of 3-biphenyl-4-yl-furan, 4-

4' -furan-3-yl - bi phenyl -4-carbonitrile (1.29g, 5.26 mvl) was converted into
- (2, 5- di et hoxprdndbentionitdle(®.#21g,21 -83nmbl) atyl $brempphetylbaridawin (5120 lge25. Miamol)

crude product was recrystallized fromEtOAc/hex to furnish 1.03 g

(64% of a m xt umeredougled i BOEDRErdaty50 g (67%NMR'-Bfonfo-liphedy WhatdroniAMEE i gre D

136-7C. [err]H NWR (CDCl [err]): [err] 7.80-7.58 (m 8H), 6.40 (s, 1H),

6.30 (d, 0.5H, J powder/mba%7-36C Q& 163-5° @ﬁﬁ&méa,oleﬁ&onow,J Orgz Cherk. 1998, .41,
5.72 (d, 0.5H, J = 1.6 Hz), 3.55 (s, 1.5 H), 3.48 (s, 1.5H), 3.44 (s,

1.5H), 3.02 (s, %o%H) Tht E%a(ekﬁ%d af ¥R spectrum &ﬁ?«ﬁax&%&%mﬁéﬁe Aﬁﬁf’ore &@Qﬁand
1498 cnjerr]. HRFABMS: Cal cul ated for (‘?[err err err +Herr])

398,528 Eound: RReg?&0r g0 Pghag'@g@qﬂ%ﬁgﬂm{}%&gu@wm&

4' - (2-5-Di net hoxyﬁl&l_‘etrahﬁ/ {lofuran 3-yl)-bi phenyl -4-carbonitrile

4 -3-yl)-biphenyl-4-

As described in Example 1(a) for the preparation of 3-biphenyl-4-yl-furan, crude 4'-
bromo-bipheny!-4-carbonitrile (200 mg, 0.775 mmol) and 3-furanboronic acid (see
Thompson, W. J.; Gaudino, G. J. Org. Chem. 1984, 49, 5237-5243; 105 mg, 0.937 mmol) in
'MeOH (2 mL) were coupled to give a yellow solid, which was purified via preparative TLC.
E__lution with EtOAc:benzene (1:99) provided 100 mg (53%) of 4'-furan-3-yl-biphenyl-4-
carbonitrile as a grey powder, mp 199-203°C. 'H NMR (CDCI3): & 7.81 (bs, 1H),7.72 (d,
4H, J = 1.9 Hz), 7.61 (s, 4H), 7.51 (bs, 1H), 6.75 (s, 1H). IR (KBr): 2225, 1604, 1503, 1396,
1162, 1102, 1058 cm™'. Anal. Calculated for C,7H;;NO ® 0.3 EtOAc ® 0.2 C¢Hg: C,
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[err] As described in Exanple 1(a) for the preparation of
3- bi phenyl - 4-yl -2, 5-di net hoxy- t et rahydr of ur an,
- (2, 5-di met hoxy- 2, 5-di hydr o-furan-3-yl)-bi phenyl -4-carbonitrile (260 ny,
0 846 mmol ) was reduced in 2 hours to give 260 ng (99% o

- (2, 5- di metW@2817643 t et r ahydr of ur an- 3- yl ) - bi phenyl - 4- cZFEGR¥YPe as a
Wmte solid, np 149-50[err]C, which was used

120 WO R878:1855%05; N, 5.01. Found: C, 80.9
PCT/ US97/ 17809 W fhout further’ |830ur6| 48 1%’n5 00[ err]H NVR (CDCi [err]):
[err] 7.78-7.26 (m 8H), 45y 3%:5..0 , ..2 2 ,

2.78-2.00 (m 3H). IR (KB 22 Ryacalony
1190 cnjerr]. Anal. Calcul at ed for C[err]H[err]NC][err<]1 * 0.3 H[err]O C,
72.28; H, 6.28; N, 4.45. Found: C, 72.28; H "b N, 4.11.
N-(1(S)-Benzyl - 2- hydroxyet hyl )-3(R) - [ 3-’34' -cy| v enyI 4-yl)-1Hpyrrol -

yl ] succi nam ¢ Aci d Benzl Ester
[err] As descri bed m%xampje 1(b) for the preparation
of 3(R)-am no-N-(2, 2-di net hyl -

1(S) - (et hyl car barmylf‘\)‘-?ﬂf@pglto)tbmm@mﬁamferthcplup@m)ONésﬂlwl-ﬁwﬂ-ﬁhmdra@@E@me
salt, crude 3(R)- am no- N-(1(S) - benzyl - 2- hydr oxyet hyl ) succi nam ¢ acid
benzyl est er t r iBxampled{a)et'-dren-3ol-biphenyl-4-cirhorpide @295 25ammol) besiconmerted smpl e
1(a); 0.876 mmvl) was condensed with 4'-(2,5-dinmethoxy-

t et r ahydr of ur an-43¢y3-dintethoke2)5ldikydes bRl -{1) biphedyd-4 &afBnitrile. OFhervoade prodact was

1, 2-di chl oroet hane (5 m.). The solution was heated at 85-90[err] C for
5 hours, al | owededrpstalRRH fror EIOACARL toruMikht1003 g (64%) of a mixture of diastereomers by

NMR as a pale white powder, mp 136-7°C. 'H NMR (CDCI3): & 7.80-7.58 (m, 8H), 6.40
(s, 1H), 6.30 (d, 0.5H, ] = 3.7 Hz), 6.06 (s, 0.5H), 6.01 (d, 0.5H, J = 3.7 Hz), 5.72 (d, 0.5H, J
= 1.6 Hz), 3.55 (s, 1.5 H), 3.48 (s, 1.5H), 3.44 (s, 1.5H), 3.02 (s, 1.5H). IR (KBr): 2933,
2831, 2229, 1654, 1604, 1560, 1498 cm™. HRFABMS: Calculated for C,gH;gNO; (M
+H"): 308.1287. Found: 308.1275. Anal. Calculated for C gH,;NOy: C,74.25; H, 5.58;

N, 4.56. Found: C, 74.11; H, 5.63; N, 4.49,

9-*0ocH,
As described in Example 1(a) for the preparation of 3-biphenyl-4-yl-2,5-dimethoxy-

tetrahydrofuran, 4'-(2,5-dimethoxy-2,5-dihydro-furan-3-yl)-biphenyl-4-carbonitrile (260 mg,
0.846 mmo!) was reduced in 2 hours to give 260 mg (99%) of 4'-(2,5-dimethoxy-

tetrahydrofuran-3-yl)-biphenyl-4-carbonitrile as a white solid, mp 149-50°C, which was used
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give a brown oil which was purified via flash colum chromatography with 1%

HOAc/ 30% Et CAc/ hex as eluant. HOAc was renoved via azeotrope with

n- hept ane | ayers to provide 200 mg (39% of

N-(1(S) - benzyl -2- hydroxyet hyl ) - 3(R) - [ 3- (4' - cyanobi phenyl -

pyrrol -1-yl | NR8WIT&Bi ¢ aci d benzyl ester as a pale yellow p\éﬁ%@’ls”"ﬂff”
149.50C. [err]H NWMR (CDCl[err]): [err] 7.74 (s, 4H), 7.59 (d, 4H, J =
4.1 Hz), 7.32-7.1L 7..05 { :
6.64 (t, 1H 2. SWMM%’LY‘B%WM‘P%“%@Q‘H% %47 (7%‘7257‘1‘“83%5 30“% 0%“’(%")
2H, J

98/ 17643 3.52-3.22 (m, 6H), 2.78-2.00 (m, 3H). IR (KBr): 2910, 2220. 1606 1498 1448, 1380 1224,
PCT/ US97/ 17809 = 3.1 Hz), 5.00 (dd, 1H, J = 5.0, 9.3 Hz), 4.46-4.32

(m 2H), 4.22-4. 190 g mﬂ Caloplated forG15H1NO; @03 PQO':05.73,28;147,.6JZSFH,)+4%. 04
(dd, 1H, J 9.1, 17.1 Hz), 2.70-2.63 (m 2H). IR 3389, 3030,

2948, 2225, 1735 1685d:16,02.28545. 4d54dhd err]. HRFABMS: Cal cul ated for
C[err]H[err]N[err]qerr]Cs ( MH+ Cs[err]) 716. 1525. Found 716. 1503. Anal
Cal cul ated for groryefl 4'-cyaj ény¥DH o 1€dina
72.73; H 5.52; N, 6.80. Found: C, 726MN 681

The foll ow ng corrpounds were made in a simlar manner: Exanpl e 4(b).
N- (1- Benzyl - 2- hydroxyet hyl ) - 3(R) - [ 3- (4' - car banoyl bi phenyl 4-yl)-1H

pyrrol -1-yl]succinamc acid

[err] According to the re described in Exanple
1(a), N-(1(S)-benzyl-

hydr oxyet hyl )-3(R)-[ 3- (4' - car banoyl bj o--- W& 1H pyrrol -1-yl ] succi nanm c
acid benzyl ester was hydroge yzed

N-(1(S)-benzyl -2-hydroxyethyl)-3(R)-[3-(4"-

car banoyl bi phenyl -4-yl)-1H pyrrol -1-yl]succinamc acid in 95%yvyield, np
218-20[err]C. [err]H

As described in Example 1(b) for the preparation of 3(R)-amino-N-(2,2-dimethyl-

1(S)-(methylcarbamoyl)propyl)succinamic acid benzy! ester trifluroacetate salt, crude 3(R)-
amino-N-(1(S)-benzyl-2-hydroxyethyl)succinamic acid benzyl ester trifluoroacetate salt
(prepared as described in Example 1(a); 0.876 mmol) was condensed with 4'~(2,5-dimethoxy-
tetrahydrofuran-3-yl)-biphenyl-4-carbonitrile (326 mg, 1.05 mmol) in 1,2-dichloroethane (5
mL). The solution was heated at 85-90°C for 5 hours, allowed to cool, and evaporated to
give a brown oil which was purified via flash column chromatography with 1% HOAc/30%
EtOAc/hex as eluant. HOAc was removed via azeotrope with n-heptane layers to provide
200 mg (39%) of N-(1(8)-benzyl-2-hydroxyethyl)-3(R)-{3-(4'-cyanobiphenyl-4-yl)-1H-
pyrmrol-1-yl]succinamic acid benzyl ester as a pale yellow powder, mp 149-50°C. 'H NMR
(CDCI3): 3 7.74 (s, 4H), 7.59 (d, 4H, ] = 4.1 Hz), 7.32-7.18 (m, 10H), 7.05 (bm, 2H), 6.94 (t,
1H, J = 2.2 Hz), 6.64 (t, 1H, 2.5 Hz), 6.58 (bm, 1H), 5.48 (d, 1H, J = 7.8 Hz), 5.10 (d, 2H, ]
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NVR (DMSO-d[err]): [err] 8.12 (d, 1H, J = 8.5 Hz), 7.97 (s, 1H), 7.88 (d,
2H, J = 8.5 Hz), 7.72 (d, 2H, J = 8.5 Hz), 7.57 (d, 2H, J = 8.1 Hz),
7.33 (bs, 1H), 7.24 (s, 1H), 7.22-7.11 (m 6H), 6.80 (bs, 1H), 6.42
(bs, 1H), 4.98-4.90 (bm 1H), 4.80-4.72 (m 1H), 3.82-3.76 (m

2.82-2.70  WORED) 2 62-2.50 (m 1H). IR (KBr): 3402, "ﬂﬁmﬁ"é@e
1601, 1400, 1202, 825, 782 702, 633 cmerr]. HRFABMS: Cal cul ated for
C[err]H[err]N[err] err] é-IM +Cs[err]): 644.1162. Found: 644.1147.
Anal . Cal cul at ed=3-dHzEPO0Hd18k § [0 P.8 H2),#r4614.32 (0, SHEHRR{4ek2r(jn, 1K), 368.(41; H,
5.40; N, 7.68. 122
WD 98/ 17643 1H,J=53, 17.1 Hz), 3.04 (dd, 1H, J =9.1, 17.1 Hz), 2.70-2.63 (m, 2H). IR: 3389, 3030,
PCT/ US97/ 17809 Found: C, 66.30; H 5.50; N, 7.50, The

starting materi aioa8\g20s, 1f785,1663)260513518)1493we ™} . HRFABMS: Calculated for
3-(4' - Car boxam dobi phenyl -4-yl) -2, 5-di met hoxyt et r ahydr of ur an

[er rl C37H33N;0}0s @AH@lGdf)F 916.1305. Found: 716.1503. Anal, Calculated forC 7H32N;30,
- (2, 5-di net hoxy tet rrahydr of ur an- 3-yl ) - bi phenyl - 4-carbonitril 160

g, 0. 32 mmol) 3R O'd62175%)52%568’6’#6&d3@%2®7d{109§3“5p%rs?x' de (114

[err]L, 1.12 aqueous 3 Terr] mmol ). The

LE;?'rta?.Z%egL ?E“Lﬁgwﬁ?‘%?ﬁaﬁﬁn P?ﬁ*déi’ghqé%d’ﬁﬁs%f&ﬂ%mﬁ. Fu o " t0| no
wer e aried B céwﬁea TR ol Pkt hpReh

give a solid, \/\/n’i’yd'ﬁOI from Et OAc/ hex to give 1.04g
(1009% of 3-(4'-car boxam dobi phenyl 4 yl)-2,5-
di met hoxyt etrahydrofuran as a white powder,
(ChCl[err]): [err] 7.87 (d, 2H, J =
7.56 (d, 2H, J = 8.1 Hz), 7.42 (d, 2H,
3.54-3.29 (m 6H), 2.78-2.00 (m 3H);0 IW (KBr): 3383, 3191, 2908, 1654,
1612, 1400, 1116, 983, 857, 779 cn NMRRABVS: Cal cul ated for

Cerr]Herr]Nerr]err] (M+Herr]): 0 \O

46[err]C [err]H NIVR
), ", 66 (d, 2H, J = 8.1 Hz),
.1 Hz), 526500(m 2H) ,

According to the procedure described in Example 1(a), N-(1(S)-benzyl-2-
hydroxyethyl)-3(R)-[3-(4'-carbamoylbiphenyl-4-yl)-1H-pyrrol-1-yl]succinamic acid benzyl
ester was hydrogenolyzed to N-(1(S)-benzyl-2-hydroxyethyl)-3(R)-[3-(4"-
carbamoylbiphenyl-4-y1)-1H-pyrrol-1-yl]succinamic acid in 95% yield, mp 218-20°C. 'H
NMR (DMSO-dg): 9 8.12 (d, 1H, J = 8.5 Hz), 7.97 (s, 1H), 7.88 (d, 2H, J = 8.5 H2), 7.72 (4,
2H, J =8.5 Hz), 7.57 (d, 2H, J = 8.1 Hz), 7.33 (bs, 1H), 7.24 (s, 1H), 7.22-7.11 (m, 6H), 6.80
(bs, 1H), 6.42 (bs, 1H), 4.98-4.90 (bm, 1H), 4.80-4.72 (m, 1H), 3.82-3.76 (m, 1H), 2.82-2.70
(m, 2H), 2.62-2.50 (m, 1H). IR (KBr): 3402, 2925, 1658, 1601, 1400, 1202, 825, 782, 702,
633 cm’!. HRFABMS: Calculated for C3oHygN;05Cs (M +Cs"): 644.1162. Found:
644.1147. Anal. Calculated for C45H,gN;04 ® 0.3 CHCly: C, 66.49; H, 5.40; N, 7.68.
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328.1549. Found: 328.1560. Anal. Calculated for Clerr]Herr]NJerr]: C
69.69; H, 6.47; N, 4.28. Found: C, 69.68, H, 6.43; N, 4.19.

123 WD 98/ 17643

PCT/ US97/ 17809

N- (1- Benzyl - Q9HEE4 et hyl ) - 3- [ 3- (4' - car banoyl bi phenyl - 4- y| PETESFUIPE, 1y
] succi nam ¢ Aci d Benzyl Ester
[err] As described in Exanple 4(a) for the preparation
of N-(1(S)-benzybund: bystrwnesw N,7.50. . _
3(R)-[3-(4'-cyano- bi phenyl - 4-yl )-lH- pyrrol - 1-yl ] succi nam ¢ acid benzyl
ester, N-(1(S)-

benzyl 2- hydr oxyet hyTl; éaﬁ% rBal\}%rba)l(%/»g%{F nlfl edaasmforl]lg Succi nam ¢ aci d benzyl
ester (0.320 ABS A 0on , e ultant crude
N-(1(S)-benzyl - 2- hydroxy N 3T Frattit tbenzyl
ester trifluoroacetate salt and crude 3- (4'

car boxam dobi phenyl - 4-yl ) -2, 5-di net hoxyt et rahydr @ uran (110 ng, 0.330 mmol)
in1,2- di chl or oet hane condensed in 18, h sNto gi ve a brown solid,
whi ch was purified via flash col mat ogr aphy with 5%

MeOH CH err]C[err] as eluant to prokh (31% of N-(1-

benzyl - 2- hydr oxyet hyl ) - 3-[ 3- (4' - car banoyl BF*bhenyI -yl)-1H pyrrol -1-yl]succ
inam c acid benzyl ester as a pale yellow solid, nmp 192-4[err]C.

[err] H NVR ( DMSO- d[ efe 2 jaluticarof B'-@,53dmetioxytiegrahy drofuran-3-yB-biphketryl-4-cBrbofitr{ls (100
1H, 7.94 (d, 2H, J =8.1 Hz), 7.76 (d, 2H, J = 8.5 Hz), 7.68 (d, 2H, J =
8. Hz), 7 nig30.062 mnibi) in35% BOH (H5)mL)ivas Gdded 30% hydiogen példxide@l Rul( 1,12 1H,
J 2.2 Hz), 6.47 (s, 1H),

mmol) and 6N aqueous NaOH (13 pL, 0.08 mmol). The resultant mixture was heated at

I ol

$O°C for 5 hours, allowed to cool, neutralized to pH7 by pH paper with 5% H,S0,, diluted
with water (10 mL), and extracted with CHCl; (2 x 30 mL). The organic layers were dried
évér MgSO, and evaporated under reduced pressure to give a solid, which was precipitated
from EtOAc/hex to give 1.04g (100%) of 3-(4'-carboxamidobiphenyl-4-yl)-2,5-
Qimethoxytetrahydroﬁuan as a white powder, mp 184-6°C. 'HNMR (CDCI3): 57.87(d,
iH, J=8.1 Hz), 7.66 (d, 2H, J = 8.1 Hz), 7.56 (d, 2H, J = 8.1 Hz), 7.42 (d, 2H, ] = 8.1 Hz),
5.26-5.00 (m, 2H), 3.54-3.29 (m, 6H), 2.78-2.00 (m, 3H); IR (KBr): 3383, 3191, 2908, 1654,
1_612, 1400, 1116, 983, 857, 779 cm™'. HRFABMS: Calculated for C;gH,,N;04 (M +H™):
328.1549. Found: 328.1560. Anal. Calculated for C;gH2;NOy: C, 69.69; H, 6.47; N, 4.28.

Found: C, 69.68, H, 6.43; N, 4.19.
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3.88-3.75 (m 1H), 3.00 (d,

5.10-4.95 (m 3H), 4.81 (t, 1H, J = 5.1 Hz),
= 5.5, 13.2 Hz), 2.67 -2.60 (m 1H).

oH, J = 7.4 Hz), 2.80 (dd, 1H, ]

IR (KBr): 3330, 2962, 1729, 1655, 1606, 1560, 1498, 1261, 1092
cnferr]. FABMS. 602 (M +H err]). Anal. Cal culated for

Clerr]Herr] V@M% = 0.4 CHerr]d[err]: C 70. 6FCTHSIUITER- N
6.61. Found: C, 70.78; H 5.86; N, 6.98.

124 WO 98/ 17643

PCT/ US97/ 17809 Benzyl2-hvdroxyethy-3-[3-(4'-ca

3(R)-[3-(4' - Car banoyl bi phenyl 4 yI) 1I—me&l§ﬂzr{l_§ﬂ$r-l\l-(l(8)
hydr oxynet hyl - 2, 2- di met hyl - propyl ) succi nam ¢ Acid 4

[err] 0 NH, According to
the procedures described in Exanple 1(a), 3( (4"-
carbannylbiphenyl 4-yl)-1Hpyrrol -1- yI]-hLﬁ}?gyfﬁgjroxy met hyl - 2, 2- di net hyl
propyl)succi nam ¢ acid benzyl |mbNbCH and Et CAc was
hydrogenolyzed to afford in 88%Yyield o :
3(R)- (3- (4' - car banoyl bi phenyl - 4-yl ) - TH pyr r ol ~Xo¥1 - N- (1(S) - hydr oxymet hyl -
2- di met hyl - propyl ) succinam c acid as a white powder, np 192- 4[err]C

H NVR = ; J
egr ]1 o). (702([)92 ;] q‘?)s deJcﬂEéd] in xam;ilz 4&?1‘0& ﬁxf 3 arag]r,m %ﬁggl (Wﬁenz;???k%«%ﬁ?y?@
5

[

5. Hz 6. 51 - .02
(da, 1k < (%$R%H)%7%g‘$€§ﬁ‘"6"§§')f'§9%’iﬂ?‘ Yitgerigeltt i S T 0
1710, 1658, 1404, 120 70 Cal cul.at ed

Cerr]Herr] N egb T §n}(er %(g Ttpxylf?%"’%/g&?m I‘—%ﬁ%%m?ﬂaféé)%?@ﬁ .CStKr{gPZO
e N A P e o
starting materials were avail able as foll ows

3(R) - (t-But oxy ¢ A PHAIPETTHGSIRAmAG 3ciK( W?ﬂ?‘ﬁwaﬁwm?“?“ém@?ﬁﬁ propyl ) succ

i nam ¢
carboxamidobiphenyi-4-yl)-2,5-dimethoxytetrahydrofuran (110 mg, 0.330 mmol) in 1,2-

dichloroethane condensed in 18 hours to give a brown solid, which was purified via flash
column chromatography with 5% MeOH/CH,CI, as eluant to provide 60 mg (31%) of N-(1-
benzyl-2-hydroxyethyl)-3-[3-(4'-carbamoyibiphenyi-4-yl)-1 H-pyrrol-1-yl]succinamic acid
benzyl ester as a pale yeilow solid, mp 192-4°C. 'H NMR (DMSO-dg): 68.18(d, 1H,J=
8.5 Hz), 8.00 (s, 1H), 7.94 (d, 2H, J = 8.1 Hz), 7.76 (d, 2H, J = 8.5 Hz), 7.68 (d, 2H, ] = 8.5
Hz), 7.58 (d, 2H, J = 8.5 Hz), 7.36 -7.14 ( bm, 7H5, 6.84 (t, 1H, I=2.2 Hz), 6.47 (s, IH),
5.10-4.95 (m, 3H), 4.81 (t, 1H, ] = 5.1 Hz), 3.88-3.75 (m, 1H), 3.00 (d, 2H, J = 7.4 Hz), 2.80
(dd, 1H, J=5.5, 13.2 Hz), 2.67 -2.60 (m, 1 H). IR (KBr): 3330, 2962, 1729, 1655, 1606,
1560, 1498, 1261, 10§2 cm’!. FABMS: 602 (M +H"). Anal. Calculated for C37H35N305 ®

0.4 CH,Cl,: C, 70.67; H, 5.68; N, 6.61. Found: C, 70.78; H, 5.86; N, 6.98.
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Aci d Benzyl Ester [err]
125 WO 98/ 17643

PCT/ US97/ 17809 As described in Exanple 1(f) for the
preparation of N—ﬁ) S) - benzyl - 2- met hoxyet hyl ) -

3(R) - (t - but oX}YCEVMEM| ami no) succi nami ¢ acid benzyl ester, FPCTUSITLIEI

N-t - but oxycar bonyl - Daspartic aci d [err] benzyl ester (1.00 g 3.10
mol ) and L-t-| C|n bgﬂ#ﬁ cou}g with BOP to
afford 1.20 g ( é&&%&ﬁ&ﬁ maylinbenvidyll ﬂyrfft S)V'lerK&zyrret hyl -
2, 2-di net hyl - %‘EY'GP PpecipgampgAcks 5 white powder, np
186 7C. [err]H NI\/R (CDCl[err]): [err] §-22 (s, 5H), 6.52 (d, 1H J =
9.3 Hz), 5.62-5.52 (m 1H), 5.25 (dd, 2H, 12.1, 18.7 Hz),
4.584.48 (m 1H), 3.90-3.78(m 2H) , ltﬂ"’(m 1H), 3.22-3.10 (m 1H),
2.78 (dd, 1H, J = 5.9, 17.7 . 52-2.45 (m 1H), 1.22 (s, 9H),
0.98 (s, 9H . IR 3322, 2960, o 730 1664 1528, 1367, 1249, 1165, 1050
cnferr]. Anal. Calculated for C[*Q"f'*l’f\H["é‘r‘ro]-rN[err]CIerr] C, 62.52; H,

8.12; N, 6.63. Found: C, 62.20; H, 8%°14s N, 6.62.
3(R)-[3-(4'-Carbanoyl bi phenyl -4-yl -1H pyrrol -1-yl]-N-(1(S) - hydr oxynet hyl -

E‘ ?i met hyl - According to the procedures described iPE:@R¥le) IRAC SR 4 AC' d Fenz)"
ster err

As descri bed for, ARd-vihg P yl - 2-
hydr oxyet hyl ) - 3( R) - (ghg a?rfc)) %ﬂgl Pygwﬁg%‘g‘gr%&é u?i'tﬁ%lm nam c

aci d benzyl est

3-(4' -carboxam %FQSP' Bﬂlwﬁk gglg bﬂeﬁ?&n Mf lt'lr a‘f‘rEtg S Byorggegolyzed t_° afford { _m
TERLACAS R R LS R R

dimethyl-propyl)succinamic acid as a white powder, mp 192-4°C. "H NMR (CD;0D): &
7.95(d, 2H, J = 8.4 Hz), 7.72 (d, 2H, J = 8.1 Hz), 7.60 (s, 4H), 7.32 (d, 1H, J = 1.6 H2), 6.92
(t, IH, J=2.5 Hz), 6.51 (s, 1H), 5.20 (t, lH, J = 7.5 Hz), 3.85-3.75 (m, 2H), 3.02 (dd, I1H, T =
7.2, 17.0 Hz), 0.92 (s, 9H). IR (KBr): 3360, 2961, 1710, 1658, 1404, 1201, 770 cm’';
HRFABMS: Calculated for Cy7H;,N305 (M +H)": 478.2342. Found: 478.2360. Anal.
Calculated for C4;H3;N305 @ 0.25 CH,Cl,: C, 65.62; H, 6.37; N, 8.42. Found: C, 65.86, H,
6.69; N, 8.30. |

The starting materials were available as follows:

- N-1(S 2.
o
HN‘*o

©’\0J\/LrNH/‘OH
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condensed in 1, 2-dichloroethane to furnish 110 ng (41% of

3(R)-[3-(4' - carbanoyl bi phenyl - 4-yl)- 1

H pyrrol -1-yl]-N-(1(S) - hydr oxymnet hyl - 2, 2- di met hyl - propyl ) succi nam ¢ aci d
benzyl ester as a solid, rrp 201- 3[err]C [err]H NI\/R (CDC1 %Q
[err] 7.88 (FOBT643 = g 1 Hp), 7.69 (d, 2H, J = 8.4 FET’U%W ?(d,

2H, J = 8.4Hz), 7.56 (d, 2H, J 8.7 Hz), 7.36-7.26 (m 5H) 7.10 (d, 1H J
126 WO 98/17643 . .

PCT/ US97/ 17809 Asdescribed jn\Examplg 1(f) for theigrepgratiopofiN-(1£§)-beazyd-R-raethoxyethyly =
1.6 Hz), 5.60-5.56 (m 1H), 5.10-5.02 (m 3H), 3.80-3.70 (m 2H),
3.50-3.38 (m 3H(R)-Q:-butoxyembonylemind)succinainic 4cid Benleljester) Natthufoxycabdnyl-Dirspartic
(KBr): 3356, 2961, 1735, 1655, 1606, 1560, 1542, 1406, 1200 cnierr]. Anal.

Cal cul ated for acid p-bédfzplresiet{100rg) N[lenﬁx}dq@ﬁrl.]-t-léu&ho?@o@ﬂgﬂ 40 ﬂn{o@rvrre]re coGpled
69.85; H, 6.42; N, 7.14. Found: C, 69.82, H 6.67; N, 7.12.

5(a). N-[2,2- D metthBOP id S¥ord Mdg@(b%ﬁﬁifh&%))(%ﬂ@ﬁdchb&(y@mﬁé rﬁénépwdk&y&eﬁlyl-
yl ) phenyl ] -1H pyrrol - 1-yl ] succi nam ¢

[err] 2,2-dimethyl Jubdiandit acid benzyl est hite powd 186-7°C. '"HNMR
N ( 1- benzyl oxycar bonyl gx?mgylg di met hyl butnzg( R)e“;f‘aw le(pow Tr mf

0 %12 ol PG ST B F?é“?%%&?@ﬂ?%ﬂ SBIEAT
catalyst was {110 SetTRom 1D 3808 (AN SEOTBIR s Fp Bt g | ©
whi ch vas preci ?@alfrﬁa o R G 6 e BT G P el AR ch

68 95% of N-
[2, > dl(rret/()hyl 1('§)>°(1|§9‘a|18§yh%5t7hw?p‘rlééyh°]5°SIPR) Apngl. [Caleplated feni Gooba g Ppneny | | -
1H pyrrol - H]SUCCI nam ¢ aci d as agel | ow solid, np 192-4C. J[err]H
NVR (CD[err]CD) 62132 H} 8.62:3%6 663, Foypd: £,62.20; H,8.5;Y,663. 7.78-7.60 (m 7H),
7.37 (t, 1HJ:19H2)696(t 1H,J=25Hz)654(t 1H, J =
1.6Hz),522(d-4 ghenyl-4-vB3LHpy y , Ak
3.22 (d, 1H, J =7.5 nmn!nﬂmnamm.Ang_BsnnLEsm

As described for Example 4(a) for the preparation of N-(1(S)-benzyl-2-
hydroxyethyl)-3(R)-[3-(4'-cyano-biphenyl-4-yl)-1H-pyrrol-1-yl}succinamic acid benzyl ester,
crude 3-(4'-carboxamidobiphenyl)-2,5-dimethoxy-tetrahydrofuran and 3(R)-amino-N-(1-

- hydroxymethyl-2,2-dimethyl-propyl)succinamic acid benzy! ester trifluoroacetate salt were
condensed in 1,2-dichloroethane to furnish 110 mg (41%) of 3(R)-{3-(4'-carbamoylbiphenyl-
4-yl)-1H-pyrrol-1-y1]-N-(1(S)-hydroxymethyl-2,2-dimethyl-propyl)succinamic acid benzy!
ester as a solid, mp 201-3°C. 'H NMR (CDCI13): & 7.88(d,2H,J=8.1 Hz), 7.69 (d, 2H, ]
= 8.4 Hz), 7.61 (d, 2H, J = 8.4Hz), 7.56 (d, 2H, J = 8.7 Hz), 7.36-7.26 (m, 5H), 7.10 (4, 1H,J
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Hz), 3.02(dd, 1H, J =7.2, 16.8 Hz),0.90(s,9H). I R(KBr): 3405, 2960, 1718,
1656, 1602, 1560, 1408, 1364, 1203, 922, 818, 783 cnferr]. HRFABMS:
Calculated for CJerr]JHerr]Nerr]gerr]Cs (M +Cs[err]): 568 1212.

Found: 568.1189. Anal. Calculated for (Jerr]Herr]Nerr]Q erH_ 10

WD 98/ 17643

PCT/ US97/ 17809 C, 67.38; H 6.55; N 9.39. Found: C, 67.69, H, 6.90;
N, 9.65. = 1.9 Hz), GRE (G L Hy |+ DG Heteehli (8]l Hahs 116, S960-5.56 (ng W), 5.10-5.02 (m,
4- (4- Br ono- phenyl ) - pvridi ne

[err] 3H), 3.80A%200(nali28%), 3. 30-3. &(ni 301, e004r (8d, A8k ¢ &idloe 07.0 Hz)78.307, SHYL (IR)

for the preparation of 3- bi phenyl - 4-yl -furan, 4-bronopyridine (700

mg, 3.00 ol ) 8 985Y, 2961 BYISN O65i501 66, 1560, 1503, qmﬁw&#bf%n CcaGdifled r
give 2.38 g (100% of4(4brormpeny)pyr| |neasaye solid,

whi ch had an N quﬁct Iy e I '
Thi ebaul t, A.; 'V@3EIJ?§N lj.l,dlzJ ?gﬂgﬁd IgQ‘%’"et Ta edron ‘Ilzest%'fsz lgf’99 % N3§',12'

491-494) and va H 100y Wh BbroBP-a{ 6 B ich25
1474, 1412, 107 x-? }su amlc
3-(4'-Pyridyl ph
[err] Accordl ng to the procedure de €r¥bed in Exanple 1(a)
for the preparation of 3- bi phenyl - 4-yl -fu
4- (4- bronophenyl ) pyridine (700 ng, 3.00 mmol ) Zynde rwent coupling to
3-furanboronic acid (see Thonpson, W J.; udino, G J. Og. Chem 1984,
49, 5237-5243). Purification via flHB@ -ING'HﬂOBhronat ography with 2%
MeOH CH err]Cl[err] as eluant led to obt ngon of 640 ng (97% of
3- (4" -pyridyl phenyl -4-yl)furan as a yellow solid, which was used in
the next reaction. [ érmixiraniN-(IOBGEYIexychtponyienyr3,3-8imgghyltut-2Ry)B(R)-B-{9- Hz) ,
7.82 (dd, 1H, J =
(pyridin-4-yl)phenyl]-1H-pyrrol-1-yl]succinamic acid benzyl ester (140 mg, 0.212 mmol)
and Pd(OH), (60 mg of 20% Pd by content) in MeOH (1 mL) and EtOAc (9 mL) was stirred
under H, atmosphere for 3 hours. The catalyst was filtered onto Celite and rinsed with 10%
MeOH/CHCI; (75 mL). The filtrate was concentrated in vacuo to provide a yellow solid,
v_vhich was precipitated from hot CHCI; solution with hexane to furnish 68 mg (95%) of N-
(2,2-dimethyl- 1(S)-(hydroxymethyl)propyi]-3(R)-[3-(4-(pyridin-4-yl)phenyi]-1 H-pyrrol-1-
ylJsuccinamic acid as a yellow solid, mp 192-4°C. 1I-{NMR(CD_a,OD): 58.56(d, 1H,J=
5.9 Hz), 7.78-7.60 (m, 7H), 7.37 (t, 1H, J = 1.9 Hz), 6.96 (t, 1H,J =2.5 Hz), 6.54 (t, IH,J =
1.6 Hz), 5.22 (dd, 1H, J = 2.5 Hz), 3.83-3.70 (m, 2H), 3.45-3.40 (m, 1H), 3.22 (d, 1H,J =75
Hz), 3.02 (dd, 1H, J= 7.2, 16.8 Hz), 0.90 (s, 9H). IR (KBr): 3405, 2960, 1718, 1656, 1602,
1560, 1408, 1364, 1203, 922, 818, 783 cm™'. HRFABMS: Calculated for CysHpgN30,Cs

(M +Cs"): 568.1212. Found: 568.1189. Anal. Calculated for C;5HygN30,4 ® 0.10 CHCly:
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0.6, 1.6 Hz), 7.76-7.43 (m 7H), 6.76 (dd, 1H J = 0.9, 1.8 Hz). Anal.

Cal cul ated for CerrJ]Herr]NO C, 81.43; H, 5.01; N, 6.33. Found: C,
81.32, H 5.08; N, 6.28.

128 WD 98/ 17643

PCT/ US97/ 1780%0 98/17643 PCT/US97/17809

2, 5-Di hydro- 2. 5-di met hoxy- 3-(4-(pyridin-4-yl)phenyl)furan

[err] rd|n to th oceduredscrlbed i n Exanpl e
1(a) for the pr éf:}é?é?ﬂ%f‘%ﬁ 9-’9 ound: C, 3785 H,6.90;N 565,

bi phenyl - 4-yl -2, 5- d|2¥dro 2, 5 di met hoxyf ur an,

3-(4'-pyridyl pheny| - Zhgstasting material #ees mgde 25 folows: mmol ) was converted and
purified via flash colum chromat ography with 2% MeOH CH [err]C[err]

as eluant to afford 600 ng (100% of4-(&-Bronipiphchyt)-wRriflinegi met hoxy- 3- (4-
(pyridin-4-yl)phenyl)furan as a tan solid. [err]pNVR (CDCl [err]): [err]

8.68 (d, 2H, J = 4.0 Hz), 7.68 (s, 4H) %52 (d, 2H, J = 5.9 Hz),
6.40 (s, 1H), 6.30 (d, 0.5H, J = 3.7 Hz), -@& (s, 0.5H), 6.02 (d,
0.5H, J = 3.7 Hz), 5.72 (s, 05H) 3.52 (s, 1.5H), 3.48 (s, 1.5H), 3.45 (s,
1.5H), 3.43 (S Acdor@ifly A&Mﬁm deddribed @t Fﬁrlgg[f&rtﬁ grbRraibAGERr ] :
(M+H err]): 284.1287. Found 4.1294. | cul ated for

C[ er r]H err] N &fifHeny1S-fidufds, 4- ﬁom@pﬁrrﬂxdﬁ (760 B¢, 3. dl_)%ﬁﬂgl) ultderweht Splidg to @ 05 N,
B R R -

[err] ccor protedu

1(a) for the pr es%?cri %ﬂl&rhag an %IMR that matched literature (Boy, P.; Combellas, C.; Thiebault, A.;
Amatore, C.; Jutand, A. Tetrahedron Lett. 1992, 33, 491-494) and was used without further
purification. IR (KBr): 1593, 1474, 1412, 1075, 1006, 807, 756, 693, 498 em.

-(4'-Pyri -4-v

Z N
Q/@@
a
OI

According to the procedure described in Example 1(a) for the preparation of 3-
biphenyl-4-yl-furan, 4-(4-bromopheny!)pyridine (700 mg, 3.00 mmol) underwent coupling to
3-furanboronic acid (see Thompson, W. J.; Gaudino, G. J. Org. Chem. 1984, 49, 5237-5243).
Purification via flash column chromatography with 2% MeOH/CH,Cl, as eluant led to
obtention of 640 mg (97%) of 3-(4"-pyridylphenyl-4-yl)furan as a yellow solid, whigh was
used in the next reaction. 'H NMR (CDCI3): & 8.68 (d, 2H, ] =5.9 Hz), 7.82 (dd, 1H, J =
0.6, 1.6 Hz), 7.76-7.43 (m, 7H), 6.76 (dd, 1H, J = 0.9, 1.8 Hz). Anal. Calculated for

C,sH;NO: C, 81.43; H, 5.01; N, 6.33. Found: C, 81.32, H, 5.08; N, 6.28.
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bi phenyl - 4-yl - 2, 5- di net hoxy-t et rahydr of ur an,

2, 5-di hydr o- 2, 5-di met hoxy- 3- (4- (pyridi n-4- yl ) phenyl ) furan (300 ng,
1.06 mmol) was hydrogenated in MeOH after 6 hours to furnish 300 ngy
10099 of 2, 5-di met hoxy-3-(4- ridin-4-yl)phenyl)tetrahydrg a

§/el | c?w o % wosanness y-3-(4-(py yl) phenyl) y pér%s@%@@

WD 98/ 17643

PCT/ US97/ 17809 whi ¢ RL3RibvdrosZixdithetho : furdy and whi ch
was used without further purlflcatlon [err]H NI\/R(CDCI[err]) [err]
8.68 (bs, 2H), 7.76-7.36(m 6H), 5.34-4.94 (m 2 3.72- 3.20 (m

7H), 2.75 (ddd, 0.15H, mnor isoner, J = 5. N 13.7 Hz), 2.35 (ddd,

0. 74H, maj or isoner, J = 5.6, 12. 8, 12. 2.20 (dd, 0.0.19H, m nor
i somer, J = 6.9, 120Hz) 2.12 ('&8 H, mnor isonmer, J = 3.7,
5.9, 13.7 Hz) Anal . Cal cul ated for C[err]?—l eeHyl N err] * 0.2 Herr]C
C, 70.66; H, 6.77; N, 4.85. Found: C 70. 49 H 6.74; N, 4.76.

N (1(S)-Benzyl oxycar pbon th

but oxycar bonyl ani no) ‘if8§ %1% Pﬁf}c/cle éer?gr\'/ %p?@f'(la?fo?&@nef)&auon of 3-

[err]

3(R) - (t-but oxycaipbﬁwyg Sm?aay"hy&o(i;?gum%m a—ggyyrh%ﬁ%wﬁagwﬁn (470 mg, 2.12

propyl)succinanic acid benzyl ester ared a

described in Exgwsievas convertedand P&Hﬁc‘ﬁﬁ\&*ﬁ a?ﬁraﬁgﬁ)ﬁ‘hﬁz CHC1 [err]
(5 nL) was added benzyl chl orofornate é 5(3] After
hours, 10% aqueMeOHEBEleps dlugnt B affoyd §0Qsmed HRSA) Of"F’ISfedlhydm'zéq%@ HYebifs Iayer
was extracted with nore CHCl [err] (15 m_) two tine. The conbi ned

CHO [err] | ayer gpyridinet-ylrsieny)furat s 2@85alidu SHNMRKGRES) T & 86Bdd,RAH, | =4t Balat ed
aqueous NaHC( err] (120 m.), and Herr]O (10 m), dried over Na2SO4 and
evaporated to g7\68 (§4H),0k2 (8 dH,d = S0hH2)N6.40 (s, 1 H)R6.3p (d, DISHte= 9i7&2), 605 (s.dfHIM
chromat ography to afford 1.42 g (85% of N (1(S)-

benzyl oxycar bonyloz @083, 1 3. 21H2); sl7eel igH), prsejey 1)5H3,(338-(6,L1:5H), 3.45 (s, 1.5H), 3.43

(s, 1.5H). HRFABMS: Calculated for C;7H,gNO;: (M +H"): 284.1287. Found: 284.1294.

Anal. Calculated for Cy;H,;NO3: C,72.07; H, 6.05 N, 4.94. Found: C, 71.97, H, 6.05; N,

4.95.

2N
\P
HaC
0

OCH,

According to the procedure described in Example 1(a) for the preparation of 3-
biphenyl-4-yl-2,5-dimethoxy-tetrahydrofuran, 2,5-dihydro-2,5-dimethoxy-3-(4-(pyridin-4-
ybDphenyl)furan (300 mg, 1.06 mmol) was hydrogenated in MeOH after 6 hours to furnish
300 mg (100%) of 2,5-dimethoxy-3-(4-(pyridin-4-yl)phenyl)tetrahydrofuran as a yellow oil,
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but oxycar bonyl am no) succi nam ¢ acid benzyl ester as a white solid, np

69-71C. [err]H NWR (cCferr]): [err] 7.37-7.27 (bm 10H), 6.63 (d,

1H, J = 9.3 Hz), 5.61 (d, 1H, J = 7.5 Hz), 5.16 (s, 2H), 5.15 (d, 1H,

J = 12.3 Hz), 4.97 (d, 1H J = 12.3 Hz), 4.51 (d, 1H, J = 5.6 sz, .29

(dd, WO 98/1764 130 PCT/USITNTERP)

98/ 17643

PCT/ US97/ 17809 _,. 1k =.3.7, 11 4. dd 1H, 7, 1.2

Hz) , 4. 05( ddd, ]ylhxj:h ya%a Tlljgmg ogﬂgtergorbqs gy WR e.adéwhx leasJused y(nl?out érythir H) ,

2.72 (dd, 1H, J S5, 4

3340, 2951, 1753“@%‘%‘“ Qﬁ“ﬁ@@%gﬁ 58@5'6_?*5 7364 7 36%m, 6ED), 5.34-4 5% (m, 28D, 3.72-

1272, 1175, 790, 734cnf e HRLSI M5: Cal cul ated for

Clerr]H err] N ef2p @e"’rm] &35 (ddi. QoL migor isog®D J £5@D 10.803AHZ)EB3S (U846, 74Hnal .

Calculated for CQerr]Herr]Nerr]Jerr]: C 64.72; H 7.24; N, 5.03. Found:

C, 64.82: H, 7. x@joriomdr, $8.5.6, 12.8, 12.8 Hz), 2.20 (dd, 0019H minor isomer, J = 6.9, 12.0 Hz),

N (1- Benzyl oxycar bonyl oxy- 3, 3-di net hyl but-2(R)-yl)-3(R)-[3-[4-(pyridin-4-yl

) phenyl ] - 1H 2.12 (ddd, 0.16H, minor isomer, J = 3.7, 5.9, 0¥.0 Hz; - And).| Gadoutatad 766 C, ;AGND; @

Benzyl Ester [err]

é\?%?rdl ng to the2M,0c e J0s6e5C T Biedl8s. FomxB @4k (5. 7400, 4752 preparation of
t-

butoxycarbonyl am no- N- (R 2 igEREMMvoaks Bk by N R RBR SR Ci nami ¢

acid benzyl ester, : coinamic Aci

N- (1R- benzyl oxy- car bonyl oxyn%%%wgﬁ)wg{qt-

but oxycar bonyl am no) succi nanmi ¢ aci d benzyl toé4’- was deprotected. The

correspondi ng am ne salt and o HN

2, 5-di net hoxy- 3- (4' - pyri dyl phenyl - fo was condensed in
vvet 1, 2-di chl or oet hane at 80-90qC a 18 h@u to sh a crude
product, which was purl fied via flash col um chrorrat ography with 1%

HOAc/ 5% MeOH /CH ery] d [ er Iuant t ~ furnish 160 (549 f
N- (1- benzyl oxycar bonﬂ 55{'/“ ugngf ?W‘i”ﬁﬁ?’gﬂytﬁ“‘%b}" -G 3imety|- h‘gghydmx@me&yl‘
(pyridin-4-yl)phenyl]-1Hpyrrol-1-yl]succinam c acid benzyl ester as a
yeI | ow sol id, nprop¥l)succinamic geid benaylester (AR g SHUmmMo;Prpareq a5 described in Exgmple
5.9 Hz), 758(d SH, J = 2.2 Hz), 7.55-7.43 (m
4(c)) and DMAP (920 mg, 7.51 mmol) in CHCl; (5 mL) was added benzyl chloroformate

(1.07 mL, 7.51 mmol). After 2 hours, 10% aqueous KHSO, (15 mL) was added. The
aqueousueous layer was extracted with more CHCl; (15 mL) two time. The combined
CHCl, layers were washed with 10% aqueous KHSO, (10 mL), saturated aqueous NaHCO;
(10 mL), and HyO (10 mL), dried over Na,SO,4 and evaporated to give a crude solid, which
was purified via flash column chromatography to afford 1.42 g (85%) of N-(1(S)-
benzyloxycarbonyl-oxymethyl-2,2-dimethyl-propyl)-3(R)-(t-
butoxycarbonylamino)succinamic acid benzyl ester as a white solid, mp 69-71°C. 'H NMR
(CDCI3): 6 7.37-7.27 (bm, 10H), 6.63 (d, 1H, J=9.3 Hz), 5.61 (d, 1H,J=7.5Hz), 5.16 (s,
2H), 5.15 (4, 1H, J = 12.3 H2), 4.97 (d, 1H, J = 12.3 Hz), 4.51 (d, 1H, J = 5.6 Hz), 4.29 (dd,
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4H), 7.34-7.22 (m 7H), 7.08 (t, 1H J 1.9 Hz), 6.74 (t, 1H J = 2.5 Hz),

6.54 (dd, 1H, J = 1.9, 2.8 Hz), 5.46 (d, 1H 9.3 Hz), 5.18-5.05 (m
4H), 5.03 (s, 2H), 4.30 (dd, 1H, J = 2.5, 12.0

131 WO 98/ 17643

PCT/ US97/ 17808098/17643 Hz) 4.00 (m 2H), 3.46 (dd, 1H J = FCIUSYEIRy)
3.00 (dd, 1H J = 9.3, 15.0 Hz), 0.83 (s, 9H). IR (KBr): 2961, 1748,
1666, 1600, 1560, 1263, 1118, 815, 783, 737, 695, 541 cnferr]. HRFABVS:

7oz, 2034, anal . oo CEROCH R % LA R W diy 7 Poos RN
7101 H 635 W Bde R LR s Vit B dsk oo M el

a simlar manner

N- ( 2- Hydr oxy- 1(53%%&}5??%757 %&3 1533, 1507 1456; HR6A- 12754 NBHIAQ 74 om.
pyrrol-1-yl] SUCCI nam C

[err] %c@?’l?ﬂlﬁgd o5 CakaoiaQuSe Qr+Cs e $89.1 839 Found,G8Rmh825. Bna
N- ( 2- benzyl oxycar bonyl OoXy-

| (S) - phenyl et hyl Galg{la¥d fo8 ChaHha0g: oF, 104 22)H,) T4 Ny 5.03. Felupdy C; 64.82 Hy 728N, ¢l 98ani
c acid benzyl ester was hydrogenol yzed to afford 60 g (68% of

N- ( 2- hydr oxy- 1( SN-{}Hxmyyles : ]

3(R) - [3[4(pyr|d|n4yl)phenyl] At pcindmid 4
(COerr]CD): [err] 8.56 (d, 2H, J 59Hz)
(t, 1H, J = 1.9 Hz), 6.95 (t, 1H, J = 2. 5 Hz) ,
2.8 Hz), 5.22 (dd, 1H, J =7.2, 7.4 Hz), 3.7
1H, J = 7.2,16.8Hz). IR(KBr): 3315, 1718, ¢l

1654, 1602, 1560, 1491, 1406, 1202cm @‘o&&”“fo"o'\(j

2 [err]H NWR

N78-7.60 (m 7H), 7.38
¥6.55 (dd, 1H, J = 1.6,
(bm 2H), 3.02 (dd,

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butoxycarbonylamino-N-(2,2-dimethyl-1(S)-methylcarbamoylpropyl)succinamic acid benzyl
ester, N-(1R-benzyloxy-carbonyloxymethyl-2,2-dimethyl-propyl)-3(R)-(t-
butoxycarbonylamino)succinamic acid benzyl ester was deprotected. The corresponding
amine salt and 2,5-dimethoxy-3-(4'-pyridylphenyl-4-yl)-tetrahydro-furan was condensed in
wet 1,2-dichloroethane at 80-90°C after 18 hours to furnish a crude product, which was
purified via flash column chromatography with 1% HOAc/ 5% MeOH /CH,Cl, as eluant to
wsh 160 mg (54%) of N-(1-benzyloxycarbonyloxy-3,3-dimethylbut-2(R)-y1)-3(R)-[3-[4-
(pyridin-4-yl)phenyl}-1H-pyrrol-1-ylJsuccinamic acid benzyl ester as a yellow solid, mp 74-
6‘;C. "H NMR (CDCI3): 6 8.65 (d, 2H, J = 5.9 Hz), 7.58 (d, 5H, J = 2.2 Hz), 7.55-7.43 (m,
4H), 7.34-7.22 (m, 7H), 7.08 (t, IH, J 1.9 Hz), 6.74 (, 1H, J = 2.5 Hz), 6.54 (dd, 1H,J= 1.9,

2.8 Hz), 5.46 (d, 1H, 9.3 Hz), 5.18-5.05 (m, 4H), 5.03 (s, 2H), 4.30 (dd, 1H,J=2.5,12.0
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[err]. HRFABMS: Calculated for CJerr]Herr]Nerr](err]Cs(MCs[err]):

588. 0899. Found: 588.0914. Anal . Cal cul ated for
Cerr]Herr]Nerr]dJerr] * 0.2 CHCl[err]: C, 68.15; H, 5.30; N, 8.77.

Found: C, 68.19, H 5.63; N, 8.38.

132 WO 9 1759% 4 3 PCT/US97/17809

PCT/ US97/ 17809 The starting materials were nade as fol | ows:

3(R) - (t-Butoxycarbonyl am no) - N- (2- hydroxy- 1(S) - phenyl - et hyl ) succi nam ¢ Aci d
Benzyl 4.00 (m. 2H). 3. s{e

[err] Fz), 4.00 (m, 2 346 8 8- I 78 }%3§éh3°°&ddéc‘:‘r§1’;e%r31 R L A TED

for the preparatd

benzyl - 2- net hoxy- P@t hﬂmﬁ%(%é) l%‘&t b@??c%?PBvo‘ﬁ?? %?ﬁ hbi8s Elgcflﬁaﬁ?-" Ggéisélf)‘@‘r:zyl
25 phenyl g1 yoi ndTRYERUSE SSBIe 7 ol Ogei %?” 50 RI0RH e
ot byl ) suci nan & AEIEEBR Gyl “Xd”i@y' £58 C&n%mmw(m &7 Found:

[err] 7.40-7.22 (m 10H), 710(bd 1H, J = 9.3 Hz), 5.66 (bd, 1H, J =
9.3 Hz), 5.14 (7194 HP.365M559. 18. 4 Hz), 5.08- 5.02 (m 1H),
4.58-4.50 (m 1H), 3.94-3.80 (m 2H), 3.12 (dd, 1H, J = 4.4, 17.1 Hz), 2.75
(dd, 1H, J = 5. Q‘heio‘lloMngz:):mpﬁuwiwﬁreZ%&démaéixlﬁ)lanﬂanﬁ&:(s, 9H). IR

3322, 2965, 1730, 1660, 1367, 1166 cnferr]. Anal. Calculated for

d err] H err] N erEdanipé 5(b). NQ2-Hydrxa+1($)dhebyletby DAIR)-13-[48pyridinde-yl}phenyl}-1H-
Found: C, 64. 34;pyrrold-yiBucdibantic AQid

N ( 2- Benzyl oxycar bonyl oxy- 1( S) - phenyl et hyl ) - 3- (R) -
ccinam c
[err]

but oxycar bonyl am no) Su
Aol d Benzyl Ester

HO"K/'\r NH_~oH

Q0

According to the procedure described in Example 5(a), N-(2-benzyloxycarbonyloxy-
1(S)-phenylethyl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-yl]succinamic acid benzyl
ester was hydrogenolyzed to afford 60 mg (68%) of N-(2-hydroxy-1(S)-phenylethyl)-3(R)-
3(R)~[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-yl]succinamic acid. 'H NMR (CD;0D): &
8.56 (d, 2H, J = 5.9 Hz), 7.78-7.60 (m, 7H), 7.38 (t, 1H, J = 1.9 Hz), 6.95 (1, 1H, J = 2.5 Hz),
6.55 (dd, 1H, J = 1.6, 2.8 Hz), 5.22 (dd, 1H, J = 7.2, 7.4 Hz), 3.76-3.64 (bm, 2H), 3.02 (dd,
1H,J=7.2, 16.8 Hz). IR (KBr): 3315, 1718, 1670, 1654, 1602, 1560, 1491, 1406, 1202 cm’
!, HRFABMS: Calculated for Co5HpsN;0,Cs (M +Cs*): 588.0899. Found: 588.0914.
Anal. Calculated for Co;H,5N30, ® 0.2 CHCl;: C, 68.15; H, 5.30; N, 8.77. Found: C,

68.19, H, 5.63; N, 8.38.
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According to the procedure described in Exanple 5(a) for the preparation of
N (1R- 133 WO
98/ 17643

PCT/ US97/ 17809

benzyl oxycar B¥138%4Pet hyl - 2, 2- di net hyl - propyl ) - 3(R) - ( - but oRGFEESHHBIPani no)
succi nam ¢ acid benzyl ester, N-(2-hydroxy-1(S)-phenyl-ethyl)-3(R)-(t-
but oxycar bonyl am no) i i J was acylated to provide
crude product, vﬁ‘l ch ?ﬁﬁ?ﬁf&éﬁﬁeﬂ&fffl col um chr omat ogr aphy with
30% Et OAc/ hex as, :

N- (2- benzyl oxyca or-Ra

am no) succi nam ¢ acid benzyl

I|d rrp105 GC

ester as a whi® [err]H NWMR
(CDC[err]): [err] 7.40-7.18 (m 15H), 5.6$/(bs IH, 5.24 (g, 1H J =
6.6 Hz), 5.12 (s, 2H), 5.06 (g, 2H J = 109 ;OHZ) 4.50 (bs, 1H), 4.55
(ddd, 2H, J =5.0, 6.8, 11.2 Hz), 2.99 (dd, dH; 4.4, 17 0 Hz), 2. 66
(dd, 1H, J =6.2, 17.0 Hz), 2.42-2.36 (fg | R 3320,
2981, 1742, 1692, 1657, 1518, 14588 4394, 113 77, 1171 cmerr].

Anal . Calculated for Jerr]Herr]Nerr]derr]:
4.86. Found: C, 66.57; H 6.31; N, 4.88.
N- ( 2- Benzyl oxycar bonyl oxy- 1(S) - phenyl et hyl )-3(R)-[3-[4- (pyri di n-4-yl) phenyl

,6665 H 6.29; N

]-1H pyrrol - According to the procedure described in Edamyplld K)o theyreparatioh df e n(B)-I
Ester [err]

Accordi ng to thgenpyloeelbey-eREF8R)eGuioydaradnill anidd-fukcihdic b€ béz@RseRN-on of
N (2, 2- di met hyl - 1( S) - net hyl car banoyl propyl ) - 3(R) - ( 3- phenyl - 1H pyrrol -

1-yl ) succi nam Cp@gtydarbonyl-DISPENE a8 BDenzy] ester and 28-phenylglycinol were coupled with
N ( 2- benzyl oxycar bcﬁyl oxyy 1@2 phenyl h(laztyhyl )-3(R )p( ey P

gugog?/%[ ﬁg%' gﬁ??l?% gxlé%glb g?m_ng (B IEOA ¥ butyefiborfyfhino)-N-(2-hydroxy-1(S)-phenyl-
ethyl)succinamic acid benzy! ester, mp 117-8°C. 'HNMR (CDCI13): & 7.40-7.22 (m, 10H),
7.10 (bd, 1H, J = 9.3 Hz), 5.66 (bd, 1H, J = 9.3 Hz), 5.14 (dd, 2H, ] = 12.1, 18.4 Hz), 5.08-
5.02 (m, 1H), 4.58-4.50 (m, 1H), 3.94-3.80 (m, 2H), 3.12 (dd, 1H, J = 4.4, 17.1 Hz), 2.75 (dd,
1H,J=5.9, 17.4 Hz), 2.42-2.36 (m, 1H), 1.20 (s, 9H). IR: 3322, 2965, 1730, 1660, 1367,
1166 cm™'. Anal. Calculated for C,4H3oN,04 ® 0.25 H,0: C, 64.49; H, 6.88; N, 6.27.

Found: C, 64.34; H, 6.73; N, 6.29.

Acid Benzyl Ester

o
>‘O
O HN

@»owgouo«@

According to the procedure described in Example 5(a) for the preparation of N-(1R-

133



phenyl ) -tetrahydrofuran (prepared as described in Exanple 5(a)) were

condensed in wet 1, 2- di chl oroet hane at 80-90C after 18 hours. Fl ash
col um chr omat agr aphy with 4%
134 WD 98/ 17643

PCT/ US97/ 178009 98/17643 MeOH CH err]Cl[err] as eluant gave 14(?‘#6”5(9%7%'9 of
N- ( 2- benzyl oxycar bonyl oxy- 1(S) -
phenyl et hyl) - 3&4%},,15&%@&,@%&&&?%z;ahalakmydplyn-bgk Yt dycakbot 1 §udéifrtic

acid benzyl ester | ow solid 8-40C. [err[H N

(0 1) Tl o i s 520 ¢ (d 1919
l(_%%z |(7 gzg J = 1b1§$xy§ar§o¢)%mm%)s%ﬁmw c aiig begzy éjsger wlasNacyl]aée_cll_ésar%vlgg yz‘%d%_%]ludnf 57
4.25 1H J=

(dd, IH 8.7, Yélcb‘ﬂa&?““]ﬁea ﬁﬁ&?ﬁ‘j °°“§§% °‘Eai‘%§hphi’6‘§9‘ 302@5%’%%5662 é“i“zi‘b%’ BiYE) 00,
815, 697 cnferr HRFABVB: Cal cul at ed for g err r ] Cs
(M +Cs[err]): 83mgP5%) of D(dcpengyloxyqarhonyloxyafS)- Pheﬂvfefglﬂ&ﬁ&h(w% %Jgny
Cerr]Herr]Nerr]Jerr] * 0.25 CHC [err]: C  71.51,; p.2 Fou
71.72; H, 5. 60amino)succirBrugigsticd eggx;l)esterasawhlte solid, mp 105 6° C HNMR (CDCl3) 6
3(R)-13-(4 Cyanobi phenyl 4-yl)-1H pyrrol -1-yl]-N[ 2, 2- di met hyl -1(?}
(et hyl car banmoy 4P, ] S &.6h¢bsi H)ATR4(g, 1H, J = 6.6 Hz), 5.12 (s, 2H), 06(‘1. J=
[err] According to the procedure described in Exanple 1(a),
3(R) -[3- (4" - cyanobizpaesoybs, 4H), 4.55 (ddd, 2H, J = 5.0, 6.8, 11.2 Hz), 2.99 (dd, 1H, } = 4.4, 17.0 Hz),
yl)-1H pyrrol -1-yl]-N-[2, 2-di met hyl - 1( S) - (et hyl car banoyl ) pr opyl ] succi nam ¢
acid benzyl 255(&-§t1grj=e5a 0 HE), 1.94-21360h) 1R 5409 EROBY202 098101 AR2f ord 31
ng (63% of 3(R-[3-(4
cyanobi phenyl - ?%d mr [4¥3; ﬂ39x|1]31§\#1b27 2171 &Ft hxtha 1l Ruated for C5,H;6N,0

propyl ] ﬁ& 2[err]H

(et hyl car banoy succinamc acid as a solid, np 142-4[ert

e b O
) : ; _ (

(bs, 1H), 5.26
«TOC
\I
0 N o)

1H), 3.3
©/~QJ'\/'\gNH:/\OJLO,\©

Hz), 2.66 (d, 3H,

According to the procedure described in Example 1(b) for the preparation of N-(2,2-

dimethyl-1(S)-methylcarbamoylpropyl)-3(R)-(3-phenyl-1H-pyrrol-1-yl)succinamic acid
benzyl ester, N-(2-benzyloxycarbonyloxy-1(S)-phenyl-ethyl)-3(R)-(t-
butoxycarbonylamino)succinamic acid benzy! ester and 2,5-dimethoxy-3-(4-pyridin-4-yl-
phenyl)-tetrahydrofuran (prepared as described in Example 5(a)) were condensed in wet 1,2-
dichloroethane at 80-90°C after 18 hours. Flash column chromatagraphy with 4%
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135 WD 98/ 17643

PCT/ US97/ 17809 0.92 (s, 9H). IR (KBr): 3354, 2955, 2367, 1737, 1719,
1655, 1561 cnjerr]. HRFABMS: Calculated for CJerr]Herr]Nerr]Jerr]
(M+H err]): 487.2345. Found: 487.2356. Anal. Cal cul ated for

Clerr]Herr] M@¥ePBerr] * 1.2 EtOAc: C, 66.51; H, 6.74; N, PSVEST"®nd: c

66.57, H 6.54; N, 9.28. The starting material was avail abl e as
fol | ows: MeQH/CH,Cl, as eluant gave 140 mg (56%) of N-(2-benzyloxycarbonyloxy-1(S)-
3(R)- [ 3- (4' - Cyanobi phenyl - 4-yl ) - 1H pyr AR R i R i Kot D

(et hyl car banoy |oh ar eSS 3 ﬁdlﬁq_I )q)lgﬁggg dﬂg-éﬁ{as 1-C¥e]succmgm ic af:lrc]l beEX lester

[err] Accor o t he ScCri

15 ert] “}éiaéegs%m}’é%aﬁm%ﬁ IR GEELP, b3 yos TR gy S-S0
g%/rR; f)am ng %\I— ?;Q%{]Ea lﬁ%?’ ?‘z 2?9%'}/’ loﬁhﬁ %9? L}ggba%‘r%w)p?%gﬂ )lgujcc ﬂé’rﬁé"a?c' d
15)) and 4 - (2.6 b2 %ﬁiﬁtfﬁ@émé%?ﬁféﬁdﬁfﬁ 7.1 hei 9. Ho, 6.2 W TH)

carbonitrile (pr _Pared as described in n‘g [_({ ; wer e _condensed to give
84 mg (48% of 8Hz),526(m 1H), 4.25 (dd, IHJ 7.2, 11.5 Hz), 3.44 (dd, 1H, I = 7.2, 16.8 Hz), 3.

3(R)-[3-(4'-cyanobi phenyl -4-yl)-1Hpyrrol -1-yl]-N-[2, 2-di methyl - 1(S) -

(et hyl car banpy IQibrié§.7] Eud Hih dRi(EBEE i288% & 78y 165351 98, L560,d49%(12GR8EH 60 Hem ip
120[err]C. [err]H NVR (CDCl [err]): [err] 7. 72 (s, 4H), 7.59 (s, 4H),
7.32-7.28 (m 2HRFABMIS: Calcultdy forlC3HA0,AHM 3Cs?): 812.1727.1Fdund:, 812, IHIZ(Aaal
1H, J = 2.7 Hz), 6.61 (dd, 1H, J = 1.8, 3.0 Hz), 6.27 (d, 1H J:90Hz)

3.41(dd, 1H, J = 5.8, 16. .11 (dd, lH 8 7 16. 8 HZ) 2. 78 (d,

3H, J 5.0 Hz are : ’ R R LAS
1562, 1542 o e%ﬁﬁﬂ? & p@ﬁﬁ &t"b' gﬁf St 'é"r'r”ﬂ[e?ﬁqer? e

+H[err]) N
g
AN

HO)\/\'NH} NHCH;
° A
According to the procedure described in Example 1(a), 3(R)-[3-(4'-cyanobiphenyl-4-

y1)-1H-pyrrol-1-y1}-N-[2,2-dimethyl-1(S)-(methylcarbamoyl)propylJsuccinamic acid benzyl
ester (58 mg, 0.101 mmol) was hydrogenolyzed to a.ﬁ'ord.31 mg (63%) of 3(R)-[3-(4"-
cyanobiphenyl-4-yl)- 1 H-pyrrol-1-yl]-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]jsuccinamic acid as a solid, mp 142-4°C. 'H NMR (CDCI13): &
7.61 (dd, 4H, J = 8.4, 15.2 Hz), 7.45 (dd, 4H, J=8.2, 16.6 Hz), 7.12 (s, 1H), 6.77 (s, 1H),
6.44 (s, 1H), 6.31 (bs, 1H), 5.26 (t, 1H, ] = 6.8 Hz), 4.29 (d, 1H, J = 9.3 Hz), 4.03 (bs, 1H),

3.32(dd, 1H, J=6.5, 17.1 Hz), 3.07 (dd, 1H, ] = 7.6, 17.3 Hz), 2.66 (d, 3H, J = 4.05 Ha),
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PCT/ US97/ 17809 577.2815. Found: 577.2832. Anal. Calcul ated for
Cerr]Herr]Nerr]dJerr] * 0.2 DWW 0.5 H O C, 71.23; H, 6.45; N,
9.80. Found: C, 71.14, H, 6.23; N, 10.109. Exanpl e 5(d)

3(R-[3-(4'- (‘Xﬁh?%ﬁﬂéhenyl 4-yl)-1H-pyrrol -1yl ]-N-[2, 2-di net W?T’U§-‘(7§)78°9

(pyridin-4-yl car bam)yl )propyl I succinam c Acid Formate Salt

%(erR;] [3-(4"- cyano ’p%}gn ﬁ‘ﬁﬁmﬁ(?%ﬁ@g{ﬁ ??4'» 5”{7}'18%%“198{% o CHRFABMS:

11-N-[2, 2-di ne 1 lc | ) proopyl ] succi namc aci d
%e]nzyl [ester @Xulmé%%%}; T’_Fgﬂ«%ﬂ% gsfrg(ﬁy A 1‘%? }zﬁ% Aol Calrylgedion 30
ng (49% of 3(R& L{ . _
cyanobi phenyl - 438 )o%@”&!owlqhﬁﬁﬁ[lzﬂzﬁm PP RG Fompds . 6p3T HapA4AN, 9.28.
yl car banmoyl ) propyl ] succinam c acid formate salt as a solid, np 134-6C.
[err]H NVR (DMSO es@{t@gma)ena{‘ggsra]vaxgbggaswgys(m 3H), 7.81 (d, 2H, J =
5.9 Hz), 7.63 (s, 2H) 734 23(m 4H) 728(d 2H, J—103Hz)
7.24 (s, 1H), ; 4’ g piSeg g | fithe

5.35-5.29 (m 1H), e o Jsueci Apid Behd :

(KBr): 2966, 2225 1719 1654 1594 1560 15 96 1196 cnerr].
HRFABMS: Cal cul at edf or [err] (M +H[err]) ¥ 2454. Found: 550. 2450.
Anal . Cal cul ated for [err] * 1.0 HCQO P * 2.5 CHerr]OH C, 63.10;

H 6.41; N, 10.36. Found: C, 63.03, H, 6.
starting material was available a Sy NH_Y

2S-t - But oxycar bonyl ani no- 3- 3- di netly - N- pyra w”ﬂ9'?| - but anam de
[err]

| Ng 10. 38. The

According to the procedure as described in Example 1(c) for N-(1,7-diaza-4-0xa-8-
oxo-tricyclo-[9.6.1.0''7}-octadeca-11(18),12, 14, 16-tetraen-9S-y1)-3(R)-(3-phenyl-1 H-
pyrrol-1-yl)-sucinnamic acid benzyl ester, crude 3(R)-amino-N-(2,2-dimethyl-1(S)-
methylcarbamoylpropyl)succinamic acid benzyl ester trifluoroacetate salt (prepared as
described in Example 1(b)) and 4'-(2,5-dimethoxy-tetrahydrofuran-3-yl)-biphenyl-4-
carbonitrile (prepared as described in Example 4(a)) were condensed to give 84 mg (48%) of
3(R)-[3-(4'-cyanobiphenyl-4-yl)- 1H-pyrrol-1-yl]-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]succinamic acid benzyl ester as a yellow solid, mp 120°C. 'H
NMR (CDC13): § 7.72 (s, 4H), 7.59 (s, 4H), 7.32-7.28 (m, 2H), 7.26 (s, 3H), 7.12 (8, 1H, J =
2.1 Hz), 6.82 (t, 1H, J = 2.7 H2), 6.61 (dd, 1H, J = 1.8, 3.0 Hz), 6.27 (d, 1H, J = 9.0 Hz), 5.58
(m, 1H), 5.13 (s, 2H), 5.12 (m, 1H), 4.01 (d, 2H, 8.7 Hz), 3.41 (dd, 1H, J=5.8, 16.7 Hz),
3.11 (dd, 1H, 8.7, 16.8 Hz), 2.78 (d, 3H, J 5.0 Hz), 0.87 (s, 9H). IR (KBr): 2960, 2221,
1736, 1685, 1654, 1562, 1542 cm™ . HRFABMS: Calculated for C35H39N, Oy (M +H"):
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PCT/ US97/ 17809 To a m xture of N-t-butoxycarbonyl-L-t-1|eucine
(made according to Shiosaki, K ; Tasker, A S.; Opgenorth, T. J. V\D
92/ 13545, Novenber 8, 1991 and matched with data from Posgl sek, ;
Bl aha, K CoWO%768h. Chem Commun. 1977, 42, 1069-1076; 286 97’178“9 0. 860
nmml ) and 4-am nopyridine (356 ng, 1.72 mml) i n anhydrous DV vvas added

nmor phol i ne (284 : ALt |.i 0 :

t et Paf | uor 01g or mash?gléﬂns:_ tf%ané%ﬁ?gglﬁ'@ﬁ (%M@B‘ﬁ&?rggé%ﬁle& 802 PUMF R 3H:0:C A
El- Faham A. J. 995, 5401- 5402; 340 , 1.29 mol
was added. The rf%ﬁ%aysgﬁprﬁ\ﬁé‘ﬁg %%M‘Prﬁlﬁ&-"aﬂb’ioelﬁt terrpngrature and :
stirred overnight. The resultant m xture was diluted with CH[err]CI err]
(50 nl), wadixemplg $(d)- SR By enpbinheny hd-yii-1 Hipgrrof-2 81| MN-[2,2- dismethy

aqueous NaHCOB ((ewridipyd-yearbamoyliprppd]specinaniy Aﬂdrlfoeuam&it MySq err] and
concentrated at reduced pressure to provide a yel solid, which was

purified via flash colum chromatography tqg_giVé§ 167 ng (67% of 25 t-
but oxycar bonyl am no- 3, 3- di net hyl - N—pyr| di @] yI'-but anam de as a white

solid. [err]H NWVR [err] 860(b% 42(bs 2H), 7.34 (bs, 2H),
5.34 (bd, 1H, J = 8.7 Hz), 4.08 (bs Hz), 1.42 (s, 9H), -
1.02 (s, 9H). IR (KBr): 3286, 2971H°f6|g\"'4'1g9ﬂ 518, 1367, 1169 cnjerr].

HRFABMS: Cal cul ated for [err] (M +H[err] :808. 1974. Found: 308.1967. Anal .
Calcul ated for [err] * 0.37 Herr]O C, 61.19; H, 8.26; N, 13.38. Found: C,

61.52; H, 8.18; ik palladi bon and 3(R)-[3-(4'-cyanobipherPIlhIH: 1H-pyrrol-1-
3-di nethyl-l\l-4-pyrid?lnn>}l butzfna?nmmom:ar on and 3(R)-3 cyaml% r@ ¥ tH-pymol-1

23"t but oxycar bV AR R BrRlin-tcaamophpropyctinpm acid enayt eser 13

?TL) 9 Z\fSt ?:Dls) hlon C'd[l‘?i I;r]m l)[mrNEJOI-i Q.h ?Ln)mc Yeid ﬁg deg 36 gf(hdd/o)ro%((‘lf)tt!(i‘t’am (:Ij_SE(33
cyanobiphenyl-4-yl)-1H-pyrrol-1yl]-N-[2,2-dimethyl-1(S)-(pyridin-4-
ylcarbamoy!)propyl]succinamic acid formate salt as a solid, mp 134-6°C. 'H NMR (DMSO-
d6): & 8.39-8.35 (m, 3H), 7.81 (d, 2H, J = 5.9 Hz), 7.63 (s, 2H), 7.34-7.23 (m, 4H), 7.28 (d,
2H, ] =10.3 Hz), 7.24 (s, 1H), 6.96-6.92 (m, 1H), 6.52 (dddd, 1H, J=1.8, 2.9, 4.8, 7.4 Hz),
5.35-5.29 (m, 1H), 3.39-3.18 (bm, 1H), 3.09-2.91 (bm, 1H), 1.06 (s, 9H). IR (KBr): 2966,
2225, 1719, 1654, 1594, 1560, 1507, 1396, 1196 cm™'. HRFABMS: Calculated for
CpgH3N4O4 (M +H"): 5502454, Found: 550.2450. Anal. Calculated for C3,Hs;N5O, @
1.0 HCO,H ® 2.5 CH,0H: C, 63.10; H, 6.41; N, 10.36. Found: C, 63.03, H, 6.75; N, 10.38.

The starting material was available as follows:




WD 98/ 17643

PCT/ US97/ 17809 at anbi ent tenperature, the solvent was renoved in
vacuo and azeotropically dried with hexane twice to furnish a
colorless foam which was dissolved in MeOH (50 niL) and neutralized
upon stirri ndVAP¥IA4BRA- 400 ani on exchange resin (*HCO err] FPEFNPITA™RI? over
3 hours. The resin was filtered off and the solution concentrated in
vacuo to furnish a white solid, whi ch recrystallized from hexanes to
give 1.18 g (909 offo2SnixmraxfN3i-Butakyearbbmyil-LMN-lducine (made aogardidg toyShidsakiadani de
as a white powder (cited in Chapman, K T.; Hagmann, W K. ; Durette,

P. L.; Esser, Tasker,A.lSopBgeendrth, E. J. WADZAES4IS, Névember A\ AAhA Hfafthed\witeddrer 18,

1995). [err]H NVR: [err] 9.40 (bs, 1H), 8.50 (d, 1H J = 4.7 Hz),
7.50 (d, 2H, J frordPdsplseh, J.; Blab, K.ColBERech. ICHR. Commun. (ST, 1069( 048 200 mg,
3250, 2962, 1686, 1592, 1517, 1418 cnferr]. Anal. Cal cul at edf or [er rﬁ . G

63. 74; H 8.27,0,80 rfol} dnd E&Hﬂ@pyrﬁmefi?zsdx%%, 1592 tfimdiPin ddhydeGhis BMF was added
3(R) -t -But oxycarbonyl am no-N-[ 2, 2-di net hyl'-1(S) - (N-pyr1di n-4-

yl carbanoyl ) pr %&/inxcﬁiﬁg?@qm, 6 s&GribIPCARY codhink & 0°C, tetraflucroformamidinium
[err] 0 a solution of
2S- am no- 3, 3-di

and N-t-butoxy c}geﬁ 0 |§,c1p %ﬁbg@% ﬁ"?ﬂé{} éée[ %rﬂélﬁg’g’g r‘?zd’%l'(%%t?"é rmgl(fg'é%%ém ‘8’.‘"4’5?3 g?n?f'lg’l) )
:j inefI Lz | cyanop %“Bﬁmgﬁéﬁ é“@tg‘f’o{gé %D\A‘%Ss 3@‘%(3%?8?“ ire %"I“'sa%d‘?}é'e‘f foj VAT TP AmPIRRS

(200 [err]L, 1.46 mmol ). After 30, mnutes at 0OC, the mxture was allowed to
warm t o anbi entemperRRreang sredgverpiehy Thegesupant muxturswag diliedwith G Hofelp (3RaL),
stirred with saturated aqueous NaHCO err] and extracted with Et OAc
three tines. Thwasheshwitheaturaied agyeeus NH,Cl (35mb); satyptedaquaesdibC 2 5md-hade ous
citric acid, Herr]O and brine, dried over Na2SO4, and evaporated to
gi ve a vi scous briiel(25mb), ldriedvbner Med@q apd.santéngrated ataeducedspressude toprovide a yellow
chr omat ogr aphy 139

solid, which was purified via flash column chromatography to give 167 mg (67%) of 28-t-

butoxycarbonylamino-3,3-dimethyl-N-pyridin-4-yl-butanamide as a white solid, 'H NMR:
& 8.60 (bs, 1H), 8.42 (bs, 2H), 7.34 (bs, 2H), 5.34 (bd, 1H, J = 8.7 Hz), 4.08 (bs, 1H, J = 8.7
Hz), 1.42 (s, 9H), 1.02 (s, 9H). IR (KBr): 3286, 2971, 1682, 1594, 1518, 1367, 1169 em’.
HRFABMS: Calculated for C,gHpgN305 (M +H"): 308.1974. Found: 308.1967. Anal.
Calculated for C;gH,5N30; @ 0.37 H,0: C, 61.19; H, 8.26; N, 13.38. Found: C, 61.52; H,

8.18; N, 12.99.

O AN
.HzN_JNwQ
g\
To a solution of 2S-t-butoxycarbonylamino-3,3-dimethyl-N-pyridin-4-yl-butanamide

(3.00 g, 9.75 mmol) in CH,Cl, (10 mL) was added trifluoroacetic acid (3 mL). After 3 hours
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PCT/ US97/ 17809 wth EtOAc as eluant to afford 150 ng (61% of

3(R) -t -but oxycarbonyl am no-N-[ 2, 2-

di et hyl - 1(S) - (N-pyri di n-4-yl - car banoyl ) - propyl ] succi nam ¢ aci d benzyl
ester as a yéWSWF% oil. [err]H NMR [err] 9.11 (bs, 1H) PCEUSYARD o>
=50 Hz), 7.43 (d, 2H, 4.7 Hz), 7.28 (m 5H), 5.90 (bs, 1H), 5.09 (d,
1H, J = 12.1 Hz), 5.01 (d, 1H, J = 12.1 Hz), 4.60 (dd, 1H, J = 5.5, 12.6
Hz), 4.35 (d, 1Ht arBbiéntitmiper8ur®,3hg shifcnt vidd rerdoved 4n Gcudlarfd, azébdpikcly, drizgd 8&h ( dd,
1H, 5.6, 17.1 Hz), 1.47 (s, 9H), 1.05 (s, 9H). IR (KBr): 3319, 2966,
1737, 1719, 170khexahe &ice iftifnishb%3foriesk4zdmh, which wat 3solvelld® NeOR] (S0 MiL) andRFABIVS:
Calculated for [err] (M+Herr]): 513.2713. Found: 513.2726. Anal.

Cal cul ated for Gg¢ n sfiring 34R FRAH00 &ﬂ@@éxchﬁnglpes&?(‘}{(@3%ﬁh; 3g) over 3 hours.

63.11; H, 7.12; N, 10.89.
3(R) -[3-(4' - i - . ; i di
o314 et S S eSS LBy

Est er . . . o . . r
According to t heWhﬁcrhorg‘éraﬂ?lgze& Srom hexangs 19815 }i}r%g ggof‘()(?)f 2%'8’?“’["??8'%?"«55‘&@3?41[ on

N-( 1, 7- . . . o _ ,

di aza4- oxa- 8- ox YTl ytanamideas § white pewdqer g&‘f%@e%‘éprfﬂ 58? Hagrpapn, W. K Quistis, o
f} v LL' §§ % ] gf’n N &;[Eggegf !x;,é{* I8, ik, 'Y, WG 512185 Novarmoer 18, 1659wy

L Yt at s 0 Saom 1T %0 (a S 5, 550 8o, 5812 7589, 515 (5, 310, 1.02

(2, 5-di net hoxy-tetrahydrof uran- 3-yl) - bi phenyl - 4-car bopi trile were condensed
to give 75 ng (s, 9H)4IRGKRD: 3250, 2962, 1686, 1592,1517, 1418 cm™. Anal. Calculated for

3(R) -[3-(4'-cyanobi phenyl -4-yl)-1Hpyrrol -1yl]-N[2,2-di nmethyl-1(S)-(pyridi

n- 4- yl car bzyyHyN;Or af) 6B J74;d,8.27a0W, 20.2% i Rbuidk n2,)63.78sH 8.2 N, 2h35f f - whi t e
powder, np 115-6C. [err]H NVR [err] 8.42 (d, 2H, J = 5.6 Hz), 7.72
(S! 2H)1 758 (S! 2H)1 7 . (JELV(0), Rl DO 2l ime :K‘_v" . .
140 ylcarbamoyhpropyllsuccinamic Acid Benzyl Ester
o -
>0
O NH QO ~ZN
U\OWNH)NHQ
(o) -
A

To a solution of 2S-amino-3,3-dimethyl-N-4-pyridinyl-butanamide (100 mg, 0.482
“mrmol) and N-t-butoxycarbonyl-L-aspartate f-benzyl ester (156 mg, 0.482 mmol) in dry

DMF (3 mL) at 0°C was added sequentially diethylcyanophosphonate (81 uL, 0.482 mmol)
and triethylamine (200 uL, 1.46 mmol). After 30 minutes at 0°C, the mixture was allowed to
warm to ambient temperature, After 4, the resultant orange mixture was stirred with
saturated aqueous NaHCO, and extracted with EtOAc three times. The combined organic
layers were washed with 5% aqueous citric acid, H,0, and brine, dried over Na;SO,, and
evaporated to give a viscous yellow oil, which was purified via flash column chromatography
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PCT/ US97/ 17809 2H), 7.26 (s, 7H), 7.12 (m 1H), 6.85 (dd, 1H, J =
2.5, 2.5 Hz), 664(dd 1H J = 1.6, 2.8 H), 16.25 (m 1H) 5.20-5. 10
(m 3H), 4.15 1H, J = 8.1 Hz), 3.39 (dd, 1H, J = 5.5, 17, 11;)

3.25 (dd, 1HY 9‘“?‘39 17.3 Hz), 0.94 (s, 9H). IR (KBr): 33§ET’U§ 4380955,
1735, 1687, 1655, 1602, 1559, 1511, 1288, 1203, 825 cnjerr]. HRFABMES:
Cal cul ated for C35H37N404 (M +H err]): 640.2924. Found: 640.2908.

Anal . Cal cul at egith BtOAeiseluaiit td aﬂfoﬂﬂtl@\ﬁxg (@1%) ofsm)-tmto&%ar%nyﬁn&%mit\t 29. 51.
FoundC7073H619N9 Exanpl e 5(e)

3(R) -[3- (4" - Car gaieeyA-Dispim dlﬂ-4§/)}l-)cm%ﬂhwy ﬁr@by‘l]jsuééhriamﬁ\é'ic% end BREAY b yellow

1(S) - (met hyl car bam)yl )prop ) succi ham ¢

[5(e;;] S(R-[3 (B '"HNMR: $63P0HI 119, 897 J@HW—%S?M%‘??&%M 89%2), 3 BRPIE

?ﬁé?ﬁg})zgmgxw)bo I%)) suc ’ ng(r)r% cjr%l)({: %)’b 0(1 id %Hdk [TZE hﬁa%‘%@é?%éghﬁ yféhz ? o]

rovi de 45

B R 13- (4 - car By Z?é%leﬁwz» RSB T8A0N TS R 1Y
(met hyl car banoyl ) 8 ).succi nam c g/ 6[ 5]9
(CD{err] OD) H‘f') ébl@é (s, 9H). IR Qqqr) 33319 829§ plg;7 111973370(1,11 6611596, LSZS gqo
Hz), 7.62 (s, 4 7.30

(1?4 J=228 Hz|}_26751299 cm( P HR-F:%MS @a"s“lﬁbsyifor 1@37(*‘@05(’[\34+HJ)=:5192%13|—13‘:M@ 02
(dd, 1H, J = 7.2, 16.5 Hz), 2.60 (s, 3H), 0.98 (s, 9H). IR (KBr):
3332, 2915, 165813 2_7347M&M(ﬁ@lcoh{eérfmr]CpH;sN.;Os Mo3.26d) TOR: &t 40192.oFfoupdsr €] *
0.7 H[err]O C, 65.03; H 6.51; N, 10.83. Found: C, 65.10, H 6.74;
N, 10.43. 63.11; H, 7.12JNel®8%rti ng material was nmade as fol |l ows:

141

According to the procedure described in Example 1(c) for the preparation N-(1,7-
diaza-4-oxa-8-oxo-tricyclo-[9.6.1.0' % 7)-octadeca-1 1(18),12,14,16-tetraen-98-yl)-3(R)-(3-
phenyl-1H-pyrrol-1-yl)sucinnamic acid benzy} ester, crudé 3(R)-amino-N-[2,2-dimethyl-
1(S)-(pyridin-4-ylcarbamoyl)propyl]succinamic acid benzyl ester trifluoroacetate salt and 4'-
(2,5-dimethoxy-tetrahydrofuran-3-yl)-biphenyl-4-carbonitrile were condensed to give 75 mg
(42%) of 3(R)-[3~(4"-cyanobiphenyl-4-yl)-1H-pyrrol-1yl]-N-[2,2-dimethyl-1(S)-(pyridin-4-
ylcarbamoyl)propyl]succinamic acid benzyl ester as an off-white powder, mp 115-6°C. H

NMR: § 8.42 (d, 2H, ] = 5.6 Hz), 7.72 (s, 2H), 7.58 (s, 2H), 7.50 (d, 2H, J = 5.0 Hz), 7.31 (s,
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3(R)-[3-(4'-Carbanoyl bi phenyl -4-yl)-1Hpyrrol -1-yl]-N-(2, 2-di methyl -1(S) -
(et hyl car banmoyl ) propyl ) succi nam ¢ Aci d Benzyl Ester

[err] WO 98/17643 According to the procedure descri bedGIHUSEAEMY e
1(b) for the preparatlon of N-(2,2-

R A R 1 Zé% (SPHD) 834 B (8000 < S DYl ik Dt ga
et hyl car bamy| téf% >1§¢;gﬁon§gaeem, . R, 23 Pl B CRPTEYESE £ 515

3-(4' -carboxam dob| I-4 lé 2. 5-di rrethox tetra%édrofuran (Erepared as
r

described in Exahpt InIRyiBr): 3134 298P FR8BIREN 46 1655,
90-100 Cto yield ITE g, .

3(R-[3-(4'-car b%ﬁ%ylﬁé?ﬂﬁéw 84199 Ba#rpyrHBFABm]CM@edzfomﬂﬁmiam(M |
(S) - (et hyl car banoyl ) propyl ) succi nanmi ¢ acid benzyl ester. [err]H NWVR [err]
7.90 (d, 2H, J= +H'): 680.2924 Fourd; 560.2208. Z4aal. \I‘.aicu&teﬁM”H},b@O‘;('dm E®@Ac: L, =
8.7, 11.5 Hz), 7.38-7.22 (m 8H), 7. 10 (t, 1H, J = 2.2 Hz), 6.82 (t,
1H, J = 2.5 Hz),706166H, 6.27; N,19,51J Fourdl: (C,A2)73; K,.639; Nd9.1dH, J = 9.0 Hz),

5.63 (d, 1H, J = 4.70 Hz), 5.14 (d, 3H, J = 3.7 Hz), 4.00 (d, 1H J = 8.7
Hz), 3.48 (dd, lﬂanﬂpleS(e) 3(RY-[R(4'-CarBadriylbipBeny B4-y 1)+ 1 H-pyrrdl- Fyp-NO(2ldZdimethy L4
(dd, 1H, J = 8. 71(5)1-?11 yiéarbasoyl %&gyl)s%bhinahﬁ:@&id? Hz), 0.92 (s, 9H). IR
(KBr): 3356, 2929, 1735, 1657, 1402 cnferr]. Anal. Calcul ated for

[err] * 0.5 Herr]O C, 69.63; H 6.51; N, 9.28.9Found: C, 69.85, H 6.46;

N, 9.14. O/O/OANHz 142
QO N s

HOJ\)\é NH;NH/CH
r“\

According to the procedure described in Example 5(a), 3(R)-[3-(4'-
carbamoylbiphenyl-4-yl)-1H-pyrrol-1-yl]-N-(2,2-dimethy}-1(S)-
(methylcarbamoyl)propyl)succinamic acid benzyl ester was hydrogenolyzed to provide 45
mg (90%) of 3(R)-[3-(4'-carbamoylbiphenyl-4-yl)-1H-pyrrol-1-yl]-N-(2,2-dimethyl-1(S)-
.(x;xethylcarbamoyl)propyl)succinamic acid as a yellow solid. "H NMR (CD;0D): 6798 (d,
2H, J = 8.1 Hz), 7.78 (d, 2H, J = 8.1 Hz), 7.62 (s, 4H), 7.30 (bs, 1H), 6.92 (bs, 1H), 6.54 (bs,
1H), 5.98 (1H, J=2.8 Hz), 5.39 (t, 1H, ] = 6.5 Hz), 4.19 (d, 1H, ] = 9.3 Hz), 3.02 (dd, 1H,J
=172, 16.5 Hz), 2.60 (s, 3H), 0.98 (s, 9H). IR (KBr): 3332, 2915, 1658, 1547, 1408 cem’™,
Anal. Calculated for C,gH3,N,05 @ 0.7 H,0: C, 65.03; H, 6.51; N, 10.83. Found: C, 65.10,
H,6.74; N, 10.43.

The starting material was made as follows:
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PCT/ US97/ 17809 Exanpl e 5(f).

3(R)-[3-(4'-Carbanoyl bi phenyl -4-yl)-1Hpyrrol -1-yl]-N-[2, 2-di met hyl -
1(S) - (N—(pyr| d| n 46)3I ) car banoyl ) propyl | succi nam ¢ Acid

[err] According to the procedure descri be§CEHSEIING e
5(a), 3(R)-[3-(4'
car banoyl bi phenyl - 4- yI) 1H-pyrro| 1-yl]- N-[2 2-di rrethyl 1(S) (N-(pyrldln 4-
yl ) car banoyl ) propyl ] 3 - f o vibifieny! p$HE , Bdine

MeOH Et OAc to provi de (ethvicatbdhon 2 A

3(R) -[3-(4" - carbanoyl bi phenyl -4-yl) - 1H-pyrro| 1- yI] N-[2 2-

di met hyl - 1(S) - (N- (pyri di n-4-yl) carbanoyl ) propyl ] sycci nam c acid as a yell ow
solid, np 194- 6C. [err]H NWR (CD[ err] OD); rr] 8.35 (d, 2H, J = 6.5
Hz), 7.95 (d, 2H, J= 8.4 Hz), 7.75 (d, 3H, NH;8 4 Hz), 7.70-7.52 (m
6H), 7.28 (t, 1H, J = 2.0 Hz), 6.90 (t, 2.8 Hz), 6.52 (dd, 1H,

J =6.9, 16.8 Hz), 1.20 (s, 9H. IR (KBrys 3400, 2962, 1665, 1606, 1511,
1402 cnferr]. HRFABMS: Cal CWVZ\‘NMW&H(M +H[ err]): 568.2560.
Found: 568.2575. Anal . Cal cunat ed fdP ferr] 0.7 HOAc * 0 5

oo 1 C 0% B pRtorgg G gv%aﬁcggvﬁp e 1(5) 68 g mpvpasation of N-(2.3
)[/ 132 (r:? rbamoyl) pr %Prr){étllzyﬁ}i%g)- et{;glccmﬁb\a%oglp%epg -3(R)- - ienyl—lH-pyrrol- 1-yD)sugginamic acid

benzyl ester, 3(R)-t-butoxycarbonylamino-N-(2,2-dimethyl-1(S)-
methylcarbamoylpropyl)succinamic acid benzyl ester was deprotected. The crude amine salt
and cnide 3-(4'-carboxamidobiphenyl-4-yl)-2,5-dimethoxy-tetrahydrofuran (prepared as
described in Example 4(b)) were condensed in wet 1,2-dichloroethane at 90-100°C to yield
180 mg (55%) of 3(R)-[3-(4'-carbamoylbiphenyl-4-y1)-1H-pyrrol-1-yl}-N-(2,2-dimethyl-
1{S)-(methylcarbamoyl)propyl)succinamic acid benzyl ester. 'THNMR: §7.90 (d,2H,I=
8.4'Hz), 7.70 (d, 2H, J = 8.7 Hz), 7.60 (dd, 3H, } = 8.7, 11.5 Hz), 7.38-7.22 (m, 8H), 7.10 (1,
1H,J=2.2 Hz), 6.82 (t, 1H, ] = 2.5 Hz), 6.62 (t, 1H, ] = 3.0 Hz), 6.32 (d, 1H, J = 9.0 Hz),
5.63 (d, 1H, J=4.70 Hz), 5.14 (d, 3H, ] =3.7 Hz), 4.00 (d, 1H, J = 8.7 Hz), 3.48 (dd, 1H, ] =
7.2,13.1 Hz),3.39(d, 1H, J= 5.9 Hz), 3.14 (dd, 1H, J = 8.7, 16.8 Hz), 2.78 (d, 3H, J = 4.7
Hz), 0.92 (s, 9H). IR (KBr): 3356, 2929, 1735, 1657, 1402 cm”. Anal. Calculated for

C35H39N,05 @ 0.5 Hy0: C, 69.63; H, 6.51; N, 9.28. Found: C, 69.85, H, 6.46; N, 9.14.

142



WD 98/ 17643

PCT/ US97/ 17809 According to the procedure described in Exanple
1(b) for the preparation of N-(2,2- di et hyl -

1(S) - met hyl car banoyl propyl)-3(R)-(3-phenyl - 1H pyrrol - 1-yl ) succi nam ¢ acid
benzyl ester w%?%"x‘@ but oxycar bonyl am no- N-[ 2, 2- di met hyi - 1( EFTURYAMP n- 4-

yl ) car banoyl propyl ] succi nam ¢ aci d benzyl ester was deprotected. The crude
am ne salt and

crude
3- (4' - car boxani Beampis ety | SBHI-(4'-Eashameydhinbgoyl-4-DrlBprrrds loylhN- 2 grdipathzh
degcri gg(rj iO)r(lagxbﬁb' (m(ﬂglrmiyw%}csermammummi& di chl or oet?f\’a?\g at =

90-100C to vyield 130 ng (36% of

3(R)-[3-(4'-carbanoyl bi phenyl 4-yl)-1H pyrro 2yl ]-N[2,2-di net hyl -
1(S)-(N-(pyridin-4-yl)carbanoyl)propyl]s am<c acid benzyl ester. [err]H
NVR (CDO{ err] QD) : [err] 8.35 (bs , 7.95 (d, 2H, J =8.4 Hz), 7.72

(d, 2H, J = 8.7 Hz), 7.60 (dd, 6H) -N§)°7, 3.4 Hz), 7.28 (s, 5H),
6.90 (t, 1H, 2ZJ = 2.8 Hz), 6.52(d5°, | A% 2.8 Hz), 5.38 (t, 1H, J = 7.5
Hz), 5.12 (d, 2H, J = 1.9 Hz), 4.40 (s, TH), 1.00 (s, 9H). IR (KBr): 2725,
1735, 1664, 1510 cnferr]. Anal. Calculated for [err] * 1.0 HOAc: C

gxsaﬁf)l eH’S ( 8) 95; N, 9 deBrdidg M précedure descrittd irsBranipte Ka)f 3R)15-(#- 38

3(R-[3-(4" - ' - 4- .- - di pethyl - 1(S) -
Chytr oyt hy ) PO eai Aty LA YL Lot Sty S B it 1S

L] o ctur Y ipstemp o R e SO oSG o BEATR)
L vt man chibita 16 ae.h Fiebat 100 BA ealbmoy biphertyl by B Lo 1yt N-(2.2-

N- (2- benzyl oxycar boxynet hyl - 1(S) -di net hyl propyl )- . . | .

3(R) - [ 3- (4- cyandigetinAi¢s) (pmrm*—-yDca;bmgenonﬁlmslww%mwl% sqlid, mp 494-

hydr ogenol yzed to " 144
6°C. "HNMR (CDyODY): & 8.35(d, 2H, J=6.5 Hz), 7.95 (d, 2H, ] = 8.4 Hz), 7.75 (d, 3H, J

= 8.4 Hz), 7.70-7.52 (m, 6H), 7.28 (¢, 1H, J=2.0 Hz), 6.90 (t, 1H, J = 2.8 Hz), 6.52 (dd, 1H,
1=6.9, 16.8 Hz), 1.20 (s, 9H). IR (KBr): 3400, 2962, 1665, 1606, 1511, 1402 cm™.
HRFABMS: Calculated for C3,H34NsOs (M +H"): 568.2560. Found: 568.2575. Anal.
Calculated for C3,H33Ns05 @ 0.7 HOAc @ 0.5 CHCl5: C, 60.83; H, 5.47; N, 10.46. Found:

C, 6093, H, 5.88; N, 10.19.

The starting materials were made as follows:

,),O'O’k "
O N .

oo
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PCT/ US97/ 17809 give a mxture which was separated via preparative
RPHPLC (C18) with HOAc/ Et BN MeOCH CH[err]Cl[err] as eluant to give 50 ngy
of 3(R)-[3-(4'-cyanobi phenyl -4-yl)-1H

pyrrol - 1-yl ]WMP%"@-* di met hyl - 1(S) - (hydr oxynet hyl ) propyl ] su&qﬁﬁ%”&”&”c. d as
a solid, np 110-2C. [err]HNWR (CDerr]QOD): [err] 7.82 (d, 2H, J 8.3

v . d, ’ ccor 0 e describe -(22-
'(E) 1|7_|) 776_(50 (ZSH iH) &d%x%%)meap? &air g EdﬁQE&ngﬁl f@fog?hc?eﬁﬁnc()%gﬁ}{ 5262 93

= 8.2, 12.1 Hz),,. ) 91
(s, 9H. IR )ﬁt‘%ﬁg’&? %‘é‘é@@&?@@%%&%’é‘ﬁ?‘%&‘}H‘l‘?%‘f',]'1'igé’éé“%)é’?c‘glzoz
920, 826, 779 REAB | at f +  Cs

502 1912, Foundoaguies -t hon vt AT g At ilevadigerer T N L 2. 5
H20: C, 65.42; 7. 87; C, 65.43; H,, 8. .15; N, 9.25.
Exanpl e 5(h). 3@&5ar'f@wr?37§m@nwf%mm% 23 dgprqteqiecs g’hz °ﬂﬁmlﬁ9f5’tfeé)-
(hydr oxymet hyl )propgl )succinam ¢ Acid T hyl anmoni um Sal t

[err] é@ﬁ@%&m@bxmewlpﬁ-ﬂb&éa&w@mﬁe@wwm (mreRared &

obt ai ned as described in Exanpl e 5(g) afforded 50 ng of

3(R) - [ 3- (4- cyandpiegbed ip Examplg b)) wqrequeme{im»zetdﬂrmw;rpedla(ns)at90-100"c to yield:
(hydroxymet hyl ) propyl ] succinanmc acid: [err]HNVR [err] 7.66 (d, 2H, J =
8.1 Hz), 7.60 (d302ig(36%)of 30R)={3€(4'3s:ai-ﬁa)npyl‘5iph&y(-s syDAH-pyriol A 41N [2,24d)metify] 5 1

(s, 1H), 5.18 (bs, 1H), 3.45 (dd, 1H J = 9.2, 12.1 Hz), 3.16 (g, 6H,
J =7.4 H), 1. 9(s)(ctswqpya&rh-‘;-yl)caamﬁayx)pwyushcanazme adit penz9l tbr. (4 NSIH) (CD, 6D):
(KBr): 3378, 2955, 2214, 1655,

1602, 1561, 1489, B35 (bd, 22, LOSAA 50,1838 B8R 7901 & nH] 1 = BABMR 7.60 (dd, 6¥0.9.= #nab.4
Calculated for [err]@* ?t)[err N * HOAcﬁgﬁl gtH[glr]OBg§ 60 (70§QH 8.05; N,

519421 Found: C, 1£8 5k (s H1)8.60k, N, 29=%% Hz), 6.52 (dd, 1H, 1.6, 2.8 Hz), 5.38 (¢, 1H, J = 7.5
Hz), 5.12 (d, 2H, J = 1.9 Hz), 4.40 (s, 1H), 1.00 (s, 9H). IR (KBr): 2725, 1735, 1664, 1510
'c¥n'1. Anal. Calculated for C3gH3oNsO5 ® 1.0 HOAc: C, 68.38; H, 6.05; N, 9.76. Found: C,
68.38, H, 6.05; N, 9.38.

Example 5(g). 3(R)-[3-(4'-Cyanobiphenyl-4-yl)-1H-pyrrol-1-yl}-N-[2,2-dimethy}-1(S)-
(hydroxymethyl)propyljsuccinamic Acid Triethylammonium Sait

O'UUC‘N.
QO N

(Hﬁéwu"MNHfou
T
According to the procedure described in Example 1(a), a mixture of N-(2-
" benzyloxycarboxymethyl-1(S)-dimethylpropyl)-3(R)-{3-(4'-cyanobiphenyl-4-yl)-1H-pyrrol-
.1-yl]succinamic acid benzy! ester and N-(2-benzyloxycarboxymethyl-1(S)-dimethylpropyl)-
3(R)-[3-(4-cyanophenyl)-IH-pyrrol-l-yl]succinamic acid benzyl ester was hydrogenolyzed to
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PCT/ US97/ 17809 Exanpl e 6(a).

N (2(R) - Hydroxyi ndan-1(R) -yl )3(R) -[ 3-[4- (pyri di n-4-yl ) phenyl ] - 1H
pyrrol -1-yl]succinamc Acid

[err] WO098/17643  According to the procedure descri bedPEHUBKHAPe
1(a), N-(2(R)-hydroxyindan-I(R)-

yl)-3(R) -[3-[4-(pyridin4- phenyl ] - 1H- pyrrol, sucm nam c acid benzyl

ester was %"r I"/éféd’af FPB‘BFSVHH’?P“@E%%?/@

N (2(R) - hydr oxyi ndan- 1 -3 3 [ 4-(pyridin-

4-yl ) phenyl ] - 1HIBH N(/M)e‘}ifl{ ttagivd Samgafyanlmﬁmmml-%lw

[err]H NMR (Dl\/BOd[err]) [err]_12 52 (bs, IH, 8.59 (d, 2H, J 5.9

Hz) 8.24 (d, Ipymollyl]eN-p2, Hd;rnethI-T(B)((htrdr@dytnethyl)prop]yl}su:ﬂxnﬁmidm):;da!aidhc(, d1p2 H J
6.3 Hz), 7.64 (d, 2H, J 8.5 Hz), 7.45 (s, 1H), 7.30-7.15 (m 4H),

6. 97 (t 1H, J 112- 24CH2HNMR3¢D§GD) 18Hy.82%, 281, { & 8.31), WIS, T3 HE), 1854 dd,
1H, J = 5.0, 8.7 Hz), 5.11(d, 1H, J = 3.7 Hz), 4.35 (d, 1H J = 3.3

Hz), 3. .27-2.94 1.60 (b3t IH), 27.3165 (m), 5193 (st; 6L5b@ 1H), 5.1918), IH\ &l 3.6, @fsl}wlﬁsed
for [err] * 0.2 EtOAc: C, . 30; 8.66. Found: C, 24; H,

5.59; N, 8.52 t | 003, § a al f
2(R -[3-[4- (Pyr(ldgllr?I i ysz)gﬁgﬁP?lzls&p??rjo -mi)f%gﬂgzrﬁ:jc 1A4g??e%-g§(esng{]y e

[E; re]r Hydr ochl ofdels 3389, 2955, 2226, 1655, 1601, 1561, 1396, 1367, 1202, 920, 826, 779 cm’.

146 HRFABMS: Calculated for C,yHyoN;0,Cs (MH+ Cs™): 592.1212. Found: 592.1230.

Anal. Calculated for Cy;H,gN;O4 ® Et;N @ 2.5 H,0: C, 65.42; H, 7.87; N, 9.11. Found:
C,65.43; H, 8.15; N, 9.25.

Example 5(h). 3(R)-[3-(4-Cyanophenyl)-1H-pyrrol-1-yi]-N-(2,2-dimethyl-1(S)-
(hydroxymethyl)propyl)succinamic Acid Triethylammonium Salt

o
(HsCNH" ‘0‘?\/'\5““3/‘%
ey
Separation via preparative HPLC of the mixture obtained as described in Example
| S(g) afforded 50 mg of 3(R)-[3-(4-cyanophenyl)- | H-pyrrol-1-y1]-N-[2,2-dimethyl-1(S)-
| Eh"ydmxymethyl’)pmpyl}snccimmm acid: "HNMR: 5 7.66 (d,2H,J=8.1 Hz), 7.60 (d, 2H,
J = 8.1 Hz), 742 (s, 1H), 6.94 (s, 1H), 6.51 (s, 1H), 5.18 (bs, 1), 3.45 (dd, 1H,J=9.2, 12.1
| Hz),3 16 (q, 6H, J = 7.4 Hz), 1.96 (bs, 1H), 1.28 (t, 9H, J = 7.4 Hz), 0.91 (s, 9H). IR (XBr):
3378 2055, 2214, 1655, 1602, 1561, 1489, 1396, 1172, 1094, 920, 838, 785 cm™'. FABMS:
' 5i6. Anal. Caloulated for Cq HysN304 @ Et;N @ HOAc @ 1.7 H,0: C, 60.70; H, 8.05; N,
9.51. Found: C, 60.54; H, 8.30; N, 9.74.
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PCT/ US97/ 17809 According to the procedure as described in
Exanple 1(d) for the preparation of N

(2, 2-di met hyl - 1( S) - met hyl car banoyl propyl ) - 3(R) - (3- pyri di n- 4-yl rroI-
yl ) succi nam cWO9N17%43 d benzyl ester, to a solution of Dasp&%ffﬂfsé"
[err]-benzyl ester (223 ng, 1.00 mml) and 2, 5-

di met hoxy- 3- (4- (pyri di n-4-yl) phenyl )tetrahydrofuran (350 ng, 1.20 mmol ;
prepared as Examplel 6(£)] N-(2(R)xHyiokyingdsd-} (R)FHI3(R)4{B- Wbmﬁﬁwﬁmemmmded
sequentially py(rg,yﬂlope.y(]al&ﬁammmm 2.0 mol ), trifluoroacetic acid (0.08
m., 1 nmol), chlorotrinethylsilane (0.38 nL, 3.0 nmmol ). After 17
hours at 80C, the m xture was allowed to cool
Filtration led to isolation of 408 ng (87%
2(R)-[3-[4-(pyridin-4-yl)phenyl]-1H pyrrol yl I succinic acid 4-benzyl
ester hydrochloride as a yellow solid, apnZ03- 5&: (d). [err]H NWR
(DVBO-d[err]): [err] 8.86 (d, 2H, J —H&\S»ll;m)-i .38 (d, 2H, J = 6.6 Hz),
8.02 (d, 2H, J 8.5 Hz), 7.74 (d, 2H, .5 Hz), 7. 58 (s, 1H,
7.31-7.24 (m SFD 6.96 (t, 1H J = 2.4 Ft) -8 (s, 5.23 (t, 1H

SR A AL &ﬁ@e&gﬂ%‘aﬁwﬁfw% lé&?@f%nﬁvéﬁwéﬂmw&? :

66.68; H, 5.08; a, 57 und; 56; H,.5.01; N, 5.98;
. 7.80. yl) 3(R)-[3- [4—(pyr1dm-4-yl)phcnyl] IH-pyrrol l-yl]succmamxc acid benzyl ester was

d
N (2(R droxyi ndan-1(R) -yl )-3(R 3 4- r|d|n4 hen rrol-1-
yl ](sfjczn :gm c Y hydrogenogyzt)tdt%o)btauf m)GI/Byxe[ld N(-(p )-hydroxym lF()R)-y!¥-3JR) -3- [ yridin-
[err] According to the procedure as descri beq i n Exanpl e
1(f) for 3(R)- t-4-yl)phcnyl]-lH-pyrroI— -yl}succinamic acid as a yellow amorphous solid. "H NMR

but oxycar bonyl am no- N- (1(S) - benzyl - 2- net hoxy- et hyl ) succi nam ¢ aci d benzyl
ester, 2(R)- (DMSD-G? 8 Arse dbs) 14y, BI59 i QHY § 3 5 DHIZYE 4o cHH, Iy § SHE)CT. AT (|, 21 d
4- benzyl ester hydrochl oride and

147 WO 98/ 49698 7.71 (d 2H, J = 6.3 Hz), 7.64 (d, 2H, J = 8.5 Hz), 7.45 (s, 1H), 7.30-7.15 (m, 4H),
PCT/ US97/ 17809

ient tenperature.

6.97 (t, 1H, J = 2.4 Hz), 6.51 (s, 1H), 5.34 (t, 14, J = 7.5 Hz), 5.17 (dd, 1H, J = 5.0, 8.7 H2),
5.11 (d, 1H, I = 3.7 Hz), 4.35 (d, 1H, ] = 3.3 Hz), 3.27-2.94 (m, 2H), 2.76 (d, 1H, J = 16.0
Hz). Anal. Calculated for CogHysN304 @ 0.2 EtOAc: C, 71.30; H, 5.53; N, 8.66. Found: C,

71.24; H, 5.59; N, 8.52.

The starting material was available as follows:
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1(S)-am no- 2(R)-hydroxy-indane were coupled with BOP to afford in 60%yield
N-(2(R) - hydr oxyi ndan-

(R -yl)-3(R) -[3-[4-(pyridin-4-yl)phenyl]-1H pyrrol -1- yI]succi nam c acid
benzyl ester as an off-white solid, np 199 202[err] C (d). [e H NVR
(Dlvrso@l[err]59"0![8@?‘?4]3 8.66 (d, 2H, J = 5.9 Hz), 8.34 (d, PEFUSYNBZ g
Hz), 7.84 (d, 2H, J 85Hz)779(d,2H,J:6.3Hz)773 (d, 2H, J
= 6.3 Hz), 7.69 (s, 1H), 7.36 (s, 5H), 7.29-7.21 (m 4H), 7.04 (t, 1H, J =
2.2 Hz), 6. 58 ( éccoring tethd progedurelds destribed/in Exadaple 1) R -tife phébatanipn dfH-
4.43-4.39 (m 1H), 3.48 (dd, 1H, J = 7.5 16.5 Hz), 3.26 (dd, 1H, J =
7.7, 16.5 Hz), (B,ZQEmétH)d-l(Slrhlet.&yIEaerﬁoylﬂ@y@) 3R)-(3- @/rﬂ&-«( 9'L-lH-Hyrrsl l-yl)succmhﬁncZ
Hz). Anal. Calculated for [err] * 0.6 Herr]Q C, 73.95; 5.71; N, 7.39.
Found: C, 73. 7Q4cidtbendyl Estér, tha séludbn of D-aspanatepbenﬁh@stefr?blﬂﬂ! @@O\Aﬁﬁcﬁ) {R9s.in a

simlar manner: Exarrpl e 6(b).

N- (2, 2- Di et hyldaﬂ,ééaxycm%@ggﬁgwywmﬂ Blsoke, § 30 G Hiddred as

yl )phenyl) 1H pyrrol -"1-

T( g)e ,r r }\I- (2, 2- didr%tinﬁf/cf x_n%%?l_gfecy(aﬂ?int 192&*&&10%%8%&%&%&%%8{&3? ylpg']ri mea@qlé%lL
(et hyl car banoy. ronyl -3 R-. 3- (4 1. di n |,) phenyl ) - 1F r yl]su
cci nanmi ¢ aci d 14 8‘"19@ T@I" %@%"8 Wétéb Wn‘g’@%ﬁﬁﬂ&&ﬁ%@*%&@%&& s.
Purification viafléag Iurm hr rrato ra hy with 1% HQAc/ 10%

MeOH CHOl [err] ™80 [ Blirk Awarsa&%%&wm 35 alleqnrd4n gool to ambient frmpswrn 4 Ny
(329% of N-(2,2-dinethyl-1(S) (rrethylcarba ropyl) 3(R§-[3(4-

(pyri di n-4-yl ) pikwagien le nlpél%tmwf 10§/m];§&7c/e)|qﬂa?/%)d %(R!ﬂé@-“yﬁ phenylle Fpymld -
[err]H NWR (CO{err]CD): [err] 8.54 (d, 2H, J 5.6 Hz), 7.99 (bd, 1H,
J = 4.4 Hz), 7.8Buctinkpac{dr-b@izyl ester Mo{cﬂuondcasayellow sohd mp 203- 5°C (d). 'HNMR
148 WD 98/ 17643

PCT/ US97/ 17809 (DMSO-dg): 6 8.86 (d, 2H, J = 6.3 Hz), 8.38 (d, 2H, J = 6.6 Hz), 8.02 (d, 2H, ] = 8.5 Hz),

7.74 (d, 2H, J = 8.5 Hz), 7.58 (s, 1H), 7.31-7.24 (m, 5H), 6.96 (t, 1H, ] =2.4 Hz), 6.58 (s,
1H), 5.23 {t, 1H, J=7.4 Hz), 5.10 (s, 2H), 3.36 (dd, 1H, J = 6.6, 16.6 Hz), 3.21 (dd, 1H,J =
7.7,16.9 Hz). Anal. Calculated for CocH5,N,0, ® HCl @ 0.3 H,0: C, 66.68; H, 5.08; N,

5.98; Cl, 7.57. Found: C, 66.56; H, 5.01; N, 5.98; Cl, 7.80.

@
O N OH
i -
©”°VT5"'8

According to the procedure as described in Example 1(f) for 3(R)-t-
butoxycarbonylamino-N-(1(S)-benzyl-2-methoxy-ethyl)succinamic acid benzyl ester, 2(R)-
[3-(4'-pyridin-4-yl-phenyl)-1 H-pyrrole-1-yljsuccinic acid 4-benzyl ester hydrochloride and
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1H, J = 1.9 Hz), 6.92 (t, 1H, J = 2.5 Hz), 6.55 (dd, 1H J = 1.9, 2.8 Hz),
5.28 (t, 1H, J 7.2 Hz), 4.17 (s, 1H), 3.23 (dd, 1H, J = 7.5 16.7
Hz), 3.01 (dd, 1H, J = 7.2, 16.7 Hz), 2.66 (d, 3H, J 35Hz) 0. 95
(s, 9H). IR(KBr): 3422, 1654, 1598, 1562, 1535 cnferr]. HREABNG

Cal cul ated T¥PWIEIY (M +H err]): 463.2345. Found: 463. 235& CTASH/17809

Cal cul ated for [err] * 1.15 Herr]O* 0.1 CHCO[err]: C, 63.30; H 6.59;
N, 11.31. Found: C, 63.28; H, 6.58; N, 11.08. The starting
mat eri al was ay@)-amio2(R)hydoexytindane wieregongiedeith BOP to afford in 60% yield N-(2(R)-

N- (2, 2-Di net hyl - 1(S) - (et hyl car banoyl ) propyl )-3(R)-[3-(4-(pyridin-4-yl)phen
>é l % -1H hydroxyindan-1(R)-yl)-3(R)-[3-[4-(pPtidif-Qlyl)pheal{] Smﬁlﬁ&ﬂmyqsxﬁexhﬁnﬂaﬁa%” |
ster err

ﬁf?é’ré’i Ng 10 t PG A RePANSHIRRI LRE Ty o627 ®(s. U RMK @MSO%4P5EP86 & AN Of

dimethyl-1(S) - Sff%tmg CESPEITR P L) s (Do, DS U OPFRADIHL 3T 1913 .9 nam

c acid benhzyl

3 B e b e Gy A 200
Tt s L L

(et hyl car banmoyl ) pr 3 ridin heny I ]su
ccinam c acid ‘7)§) g%@il-” 7&4@43 i@ﬂ% 31°3¥ !([%
7.76-7.50 (m 6H), 7.36-7.22 (m H)712d )682
(t, 1H J = 1.9 162)H2)6A68. Catsulatgifor C3sHnNz0, © 056 HyO:, C-573;?é 13, 51'51 N7.38H) |

4.09 (dd, 1H, J = 2.8, 9.0 Hz), 3.41 (dd, 1H, J = 5.3, 16.5 Hz), 3.10 (dd,
1H J = 8.4, 16o&ndg)73.70;H, SBIA6 726d, 3H, J = 2.5,4.4 Hz), 0.90 (s, 9H). IR
(KBr): 3314, 2959, 1736, 1652, 1598, 1560,

149 WO 98/ THeRbBowing were made in a similar manner:
PCT/ US97/ 17809

Example 6(b). N-(2,2-Dimethyl-1(S)-(methylcarbamoyl)propyl)-3(R)-[3-(4-(pyridin-4-
yl)phenyl)-1H-pyrrol-1-yl]succinamic Acid

“"N
\l
@,@’C

Ho’\/'\"""-/‘L NHMe
/v

According to the procedure described in Example 1(a), N-(2,2-dimethyl-1(S)-

(methylcarbamoy!)propyl)-3(R)-[3-(4-(pyridin-4-yl)phenyl)-1H-pyrrol-1-yl]succinamic acid
benzyl ester was hydrogenolyzed in MeOH after 20 hours. Purification via flash column
chromatography with 1% HOAc/10% MeOH/CHCl, as eluant and azeotrope with n-heptane
furnished 24 mg (32%) of N-(2,2-dimethy!-1(S)-(methylcarbamoyl)propyl)-3(R)-[3-(4-
(pyridin-4-yl)phenyl)-1H-pyrrol-1-yl}succinamic acid as yellow crystals. 'HNMR

(CD,0D): 5 8.54 (d, 2H, ] = 5.6 Hz), 7.99 (bd, 1H, J = 4.4 Hz), 7.80-7.59 (m, 6H), 7.34 (1,
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1550, 1409, 1166 cnferr]. LSIMs: 553 (MHerr]). Anal. Calculated for [err]

* 0.5 H20: C, 70.56; H 6.64; N, 9.98. Found: C, 70.70; H, 6.62; N,
9.78. Exanpl e 6(c).
N- (4, 4-Di net hyl - 2- oxo-tetrahydrofuran-3(S)-yl)-3(R)-[3-[4-(pyridin
yI ) pheny! | - 1WOFPRTP - 1- yI | succi nanic Aci d Bt s

[err] According
to t he procedure described in Exanp %ﬁ 4, 4-di math - 0X0-
t et r ahydr of ur akH3(S} Iy W}lflalfzﬁ(lﬁﬁ)rﬁ (dd dekﬂaﬁ:ﬁlf} 15|-?—3|c(yr1HoJ 12y|]su
ccinamc acid benzyl ester was hydrogenol yzed to obtain in 70%ield

N- (4, 4- di met hyHzR4dl¢s, 1H), 3.23 (dd, 1H, J=7.5, 167Hz) 3.01 (dd, IH,J=17.2, 16.7 Hz), 2.66 (d,
tetrahydrofuran-3(S)-yl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]- 1H-pyrro| 1-yl]su
ccinamic acid a{g,J=3. Sd{z),aﬁmr(p.mns IR(®IBry. 34Bz',r16$4-IIBWISGQNEK35d{:er 'HRFABMSY |
12. 60 (bs, 1H), 882(d 1H, J 8.8 Hz), 8.59 (d, 2H, J 5.9 Hz),
7.77 (d, 2H, Jcacﬁlaﬂ;dlf&)c 612313110;@“% 483.2345, Poldi) Asizm (AGhal, Tdlculhted & 5
Hz), 7.41 (s, 1H), 6.9 (2 6.52 (s, 1H), 5.16-5.11 (m 1H), 4.75 (d,

lH, J =8.8 Hz ) 1 ] 1H
1= 92 166 1H:23H30N4é§93 1541@Q64\B:rm1§rd 8530650, N ﬁﬂ Faba: & 2e(d, 1

(s 3H). Anal $§] had d for [err] * 0 2 MTBE * 0 2 H[err]O C 66 62
H598N88 oun C, 66.55; H 5.90; N, 8.98. The
starting materi al ilable as f

150 VIO 98/ %4%1-‘3 ng material Was aw%llaﬂxvxsﬁ the following manner:

PCT/ US97/ 17809

According to the procedure described in Example 1(b) for the preparation of N-(2,2-
dimethyl-1(S)-(methylcarbamoyl)propy)-3(R)-t-butoxycarbonylamino-succinamic acid
benzyl ester, 2(R)-[3-(4"-pyridin-4-yl-phenyl)-1H-pyrrole-1-yl]succinic acid 4-benzyl ester
hydrochloride and L-t-leucine-N-methylamide trifluoroacetate salt (prepared as described in
Example 5(d)) were coupled with TBTU to provide in 86% yield N-(2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl)-3(R)-[3-(4-(pyridin-4-yl)phenyl)-1H-pyrrol-  -yl]succinamic acid
benzyl ester. '"HNMR: & 8.80-8.57 (bs, 2H), 7.76-7.50 (m, 6H), 7.36-7.22 (m, 5H), 7.12(d,
1H, J = 1.6 Hz), 6.82 (t, 1H, J = 1.9 Hz), 6.50 (dd, 1H, J = 1.2, 1.2 Hz), 5.20-5.15 (m, 3H),
4.09 (dd, 1H, J = 2.8, 9.0 Hz), 3.41 (dd, 1H, J=5.3, 16.5 Hz), 3.10 (dd, 1H, J = 8.4, 16.5 Hz),

2.76 (dd, 3H, J = 2.5, 4.4 Hz), 0.90 (s, 9H). IR (KBr): 3314, 2959, 1736, 1652, 1598, 1560,
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N- (4, 4- D net hyl - 2- oxo-tetrahydrofuran-3(S)-yl)-3(R) -[3-[4-(pyridin-4-yl)phe
nyl ]-1H pyrrol - 1-yl]succinam c Acid Benzyl
Est er [err]
According to the procedure described in Exanple 1(f) for the preparation of
3(R -t- WRIHG43ar bonyl am no- N- (1( S) - benzyl - 2- net hoxy- ePRFUSFIRP nani ¢
acid benzyl ester, 2(R)- [3-(4"-pyridin-4-yl)-1H pyrrol e-1-yl]succinic

acid 2-benzyl ester rochl gride and 3(R)x

ami no- 4, 4- di net%?&»lfg%ﬂégg‘é‘f‘r abry B iﬁ%ﬁ(ﬂ% debngly Calewated for CayHaglN D4 €linun.
1994, 24, 557- 563) were coupl ed usi ng] BOP reagent to provide in 55%
yield N (4, 4-diBf:nhGi 70£6p8e6.64; N, 9.98. Found: C, 70.70; H, 6.62; N, 9.78.
tetrahydrofuran-3(S)-yl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H pyrrol-1-yl]su
ccinam ¢ acid Examplefc)| N¢4d-Simathyh2-aki-tetrabpdriofiran3(S}-7H-3(R)-[3Fdr(pytidintdR:
[err] 8.64 (d, yiiphedyll1H-@rial-ylfuGinapuic AR, J =8.5 Hz), 7.59 (d, 2H,
J =8.8 H), 7.53 (d, 2H, J = 6.3 Hz), 7.32-7.2¢"2(Nn 5H), 7.13 (s,

1H), 6.83 (t, 1H, J = 2.4 Hz), 6.61 (dd, 1H, .7, 2.8 Hz), 5.23 (dd,

1H J = 5.9, 8.5 Hz), 5.13 (s, 2H), &y d, 1H, J = 8.1 Hz), 4.01 (s,
2H), 3.50 (dd, 1H, J = 5.9, 16.9 Hz), 20 ﬁdop 1H, J = 8.5, 16.9 Hz),
1.20 (s, 3H), 0.86 (s, 3H). Anal. Cal - [err]: C 71.49; H,

5.81; N, 7.82. Found: C, 71.57; H, 5.84; NO4~/7.
151 WD 98/ 17643

PCT/ US97/ 17809 According to the procedure described in Example 1(a), N-(4,4-dimethyl-2-oxo-

tetrahydrofuran-3(S)-yl)-3(R)-[3-[4-(pyridin-4-yl)phenyl}- 1 H-pyrrol-1-yl]succinamic acid
benzyl ester was hydrogenolyzed to obtain in 70%yield N-(4,4-dimethy!-2-oxo-
tetrahydrofuran-3(S)-yl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]- 1 H-pyrrol- 1-yl}succinamic acid as
an amorphous solid. "H NMR (DMSO-dg): & 12.60 (bs, 1H), 8.82 (d, 1H, J = 8.8 Hz), 8.59
(d, 2H, J=5.9 Hz), 7.77 (d, 2H, ] = 8.1 Hz), 7.71 (d, 2H, J = 5.9 Hz), 7.64 (d, 2H, ] = 8.5
Hz), 7.41 (s, 1H), 6.92 (s, 1H), 6.52 (s, 1H), 5.16-5.11 (m, 1H), 4.75 (d, 1H, ] = 8.8 Hz),
4.08, 4.00 (AB quartet, 2H, J = 8.3 Hz), 3.22 (dd, 1H, J =9.2, 16.6 Hz), 2.93 (dd, 1H,J = 5.9,
16.9 Hz), 1.05 (s, 3H), 0.96 (s, 3H). Anal. Calculated for CosHysN305 @ 0.2 MTBE © 0.2
H,0: C, 66.62; H, 5.98; N, 8.97. Found: C, 66.55; H, 5.90; N, 8.98.

The starting material was available as follows:
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Example 7(a).

N- (8- Oxo-4-oxa-1, 7-di azatricyclo[9.6.1.0[err]]octadeca-11(18), 12, 14, 16-
tetraen-9(S)-yl)-3(R) -[3-[4-(pyridin-4-yl]phenyl]-1H pyrrol -1-yl]succinam c
Acid Ler r%

To a sol uti oVQWELs- o0xo- 4- oxa- 1, 7- di azatri cycl o[ 9. 6. 1. 0] eFFFP8E'3Hc a-
11(18), 12, 14,16-tetraen-9(S) -yl )- 3(R) [ 3-] 4- (pyr|d| n4-yl)phenyl]-1H pyrrol -
1- yI]sucm nam c I 8 0 280 mmol)
Et A/ Bt O THE Nefd-4aRimeihint-oxg-teli % a4 (punidinetyhnhear il H-ys
ng) and 88%formic aC|d(01n1_ wlﬂmnﬁ-&%ﬁ@ﬂm (1 m) was
added. After 16 hours, nore 10% paI | adi um on car bo 25 mg), 88% formc
acid (0.1 m.), and HOAC (1 nL) was added. At hours, nore 10%
pal | adi um on carbon (25 ng) was added. Aft 25 hours total el apsed
time, the catalyst was filtered off. The filtrat S concentrated to
a crude solid. The product dissolved in a mni anount of MeOH Et OAc,

and inorganic particulates were filtered away,. f¥ltrate was
concentrated to a solid that was 7't @r f CH err]d[err]/hex
to give 76 ng (46% of N-(8-o0x0-4-o0xa-1, ©

di azatricycl o[ 9. 6. 10[err]]oct adeca-11(18), 12, 14, 16-tetraen-9(S) -yl )-3(R) -[3

4- i di n- 4- | i
R r&[*\gggeplo&&hreuése%ed%nzwgg%%erggg,?mam ow

§H75J(5 23 Hﬁ) E“tg"’é%b&%l”%‘h%ﬁ"l QSS)GCTW)M%” i%ﬁﬁ’?““?%*?“%% ’%ﬁf%ﬁf‘*"? 17
(1}4 \:;'H: ‘; g LZ)S [3]:%)-%1(1 xB4-yl)- 1&8&?1 ] 3Huchmc azmli ngyl ester% drgc ondH)ahd ?(R?S (t,

ég% US97/ 17 8\(;\8 gmB{n%-zt 4- gxmethyl-z-oxo-tetrahydroﬁlran (see Freskos, J. N. Syn. Commun. 1994, 24, 557-

563) were coupled using BOP reagent to provide in 55% yield N-(4,4-dimethyl-2-oxo-
tetrahydrofuran-3(S)-yl)-3(R)-[3-[4-(pyridin-4-y])phenyl]-1 H-pyrrol-1-yl}succinamic acid
benzyl ester as a white solid, mp 175-7°C. "H NMR: 5 8.64 (d, 2H, J = 6.3 Hz), 7.64 (d, 2H,
J=8.5 Hz), 7.59 (d, 2H, ] = 8.8 Hz), 7.53 (d, 2H, J = 6.3 Hz), 7.32-7.26 (m, 5H), 7.13 (s,
1H), 6.83 (t, 1H, J = 2.4 Hz), 6.61 (dd, 1H, J = 1.7, 2.8 Hz), 5.23 (dd, 1H, J = 5.9, 8.5 Hz),
5.13 (s, 2H), 4.59 (d, 1H, J = 8.1 Hz), 4.01 (s, 2H), 3.50 (dd, 1H,J = 5.9, 16.9 Hz), 3.09 (dd,
1H, J=8.5, 16.9 Hz), 1.20 (s, 3H), 0.86 (s, 3H). Anal. Cz:llculated for C3,H3N304: C,

71.49; H, 5.81; N, 7.82. Found: C, 71.57; H, 5.84; N, 7.77.
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exchanged), 6.58 (s, 1H), 5.34 (t, 1H J = 7.5 Hz), 4.72 (dd, 1H J = 4.6,
11.2 Hz), 4.35-4.30 (m 1H), 4.23-4.15 (m 1H), 3.74-3.65 (m 2H),
3.56-3.42 (m 2H), 3.31-3.00 (m 4H), 2.91- 2.85 (m 1H), 2.74-2.67
(m 1H). Anal. Calculated for [err] * 0.4 Herr]O C, 68.19; H, 5. 69;
N, 11.70. FoW@fsi@eddeg 13; H 5.77; N, 11.81. The st BeVPS1R® eri al
was avail able as foll ows:

N- (8- Oxo0-4-oxa-1, 7-di azatricyclo[9.6.1.0[err]]octadeca-11(18), 12, 14, 16-tetr
aen-9(S)-yl)- Example 7(a). N-(8-Oxo-4-oxa-1,7-diazatricyclo[9.6.1.0'>"' "Joctadeca-11(18),12,14,16-
3(R) - [ 3-[ 4- ( pyr itetraead(SHYpHERN3-[4-(pyiridin-4-9l)pHenyl] J HupyrrelanylBuddnamiBariy |
Ester [err]
According to the procedure described in Exanple 1(b) for

N (2, 2-di nethyl -1(S) - >

(et hyl car banoyl ) propyl ) - 3(R) - (t - but oxycar bonylam np) succi nam ¢ aci d benzyl
ester, 2(R)- [ 3-[4-(pyridin-4-yl )P.ngl-pyrrol -1-yl]succinic
acid 4-benzyl ester hydrochloride o ﬁ!pre ared as described in

Exanpl e 6(a)) and 9S-t-but oxycar bonyl aHrTe') oxd\¢xa- 1, 7-di aza-
tricyclo-[9.6.1.0[err]]-octadeca-11(18)7 12, F4, 1 eNH et? aen- 8- one (see

Cast el hano, A. L.; Liak, T. J.; Home, S.° 7 Z.; Krantz, A Int
Pat ent Appl. WD5/04735-Al, Feb. 16 1995) V\ereH coupled with TBTU to
provide in 77%yvyield, after purification via co chr omat ogr aphy

W th 5% MeOH Et OAc and trituration with MIBE/ hex, N (8-o0x0-4-o0xa-1,7-

di azatricyclo[9.6.1.0[err]]octadeca-11(18),12, 14,1 12.17
6-tetraen-9(S)-yl)- 3}"@9 St{lguqmpf quxgﬁ-pxg.:l,7-dxazatncyclo[9.6.1.0 ** "octadeca-

153 WD 98/ 17643 ,

PCT/ US97/ 17809 11(18),12,14,16-tetraen-9(S)-yl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]- | H-pyrrol-1-yl]succinamic

acid benzyl ester (185 mg, 0.280 mmol) in EtOA¢/ EtOH/THF was added in succession 10%
palladium on carbon (50 mg) and 88% formic acid (0.1 mL). After 1.5 hours, HOAc (1 mL)
was added. After 16 hours, more 10% palladium on carbon (25 mg), 88% formic acid (0.1
mL), and HOAc (1 mL) was added. At 24 hours, more 10% palladium on carbon (25 mg)
was added. After 25 hours total elapsed time, the catalyst was filtered off. The filtrate was
concentrated to a crude solid. The product dissolved in a minimal amount of MeOH/EtOAc,
and inorganic particulates were filtered away. The filtrate was concentrated to a solid that
was triturated with CH,Cly/hex to give 76 mg (46%) of N-(8-oxo-4-oxa-1,7-
diazatricyclo[9.6.1.0'%! "Joctadeca-11(18),12,14,16-tetraen-9(S)-y1)-3(R)-[3-{4-(pyridin-4-
yl)phenyl]-1H-pyrrol-1-yl]succinamic acid as a yellow solid, mp >172°C (d). 'HNMR
(CD;COOD): & 8.91 (4, 2H, J = 6.6 Hz), 8.23 (d, 2H, J = 6.6 Hz), 7.93 (4, 2H, ] = 8.5 H2),
7.75 (d, 2H, J = 8.5 Hz), 7.62 (d, 1H, ] = 7.4 Hz), 7.40-7.33 (m, 2H), 7.17 (t, 1H, J = 7.5 H2),
7.10 (t, 1H, J= 7.4 Hz), 7.04 (s, 1H), 6.93 (t, 1H, J = 2.6 Hz), 6.79 (bm, 1H, partially
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yl ) phenyl ] -1H pyrrol - 1-yl ] succi nam ¢ benzyl ester as a pale yellow

anor phous solid. [er]rH NVR: [err] 8.91 (d, 2H, J = 6.6 Hz), 8. 23
(d, 2H, J =6.6 Hz), 7.93 (d, 2H, J = 8.5 Hz), 7.74 (d, 2H, J = 8.5
Hz), 7.59 (d, 1H J = 7.4 Hz), 7.37-7.25 (m 7H), 7.17 (t, J = 7.4 Hz),
7.10 (t, WOSSHES43) = 7. 4 Hz), 7.03 (s, 1H), 6 90 (t 1H, Pg'rmss'znzﬂ"ﬁz)
7.79 (bd, 1H, partially exchanged 6.57 (s, , 5.37 (t, 1H, =

(5] 518 (nendlhe 400 (055l A 2050 %ﬁ%ﬁ%—z%‘r’u&ﬁ% 5139, 15
0 S G et %—ﬁ*F@mmﬁ-Z GE%% 2%,356'-?@% 131 08 152081 {4

5.70; N, 10.15. Found: C N, 10. 26. The
fol | owi ng were &8almebDe 7ﬁ2é7£mrﬁﬂ)aﬁﬂ¢¥aGﬁi@ﬂmd for C3,Hps00p 190.4 Hp:. C, 68.19; H,
N-[ 2, 2- Di net hyl S) - (pyridin-4-yl car banmoyl ) propyl ]-3(R)-[ 3-[ 4-
(pyridin-4-yl )pﬁééi.W]UI%- Founds|C, 6845 Kbkt Nahli.&d. Aci d

[err] According to the procedure described in Exanple
7(a), N[2,2-dinmethyl-1(S)-

(pyridin-4-yl carbanoyl)propyl]-3(R) - 3- ;4 (pyridin-4-yl)phenyl]- 1H—pyrro|
-yl 1 succi nani ¢ The starting;mptarigleres praileble a3 1oflows ny, 0.280 Mol ) was

hydrogenol yzed in EtOH (10 nl) and HOAC 1217 nm_) and furni shed a soI id
t hat was tritur ate@-AKa-fcora-Qardia; atrigvale{2.64.0-7 “logtmdacad (18}, 1221401 6-tetra =

di met hyl - 1(S) - (pyr i cdalS=li=A srdinedonipheny B H-purel- Ryllfecihami wmt) pheny
| ]-1H pyrrol -1- yl]succi namc acid as a yellow solid. [err]H NWR
(CD[err]OD): [err] 8.54 (d, 2H,J = 6.6 Hz), 8.33 (dey 2H, J = 6.6
Hz), 7.73-7.68 (m 4H), 7.64-7.59 (m 4H), 7.32 ~H), 6.91 (t, 1HJ =
2.4 Hz), y 154 WO
98/ 17643 N

PCT/ US97/ 17809 @"OJ\}\'NH/"NH\-O

=y
G

According to the procedure described in Example 1(b) for N-(2,2-dimethyl-1(S)-
(methylcarbamoy!)propyl)-3(R)-(t-butoxycarbonylamino)succinamic acid benzyl ester, 2(R)-
[3-[4-(pyridin-4-yl)pheny!]-1H-pyrrol-1-yl]succinic acid 4-benzyl ester hydrochloride
(prepared as described in Example 6(a)) and 9S-t-butoxycarbonylamino-4-oxa-1,7-diaza-
tricyclo-[9.6.1.0'%"J-octadeca-11(18),12,14,16-tetraen-8-one (see Castelhano, A. L.; Liak,
T. J.; Home, S.; Yuan, Z.; Krantz, A. Int. Patent Appl. W095/04735-A1, Feb. 16 1995) were
coupled with TBTU to provide in 77% yield, after purification via column chromatography
with 5% MeOH/EtOAc and trituration with MTBE/hex, N-(8-ox0-4-oxa-1,7-

diazatricyclo[9.6.1.0'% Joctadeca-11(18),12,14,16-tetraen-9(S)-y1)-3(R)-[3-{4-(pyridin-4-

153



6.52 (dd, 1H J = 1.8, 2.9 Hz), 5.31 (t, IH J = 7.5 Hz), 4.41 (s, 1H),

2.99 (dd, 1H, J 6. 8, 16.7 Hz), 1.03 (s, 9H). Anal. Calcul ated for
[err] * 0.6 Herr]O* 0.2 EtQAc: C, 66.77; H 6.15; N 12.64. Found: C,
66.72; H 5.99; N, 12.62. The starting mater |P%lm}g§ﬁ17§d§al | abl e

as foll ows: WO 98/17643
N-[2,2-Di nethyl -1(S)-(pyridin-4-yl carbam)yl)propyl] (R -[3-[4-(pyridin-4-y

|) phenyl ] - 1H yl)phenyl]-1H-pyrrol-1-yi]succinamic benzﬁ¥§t£r()as abal¥ L IRHE £hSHPRGuE soival L3

Benzyl Ester

o0 for the prOMBASAATIL 005 s BT BOTRE 1S o ARSI BTG

ﬁ?r]z§|rmtegty'efar PAT  PROPY'Sh (&q’(m)Jt MY $A BoRY AR N R HEE Y D9 W 5 2R,
2S-t - but oxycar bonyl ani no- 3, 3-di net h I-(gl;lg&/rl di n-4- '2/9r(¥3¢bm anami de&éagéqﬁgér ed

as described in Edaipl.éH8Ld)0p (wdED gd-242- | L partiallyt o

The crude am ne salt and

2(R) - [ 3-[ 4- (pyr 687 (5; #HY 53516 b5 J = TEHR)5 18I (s, 2H)1 4 H(dei U, & =40, §1.2 Hgl AAg14.30
ester hydrochl ori de (prepared as described in Exanple 6(a)) were
coupl ed wi th TREJIHY 4230V e, 1H), 303265 (m) 2H],i3¢56t3.43(my RH), 33l thot$ (m, 3H), 3.02 (1,
chromat ography with 5% MeOHI CH2Cl 2 and trituration with MIBE/ hex, in

76%yield N-[2,dy ditirn), 405284 D) 1HY D722¥Y ¢a) HHNBA) Qaloglyted B CRHESs 05
(pyridi n-4-yl)phenyl]- 1H— pyrrol - 1-yl]succi nami ¢ acid benzyl ester as a pal e

yellow  ammorphous gsaicl c Whisahuiesougad.s! esiest cl w4 seaiogat i on

[err]H NMR [err] 8. 5.9 Hz), 8.43 (d, 2H, J = 6.3 Hz),
8.26 (s, 1H), 7.64 (d, 2H, J = 8 5 Hz), 7.58 (d, 2H, J = 8.5 Hz), 7.53
(d, 2H, J = 6.3 Hz), 7.40 (d, 2H J= 6.3 Hz), 7.32-7.24 (n1 5H), 7.12 (s,
1H), 6.85 The following were available in a similar manner: 155

98/ 17643

PCT/ US97/ 17809 Exampte 7(b). N-[2,2-Dimethyl-1(S)-(pyridin—4—ylcarbamoyl)propyl]-3(R)-(3-[4—
(pyridin-4-yl)phenyl]-1H-pyrroi-1-yljsuccinamic Acid

“ N
\l
7]
O N

HONANNH Iy
OA

According to the procedure described in Example 7(a), N-[2,2-dimethyl-1(S)-
(pyridin-4-ylcarbamoyl)propy1]-3(R)~[3-[4-(pyridin-4-yl)phenyl]— 1H-pyrrol-1-yl}succinamic
acid benzyl ester (185 mg, 0.280 mmol) was hydrogenolyzed in EtOH (10 mL) and HOAc (1
mL) and fumished a solid that was triturated with EtOAc to give 60 mg (41%) of N-[2,2-
dimethyl-1 (S)-(pyridin—4-ylcarbamoyl)prop?l]-3(R)- [3-[4-(pyridin-4-yl)phenyl}-1 H-pyrrol-1-
yi]succinamic acid as a yeilow solid. 'HNMR (CD,0D): & 8.54 (d, 2H, 3 = 6.6 Hz), 8.33 (N
2H, I = 6.6 Hz), 7.73-7.68 (m, 4H), 7.64-7.59 (m, 4H), 7.32 (s, 1), 6.91 (t, 1HJ=2.4 Ha),
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(t, 1H, J = 2.4 Hz), 6.64 (dd, 1H J = 1.8, 2.9
Hz), 5.19-5.08 (m 3H), 4.19 (d, 1H, J: 1
16.9 Hz), 3.23 (dd, IH J = 8.1, 17.3 Hz), 0.93
Cal culated for [err] * 0.9 Herr]O C, 70.32; H

), 6.23 (d,1H, J =
), 3.39 (dd, 1H, J
(s, 9H). Anal
19; N, 11.08. Found:

Hz 8.1
Hz = 5.2,
6.

C, 70.37; H WO} 10. 94, Exanpl e 7(c). PCT/US97/17809
N[1(S)-(1H | m dazol - 2y|) 3rrethy|buty|] 3(R) [3[4(pyr|d|n 4-

yl ) phenyl ] -1H pyr 84 El 3/ succi nam ¢ For mat e Sal

N [err] 52 (dd, 1 A@c%?éiz?wé 3t1(§t tlﬁeJ p?éé@d&r‘é (éiéélé;rz Peldd,i 1L, ExSrBol e
7(a), N[1(S)- (11H-|mdazol yl)-3-

net hyl but yI ] - 3(RY-Hz- 1103 (é’pg}ﬂi d-inaL Galguiytpthfon b gH: (¥Qye 0.6/H,0-¢/ 02 Et@be:nGni C

acid benzyl ester was hydrogenol yzed in EtOH THF (1:1) to yield in 81%

yield N-[1(S)- 6677 b Gz O, 12641 Bousd: C, 66.72; H, 5.99; N, 12.62.
met hyl butyl ]-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H pyrrol -1-yl]succinam c

acid formate salt as a yellow anorphous solid. [err]H NWR

(DI\/ISOd[err]) [err]rhlz 30 (bs, 1H), 8.65 (d, 1H J = 8.1 Hz), 8.59

(d 2H, J = 4.4 Hz); fasta_rsnz{matemrli)waszvaﬂsblgeﬁfonwsJ 8.5 Hz), 7.71 (d, 2H, J
4.4 Hz), 7.60 (d, 2H, J lH) 691683(m3H)

6 44 (s, 1H), SN4B2{Qimethyl-1(S)-fovridig arbapx ,
Hz), 3.10 (dd, 1H J ' 14cid B4 16. 7 HZ) ,
1.68 (t, 2H, J 7.2 HZ) l 52 l 45 (m lH) 0 86 (d 3H J = 7.0 Hz), 0.83

(d, 3H, J 6.6 Hz). Anal. Calculated for [ N Hogerr]H * 0.5
Et OAc: C, 64.15; H, 6.28: N, 12.47. Foung o) 721, H 6.40; N,
12. 60. 156 WO

98/ 17643 N
PCT/ US97/ 17809 o8 °J\)\r””’” NHC

According to the procedure described in Example 1(b) for the preparation of N-(2,2-
dimethyl- 1(S)-(methylcarbamoyl)propyl)-3(R)-t-butoxycarbonylamino-succinamic acid
benzyl ester, 2S-t-butoxycarbonylamino-3,3-dimethyl-N-(pyridin-4-yl)-butanamide (prepared
as described in Example 5(d)) was deprotected with trifluoroacetic acid. The crude amine
sait and 2(R)-[3-[4-(pyridin-4-yl)phenyl}-1H-pyrrol-1-yl]succinic acid 4-benzyl ester
hycirochloridc (prepared as described in Exampic 6(a)) were coupled with TBTU to provide
after purification via column chromatography with 5% MeOH/CH,C!, and trituration with
M‘i‘BE/hex. in 76% yield N-[2,2-dimethyl-1(S)-(pyridin-4-ylcarbamoyl)propyl]-3(R)-{3-[4-
(pyridin-4-yl)phenyl]}-1H-pyrrol-1-yl}succinamic acid benzyl ester as a pale yellow
amorphous solid, which was used without further purification. 'HNMR: & 8.65 (d,2H, J =
5.9 Hz), 8.43 (d, 2H, J = 6.3 Hz), 8.26 (s, 1H), 7.64 (d, 2H, J = 8.5 Hz), 7.58 (d, 2H, J = 8.5
Hz), 7.53 (d, 2H, J = 6.3 Hz), 7.40 (d, 2H, J = 6.3 Hz), 7.32-7.24 (m, 5H), 7.12 (s, 1H), 6.85
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The starting materials were nmade as foll ows:

N-[1(S)-(1H I m dazol -2-yl)-3-nmethyl butyl]-3(R)-[3-[4-(pyridin-4-yl)phenyl]-
1H pyrrol - 1- yl ] succinam ¢ Acid Benzyl

Ester [err] According to the procedure described in

Exanpl e 1(b) wopsn7#4s preparation of 3(R)-t- PCT/US97/17809

but yl oxycar bonyl am no- N- (2, 2-di net hyl - 1(S) - ( et hyl car banoyl ) propyl ) succi nam
ic acid benzyl ester, 2-(1(S)-am no-3-nethyl-butyl)-im dazole (See

Chen, J.J. Zhaqg,lHYJ 2.4 Hz), 64@BNGY, 1S 18,5’9"}&2%3 Al WBlgizlegr%nll,aH)

MF.; Castelhano A L., subm tted for |'I'cati oh

S S| ecal Bt D, SONGETy o4 E AArt 8 1o o 61
AR U R T P A AR rouy
were coupl ed w té? L{g’({bag] col utm chr omat ogr aphy with 0-

MeOH/ CH[erlr]dCI[ ’Fig'%'r N 8-%hnt  and recrystallization from Et OAC gave

in 41%yi N-

I[2(8)-()1“|—i-eim'dazol 2- yI) 3-net hyl butyl ]-3(R)- [3 [4 (pyridin 4- yI)phenyI] 1H

i%r arail[ err] C (d)lé/"a 3 e(r: pwof)gﬁ/%@wawixﬁs methy i'f@i {ﬁ} %’65“’“‘% 8. 68

(d, 1H, J = 8.5 Ylphenyd- PQ)“"'I“ '(d 2H, J = 8.5 Hz),

7.71(d, 2H J = 6.3 Hz), 7.60 (d, 2H, J = 8.5 Hio 136 (3, 19, 7.30 (s,
5H). 6.94-6.80 (m 3H). 6.46 (s, 1H), “NH 3= 7.5 H). 511,
5. 05 (AB quartet, 2H, J = 12.7 Hz), 4.97 MH J = 7.7, 15.4 H2),
3.24 (dd, 1H, J = 7.4, 12.9 Hz), 3 11 (d 1.5 703? 16.6 Hz). 1 67
t, 2H J = 7.7 Hz). 1.48-1.40 (m 1 ,%% . ="6.6 Hz). 0.81(d.
gH, J=6.6 H). ) (m - 1H) o W/‘NH H )15y O

WO 98/ 17643 7\

PCT/ US97/ 17809

According to the procedure described in Example 7(a), N-{1(S)~(1 H-imidazol-2-yl)-3-
methylbutyl]-3(R)-[3-[4-(pyridin-4-yl)phenyl}-1H-pyrrol-1-yl}succinamic acid benzyl ester
was hydrogenolyzed in EtOH:THF (1:1) to yield in 81% yield N-[1(S)-(1H-imidazol-2-yl}-3-
methylbutyl}-3(R)-[3-[4-(pyridin-4-yl)phenyl]- 1 H-pyrrol-1-yl]succinamic acid formate salt
as a yellow amorphous solid. TH NMR (DMSO-dg): 6 12.30 (bs, 1H), 8.65(d, 1H,J=8.1
Hz), 8.59 (d, 2H, J = 4.4 Hz), 8.13 (s, 1H), 7.75 (d, 2H, ] = 8.5 Hz), 7.71 (4, 2H, ] = 4.4 Hz2),
7.60 (d, 2H, J = 8.5 Hz), 7.34 (s, 1H), 6.91-6.83 (m, 3H), 6.44 (s, 1H), 5.08 (t, 1H,J=7.5
Hz), 4.97 (dd, 1H, J = 8.1, 16.2 Hz), 3.10 (dd, 1H, J = 8.1, 16.6 Hz), 2.90 (d4, I1H,J=7.2,
16.7 Hz), 1.68 (t, 2H, ] = 7.2 Hz), 1.52-1.45 (m, 1H), 0.86 (d, 3H, J = 7.0 Hz), 0.83 (d, 3H, J
= 6.6 Hz). Anal. Calculated for C,7H,gNsO; @ HCO,H @ 0.5 EtOAc: C, 64.15; H, 6.28; N,

12.47. Found: C, 64.21, H, 6.40; N, 12.60.
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Anal . Calculated for [err]: C, 72.70; H 6.28; N, 12.47. Found: C, 72.43,

H 6.33; N, 12. 34. Exanpl e 7(d).

N Met hyl -3(R)-[3-[4-(pyridin-4-yl)phenyll-1H pyrrol -1-yl]succi nam c

Acid [err]

Accor di ng t o Woes/\IseScedur e described in Exanple 7(a), PCT/US97/17809
N-nmet hyl -3(R)-[3-[4-(pyridin- 4-yl)phenyl ]-1H pyrrol -1-yl]succi nam c
acid benzyl ester was hydrogenol yzed in acetic acid to yield in 90%
yield N-nethyl-3(R) ”ﬁl@ﬂaﬂm&ﬁﬁ/{tdxﬁlﬂu&c Bﬁilraooa@?&% -1Hpyrrol -1-yl ] succi nam c
acid as a yell ow armrphous solid. [err

DIVBOd[err]) [err] 8. 58 (d
Y] _ ] IR

2H, J =5.9 Hz),

d, 2H J =8.4 HREL 2 ~u:0 -4
g_H, J=2.2 Hz), 4. 80 (d, 1H, J 10. HIMQMQWE“ J = 15. 8, ll 0 HZ)
r

2.36 (s, 3H). Anal. Calcul ated for [err] *10 |e r] 0:0.33 AcOH C,
64.08; H 5.81; N, 10. 85. Found: C, 64.23 %6; H, 5.66, 5.67; N,
10. 83, 10.78. The starting y I s were nade as fol | ows:

158 WD 98/ 17643 LN
PCT/ US97/ 17809 gO'K)\nNH/"NH
™,

61

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butyloxycarbonylamino-N-(2,2-dimethy!-1(S)-(methylcarbamoyl)propyl)succinamic acid
benzyl ester, 2-(1(S)-amino-3-methyl-butyl)-imidazole (See Chen, J.J.; Zhang, Y.;
Hammbnd, S.; Dewdney, N.: Ho, T.; Browner, M.F.; Castelhano, A.L., submitted for
publication; and Abel-Meguid, S.S.; Metcalf B.W.; Caw, T.J.; DeMarsh, P.; Des Jarlais,
R.L.; Fisher, S.; Green, D.W.; et al. Biochemistry, 1994, 33, 11671-11677) and 2(R)-[3-[4-
Gyridin—4-yl)phenyl]-lH—pyrrol-l-yl]succinic acid 4-benzyl ester hydrochloride (prepared as
described in Example 7(a)) were coupled with TBTU. Flash column chromatography with 0-
5% MeOH/CH,Cl, gradient eluant and recrystallization from EtOAc gave in 41% yield N-
[1(S)-(1 H-imidazol-2-yl)-3-methylbuty!]}-3(R)-[3-[4-(pyridin-4-yl)phenyl}-1H-pyrrol-1-
yl]succinamic acid benzyl ester as white crystals, mp 179-81°C (d). THNMR (DMSO-dg):
5 11.84 (bs, 1H), 8.68 (d, 1H, J = 8.5 Hz), 8.59 (d, 2H, J = 4.4 Hz), 7.76 (d, 2H, J = 8.5 Hz),
7.71 (d, 2H, ] = 6.3 Hz), 7.60 (d, 2H, J = 8.5 Hz), 7.36 (s, 1H), 7.30 (s, SH), 6.94-6.80 (m,
3H), 6.46 (s, 1H), 5.17 (¢, 1H, J=7.5 Hz), 5.11, 5.05 (AB quartet, 2H, J = 12.7 Hz), 4.97
(dd, 1H,J=7.7,15.4 Hz), 3.24 (dd, 1H, I = 7.4,12.9 Hz), 3.11 (dd, 1H, J= 7.7, 16.6 Hz),

1.67 (t, 2H, J = 7.7 Hz), 1.48-1.40 (m, 1H), 0.85 (d, 3H, J = 6.6 Hz), 0.81 (d, 3H, J = 6.6 Hz).

157



N-Met hyl -3(R)-[3-[4- (pyridin-4-yl)phenyl]-1H pyrrol -1-yl]succinamc Acid
Benzyl Ester N
[err] According to the procedure described in Exanple
1(b) for the preparation of 3(R)-t-

but yI oxycar bd¥/#&43o- N- (2, 2- di et hyl - 1( S) - (et hyl car banoy| PEFEE¥Bcci nam
ic acid benzyl ester,

2(R) -[3-[4-(pyridin-4- yI)phenyI] 1H pyrrol -1-yl]succinic 4-benzyl ester
hydrochl ori de (puap&akdlazd foleGgHiDRO;i G, BXZ07H, 6:28,(N)12.42rRbusd €5 32.431,086.33; N,
aqueousueous met hyl am ne were coupled with TBTU. The solid that

preci pitated fragmsghe reaction m xture was washed with water and,
after drying, with ethyl acetate to give 51% of N nethyl-3(R)-

[ 3-[4-(pyridin-4-yl)phenyl]-1H pyrrol-1-yl]succinam c acid benzyl ester as
a yellow solid: [err]HNVR (DMSO-d[err]): [err] _8.58 (d, 2H, J=4.4 Hz),
7.84 (br s, 1H) ,Examffe 7(d).ON-{Methytt3(R)- B—Mpfﬂdm-4-yl)ph2hjll] JJH yProlilyljsuccit@mic 25
(m 6H), 6.76 (sAcidH), 6.40 (s, 1H), 2H), t, 1H J=6.2

Hz), 3.20 (dd, 1H, J=15. 8, 62Hz) 286(dd 1H, J160 8.6 Hz), 2.32 (s,
3H); Anal. Calculated for (Jerr]l]Herr]Nerr]Jerr]*13 Herr]O C
70.05; H 6.01; N, 9.08. Found: C N H, 5.98, 6.00; N,

9. 01, 9.00. 159

According to the procedure described in Example 7(a), N-methyl-3(R)-[3-[4-(pyridin-
4-yl)phenyl]-1H-pyrrol-1-yl]succinamic acid benzyl ester was hydrogenolyzed in acetic acid
to yield in 90% yield N-methyl-3(R)-[3-[4-(pyridin-4-yDphenyl]-1H-pyrrol-1-yl]succinamic
acid as a yellow amorphous solid. lHNMR (DMSO-dg): & 8.58 (d, 2H, J=5.9 Hz), 7.75 (d,
2H, J=8.1 Hz), 7.71 (4, 2H, J=6.2 Hz), 7.61 (d, 2H, J=8.4 Hz), 7.29 (s, 1H), 6.77 (t, 1H, J=2.2
Hz.), 6.42 (t, 1H, ]=2.2 Hz), 4.80 (d, 1H, J=10.7 Hz), 3.16 (dd, 1H, J=15.8, 11.0 Hz), 2.36 (s,
3H). Anal. Calculated for CygH)gN303@1.0 H000.33 AcOH: C, 64.08; H, 5.81; N, 10.85.

Found: C, 64.23, 64.16; H, 5.66, 5.67; N, 10.83, 10.78.

The starting materials were made as follows:

158



WD 98/ 17643

PCT/ US97/ 17809 Exanpl e 8(a).
N err]-(1(S)-Benzyl - 2- hydroxyet hyl ) - 3(R) - [ 3- ( bi phenyl -4-yl)-1H pyrrol - 1-
yl)-N err]-hydroxysucci nam de [err] To a sol ution of

N-( | (S)-beMWQB643ydr oxyet hyl ) - 3(R) - (3- (bi phenyl - 4- yl ) - 1HPEFUEYG7809
1-yl)succinamc acid (prepared as described in Exanple 1(a); 61 ng, 0.130
mmol) in CHC [err] (2 nmL) was added in succession NW (44 [err]L, 0.39
mmol ), benzotri XeMethylkd(R fidi 14t efiljsecinhmicpAnihBenzyl Este
hexaf | uor ophosphate (PyBOP, 203 ng, 0.390 nmoL), and hydr oxyl am ne
hydrochl oride (27 ng, 0.390 mml ). After 20 hours at anbient tenperature,
10% aqueous HC (2 nl) and saturated aqueous NH err]d (10 nmiL) were added,
and the resultant mxture extracted with [err] (15 nmL) three
times. The conbi ned organic | ayers wer e d wth saturated aqgueous
NH err]d (10 nL), dried over Na[err]SJ er evaporated to

provi de a yellow solid, which was purifj a flash col um chromat ography

(MRD)03-{A-towvidin-H

with 1% HOAc/ 10% MeOH CHCl [err] g & uant. Subsequent radi al

chr omat ography with a 1% HOAc/ 5- 10pAVROH CH err]Cl[err] stepw se

gradi ent el uant and azeotropi c@ﬁ%’bﬁbw’th n- hept ane gave 9
ng (14% of Nerr]-(1(S)-benzy hydr oxyet hyl ) - 3(R) - ( 3- bi phenyl - 4-yl - 1H
pyrrol -1-yl)-N err]-hydroxysucci nam de as a yellow solid. [err]H NWR
(COferr]OD): [err] 6.90-6.79 (m 1H), 6.58-6.76 (m 1H), 5.18-5.02 (m
1H), 4.19-4.01 (m 1H), 3.00-2.84 (m 1H), 2.84-2.70 (m 3H. IR

(CHO [err]): 3244, 3018, ,1659, 1208, 1201 cc{r,{ err]. HRFABMS: Cal cul afte for
160 VO 98/ 17ég§)rd1ng to the procedure described in Example 1(b) for the preparation of 3(R)-t-

PCT/US97/ 17809 butyloxycarbonylamino-N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propyl)succinamic acid
bc@l ester, 2(R)-[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-yl]succinic 4-benzyl ester
hydrochloride (prepared as described in Example 7(a)) and excess 40% aqueousueous
methylamine were coupled with TBTU. The solid that precipitated from the reaction mixture
was washed with water and, after drying, with ethyl acetate to give 51% of N-methyl-3(R)-
[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-ylJsuccinamic acid benzyl ester as a yellow solid:
lHNMR (DMSO-dg): 5_8.58 (d, 2H, J=4.4 Hz), 7.84 (br 5, 1H), 7.76-7.70 (m, 4H), 7.60 (d,
2H, J=8.5 Hz), 7.29-7.25 (m, 6H), 6.76 (s, 1H), 6.40 (s, 1H), 5.03 (s, 2H), 4.67 (t, 1H, J=6.2
Hz), 3.20 (dd, 1H, J=15.8, 6.2 Hz), 2.86 (dd, 1H, J=16.0, 8.6 Hz), 2.32 (s, 3H); Anal.
Calculated for C57HpsN30401.3 H,O: C, 70.05; H, 6.01; N, 9.08. Found: C, 69.98, 69.97;

H, 5.98, 6.00; N, 9.01, 9.00.
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Cerr]Herr]Nerr]derr] (M+Herr]): 483.2158. Found: 483.2139. Anal.
Calculated for [err] * NHerr]OH* 0.2 CHC[err] * 0.25 Herr]O C, 64.35;
H, 6.05; N, 10.28. Found: C, 64.13; H 5.69; N, 10.56. The
following was made in a simlar nmanner: Exanple 8(b).

N[ err]-(1(S) VRMWATF432. met hoxyet hyl ) - 3(R) - | 3- (bi phenyl - 4-yI ) PEHUBA7P - 1-
yl)-N err]-hydroxysucci nam de

E 2, ' (1(S) - beﬁg tgg;8(23-“%“%gr’ﬁqnﬁy‘?-zﬁhhy%ro%‘«?t‘ix?ﬁ-‘i?15)-B-Eiﬁﬁ:%ie-?ﬁiyilﬁlﬁ?m-‘f— 8

net hoxyet hyl ) - 3¢ drPEBRSRmIae | _ 11 pyrrol - 1-yI ) succi nami ¢ acid
(prepared as described in Exanple 1(f)) and hydroxyl am ne hydrochl ori de
were coupled with BOP and titurated wth MIBE/ rr]Cl[err]/hex to give
in 62%yield Nerr]-(1(S)-Benyl -2-net hoxyet hyl ) - [ 3-

(bi phenyl -4-yl)-1Hpyrrol -1-yl)-Nerr]-hydrox ccinamde a a solid, np
180-2C (d). [err]H NWR (DvBO-d[err]): [eri43y8-80 (s, 1H), 8.26 (d, 1H J
8.5 Hz), 7.65-7.49 (m 6H), 7.41 (t, 2H, N= 7.4 Hz), 7.31-7.12 (m 7H),
6.73 (s, 1H), 6.40 (s, 1H), 5.06-5.01nxEpe 1H) yy4.00-3.95 (m 1H), 3.19 (d,
2H, J = 5.2 Hz), 3.14 (s, 3H), 2.81-2.29 (m §4H %hnal . Cal cul ated for
[err]: C, 72.41; H, 6.28; N, 8.44. Found: C, 72. H 6.29; N, 8.39.

161 WD 98/ 17643

PCT/ US97/ 17809

To a solution of N-(1(S)-benzyl-2-hydroxyethyi)-3(R)-(3-(biphenyi-4-yl)-1 H-pyrrol-
1-yl)succinamic acid (prepared as described in Example 1(a); 61 mg, 0.130 mmol) in CHCl4
(2 mL) was added in succession NMM (44 uL, 0.39 mmol), benzotriazole-1-yloxy-tris-1H-
pyrrolidino-phosphonium hexafluorophosphate (PyBOP, 203 mg, 0.390 mmol), and
hydroxylamine hydrochloride (27 mg, 0.390 mmol). After 20 hours at ambient temperature,
10% aqueous HCI (2 mL}) and saturated aqueous NH,Cl (10 mL) were added, and the
resultant mixture extracted with CHCl; (15 mL) three times. The combined organic layers
were washed with saturated aqueous NH,Cl (10 mL), dried over Na;SO,, and evaporated to
provide a yellow solid, which was purified via flash column chromatography with 1%
HOACc/10% MeQH/CHCl, as eluant. Subsequent radial chromatography with a 1% HOAc/5-
10%MeOH/CH,Cl, stepwise gradient eluant and azeotropic removal of HOAc with n-
heptane gave 9 mg (14%) of Nl-(l (S)-bcnzyl~2-hydroxyethy1)-3(R)-(3-biphenyH-yl-lH—
pyrrol-l-yl)-N“-hydroxysuccinamide as a yellow solid. 'H NMR (CD;0D): d 6.90-6.79 (m,
1H), 6.58-6.76 (m, 1H), 5.18-5.02 (m, 1H), 4.19-4.01 (m, 1H), 3.00-2.84 (m, 1H), 2.84-2.70
(m, 3H). IR (CHCl;): 3244, 3018, 1659, 1208, 1201 cm’'. HRFABMS: Calculated for
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Exanpl e 8(c).
N[ err]-Hydroxy-N err]-(9-oxo-1, 8-diaza-tricycl o[ 1Q! 6Hls SfesT ﬂ%]m@ri&dleqa-

12(19), 13, 15,17-tetraen-10S-yl )-3(R) - 1H (pyrrol - 1-yl ) sueErhaskEde i [err]
A m xture of
N[ err] - benzy M9\ r ] - (9- oxo- 1, 8- di aza-tri cycl of 10. 6. 1. o[ EFFPPHI*eca-
12(19),13,15,17-tet raen 1OS-yI )-3(R) - 1H pyrrol - 1-yl - succi ndi am de (180 ny

of Bt on vew sti PRl W2 ol U o) Al el B g s Chaafrgreunt
\(l:\gts aLgrS]E:e\rl:?f aI ;h’&‘g@ﬁgﬁ%{ gﬁrLd %&%r‘?—g;&ﬁﬁf E)&#: iFB‘im(déF 3::FP % Ea:t ’on

provi ded

N err]-hydroxy- K@é@r] (9-oxo0-1, 8-diaza-tricyclo[10.6. 1. 0[ err]] nonadeca-
12(19), 13, 15, 17- tetraen- 1OS-yI) 3(R) - 1H (pyrrol -1-yl)succi nam de as a
solid, np 158-65[err]C. FABMS: 466.1 ([err]; M+Herr]).

Exanpl e 9.

N[err]-[2, 2-Di met hylnf(f85l°‘(‘H§&’F§)S?9‘?Fe‘f‘ﬁﬂ")‘BFB‘ﬁ%°I N[ er r] - hydr oxy- 2(R) - [ 3- [ 4-
EE?IH din-4-yl )pgen% J S%b) -( gg&]éﬂ%/yl%?{g% (war;'%myﬂ%(R)-[B (biphenyl-4-yl)-1H-pyrrol-1-

N err]-t-butyl dp’B‘r\%rRMdg?’fyawlmﬂ?] [ 2, 2- Di net hyl - 1(S) -

(hydroxynet hyl ) propyl ]-2(R)-[ 3-[4- (pyridi n-4-yl)phenyl]-1H pyrrol -1-yl]succ
I nam de (112 162

WO 98/ 17643

PCT/ US97/ 17809

-HQN:\J?)NTSHl
According to the procedure described in Example 8 (a), N-(1(S)-benzyl-2-

methoxyethy!)-3(R)-(3-biphenyl-4-yl-1H-pyrrol- 1-yl)succinamic acid (prepared as described
in Example 1(f)) and hydroxylamine hydrochloride were coupled with BOP and triturated
with MTBE/CH,Cl,/hex to give in 62% yield Nl-(l(S)-Benzyl-2-methoxyethyl)-3(R)-[3-
(biphenyl-4—yl)-IH—pyrrol-l-yl)-N“-hydroxysuccinamide as a solid, mp 180-2°C (d). 'H
NMR (DMSO-dg): 3 8.80 (s, 1H), 8.26 (d, 1H, J = 8.5 Hz), 7.65-7.49 (m, 6H), 741 (t, 2H, J
= 7.4 Hz), 7.31-7.12 (m, TH), 6.73 (s, 1H), 6.40 (s, 1H), 5.06-5.01 (m, {H), 4.00-3.95 (m,
1H), 3.19 (d, 2H, J = 5.2 Hz), 3.14 (s, 3H), 2.81-2.29 (m, 4H). Anal. Calculated for

CyoH3N;04: C, 72.41; H, 6.28; N, 8.44. Found: C, 72.24; H, 6.29; N, 8.39.
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ng, 0.160 mmol) in THF (5 nL) was added a sol ution of tetra-n-butyl anmoni um
fluoride (0.20 mL of 1IMin THF). After 1.25 hours at anbient
tenperature, the m xture was added dropwi se to 1M pH7 phosphate buffer
(40 mL). The resultant precipitate was collected by filtration and
washed with WOR8AZE430l ution in CHerr]C[err]/ MeOH was passBETUSYEIRIR a
0.45 [err] syrlnge filter, and the filtrate was concentrated to give a
solid which vas o

N[err]-[2, 2-Di i‘é)t +g¥§f ’%9{@ -1§8§¥+E§;f?ngxné (@'(y 5658

[ 3-[4-(pyridi n hehyl ’F p%’ coé kit an anor phous

solid, which deconposed >200[err]C err]H NVR (CD[err]COOD): [err]
8.91(d, 2H, J = 6.6 Hz), 8.23 (d, 2Ho 70Hz) 7.93 (d, 2H, J =

8.8 Hz), 7.76 (d, 2H, J = 8.5 Hz 1 95 1H), 6.60 (s,
I H), 5?44 (t, (1H, J= 7.4 Hz), 3292%"@ %NHfE% (855 (H)m 1H), 50,.821

(dd, 1H, J = 6.4, 14.5 Hz), 3.03 (dd 1 1 15.1 Hz), 0.93 (s,
9H). Anal: Calculated for [err] * 04H[ ]O C 66.08; H, 6.96; N,
11.95. Found: C, 65.92; H 6.79; N, 11.86.

163 WO 98/ 17643

PCT/ US97/ 17809 A mixture of N'-benzyloxy-N4-(9-oxo-l ,8-diaza-tricycio[10.6.l.013"8]nonadeca-

12(19),13,15,17-tetraen-10S-yl)-3(R)- | H-pyrrol- 1-yl-succindiamide (180 mg, 0.324 mmol)
and 10% Pd/C (40 mg) in THF (250 mL) with a minimal amount of EtOH was stirred under
H, atmosphere. After 3.5 hours, the catalyst was filtered off and rinsed with THF and EtOH.
The filtrate was concentrated to about 40 mL, whereupon product precipitated. Filtration
provided N*-hydroxy-N'-(9-oxo-1,8-diaza-tricyclo[10.6.1.0''¥|nonadeca-12(19),13,15,17-
tetraen-10S-yl)-3(R)-1H-(pyrrol-1-yl)succinamide as a solid, mp 158-65°C. FABMS: 466.1

(C25H3NsOg; M +H").

Example 9. N'-{2,2-Dimethyl-1(S)-(hydroxymethyl)propyl]-N*-hydroxy-2(R)-[3-{4-
(pyridin-4-yi)phenyl]-1H-pyrrol-1-yljsuccinamide

,

4
0 N
-HQNHJ'\’,\NH_/‘OH
° A
To a solution of N*-t-butyldiphenylsiloxy-N'~[2,2-Dimethy}-1(S)-

(hydroxymethylpropyl]-2(R)-[3-[4-(pyridin-4-yl)phenyl]-1 H-pyrrol-1-yl]succinamide (112
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The starting material was avail able as foll ows:

N err]-t-butyl di phenylsiloxy-Nerr]-[2,2-D nethyl-1(S)-(hydroxynet hyl) propy
11-2(R)-[3-]4-

(pyridin-4-yl)phenyl - 1H pyrrol -1-yl ] succi nam de

[err] WO 98/17643 According to the procedure descri BEHUSHIBM | e
1(b) for the preparation of 3(R)-t-

buty! oxycar bonyl arg i i B SARBSb wd d ro

N- (2, 2- di net hyl -h 1)-3(R 4- di_n- 4-yl ) phenyl
P TRARATL: v 9 g e T e e e

5(a)) and t- butyI di phenyl si | oxyam ne were coupled with TBTU. Fl ash

col urm chr ormat oéfepysisé oM RH phosphatebulivr @O/ndh| dhe feshifantpricipitatedvas gollested amt
furnished in 43%yield N err]-t-butyl di phenylsiloxy-Nerr]-[2,2-

Di net hyl - 1( S) - (fiymtionandetalyed withdiyD. |A Rjon]is CHCIMeQHiwas phsset ipbushial 14534 py
rrol -1- yl ] succi nam de as an anorphous solid. [err]H NVR (DMSO-d[err]):
[err] 10.73 (s, sytinge filterdhd ek, filRdde wls concerra®d & gile a solid 8hick wab triturated With EtOH
7.65-7.56 (m 6H), 7.45-7.34 (m 6H), 7.29 (s, 1H), 6.79 (s, 1H), 6.43

, 1 5 20-5 %Yof 36:[4,236 70
5 05y 20 e i A et i i

T%ir r]o C1 78\0[ J /(R%%dﬁ-yﬁpﬁlyl]wfi-&rﬁﬁl-yﬁ%?iﬂamx@e as'd dhdrphous %h@,‘]whxé\lll 8. 33.
PCT/ US97/ 17809 gecomposed >200°C. 'H NMR (CD,COODY): & 8.91 (d, 2H, J = 6.6 Hz), 8.23 (d, 2H, I =
7.0 Hz), 7.93 (d, 2H, ] = 8.8 Hz), 7.76 (d, 2H, J = 8.5 Hz), 7.42 (s, 1H), 6.95 (s, 1H), 6.60 (s,
{H), 5.44 (1, 1H, J = 7.4 Hz), 3.92-3.88 (m, 2H), 3.63-3.55 (m, 1H), 3.21 (dd, 1H, ] = 6.4,
14.5 Hz), 3.03 (dd, 1H, J = 8.1, 15.1 Hz), 0.93 (s, 9H). Anal: Calculated for C;sH3gN4O4 ®

0.4 H,0: C, 66.08; H, 6.96; N, 11.95. Found: C, 65.92; H, 6.79; N, 11.86.
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Exanpl e 10(a).

2S-[1R-(1(S) - Benzyl - 2- hydr oxyet hyl car banoyl ) - ( 3- bi phenyl - 4-yl -

pyrrol -1-yl)-methyl]-pentanoic Acid

[err] According to the procedure described in Exanple 1(a),
2S- (1R (1( S) -Waps/imed3 - PCT/US97/17809

hydr oxyet hyl car banoyl ) - ( 3- bi phenyl - 4-yl -1H pyrrol - 1-yl ) - met hyl ] - pent - 4- enoi
c acid benzyl ester (50 ng, 0.08 mml) was hydrogenolyzed in EtOAc (1

m) and MeCH (1 ni) Thigeitk material wishvAIBRAGEMRRLC purification with 1%
HOAc/ 1- 2% MeOH CH err] C [err] gradi ent eluant provided 24 ng (55% of

2S- [ 1R- (1(S) - benzyf 4 BoRisiteargloyne as banpuinbr- {3y Wétﬁv‘iwnvdpvéldrmrrw
1-yl)-nethyl] - pentanol ¢ aci d asi:a.A hHaEY.1 810K PO g;:ﬂ 79-81C (d

[err]H NVR [err] 7.64- . . AT 472 ( , [.36- 7.06
(m 3H), 6.83 (bs, 1H), 6.54 (bs, 1H), 4.56 (d, 1H, J = 8.4 Hz),
4.27-4.10 (bm 1H), 3.74-3.61 (bm 1H), 3.50-3.39 ( 2H), 2.83 (dd, 1H, J
= 6.2, 13.4 Hz), 2.70 (dd, 1H, J = 8.7, 13 , 1.69-1.52 (bm 1H),

0.87 (t, 3H, J = 7.1 Hz). HRLSI Mz, Cal cul for [err] (M+Csf[err]):
643. 1573. Found: 643.1594. Anal. Ic défor [err] * 0.5Herr] O C,
73.96; H 6.79; N, 5.39. Found: C, 74 . 79; N, 5.41.

The starting materials were nade as f\Ajﬂ NH_~ o

Diallyl D Aspartate p-Tol uenesul f onat I t [ercr]/\\

165 WD 98/ 17643

PCT/ US97/ 17809

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butyloxyca:bonylamino-N-(Z,Z-dimethyl-l(S)-(rncthylcarbamoyl)propyl)succinamic acid
benzyl ester, N-(2,2-dimethyl-1(S)-hydroxymethyl-propyl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]-
IH-pyrrol-1-yl]succinamic acid (prepared as described in Example 5(a)) and t-
butyldiphenylsiloxyamine were coupled with TBTU. Flash column chromatography with 0-
5% MeOH/CH,C), gradient eluant furnished in 43% yield N*-t-butyldiphenylsiloxy-N'-{2,2-
Dimethyl-1(S)-(hydroxymethyl)propyl}-2(R)-[3-[4-(pyridin-4-yl)phenyl}- 1 H-pyrrol-1-
yl}succinamide as an amorphous solid. 'HNMR (DMSO-dg): 510.73 (s, 1H), 8.59(d, 2H, ]
= 6.3 Hz), 7.85-7.70 (m, 5H), 7.65-7.56 (m, 6H), 7.45-7.34 (m, 6H), 7.29 (s, 1H), 6.79 (s,
1H), 6.43 (s, 1H), 5.20-5.14 (m, 1H), 4.38-4.36 (m, 1H), 3.54-3.50 (m, 2H), 2.82-2.70 (m,
1H), 0.99 (s, $H), 0.84 (s, 9H). Anal: Calculated for C4 HygN4O4Si ® 0.4 Hy0: C, 70.74;

H, 7.07; N, 8.05. Found: C, 70.83; H, 7.04; N, 8.33.
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A m xture of D-aspartic acid (4.00g, 30.1 mol ), allyl alcohol (12.4 m,

181 mmol), p-tol uenesufonic acid hydrate (7.15g, 37.6 mmol) and
benzene (35 nmL.) was refluxed with renoval of water via Dean-Stark
trap. After 4 hours, the resultant yell ow solution was al | owed to cool

and then cond¥@e¥HE8d i n vacuo to a yellow solid, which was PGrASEEY in a
m ni mal anount of hot MeOH (~15 nL). The solution was diluted with Et[err]O

(200mL), and upon gradual addition of hexanes (-100 nL), pale yellow
crystal s were obEsimyle 10(&).| 28-HRHd(5)-Benzyl Qehyelrdxyethlcariadioyl)y(3-diphenyli4-yli 1H-| y|
D-aspart at e p-t opyresiclsyl)-hetindlepeatdnvicascidinal ytically pure crystals, np

60-61C. [err]H NVR [err] 8.40-8.10 (bm 3H), 7.72 (d, 2H J = 8.1 Hz),
7.12 (d, 2H, J = 8.1 Hz), 5.76 (dddd, 2H, J .5, 2.5, 8.7, 13.1 Hz),
5.23 (ddd, 2H, J = 2.8, 8.7, 13.1 Hz), 5 , 2H, J = 2.8, 13.1

)

Hz), 4.58 (ddd, 1H, J = 5.6, 13.1, 13.1 Hz 19 (dd, 2H,J 1.6, 4.4
Hz), 3.15 (ddd, 2H, J = 5.0, 18.1, 18.1 CP'lZE 3.09 (ddd, 2H, J = 5.2, 18.1,
18.1 Hz), 2.17 (s, 3H). I R(KBr): &, N~ ol

2923, 1734, 1215, 1126, 1035, 1011, 685, 569 cnK'er 9 .3 | . Cal cul ated for
[err] * 0.5 Herr]O C, 51.76; H, 6.13; N, .Sg@, 8.13. Found: C,

51.61; H, 6.06; N, 3.60; S, 8.04. Di al | yl
N-t - But oxycar bony! - D-Axspuiingae the procedure described in Example 1(a), 2S-[1R-(1(S)-benzyl-2-

[err] To a solution of diallyl D aspartate

p- t ol uenesul f onahyireagkthyicarbiifoyt)-(3 bdphenytriey1)1 H-pyrrol-1-yl)-hithy]-pdnCH{endit heid béhzpll )
was added triethylamne (1.99 nL, 14.3 nmol) and di-t-butyl dicarbonate

(3.12 g, 14.3 nmgsker (504hE,D.083AmBIP WashydkogeAdlyR8in EOMR]I #LY &kl MEOH (1 83 mﬁall%

m xture was stirred
WO 98/ 17643 chromatographic purification with 1% HOAc¢/1-2% MeOH/ CH,Cl, gradient eluant provided

PCT/ US97/ 17809 '
24 mg (55%) of 2S8-[1R-(1(S)-benzyl-2-hydroxyethylcarbamoyl)-(3-biphenyl-4-yl-1 H-pyrrol-
1-yl)-methyl]-pentanoic acid as a slightly pink powder, mp 179-81°C (d). 'HNMR: 37.64-
7.54 (m, 5H), 7.47-7.42 (m, 2H), 7.36-7.06 (m, 3H), 6.83 (bs, 1H), 6.54 (bs, 1H), 4.56 (d, 1 H,
J=8.4 Hz), 4.27-4.10 (bm, 1H), 3.74-3.61 (bm, 1H), 3.50-3.39 (bm, 2H), 2.83 (dd, 1H, ] =
6.2, 13.4 Hz), 2.70 (dd, 1H, J = 8.7, 13.4 Hz), 1.69-1.52 (bm, 1H), 0.87 (t, 3H, J = 7.1 Hz).
HRLSIMS: Calculated for C33H;4N,0,Cs (M +Cs+): 643.1573. Found: 643.1594. Anal.
Calc'd for C5,H;4N;0,4 @ 0.5H,0:C, 73.96; H, 6.79; N, 5.39. Found: C, 74.02; H, 6.79; N,

5.41.

The starting materials were made as follows:

o NHs"OTs
vo ! 0\/\
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w th 10% aqueous HOA (5 nL) and H20 (25 nlL). The organic | ayer was

separ at ed, washed W th saturated aqueous NaHCO err]:Herr]O (2 x
25:25 L), dried over Na2SO4, and evaporated to give a yellow oil,
which was fractionally distilled under vacuumto renove t-BuCH as a
forefracti on WR@/ese 3.33g (82% of diallyl D Nt-butoxyca®SBHPTHENart at e
as a colorless oil, bp 160-170[err]C (1 mmHg). [err]H NVR [err]
5.90(dddd, 2H,J=4.7, 10.5, 10,6, 17.1 Hz), _ 5.51 (bd, 1H _J = 8.7 Hz;,
5.31 (dddd, 2H, J = f@ixtuegf Dgspgrticppid(4.09g, 30.4 mumpl), al) alcopel (12.4-mk, 1 mmol),
10.3 Hz), 4.68-4.55 (m 5H), 3.05 (dd, 1H, J = 4.7, 17.1 Hz), 2.87 (dd, 1H,
J = 4.7, 17.1 Hzytoluenesufonic agi} hydrated i 38, BRS mirdpand berzgne (35 o) wesgdluxenmgith
cnferr]. Anal. Calculated for (JerrJ]Herr]NdJerr]: C, 57.50; H, 7.40;
N, 4.47. Found: r@no@lof&atetyia DeOStark|trag.. After 4 hours, the resuitant yellow solution was
[err]-Allyl 3(R-Alyl-Nt-butox carbonyl-D aspartate [err]

To a sol ution ofalldivad toydooNnd tHent iconcgatpdtdlinn yacubtos pellotvablid, (Whith Mas gissodved9n a
mmol) in THF (300 nL) at -78[err]C was added a solution of lithium

hexamet hyl di si | aginéifal GBu ofhotQfieGH PMIS mL). Thé Sblutigh)was Bidivd wigh Et,© (Z00eHL1)] 20

funnel over 10 mnutes. After 30 mnutes at -78[err]C,

trimethyl silyl chigpbfaudl hddifoddf heRfeO(~TBPIL), PRAE yARNEGySHIORYE 8&&5&' lﬂsﬁﬂii%d-on

funnel over 7 m nutes, and the resultant §old solution was allowed to

war m sl owl y Ovefgéir?;ﬂ@_ié %s&gfﬁ?ﬁ &tdially% R-easé%?tgl{a BfubieSulfoh € sﬁﬁ%s:*%%ﬂlgg:alt’f@ﬁuré hen

heated at 55-65] our, re was o cool,

Ater 5 m nut e, ST S DLt Chal ARG 9 8aol0 @R v oh 2| FRE G2 ¢
Dol 1o6as 9"Vt 1=8.1 Ho), 5.76 (dddd, 2H, T=2.5, 2.5, 8.7, 13.1 Hz), 5.23 (ddd, 2H,  =2.8, 8.7, 131

PCTIUS97/ 17809 Hz), 5.18 (dd, 2H, J = 2.8, 13.1 Hz), 4.58 (ddd, 1H, J = 5.6, 13.1, 13.1 Hz), 4.49 (dd, 2H, ] =
1.6, 4.4 Hz), 3.15 (ddd, 2H, J = 5.0, 18.1, 18.1 Hz), 3.09 (ddd, 2H, J = 5.2, 18.1, 18.1 H2),
2.17 (s, 3H). IR (KBr): 3436, 2923, 1734, 1215, 1126, 1035, 1011, 685, 569 cm’!. Anal.
Calculated for C,4H,3;NO,S ® 0.5 HyO: C, 51.76; H, 6.13; N, 3.55; S, 8.13. Found: C,

51.61; H, 6.06; N, 3.60; S, 8.04.

0
o ol

vof'\)\éOA

To a solution of dially! D-aspartate p-toluenesulfonate salt (5.00 g, 13.0 mmol) in
CH,Cl, (50 mL) was added triethylamine (1.99 mL, 14.3 mmol) and di-t-butyl dicarbonate

(3.12 g, 14.3 mmol). After 20 hours at ambient temperature, the resultant mixture was stirred
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yell ow solid, which was stirred with 10% aqueous KHSO err] (100 ni),
Herr]O (100 nm.), and extracted with CHC [err] (100 nmL) three tines.
The conbi ned organic | ayers were washed with sat urat ed agueous

NH err]d :Herr]O (100: 100 mL), dried over Na[err]SOerr], and evaporated
to give walsn643 of brown oil, which was purified via fPEEHSTEMAPM
chromat ography with silica gel. Elution wth 1% HOAc/ 3%
MeOH CH err]Cl [err] provided 14.94 g (100% of an (80:20) m xture of
epi mers by NVR fith 1074 dquedds\HC13§ L) ahd M10 {stmIbUtrax ygatid APt wabsepafad! wdsReda s

a light brown oil. This material was routinely used w thout further

ification. : : ; . ; Ozt
L 2 b 835y sy 0 i

1308 ) 2. an. g vendw iy Rkion fasHackGitly #%8%“%%“&"5&ﬁdgﬁ&ﬁ??‘%lﬁ; " z
3330, 3082, 2980, 737,1715,1369,..,1 . 6 . Al Ca

fgr 9[ err] * O. 1&%&?‘?? @d ﬁveg%%@ ;L/?)I,Of9‘.‘11433;;Dl&ft?bﬁ?&%ga;b%]"yl'asg%gﬁﬁa:ac g“e%g ©
56.94; H, 7.45; N

Yo' @}tjp_"gm By Hek DENYRDO£99.454dd, 48740 4)10%! 106,171 1)

[err]-Benzyl 3(RY

[erT] To a solution of a-allyl

3(R) -al |yl - N-t - Butldlegdah B5riyT BB. &3 béAddd2d!, { 21!3,/ 8, 5-8.184 Ha), 5.24, (ddnHy 5 13
CHCl [err] (2 mL) was added O benzyl -NN -diisopropylisourea (see Mathias,
L.J. Synt Hési H2)196%4.56 6o 3963.03 6H, [Rrd=4.7, 17.102)+%80 (id, 1Fhé=dds -1 Hak
solution was heated at refl ux for 5.5 hours, allowed to cool,
filtered to renovas (8,988, BRpi BéUETLI, EOd. Bﬁ&.ﬂdﬁ&cxﬂa. tnalf Qaloilaed far CysHy3NOg: C,
suspensi on, which was purified by passage through a pad of silica gel with
10% Et OAc/ hex  57.50; H, 7.40; N, 4.47. Found: C, 57.35; H, 7.39; N, 4.44. 168

WD 98/ 17643

PCT/ US97/ 17809

To a solution of diallyl N-t-butoxycarbonyl-D-aspartate (15.00 g, 47.9 mmol) in THF
(300 mL) at -78°C was added a solution of lithium hexamethyldisilazide (96.0 mL of 1.0M
in THF) dropwise via addition funnel over 10 minutes. After 30 minutes at -78°C,
trimethylsilylchloride (12.2 mL, 96.0 mmol) was added dropwise via addition funnel over 7
minutes, and the resultant gold solution was allowed to warm slowly over 1 hour to ambient
temperature. The solution was then heated at 55-65°C. After 1 hour, the mixture was
allowed to cool, and MeOH (105 mL) was added, whereupon a yeliow suspension resuited.

After 5 minutes, the solvent was removed via evaporation at reduced pressure to give 2
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as eluant to provide 270 ng (100% of [err]-allyl, [err]-benzyl

3(R)-al lyl-t-butoxycarbonyl - D aspartate as a colorless oil. [err]H
NVR: [err]7.36 (bs, 5H), 5.86 (ddt, 1H, J = 5.9, 10.6, 16.2 Hz), 5.76
(ddt, 1H, 6.9, 10.0, 17.1 Hz), 5.30 (ddd, 1H, J =1.2, 2.8, 17.1 Hz 5 31
(bs, 1H), 5.®%09817643(ddd, 1H, J = 0.9, 1.2, 10.4 Hz), 5.11 (%T/U%"
(quintet, 1H, J:16Hz) 504(bs IH), 466(dd 1H J .9, 89
Hz), 4.57 (d, 2H, J =5 : ﬁ&

1H J = 7.5, 8. lomsf’é?dm‘)lch ‘Zassi?me@wh l%aq‘eﬁous IGH§04 (1190 PL),lﬂtzQ)(l yl), ands 3

(s, 9H. IR 3374 2979, 1730, 1504, 1368, 1163, 989 cnierr]. Anal.
Cal cul ated for [etracied with GHCl4 6100jmL) three timesp Zhe pymisinesiprgapis laxers were washadwith
7.25; N, 3.45. [err]-Benzyl

3(R) - Al |yl - Nt - battratey aquebusiyH;O:HO0@A 00: 800=mL), dfiekaver Na,SO,, and evaporateddo give
Exanple 1(p), [err]-allyl, [err]-benzyl
3(R)-al | yl -t - buti62gadbivamil, Whidk pas puiified ¢idlflash columdhroratSgtaphywith)silion gel.

deprotected. Flash columm chromat ography w t h 1% HOAc/ 30% Et OAc/ hex as
el uant provi ded Efign m(xW%AefM MeOH! provided 14.94 g (100%) of an (80:20) mixture
3(R)-al yl - N-t-but oxycar bonyl - aspartate as a yellowoil. [err]H NWR

S Cg)CIZ[ € rlg)] 2): g_g 'bgl-pir?\er% By KH\Z]Q of gvﬁ?g{)-ﬁlﬁy ﬁ-t(lﬁﬁvx éa'igonyl:b g%gﬁ%g g%a hgr%t browhH

> 45 (dda, 1 9= T&*sg'a??ﬁﬁw&qg%% @“f’d%g‘ s p%*ﬁ%ca“wa i ‘?MR‘S%"@%%“@
138 %) forn) g Ew?*i%?f&% WA o 2R S R 03 Bl

. : H N , 44,
?2950’ ' 69\?;\b g%g);nfr;d 5—'33?4, 6.A§, 7.5 Hz), 2.97 (ddd, 0.8H, major isomer, J = 4.7, 7.2, 11.8 Hz), 2.68-2.51

PCT/ US97/ 17809
(m, 1H), 2.47-2.30 (m, 1H), 1.42 (s, 9H). IR: 3330, 3082, 2980, 1737, 1715, 1369, 1251,
1163 em™'. Anal. Calculated for C,sH,3NOg @ 0.15 Hy0: C, 57.00; H, 7.43; N, 4.43.

Found: C, 56.94; H, 7.45; N, 4.31.

' To a solution of a-allyl 3(R)-allyl-N-t-butoxycarbonyl-D-aspartate (213 mg, 0.681
mmol) in CHCl4 (2 mL) was added O-benzyl-N,N'-diisopropylisourea (see Mathias, L.J.
Synthesis 1979, 561-576, 165 uL, 1.02 mmol). The resultant solution was heated at reflux
for 5.5 hours, allowed to cool, filtered to remove urea byproduct, and evaporated to furnish a

suspension, which was purified by passage through a pad of silica gel with 10% EtOAc/hex
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2S-[1R- (1(S) - Benzyl - 2- hydr oxyet hyl car banoyl | ) - 1- (t - but oxycar bonyl am no) net h
yl]-pent-4- enoi ¢ Acid Benzyl Ester

[err] According to the procedure described in Exanple 1(s)
for the preparation of N (1(S)-

benzyl - 2- hyd¥R9B7R43| ) - 3(R) - t - but oxycar bonyl - ami no- succi nanFETREI B8Nz y |
ester, [err]-benzyl (R -allyl-Nt- butoxycarbonyl Daspartate was

P S A AT oy bR e . (67
LA AATB e 2 55 A0 ST T

Hz), 5.78 (d, 1H,  J = 3 5 Hz),
09 (m 4H), zch@adH 86, 100,171 Ha) 5@oad¢4z}H I 1@, ?(%171#4}2) 31dbs. (13) 524

= 11.8 Hz), 348(d, 1H J = 11.8 Hz), 3.28 (dd, 1H J = 7.8, 10.9 Hz),
83 (ddd, 2H, (dd; 1H,J= 079,32 1@452),2116.%1) SOZ(WtQtslH,ﬂmlGEIZBQOG&F@I!H);LH J
6.5, 6.9, 13.7 Hz), 2.20 (ddd, 1H J = 8.1, 15.0 Hz), 1.44 (s,
9H). IR (KBr): 4£84@id, I35 4.968%5Hz)1652(d, 2560=5§5ﬁ:2301)5ﬁc2 1H1P97.5¢4),ex 59 (ddd,
HRLSI M5: Cal cul ated for [err] (M +Cs[err]): 629.1628. Found: 629.1603.

5
J
2.

Anal . Cal cultat-e7lsf8or, 14&rHZ), 2.37, (46 .1 AT = K9, 13.B24.0Mz),3.484s, SFYUIRI: 3334,
67.68;, H, 7.37; N, 5.64.
170 WO 98/ {78643504, 1368, 1163, 989 cm™'. Anal. Calculated for Cp,H,gNOg: C, 65.49; H,

PCT/ US97/ 17809
7.24: N, 3.47. Found: C, 65.46; H, 7.25; N, 3.45.

0
o TPIRS

©/~o)\/kr0H

As in Example 1(p), a-allyl, B-benzyl 3(R)-allyl-t-butoxycarbonyl-D-aspartate (216
mg, 0.535 mmol) was deprotected. Flash column chromatography with 1% HOA</30%
EtOAc/hex as eluant provided 154 mg (79%) of B-benzyl 3(R)-allyl-N-t-butoxycarbonyl-D-
aspartate as a yellow oil. 'H NMR (CDCl,): § 7.40-7.20 (m, 5H), 6.75 (bs, 1H), 5.68 (dddd,
IH, J=7.2, 10.0, 10.0, 16.5 Hz), 5.98 (d, 1H, J=9.7 Hz), 5.18-4.95 (m, 2H), 4.47 (dd, 1H,J =
3.4, 10.0 Hz), 3.15 (ddd, 1H, J=3.4, 5.9, 8.4 Hz) 2.45 (ddd, 1H, J=6.3, 7.1, 13.5 Hz), 2.26
(ddd, 1H, J = 7.8, 8.7, 13.5 Hz), 1.38 (s, 9H). IR: 3425,2978, 1722, 1499, 1164 cm™; Anal.
Caled for C,oH,NO; @ 0.15 CiHy,: C, 63.51; H, 7.26; N, 3.72. Found: C, 63.50; H, 693; N,

3.44,
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2S-[1R- (1(S) - Benzyl - 2- hydr oxyet hyl car banoyl ) - ( 3- bi phenyl -4-yl -1H pyrrol - 1-y
| ) - met hyl ] pent - 4-enoi ¢ Acid Benzyl Ester
[err] According to the procedure described in Exanple 1(a) for
the preparation of N-(1(S)-

benzyl - 2- hydrWR B3 ) - 3( R) - ( 3- bi phenyl - 4-yl - 1H-pyrrol - 1- y| PEEUSIHIMIC aci d
benzyl ester,
2S-[1R-(1(S) - benzyl 2- hydroxyet hyI car bam)yl ) 1-(t-but oxycar bonyI am no) nmet hy
|']-"pent - 4- Ri( H{SH : ettivirarbamev e d-ntectabboyl ne «

am ne salt condmg_ﬂ_ﬂﬂdnzﬂ;ﬁmphenyl

4-yl -2, 5-di net hoxy-tetrahydrofuran in HOAc. Radi al chromatography with 1%
I\/EC]—I/CH[err]CI[err] as eluant provided 77 nmg (30% of

2S-[1R- (1(S) - benzyl - 0

hydr oxyet hyl car banoyl ) - ( 3- bi phenyl - 4-yl - 1H py,q,q/ébyl yl)-nmet hyl ] -pent-4-enoi

c acid benzyl ester, np 166-7[err]C [Oer ]H NVR [err] 7.68-6.97 (m
20H), 6.69 (dd, 1H, J = 2.5, 2.8 Hz), @5@ /‘OH 1H J = 1.6, 2.8 Hz),
5.79 (d, 1H, J = 7.5 Hz), 5.69 (dddd, J 605 10.0, 16.9 Hz),

5.15-4.94 (m 4H), 4.57 (d, 1H, J = 7.2 Hz),l 4. 284, (bm 1H), 3.73-3.63

(bm 2H), 3.50 (ddd, 1H, J =5.3, 5.3, 11.5 Hz), 2.81 (dd, 1H, J =
6.2, 13.8 Hz), 2.68 Adeprdingito the progedure d.e.sr-rised in Examp{g)l(a) Tor3ige- preparntiompt MKN(S)-
2.10 (ddd, 1H, J =7.1, 7.1, 14.3 Hz). HRLSIMS: Cal cul ated for [err]

(M +Cs[ err]) : 73 belfy88-hyfmuyethy! /7R R)-1-BE8xycinbahy!-@mirpesuedivtfioacid eyl ester, f-benz)

78.29; H 6.42; N, 4.68. Found: C, 78.17, H, 6.43; N, 4.63.

171 3(R)-allyl-N-t-butoxycarbonyl-D-aspartate was coupled with EDC to 2S-amino-3-phenyl-1-
propanol to give 2.30 g (67%) of 2S-[1R-(1(S)-benzy!-2-hydroxyethylcarbamoyl)-1-(t-
butoxy‘carbonylamino)methyl]-pent-4-enoic acid benzyl ester as white solid. 'HNMR: 8
7.31 (m, SH), 7.20 (m, 5H), 6.59 (4, 1H, ] = 8.1 Hz), 5.78 (d, 1H, J =9.0 Hz), 5.71 (ddd, IH,
J=6.9,9.7, 16.5 Hz), 5.09 (m, 4H), 4.31 (dd, 1H, J = 4.2, 9.0 Hz), 4.10 (m, 1H), 3.63 (4, 1H,
J=11.8 Hz), 3.48 (d, 1H, J=11.8 Hz), 3.28 (dd, 1H, J = 7.8, 10.9 Hz), 2.83 (ddd, 2H, J =
7.3, 13.9, 21.6 Hz), 2.46 (s, 1H), 2.39 (ddd, 1H, J = 6.5, 6.9, 13.7 Hz), 2.20 (ddd, 1H,J = 7.8,
8.1, 15.0 Hz), 1.44 (s, 9H). IR (KBr): 3319, 1735, 1686, 1654, 1560, 1542, 1522, 1297 cm’.
HRLSIMS: Calculated for CygH;NaOgCs (M +Cs ' ): 629.1628. Found: 629.1603. Anal.

Calculated for C,gH;3¢N;04: C, 67.71; H, 7.32; N, 5.64. Found: C, 67.68; H, 7.37; N, 5.64.
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WD 98/ 17643

PCT/ US97/ 17809 The foll ow ng conpounds were nade in a
simlar manner: Exanpl e 10(b).

2(RS) -{1R-[1(S) - Benzyl - 2- hydr oxyet hyl car banoyl ] - [ 3- (4" -cya

bi phenyl - 4- W¢ 9sI##643yr rol - 1-yl | - met hyl | - pent anoi ¢ Aci d [elpp}'ms97117809
According to the procedure described in Exanple 1(a),

2(RS)-{1R-[1(S) - benzyl

hydr oxyet hyl car Baus ' HYELY ISP

- pent - 4- enoi ¢ aci d benzy EROIC QI M g

MeCH. Fl ash col um chr omat ogr aphy wth 1% HOAC/ 1%
MeOH CH err]C [err] as eluant gave 29 ng (69% of S)-{1R-[ 1(S) - benzyl -
2- hydr oxyet hyl car banoyl ] -[ 3- (4' - cyano- bi phenyl -1H pyrrol -1-yl]-nethyl

} -pentanoic acid as a yellow po err]HNVWR [err] 7.72 (s,
4H), 7.60 (s, 5H), 7.21-6.99 (bm 6H), 6.90N(s 1H), 6.58 (s,
1H), 4.70 (d, 0.67H mjor isoner, Qf'\s"mi‘)"»aaez (d, 0.33H, ninor

i somer, J = 6.5 Hz), 4. 19 I?’BQH or isoner), 4.02 (bs,
0.67H, major isoner), 325314(bm 2.78 (d, 2H,J =7.0

9 EESL e o e 2 R e 010

anal cal -CUI A N A ]b eryl-dey)- lH-C: cc::l- -7llsuggnam|_1lc ac?d geS !%stZr 20.

Found: C, 71.21bengyl-2-hydroxyethyl)-8(Ryg3-oinh rw -2*31 pyrrol-1-yl) nzy

L 2S-[1R-(1(S)-benzyl-2-hydroxyethylcarbamoyl)-1-(t-butoxycarbonylamino)methyl]-pent-4-
enoic acid benzyl ester was deprotected and the crude amine salt condensed with 3-biphenyl-
4-yl-2,5-dimethoxy-tetrahydrofuran in HOAc. Radial chromatography with 1%
MeOH/CH,Cl, as eluant provided 77 mg (30%) of 2S-[1R-(1(S)-benzyl-2-
hydroxyethylcarbamoyl)-(3-biphenyl-4-yl-1 H-pyrrol-1-yl)-methyl]-pent-4-enoic acid benzyl
ester, mp 166-7°C. 'H NMR: 3 7.68-6.97 (m, 20H), 6.69 (dd, 1H, J = 2.5, 2.8 Hz), 6.53 (dd,
H, J = 1.6, 2.8 Hz), 5.79 (d, 1H, ] = 7.5 Hz), 5.69 (dddd, 1H, ] = 6.5, 8.2, 10.0, 16.9 H2),
5.15-4.94 (m, 4H), 4.57 (d, 1H, J = 7.2 Hz), 4.28-4.19 (bm, 1H), 3.73-3.63 (bm, 2H), 3.50
(ddd, 1H, J=5.3,5.3, 11.5 Hz), 2.81 (dd, 1H, J = 6.2, 13.8 Hz), 2.68 (dd, 1H,J =8.2,13.8
Hz), 2.59-2.44 (m, 2H), 2.10 (ddd, 1H, J = 7.1, 7.1, 14.3 Hz). HRLSIMS: Calculated for
CsoH3gN,0,Cs (M +Cs1): 731.1886. Found: 731.1853. Anal. Calculated for CyoH3sN;Oy:

C, 78.29; H, 6.42; N, 4.68. Found: C, 78.17, H, 6.43; N, 4.63.

171



VO 98/ 17643 [—

PCT/ US97/ 17809 The starting material Wis;gvasad nABEEN “
fol | ows: REPLACGED Bl
2(RS)-[1(R) - 1(S)Benzyl - 2- (hydr oxyet hyl ) car banoyl ] - 1- [ ' Tyl—= 4-
yl)-1H WO 98/17643 pyrrol -1-yl ] met hyl ] pent - 2C3ABPTUL7AR d
Benzyl Ester

[err] According to the procedure described in Exanple

19 di aza tri E;gfg[ %k %h&%?gg%ngagsﬁa%%%f U FIRST | ot ¢ aen- 95y ) - 3(R
3-
%egr] benzyl DS? ﬂlltf Q[O‘J(Ré)-wp)ﬁ )}( ﬂﬁggéwaar 03!1356@'”“"'
L&y ey

deprotected. The b 13{ H’é"ol'
di met hoxy-t et rahydr of ur an- 3-yl ) - bi phenyl - 4 car bo f
1, 2- di chl oroethane with trifl uoroaceti
conditions and purified via radial ography with 0-20-30-40%

Et OAc/ hex stepw se gradient to give 168 5 1% of

2(RS)-[1(R) -[1(S)-Benzyl - 2- (hydr oxyet Im 'tﬁ'ézm;.l] 1-[3-(4' - cyanobi phenyl -
4-yl)-1H pyrrol-1-yl]methyl]pent- -e‘Pi0| cid benzyl ester as a gold
powder, np 84C, which was used wi t'hout f er purification. [err]H
NVR: [err] 7.72 (d, 2H, J = 3.1 Hz), 7.64-7.50 (m 3H), 7.41-6.96 (m
4H), 6.72 (t, 0.33H, A&&Qi’ngk&&@ﬁfocedhrfdeger&emlixaﬁxpﬁqaf)t2(R§)~§lwgl(?%eﬂfyl~2-

i somer, J Hz) (dd, 0.67H, major | sorner

52" (A, 050 ey gy Sy e Bl g
lls (2) rTEH$ ) ' ] 4.73 ( dacx& 821):&3&%4:8 T%&r J}E{ei f_lB] Et()?:l:ggg %/ﬁéial by FilaiaZoléx%n clgbxggtogra@yn or
7.8 re), 2 o8 2 6 PAHGg e 9\%@%3@8 By g4 30 B0 o1gGaS) (r-Cicshoery?

173

'\1 e were condensed in
under anhydrous

2-hydroxyethylcarbamoyl]-[3-(4'-cyano-biphenyl-4-yl)-1H-pyrrol-1-yi]-methyl }-pentanoic
acid as a yellow powder. "HNMR: 57.72 (s, 4H), 7.60 (s, SH), 7.21-6.99 (bm, 6H), 6.70 (s,
1H), 6.58 (s, 1H)}, 4.70 (d, 0.67H, major isomer, J = 10.3 Hz), 4.62 (d, 0.33H, minor isomer, J
= 6.5 Hz), 4.19 (bs, 0.33H, minor isomer), 4.02 (bs, 0.67H, major isomer), 3.25-3.14 (bm,
1H), 2.78 (d, 2H, J = 7.0 Hz). IR (KBr): 3334, 2226, 1652, 1604, 1558, 1496, 1200, 824 cm’
| HRFABMS: Calculated for C;3H34N;0, (M +H"): 536.2549. Found: 536.2555; Anal.
Calculated for Cy3H;33N;0,4 @ 0.8 HOAc: C, 71.20; H, 6.25; N 7.20. Found: C, 71.21; H,

6.49; N, 7.25.
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WD 98/ 17643

PCT/ US97/ 17809 cnferr]. HRFABVS: Cal cul ated for [err] (M+Herr]):
624. 2862. Found: 624.2875. Anal . Calculated for [err] * 0.25 EtOAc *
0.5 Herr]O C, 75.2 1; H, 6.16; N, 6.42. Found: C, 75.29; H 5.97; N,
6. 42. wiexasrpéad 10(c) . PCT/US9TI17809

2S-[1R-(3-(4' - Cyanobi phenyl -4-yl)-1H pyrrol -1-yl)-1-(2, 2-di net hyl - I
(S) - (hydroxynet hyl ) propyl car banoyl ) - net hyl ] -pentanoic Acid [err]
According to the proqaestatingaftrialded avillabieaspiewsd:(a), 2S-[I1 R-(3-(4' -cyano-
bi phenyl - 4-yl)-1H pyrrol - 1 yI) N-(2 2-di rret hyI l(S) hydroxyrret hyI propyl - car
bamoyl ) - meRdReh- B BBE drolRex ar8 5 delag ay] elelv])

MeOH EtQOAc (2:3) after 18ht ol-1- bele-438oi
2S-[I R-(3-(4' - cyanobi phenyl - 4- yI) 1H pyrrol 1- yI
(S) - (hydroxymnet hyl ) propyl car banoyl ) met hyl )] - pent ang A
solid, np 130- 2[err]C. [err]H NVR [err] \
7.15 (s 1H), 6.85 (s, 1H, 6.75 (s, 1H), 5.
4.86 (d, 1H, J =9.7 Hz), 3.90-3.82 (m 2H)0|7
(m 1H), 1.45-1.10 (m 4H), 0.95(5,@0",0
2962, 2227, 1719, 1664, 1604, 0, 9? 7, 1200 cnierr]. FABME:
502 (M+H err]). Anal. Calcul ated for [err] 0.15 CHCl [err]: C,
69.70; H 6.82; N, 8.09. Found: C, 69.71; H 6.83; N 8.01.

The starting materi alAcsadingitmihe pededuse deséribedsin Example 1(c) for the preparation of N-(8-
174

-dlmsthyl I
@idas a white

(m 4H), 7.60 (m 4H),
. (d, 1H, J = 8.7 Hz),
%745.3.38 (m 1H), 3.30-3.20
N('xopQH) | R (KBr): 3406,

oxo-4-0xa-1,7-diaza-tricycto[9.6.1.0'% "Joctadeca-11(18),12,14, 1 6-tetraen-95-y1)-3(R)-(3-
phenyl-1H-pyrrol-1-yl)succinamic acid benzyl ester, B-benzyl 3(R)-allyl-N-t-
butoxycarbonyl-D-aspartate was deprotected. The corresponding amine salt and 4'-(2,5-
dimethoxy-tetrahydrofuran-3-yl)-biphenyl-4-carbonitrile were condensed in 1,2-
dichloroethane with trifluoroacetic acid under anhydrous conditions and purified via radial
chromatography with 0-20-30-40% EtOAc/hex stepwise gradient to give 168 mg (51%) of
2(RS)-[1(R)-[1(S)-Benzyl-2-(hydroxyethyl)carbamoyi}-1-[3-(4'-cyanobiphenyl-4-yl)-1H-
pyrrol-1-yllmethyl]pent-4-enoic acid benzyl ester as a gold powder, mp 84°C, which was
used without further purification. 'HNMR: 5 7.72 (d, 2H, J = 3.1 Hz), 7.64-7.50 (m, 3H),
7.41-6.96 (m, 4H), 6.72 (t, 0.33H, minor isomer, J = 2.5 Hz), 6.68 (t, 0.67H, major isomer, J
= 2.5 Hz), 6.57 (dd, 0.67H, major isomer, ] = 1.8, 2.8 Hz), 6.52 (cid, 0.33H, minor isomer, J =
1.6, 2.8 Hz), 5.83 (d, 1H, J = 7.8 Hz), 5.62 (dddd, 1H, J=6.5, 7.8, 10.3, 16.8 Hz), 5.18 (d,
2H, J = 1.2 Hz), 4.73 (d, 0.67H, major isomer, J = 10.6 Hz), 4.57 (d, 0.33H, minor isomer, J
= 7.8 Hz), 4.15 (bm, 1H), 3.99 (dddd, 1H, J = 5.0, 7.5, 7.5, 10.9 Hz), 3.75-3.48 (m, 2H), 3.38
(dddd, 1H, J =5.3,5.3, 5.3, 7.8 Hz), 2.93-2.64 (m, 2H). IR: 3406, 2226, 1731, 1660, 1605
173



WD 98/ 17643

PCT/ US97/ 17809 .

2S-[ 1R- (t - But oxycar bonyl am no- (2, 2-di et hyl - 1( S) -

(hydr oxynet hyl ) propyl car banoyl ) net hyl ] - pent - 4-enoi ¢ Acid Benzyl Eélls?

[err] WO098/17643  Fol | owi ng t he procedure described in ﬁéﬂfﬂ" %f) for
the preparation of N-(1(S)-

benzyl - 2- net hoxyethyl)-3 -t - but oxycar bgnyl am no-succi nam ¢, acj d I
ester, [err]- berﬁy{l? ﬁFAﬁ&R)Q%PPVF-fNQwEU&QyMF Blot 2488 %&P{‘Aét@%?%% ng,
0.424 mml) was coupled with BOP to L-t-leucinol (55 ngH 0.466 mol ).
Fl ash col um chramhiCalspiapeyford 4H; AYONeQI5EPar ) 0cF He@xrG, 75.21; H Gl e Nubifd.
provided 176 mg (90% vyield) of 2S-[1R-(t-butoxycarbonyl am no- (2, 2-di net hyl -
1(S) - (hydr oxynetRoyhd: 1, Gp29:darskamNy6.32.net hyl | - pent - 4- enoi ¢ aci d benzyl ester

as waxy plates, np 75-7C. [err]H NVWR J[err] 7.43-7.20 (bs, 5H), 6.38
(d, 1H, J = 9.7 Hz), 5.73 (dddd, 1H, J =7.2, 10.0, 10.3, 16.8 Hz),
5.60 (bm 1H), 5.20-4.95 (m 4H), 4.40 (dd, 1H, J = 7.2, 8.4 Hz), 3.78

(ddd, 2H, J = 3.Exanplgl0(g). ISHR-(3-64' tyapokiphenyHd-yl)-1H-pyrgol-18ylF 1-(2,2-dimethyl-
2.98 (g, 1H, J I(S)-(hyd@xgmethy))ptopsEasiadbyl)rithy]]-pentanoi Add. 6, 14.6 Hz),
2.48 (ddd, 2H, J = 7.2, 14.6, 14.6 Hz), 2.18 bey 1H), 1.42 (s, 9H),
0.95 (s, 9H); IR (KBr): 3363, 2996, 1734, 1708, X894, 1508, 1367,

1253, 1173, 1055 cnferr]. Anal. Calcul ated fo err]: C 64.91; H 8.28; N,

6. 06. Found: C, 65.02; H, 8.33; N &¢I
175 HO’K;)\.;NHng
e

According to the procedure described in Example 1(a), 25-[1R-(3-(4-~cyano-
biphenyl-4-y1)-1H-pyrrol-1-yl)-N-(2,2-dimethyl-1(S)-hydroxymethylpropyl-carbamoyl)-
methyl)]-pentanoic acid benzyl ester was debenzylated in MeOH: EtOAc (2:3) after 18h to
provide 30 mg (36%) of 2S-[IR~(3-(4"-cyanobiphenyl-4-yl)-1H-pyrrol- 1-yl)-1-(2,2-dimethyi-
1(S)-(hydroxymethyl)propylcarbamoyl)methyl)]-pentanoic acid as a white solid, mp 130-
2°C. 'HNMR: 37.70 (m, 4H), 7.60 (m, 4H), 7.15 (s, 1H), 6.85 (s, 1H), 6.75 (s, 1 H), 5.72
(d, 1H, J = 8.7 Hz), 4.86 (d, 1H, J =9.7 Hz), 3.90-3.82 (m, 2H), 3.45-3.38 (m, 1H), 3.30-3.20
(m, 1H), 1.45-1.10 (m, 4H), 0.95 (s, 3H), 0.90 (s, 9H). IR (KBr): 3406, 2962, 2227, 1719,
1664, 1604, 1560, 1497, 1367, 1200 cm’l. FABMS: 502 ™M +H+). Anal. Calculated for

C30H3sN30, @ 0.15 CHCly: C, 69.70; H, 6.82; N, 8.09. Found: C, 69.71; H, 6.83; N, 8.01.

The starting material was furnished as follows:
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WD 98/ 17643
PCT/ US97/ 17809
2S-{1R-[ 3-(4' - Cyanobi phenyl -4-yl)-1H pyrrol -1-yl]-(2, 2-di met hyl - 1(S) -
(hydr oxynet hyl ) propyl - car banoyl ) - met hyl } 1- pent - 4- enoi ¢ Acid Benzyl Ester
[err] WO 98/17643 According to the procedure descri bBEU/PS7AIEWp| e
4(a) for the preparation of N-(l(S)
benzyl - 2- hydr oxyet hyl ) - 3(R) - (
| H pyrrol -1-yl]succi ngm.c_ac
2S-[1R-(t-but oxycar boﬁy%- 1.
propyl car banoyl ) - net hyl ) - pent - 4- en0| c acid ben%,yl ester was deprotected.
The correspondi ng crude am ne salt and

- (2, 5-di net hoxy-tetrahydro-furan-3-yl) bi pd:é' yl o4 carbonitrile were
condensed in 1, 2-dichl oroet hane. Fl as@eﬁ DG ography with 1%
HOAc/ 20% Et OAc/ hex as eluant afford 160rPrgO(§,§\% of
2S-{I R-[ 3-(4' - cyanobi phenyl -
4-yl)-1Hpyrrol -1-yl [ |)-m
ctmyt) pon - EesPa i Bkl cbel MERARETR Rl
[err]H NMR [err

1H), 6.80 (s | F“zyhz'o *’(S"§y"'%‘1H’%%‘3(Iz‘%‘?‘gb‘g’(%a’bfm‘”ﬁ‘n S%“T% °‘d§°’§%‘ ?SZ“ r Bodiyl
§H30J2_2g' (m 1 R)'a?‘yl'N -t “‘7‘%‘?&”@53‘(%3”1%%?"3(5%9& 4H§‘H) %‘g%c%%d)élmi%ég)

3067, 2962,2226, 1732, 1682, 1604, 1557, 196 1360 cnferr] A
Cal cul ated for [Letlegcinol §35358,81466 munql). - Flash colymgghromatography with 5% eOP&Cl:IzClz

Found: C, 70.81; H, 6.20; N, 6.70. ) )
176 as eluant provided 176 mg (90% yield) of 2S-[1R-(t-butoxycarbonylamino-(2,2-dimethyl-

1(S)-(Hydroxymethyl)propy1carbamoyl)-methyl]-pent-4-enoic acid benzyl ester as waxy
plates, mp 75-7°C. "HNMR: 97.43-7.20 (bs, 5H), 6.38 (d, 1H, ] = 9.7 Hz), 5.73 (dddd, 1H,
J=172,10.0,10.3, 16.8 Hz), 5.60 (bm, 1H), 5.20-4.95 (m, 4H), 4.40 (dd, 1H,J=7.2,84
Hz), 3.78 (ddd, 2H, J = 3.4, 9.3, 9.3 Hz), 3.50 (ddd, 1H, ] = 0.9, 8.7, 11.2 Hz), 2.98 (g, 1H, J
= 6.5 Hz), 2.55 (ddd, 2H, J = 7.2, 14.6, 14.6 Hz), 2.48 (ddd, 2H, J = 7.2, 14.6, 14.6 Hz), 2.18
(bs, 1H), 1.42 (s, 9H), 0.95 (s, 9H); IR (KBr): 3363, 2996, 1734, 1708, 1654, 1508, 1367,
1253, 1173, 1055 cm™'. Anal. Calculated for C,5HygN,Og: C, 64.91; H, 8.28; N, 6.06.

Found: C, 65.02; H, 8.33; N, 6.11,
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WD 98/ 17643

PCT/ US97/ 17809 Exanpl e 11.

2S-[ 1R- (3-(Bi phenyl -4-yl)-1H pyrrol -1-yl)-1-(1(S) - hydroxymnet hyl -2, 2-

di et hyl - propyl car banmoyl ) - et hyl ] - 5- hydr oxypent anoi ¢ aci d

[err] WO 98/17643 A suspension of palladium (11) hydr 8cTH89H1780%, Pd

content on carbon, 30 ng) and 28—

(1R- ( 3- ( bi phenyl - 4- yI)-1H- rroI

propyl car barmoyl ) - net h BA-hisd-Qyanobi , :

0.141 mmol) in Fearoemoy!l-meth) : piq cid BewrybEstere f or 2

hours. The catal yst was filtered onto Cellte and rlnsed with MeOH (20

m.). The filtrate was concentrated to afford 70 1%% of

28—[1R—(3 (bi phenyl 4-yl)-1H pyrrol -1-yl)-1-(1( roxynet hyl - 2, 2- di net hyl
propyl car banoyl ) - met hyl ] - 5- hydr oxy oic acid as white crystals.

[err]H NVR (CD[err] OD): a7707553( 6H), 7.43 (t, 2H, J = 7.4

Hz), 7.38-7.27 (m 2H), 6.93 (dd, 1 NH2~@1| Hz), 6.53 (bm

1H), 3.80-3.77 (m 3H), 2.75-1.23 ( I\EOOQ (s, 9H. IR (KBr): 3406,

2958, 1719, 1656, 1200, 763 cnjerr]. FABNS: 493 Herr]),515(M+Naferr]).

Anal . Calcul ated for [err] * OZCHCI[err] C, 67.90; H 7.06; N,

5.42. Found: C, 67. 8#ccoping to the procegyre dp\;cngedgplExample 4(a) for the’ preparation of N- (l(S)-

177

-1 (1(8) hydroxynet hyI 2, 2- d| nmet hyl -

benzyl-2-hydroxyethyl)-3(R)-[3-(4'cyano-biphenyl-4-yl)- 1 H-pyrrol-1-yl}succinamic acid
benzyl ester, 2S-[1R~(t-butoxycarbonylamino-(2,2-dimethyl-1(S)-hydroxymethyi-
propylcarbamoyl)-methyl}-pent-4-enoic acid benzyl ester was deprotected. The
corresponding crude amine salt and 4'-(2,5-dimethoxy-tetrahydro-furan-3-yl)biphenyl-4-
carbonitrile were condensed in 1,2-dichloroethane. Flash column chromatography with 1%
HOAc/ 20% EtOAc/ hex as eluant afforded 160 mg (63%) of 2S-{1R-[3-(4'-cyanobiphenyl-
4-yh)-1H-pyrrol-1-yl}-(2,2-dimethyl-1(S)-(hydroxymethyl)propyl-carbamoyl)-methyl}-~pent-
4-enoic acid benzyl ester as a yellow foam, mp 74-6°C. "HNMR: 5 7.70 (s, 4H), 7.50 (s,
4H), 7.20 (s, 5H), 7.05 (s, 1H), 6.80 (s, 1H), 6.60 (s, 1H), 5.60 (d, 1H, J = 8.1 Hz), 5.20 (d,
2H, J = 4.0 Hz), 5.05-4.82 (m, 3H), 3.86-3.68 (m, 2H), 3.30-3.10 (m, 2H), 2.30-2.20 (m, 1H),
1.70-1.50 (m, 2H), 0.90 (s, 9H). IR (KBr): 3358, 3067, 2962, 2226, 1732, 1682, 1604, 1557,
1496, 1360 cm™'. Anal. Calculated for C;37H3oN,0,4 ® 0.35 CHCly: C, 70.69; H, 6.25; N,

' 6.62. Found: C, 70.81; H, 6.20; N, 6.70.
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PCT/ US97/ 17809 The starting materials were nmade as fol |l ows:
2S-[ 1R-t - But oxycar bonyl am no- ( 2, 2-di net hyl - 1( S) - hydr oxynet hyl - pr opyl car bano
yl) - met hyl ] - 5- hydr oxy- pent - 4- enoi ¢ Aci d Benzyl
Ester [err] woO98/17643 To a solution of BH err]* THF X@/ER37800Hf | M
in THF) at O[err]C was added cycl ohexene (1.40 m, 13.9 mmol) dropw se
via syringe. After 5 ninutes, the white suspension was diluted with
dry THE (5 ni).Exqmple 13529 1R:(3-@Biphengk4yDilH-pyrned- 1ol 161 (Shbydrbimethy-2,2-
suspensi on dipeshyd-prenydeashameydmethyl} - hysinowypentamoicacd| ut i on of

2S-[ 1R-t - but oxycar bonyl am no- ( 2, 2-

di met hyl - 1( S) - hydr oxynet hyl - pr opyl - car banoyl ) - net ] pent -4-enoic acid

benzyl ~est er (1.07 g, 2.31 nmol) in dry TE(I0 nl) at O[err]C and
vi gorous gas evol ution was observed. AT fTer 10 m nutes at O[err]C, the
resul tant suspension was allowed to warmj oy aghi ent tenperature. After

90 ninutes, the nixture was treated i nHUcEegsi6nomi t h pH7 phosphat e
buffer (50 nm), EtOH (20 nlL), and 30% aqueous ¥ferr]Jerr] (10 nL), and
then allowed to stir overni ght. AMQGSr 20 hours at anbi ent tenperature,
the m xture was cooled to O[err]C and stirred with fresh 10% aqueous
Na[err]S[err]derr] (100 m.). The mixture was allowed to warmto anbient

tenperature and extracted w three tine. e conbi ned
or ggnl c layers Adsee "5’(°|“|°P Bgﬁ“%“h\( IQ)L’i‘é %Féf’rpfi@'(ti’ﬁeﬂﬁﬁ?m% 8f mghand 2S-
m nutes, then washed with saturated cz ous NaHCO err]: H[err]O (100:
100 nL), dried QRe3-(Rinbesohr4-yhnd-axreghd k- bl (Bbohygraxgmethyle?, %Jd'@fe‘hY' yel | ow

oil, which was purified via flash col um chronmat ography with 5%

MeOH CHO [err ] propylcarbamdylizmethy!bS-aydroxpeBamicagid beayl essér (120 mg, 0.141 mmol) in

2S-[ 1R-t - but oxycar bonyl am no- (2, 2-di met hyl - 1(S) -

178 MeOH (20 mL) was stirred in an H, atmosphere for 2 hours. The catalyst was filtered onto
Celite and rinsed with MeOH (20 mL). The filtrate was concentrated to afford 70 mg (100%)
of 25-[1R~(3-(biphenyl-4-y1)-1H-pyrrol-1-yl)-1-(1(S)-hydroxymethyl-2,2-dimethy!-
propylcarbamoyl)-methyl]-5-hydroxypentanoic acid as white crystals. 'H NMR (CD;0D):
d 7.70-7.55 (m, 6H), 7.43 (t, 2H, J = 7.4 Hz), 7.38-7.27 (m, 2H), 6.93 (dd, 1H, J=2.2,2.2
Hz), 6.53 (bm, 1H), 3.80-3.77 (m, 3H), 2.75-1.23 (m, 4H), 0.97 (s, 9H). IR (KBr): 3406,
2958, 1719, 1656, 1200, 763 cm™'. FABMS: 493 (M +H"), 515 (MH +Na"). Anal.
Calculated for C,gH34N,O5 @ 0.2 CHCl;: C, 67.90; H, 7.06; N, 5.42. Found: C, 67.85; H,

7.11; N, 541.
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hydr oxynet hyl - pr opyl car banoyl ) - net hyl ] - 5- hydr oxy- pent - 4- enoi ¢ aci d benzyl
ester as a white foam [err]H NVR [err] 7.45-7.20 (bs, 5H), 6.56 (d,
1H, J = 9.7 Wo)9snm487 (d, 1H, J = 7.8 Hz), 5.23-5.05 (RETY897/1788% 56
(dd, IH, J =5.9, 8.4 Hz), 3.82 (ddd, 2H, J 3.4, 9.3, 11.8 Hz),

3.70-3.39 (m 4H), 3.06 (ddd, 1H, J =5.9, 10.3, 10.3 Hz), 1.90-1.38 (m

4H), 0.98 (s, 9H), 4-1% “‘Q‘é‘g‘r”‘a rQ,FQ %iﬁasﬁ::ilgz 2955, 1718, 1696, 1682,

1661, 1522, 1367, 12 Cal cul ated for [err] * 0.4

CHC [err]: C Al . : , ,

5. 42. ’ S hol1.5. entdeenoic Acid e
5-Benzy|oxy-carboxy-ZS-[1R—tg%%¥%Q§%gpé%ﬁ?#aﬁ@ﬂﬁl¥aiéﬂﬁpﬁ§Fﬁ -1(S) - hydr oxy
met hyl - propyl - carbannylk,nethyl] pent anoi ¢ Acid
Benzyl Ester [err]

According to the procedure described in Examﬂ %(a) for the preparation of
car bonic aci d

N-(1(S) - benzyl oxycar bonyl oxynet hyl - 2, @/\rre ylcwpyl) 3(R)-(t-

but oxycar bonyl am no) succi nam ¢ acid benzyHo ster,

2S-[ 1R-t - but oxycar bonyl am no- ( 2, 2-
di met hyl - 1('S) - (hydr oxynet hyl) propyl car banoyl ) met hyl ] - 5- hydr oxy- pent - 4- enoi ¢

aci d benzyl estygr, s\ﬁﬁr‘ﬁoh arﬁmfhlm @3l AL B MM ’ﬁH#beJ?éS'é wsﬂdgr f r%gfoﬂa&ﬁe to

glVﬁayellqtszml whi ch purlfledhwaflash colum c t ography
4% Me

5 benzyl oxycar by s 73 %’"ﬂ“ﬁ B0 viasoblep I ahtls miguugs JRe A Shrdiign was
gg%’g{ lme(ggeglhlyl ) & %%&a%g‘?ﬁ?)(% k@s/; Rﬁ#x]w%nﬁtgs ERIOGCatﬁe &%C)Q:?O%Z)Yylbo% %trzspgnssio%

i v 8e nzyl oxycar b%s%m%lsouhg' ]i&dgé)d viat rz]m.IYula(x) é&cs%{utxgr)l( gfr%t H*l-t-buioxycarbonyla%mo-(z 2-

dimethyl-1(S)-hydroxymethyl-propyl-carbamoyl)-methyl]-pent-4-enoic acid benzyl ester
(1.07 g, 2.31 mmol) in dry THF (10 mL) at 0°C and vigorous gas evolution was observed.
After 10 minutes at 0°C, the resultant suspension was allowed to warm to ambient
temperature. After 90 minutes, the mixture was treated in succession with pH7 phosphate
buffer (50 mL), EtOH (20 mL), and 30% aqueous H,0, (10 mL), and then allowed to stir
overnight. After 20 hours at ambient temperature, the mixture was cooled to 0°C and stirred
with fresh 10% aqueous Na,S503 (100 mL). The mixture was allowed to warm to ambient
temperature and extracted with CHCl; (75 mL}) three time. The combined organic layers
were stirred with p-TsOH®H,0 (100 mg) for 15 minutes, then washed with saturated
aqueous NaHCO4:H,0 (100: 100 mL), dried over Na,SO,, and evaporated to give 1.96 g of
yellow oil, which was purified via flash column chromatography with 5% MeOB/CHCl, as
eluant to afford 500 mg (45%) of 2S-[1R-t-butoxycarbonylamino-(2,2-dimethyl-1(S)-
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propyl car banoyl ) -t - but oxycar bonyl - am no- net hyl ] - pent anoi ¢ aci d benzyl
ester. [err]H NVR [err] 7.45-7.20 (m 10H), 6.38 (d, 1H, J = 9.7 Hz),
5.48-5.32 (bwodsH76435. 23-5. 05 (m 4H), 4.45- 4.30 (m PE/USHI7HII. 95
(m 2H), 3.80-3.72 (m 2H), 3.55-3.40 (m 1H), 3.00-2.89 (m 1H),
2.08-1.55 (m 4H), 1.42 (s, 9H), 0.95 (s, 9H). IR (KBr): 3322, 2964, 1741,

1664, 1264 1168ydrox m 1?fo§a}lcar§ -métM ﬁ{rc%{)léﬁn_?-g-laqia acid P?ﬁﬂd esterasa

5- Benzyloxycarboxy benzyl oxycar met’h propylcarb
ggﬁg: ) Ets'E or white foam. THNMR; 819%%9?%(‘(%, lggp,)éls%r&q%' ?EEWIIKJ): O&f Ed",i pﬁ,l [-e

To a solution o

L banaol oxyonr DY 52505 m, 2H, 3%»50% P ok 3O3R 1 14,93, 118 ),

1(S) - hydr oxynet yl pent anaoi c acid benzyl ester (170
T, 0.277 Q#hap}f?ﬁn‘*%qé%?wi 233 s el RS (B3B38,
mol ) and | oxychl oroformateéloo err 0.692 nmmol ). After 2.5
hours, the ni xtBPé irvé F 334 2955, 1718,1696, 1683, é3,r1]36'( 184%1L }66cami. Anal,
extracted wth CHCO [err] (10 nL two tines). The CHC [err] |ayers wer e
washed with 1095 alquieted foridisit]odp®] ® CHCHEY: &ntF. Batlu7 al ¥ SajuBmwmd: C, 57.74; H,
NaHCO err]:H err] O (10:10 nL), dried over Na[err]SJerr], and
evaporated to pf8f§iMeé.4.yell ow oil, which was purified via flash

col um chromat ography with 10-20-30% Et OAc/ hex stepw se gradient. In this
fashion, 135 ng (65% of

5- benzyl oxycar boxy 28—[(1(8) benzyl oxycar boxyrret hyI 2, 2-

di met hyl - propy| clspaoMy3CatDoOKYrEY : 23-tilnetiwr b (S XM
benzyl ester was -2 methyl]- ic Aci 180

According to the procedure described in Example 5(a) for the preparation of carbonic
abid N-(1(S)-benzyloxycarbonyloxymethyl-2,2-dimethyl-propyl)-3(R)-(t-
butoxycarbonylamino)succinamic acid benzyl ester, 2S-[1R-t-butoxycarbony1amino-(2,2-
dimethyl- 1(S)-(hydroxymethyl)propylcarbamoyl)methyl]-5-hydroxy-pent-4-enoic acid
benzyl ester was initially acylated with benzyl chloroformate to give a yellow oil, which was
purified via flash column chromatography with 4% MeOH/CHClI; as eluant to furnish 172
mg (46%) of 5-benzyloxycarboxy-2S-[1R-t-butoxycarbonylamino-(2,2-dimethyl-1(S)-
(hydroxymethyl)propylcarbamoyl)methyl}-pentanoic acid benzyl ester as a lcolorless oil and
67 mg (17%) of 5-benzyloxycarboxy-2S-[(1(S)-benzyloxycarboxymethyl-2,2-dimethyi-
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PCT/ US97/ 17809 I solated as radial plates. [err]HNWR [err] 7.35-7.25
(m 15H), 6.40 (bd, 1H, J = 8.4 Hz), 5.22- 5.04 (m 6H), 4.48 (dd, 1H,
J =6.9, 8.7 Hz), 4.33(q, 1H J =7.3 Hz), 4.16-3.95 (m 4H), 3.67
(bm 1H), 3.@%bysdosslH, J = 4.4,5.3 Hz), 2.91 (ddd, 1h, J =PGI/U§97/17889 10. 3
Hz), 1.80-1.50 (m 4H), 1.41 (s, 9H), 0.93 (s, 9H). IR 3330, 2964,
1743, 1263, 1 170 cnjerr]. HRFABMS: Cal culated for [err]Cs (M +Cs):
881. 2625. Foundpropfidarail)-t-butoxycarbony!-amin@-fethyl]-pentanoic acid benzyl ester. 'H NMR: 3
(1R-((3-Bi -phenyl -4-yl)-1H pyrrol -1-yl - (1(S)- hydproxvrret hyl - 2, 2-di met hyl -
propyl car barmoyl ¥ 45520 ¥h) 101D; @ysi{) Xt pend ane) ¢ 44059 (Banzy| 55%3@5 (m, 4m[43£§.]

0

To a solution of 5-benzyl oxycarboxy-2S-((1(S)-benzyl oxyca oxynet hy
benzylester {148 “W'“‘“by&@%af@?@”5%&‘%?“‘% e CREL B R g
the. sol vent  ves2eEias G I (COE 0.8 M Ity 2. 306,k VPRI, 168
wi th 3-bi phenyl - "YEA%NE ?Mn%ﬁ[%yt etrahydrofuran (66 ng, O. 23 nmol ),

trifluoroaceti c*Hc F]L), and Herr]O (20 [err]L) in
CCHerr]CHerr]d (1 nL). The m xture was heated to 70C for 90

m nutes, allowed to cool, and evaporated to give a brown oil. Flash col um
chr omat ogr aphy - W|th LR, 2%, E OAc/ hex as eluant and removal o
HOAC Vi a n-hept' NZYIQX 'l" '1-14 QXY Carbox hvl-2.2-dimethvI-propyicarbamoy|)-t-
181 ifoxyearbonyvlamino-methyl]-pentanoic Acid Benz e

HN)‘OX

©/~o)\/'\,NH/.OJLO,\©
©/‘o*‘o

To a solution of 5-benzyloxycarboxy-2S-{1R-t-butoxycarbonylamino-(2,2-dimethyl-
1(S)-hydroxymethyl-propylcarbamoyl)methyi}-pentanoic acid benzy! ester (170 mg, 0.277
mmol) in CHCI; (3 mL) was added DMAP (68 mg, 0.692 mmol) and
benzyloxychloroformate (100 uL., 0.692 mmol). After 2.5 hours, the mixture was stirred
with 10% KHSO4 (15 mL) and extracted with CHCl, (10 mL two times). The CHCI; layers
were washed with 10% aqueous KHSO, (10 mL) and saturated aqueous NaHCO4:H,0
(10:10 mL), dried over Na,SO,, and evaporated to provide a yellow oil, which was purified
via flash column chromatography with 10-20-30% EtOAc/hex stepwise gradient. In this
fashion, 135 mg (65%) of 5-benzyloxycarboxy-2S-[(1(S)-benzyloxycarboxymethyl-2,2-
dimethyl-propylcarbamoyl)-t-butoxycarbonylamino-methyl}-pentanoic acid benzyl ester was

180



WD 98/ 17643
PCT/ US97/ 17809 provi ded 126 ng (82% of
2S-{1R-[ (3- bi - phenyl -4-yl)-1H pyrrol -1-yl - (1(S)- hydr oxynet hyl -
2, 2-di et hyl - propyl car banmoyl ) - met hyl ] } - 5- hydr oxypent anoi ¢ aci d benzyl ester
as a yellow wWo9s/IM¥gsid. [err]H NVMR [err] 7.59-7.50 (m 9H)PCT/USHZITB? 2H ]
:7.4Hz)738720(m13|—|) 704(bm IH) 670(dd 1HJ:25
2.5 Hz), 6.49 (bn}
12.1 Hz), 5.14 {s ateﬂﬂsraﬁmplmnﬂh‘MR 59?3335 (%5 (nz.H)vH).Lﬁ 4@7(bf( d&,J 2|8+4 sz)é 2 1,
15.5 Hz), 4.84 (d, 1H, J = 10.3 Hz), 4.26 (dd, 1H, J = 2.9, 11.0 Hz),
4.10-3.88 (m 4504 (8, 61D, 848 (ld( R, J=+5.9, 817 He, 4.33 (q, 1 H, J1=57.5 Mz}t )1 66,957 (rs 41):13.67
| RCKBr): 2961, 1743, 1687, 1453, 1398, 1263, 1167, 763, 697 cnerr].
HRFABMS: Cal cul gngd H)@.51 @d) [H, ¢ M4Cs[3e2)]2.91 @88 .18.3843.7,7R)n0l3 H2§3.828650. (m,
Anal . Calculated for [err] * 0.15 CHCl[err]: C, 72.02; H, 6.28; N, 3.22.
Found: C, 229,0.3;1 (5 9H, 0183, (s,NH)SIIQ:6333O, 2964, 176%,3793,8 110%m 2. SRFABMS:
2(1S)-[[3-(Bi phenyl -4-yl)-1H pyrrol -1R-yl]-[2, 2-di met hyl - 1(S) -
ﬁl_ gygr gé?m?t 2%' ) %EQM!eH%r@WH}’ZNZUFIUﬂXM%”} 4800} FoGAd 881.263 €T I']

uti
2R-[2(R) - ( 3- bi phenyl 4-yl -1H pyrrol -1-yl ) -2- (5R-i odonet hyl - 2- oxo-
t et rahydr of uran- 3(S) - yI)acetyI am no] 3, 3-di net hyI butyI 2,2,2- tr| chI or oet hyl
carbonate (100 04 1 RO LB n ek NG N BVES e .
(86 ng, 1.3 mml). zica A RYEIOX piafo e A cie Denss
resul tant m xture was partltlone O 25 rrL) and CHCI[err]
(15 nmL). The aqueousueous | ayer was adjusted to p @ wi th saturated aqueous

182
O

©/‘0‘\/‘\r"‘“/‘o"o’\©
©/‘o‘*o

To a solution of 5-benzyloxycarboxy-2S-[(1(S)-benzyloxycarboxymethyl-2,2-
dimethyl-propylcarbamoy!)-t-butoxycarbonylamino-methyl]-pentanoic acid benzyl ester (135
mg, 0.180 mmol) in CHC; (2 mL) was added trifluoroacetic acid (0.5 mL). After 4 hours at
ambient temperature, the solvent was removed in vacuo to give a yellow oil that was placed
with 3-biphenyl-4-yl-2,5-dimethoxytetrahydrofuran (66 mg, 0.23 mmol), trifluoroacetic acid
(20 uL), and H,0 (20 uL) in CICH,CH,Cl (1 mL). The mixture was heated to 70°C for 90
minutes, allowed to cool, and evaporated to give a brown oil. Flash column chromatography

with 1%HOAc/20% EtOAc/hex as eluant and rémoval of HOAc via n-heptane azeotrope
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PCT/ US97/ 17809 NaHCO err] and extracted with CHC [err] (10 nL) two
times. The CHO [err] layers were dried over Na2SO4 and evaporated to
give a white solid, which was purified via radial chromatography W th
a 0. 5% HOAcC/v0 Mets4OH/ CHCl [err] stepwi se gradi ent to furniPSHS27/HEY 50%)
of 2S, 2(1S)-{[3-(i phenyl -4-yl)-1Hpyrrol -1Ryl]-[2, 2-di net hyl -1(S) -
(hydr oxymnet hyl ) propyl car banoyl ] net hyl ] pent-4-enoic acid as a pale yell ow

lid. H 26 6 -@R7 -JH:
2 a) ' o EueLr E], gﬁﬁxdedl W?@%SS%F [(259i xﬁﬂnyllokicl) Eﬁ%ﬁ HZ()((S) %y&Qﬁ)%&gl.( m

.00-1 85 (m 230 5“‘3“*’”9?‘“'%@“)%“%?*65 ﬁy*%%v Poils LS st - xdhy
1717, 1651, 1 2 Al
Cal cuI ated for ° hdl' ??NW5©'59'7?%Z(P}§§g[§1’)9544(j§é§.§1§—7§?r{%8uh%::"%g;’.’%@57'%«%
Cal cul a6 01 4872 ho 0t HELE8D] & oo 1 SR 208 HE 9 1 T
f hed fol.l
2(Ry- - Bt oxycarddig it 53 g s C

tic Acid
To'a sol ut i on O3S HR. 426 Uhd RS A OB . Hom Y Prazc) Al 110y
ester (230 ng, 0.734 mmol) in THF (10 nl) was added saturated agueous
NaHCO err] (10 lnlS)(m, AH).&x874s 9H). IR (RBrt2361, 17 % 168714/l 3085126801168 768, OT,
and iodine (742 my, 2.94 mol) was added. The resultant m xt ure was
al | oned to sl owhny ' .VEREABMSarGaleataedtfon®eHaiNpyOsCoM 65 0H183.2084. el?ouﬁm 083.2861.
183

Anal. Calculated for C5,Hs4N2Og ® 0.15 CHCl;5: C, 72.02; H, 6.28; N, 3.22. Found: C,

72.03; H, 6.43; N, 3.26.

Example 12. 28, 2(18)-{{3-(Biphenyl-4-y])-1H-pyrrol-1R-yl]-[2,2-dimethyl-1(S)-
(hydroxymethyl)propylcarbamoyl]methyl]pent-4-encic Acid

To a solution of 2R-[2(R)-(3-biphenyl-4-yl-1H-pyrrol-1-yl)-2-(SR-iodomethyl-2-ox0-
tetrahydrofuran-3(S)-yl)acetylamino}-3,3-dimethylbutyl 2,2,2-trichloroethyl carbonate (100
mg, 0.129 mmol) in HOAc (2 mL) was added zinc powder (86 mg, 1.3 mmol). After 24
hours at ambient temperature, the resultant mixture was partitioned with H,O (25 mL) and
CHCl, (15 mL). The agueousueous layer was adjusted to pH 5 with saturated aqueous
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PCT/ US97/ 17809 hours, fresh 10% aqueous Na[err]S[err]Jerr] (20 nm)
was added, and the m xture was extracted with Et OAc (15 L) three
times. The conbi ned organic | ayers were washed with 10% aqueous

Na[ err] S[ err b omrra3(25 nL), dried over MgSH, and evapor at ®ETUSIH7808 322
nmy (100% of 2(R)-t-

but oxycar bonyl am no- 2- (5R-i odonet hyl - 2- oxo-tetrahydro-furan-3(S)-yl)acetic

acid allyl NaHICE); and exarapted WwitlvCHidL, (104l hwovkifed) SEhd OMOIbﬁsdérs {vertetdFied over
purification. [err]H NVR [err] 580(dddd 1H J =6.3, 6.8, 11.1,

12.0 Hz), 5.58 NA SO,,]drlh evipotafedio #ive Whitd 5lid, #hiH wis %ﬁ@@ha%ﬂlal clﬁoﬂu@:ography
(dddd, 1H, J =5 .1, 8.6, 10.8 Hz), 3.41-3.04 (m 3H), 2.65-2.47 (m

1H, 2.02-1.45 (i aOS% HOA/s- ilo%&e(m/cﬁtﬁ dstép&seifaﬁ‘én tg%fﬁsl; %%x_?légsoz?%ig:& c

1507, 1367, 1161 cnferr]. Anal Cal cul at

2(R) -t~ But oxyca? Saﬁﬂfﬁh%ﬂ-ﬁ%?’s%‘%*‘émdm?724%“;%? ds‘ahydro?u?ﬁa 39 yi)a

cetic Acid

According to th&Sraemgthyergpdcarbamoyimethylnentsf-gnojppcid asfacﬂaletyﬁg"‘?ﬁ%@a QH%
SE Rf’ (R oxyca,(b&ﬁ')g' %ﬁkﬁz& YA PO0H.5, TR 6, b a2 Y8 5 Y56

i odonet hyl - 2- oxo-tetrah drofuran 3(9S) )acetic acid all ester (322
07794 ol ) s (i 21, G4 o 10K € Bk 08 AL D309 6.8 1z, 503478 (.
2(R) -t-but oxycar bonyl am no- 2 5R-i odorreth | - 2-

oxo- t et r ahydr of @0 B3 (., 250, 83(s. 8Dl 1384, 32¢002960, 2N B IT4NAT I UL 68,

wi t hout further purification. Anal }/tl cal sanpl e furnished upon flash
col utm chr omat 0gB56%N¥56il362, 1240, 1196, 758 cm . HRFABMS: Calculated for Co9H33N,04Cs (M +
184

Cs"): 607.1573. Found: 607.1555. Anal. Calculated for CygH;,N,0, ® 0.17 CHCl;: C,

70.80; H, 6.96; N, 5.66. Found: C, 70.76; H, 7.03; N, 5.55.

The starting material was furnished as follows:

To a solution of 28-allyl-3(R)-t-butoxycarbonylamino-succinic acid 4-allyl ester (230
mg, 0.734 mmol) in THF (10 mL) was added saturated aqueous NaHCO (10 mL). After 20
minutes, the mixture was cooled to 0°C, and iodine (742 mg, 2.94 mmol) was added. The

resultant mixture was allowed to slowly warm to ambient temperature overnight. After 20
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PCT/ US97/ 17809 HOAc/ 3-5% MeOH/ CH err]C [err] gradient eluant and
azeotrope with n-heptane. [err]H NVR [err] 9.30 (bs, 1H) 5.40 (d,
1H, J = 8.7 Hz), 4.84-4.36 (m 3H), 3.64 (bt, 1H, J = 9.5 c2r 56- 3. 15
(m AWyooshes (ddd, 1H, J=4.1, 9.0, 13.1 Hz), 1.25 (& MY 3395,
2978, 1772, 1708, 1511, 1366, 1251, 1160cnjerr]. FABMS: 532(MtCs[err]).
Anal . Cal culated for [err] * 0.12 Cerr]Herr C, 37.50, H, 4.88,N,

3.41; 1, 30. 86. hbwsietsh )% 3quebus NayS,0k (28 mL\wagadsdad, an A%W’-Wﬁs extracted with
2(R) -t - But oxycar bonyl am no- N- ( 3. 3-di net hyl - 1- hydr oxy-but-2(R) -yl )-2-(5R-i od
o- et hyl - 2- EtOAc (15 mL) three times. The combined organic layers were washed with 10% aqueous
oxo-tetrahydrofuran-3(S)-yl)acetam de

[err] 2,5,03 (zs AN %éd &\r 2SOl end EapEdi & gesInidied 00%) EeRpt-e 1(f)
for the preparat?c?h N-(

gg?é Br/' g ( gft howtoﬁ}éaydo)lyl%&qt csﬁ%&?ﬁ%(&@'ib%bfk&%ﬁ% BECI (BRI eRCicl dignZy |

but oxycar bonyl aging; é’ é@ﬁof! ti?\‘lﬁﬂse %QM& ﬁ{aﬂorf UWM% §25‘8P5|(acﬂﬁet Ic

acid (293 ny, was couple euci nol (55 ng,

T%&CY“Q,E@“NES?%?@FF? Qé‘i‘éeagm SEEEHTIARNS i 59?‘6“‘:‘9’ (?‘eﬁféﬁ? bith
(4 4 %
5oyl 4ER S AT, BT o550 T
o- met hyl - 2- 0Xo-t et rahydr of ur an- &4&2 ).acet am .gpzhabae\gatﬁcf a
whi te powder, r%ﬂ)ll@?-@(?m[ éRy B374, 2976, I‘N 71¥'elrsp-f 16“7@’% 1 Hz) ,

6.23 (bd, 1H J = 8.2 Hz), 3.88-3.68 ( I—2

3.40-3.25 (m 2bhCysHoNOZ B2y BPACIE)4L. 616, 53 @masom ZbSL Fougd: Eo‘”§3 Hg. 4
Hz), 2.37 (bs, 2H), 2.00 (g, 1H, J = 11.0 Hz), 1.44 (s, 9H), 0.94 (s,
9H) . IR 3319, 298HN, 3034, 1665,

185

According to the procedure described in Example 10(a) for the preparation of 3(R)-

allyl-N-t-butoxycarbonyl-D-aspartate B-benzyl ester, 2(R)-t-butoxycarbonylamino-2-(SR-
iodomethyl-2-oxo-tetrahydrofuran-3(S)-yl)acetic acid allyl ester (322 mg, 0.734 mmol) was
deprotected to give 293 mg (100%) of 2(R)-t-butoxycarbonylamino—Z-(SR-iodomethyl-Z-
oxo-tetrahydrofuran-3(8)-yl)acetic acid as a yellow oil, which was used without further

purification. Analytical sample furnished upon flash column chromatography with 1%

184



WD 98/ 17643

PCT/ US97/ 17809 1530, 1367, 1153, 755 cnjerr]. Anal. Calcul ated for
[err]: C, 43.38; H 6.27; N, 5.62; I, 25.46. Found: C, 43.13; H,

6.34; N, 5.54; |, 25.31.

2(R) - [ 2(R) - t WMBA¥6#3 car bonyl ami no- 2- (5R-i odonet hyl - 2- 0xo- t ePCEHHSHIREOUr an- 3(
S) - yl )acetyl am no] - 3. 3-di net hyl butyl 2, 2, 2-Tri chl or oet hyl
Car bonat e [err]

To a sol ution ofyoac/3-5% MeOR/C di . 1 .301
2(R) -t - but oxycar bonyl ani n%- N- Fécgzgé? rx%ltt ﬁl§ﬂ‘i@dnaf8°r"c§) §/‘-"bﬂtljfl-h§?tﬂ5e-’ HNMR: 99.30

(5 T e A AR
L T T SIS GE A i 8 B

10% aqueous HC 0 ) he .prgani c | ayer separated, washed with 10%
aqueous HC (101%6} I%di %}gtptge%alﬁa'uébﬁ@’tm\é?fmlr Faleplated fanCositysNOsine .12
dried over Na2SO4 and evapor at ed tOJ)r ovide a yellow oil, which was
purified via fl &sHigsdhdma0dhictPaNoyfihip.86. Found: (G 3250-HM8CNNBES2; A30Muant
to afford 138 ng (66% of 2(R)-[2(R)-t-butoxy-

car bonyl am no- 2- (5R-i odonet hyl - 2- oxo-t et rahydrof uran-3(S)-yl)acetyl am no] -3
, 3- di met hyl butyl 2,2, 2-trichloroethyl carbonate as a yellow oil.

[err] H NVR: [er R 5!:4'1&15’_ 1} A (R -(YR-1€ g
4.77 (s, 2H), 4.60 (quintet, SN YAy r Slamige 8.

(dd, 1H, J = 3.1, 10.9 Hz), 4.20-4.00 (m 2H), 3.48 (dd, 1H, J = 5.3, 10.0
Hz), 3.33 (g, 1H, J = 9.3 Hz), 3.04-2.90 (bm 1H), 2.64 (ddd, 1H, J =
6.5, 10.0, 12.8 Hz), 1.99 (q, 1H, J =219.2 Hz), 1.82-1.72 (bm 1H),
1.46 (s, 9H), 0.97 (s, 9H). IR (KBr): 33853,»4&?&5, 1764,

' 4 N\E/\(’”
A

According to the procedure described in Example 1(f) for the preparation of N-(1(S)-
benzyl-2-methoxy-ethyl)-3(R)-t-butoxycarbonylamino-succinamic acid benzyl ester, 2(R)-t-
butoxycarbonylamino-2-(SR-iodomethy!-2-oxo-tetrahydro-furan-3(S)-yl)acetic acid (293 mg,
0.734 mmol) was coupled to L-t-leucinol (55 mg, 0.466 mmol) with BOP. After column
chromatography with silica gel and 1%/HOAc/5% MeOH/CHClI; as eluant, azeotropic
removal of HOAc with n-heptane, and crystallization from EtOAc/hex, 184 mg (50% yield)
of 2(R)-t-butoxycarbonylamino-N-(3,3-dimethyl-1-hydroxy-but-2(R)-yl)-2-(5SR-iodo-methyl-
2-oxo-tetrahydrofuran-3(S)-yl)acetamide was obtained as a white powder, mp 142-3°C. 'H
NMR: 9 6.78 (bd, 1H, J = 8.2 Hz), 6.23 (bd, 1H, J = 8.2 Hz), 3.88-3.68 (m, 2H), 3.60-3.40
(m, 2H), 3.40-3.25 (m, 2H), 3.15-2.99 (bm, 1H), 2.63 (ddd, 1H, J=7.1, 10.5, 13.4 H2), 2.37
{bs, 2H), 2.00 (g, 1H, J = 11.0 Hz), 1.44 (s, OH), 0.94 (s, 9H). IR: 3319, 2965, 1774, 1665,
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PCT/ US97/ 17809 1703, 1683, 1676, 1521, 1369, 1244, 1165 cnierr].
Anal, Calculated for [err] * 0.25 Jerr]Herr]: C 38.87; H 5.15; N,
4.03; d, 15.30; 1, 18.25, Found: C, 39.04; H, 5.13; N, 4.12; d,

15. 64; |, 18WP8/17643 PCT/US97/17809
2(R-[2(R) - (3-Bi phenyl -4-yl -1H pyrrol -1-yl)-2-(5R-i odonet hyl - 2- oxo-tetrahyd
rof uran-3(S) - yI )acet yl - am no] - 3, 3-di et hyl but yl

2,2,2-Trichlor 0?5:@)’136@%1199“3*5%“1 bAna# Calcyl tedforCErHa{Nyo FQ?;‘?\,??%[ gs%tﬁes 62;

procedure described in Exanple 1( or t e prep

di nmet hgl 1(S) - nPBQX{SC%rBﬁnEyAﬂﬁ@’EM%@ﬂ(?2?B?ny| 1H pyrrol -1-yl)succi nam
i c aci

2(R) -[2(R)-t-but oxycarbonyl am no- 2- (5R-i odonet hyl - 2- oxo-t et r ahydr of ur an-
3(S)-yl)acetyl am no] - 3, 3-di net hyl butyl 2,2,2-trichloroethyl carbonate (105

ng, 0. 156 nmol) zrm-rzr‘r@isq -Q%&%&Maﬂx&%g& URLeACEL | gsihen
condensed wi th 3-bfphe AT r— S %EW R

=

(prepared as descri bed I EXanpl e I(a)) In I, Z2drchr oroettaire W th
Herr]O and trifluoroacetic acid. Flash %%I umm chromat ography with O. 5%
HOAc/ 20% Et OAc/ hex as el uant furnr ed 120 mg (99% of

2(R) -[2(R) - (3-bi phenyl -4-y-1H pyrrol -

yl)-2-(5R-i odonet hyl - 2- oxo- tetrahydrof{j 12‘6 tyl-am no] -3, 3-di neth
yl butyl 2,2, 2- trichl oroet hyl do.0n | ow solid, which was
used in the next reaction. [err]H NI\/R‘, [err] 74-7.54 (m 5H)

7.48-7.19 (m 4H), 7.16 (dd, 1H J =1.9, 1.9 Hz), 6.86 (dd 1H, J = 2.5,

2.5 Hz), 6.59 (dd, 1H J =1.9, 2.5 Hz), 5.80 (d, 1H J = 10.0 Hz), 5.20

(d, 1H J = 3.4 Hz),To asolution of 2(R)-t-butoxycarbonylamino-N-(3,3-dimethyl-1-hydroxy-but-2(R)- 187
y1)-2-(SR-iodomethyl-2-oxo-tetrahydrofuran-3(S)-yl)acetamide (155 mg, 0.311 mmol) in
CHClI; (S mL) was added DMAP (84 mg, 0.68 mmol) and 2,2,2-trichioroethylchlorofonnate
(86 pL, 0.62 mmol). After 2 hours at ambient temperature, the resultant mixture was stirred
with 10% aqueous HCl (10 mL). The organic layer was separated, washed with 10%
aqueous HCI (10 mL) and saturated aqueous NaHCO5:H,0 (10:10 mL), dried over Na,SOy,
and evaporated to provide a yellow oil, which was purified via flash column chromatography
with 25% EtOAc/hex as eluant to afford 138 mg (66%) of 2(R)-[2(R)-t-butoxy-
carbonylamino-z-(SR-iodomethyl-Z-oxo-teuaﬁydroﬁmn—S(S)-yl)acetylandino]-3,3-
dimethylbutyl 2,2,2-trichloroethyl carbonate as a yellow oil. THNMR: 3 6.82 (bd, 1H, J =
9.0 Hz), 6.17 (bd, 1H, J = 7.8 Hz), 4.77 (s, 2H), 4.60 (quintet, 1H), 4.49 (dd, 1H,J=4.7,8.7
Hz), 4.42 (dd, 1H, J = 3.1, 10.9 Hz), 4.20-4.00 (m, 2H), 3.48 (dd, 1H, J = 5.3, 10.0 Hz), 3.33
(q, 1H, J = 9.3 Hz), 3.04-2.90 (bm, 1H), 2.64 (ddd, 1H, J =6.5, 10.0, 12.8 Hz), 1.99 (g, 1H, ]
= 12.2 Hz), 1.82-1.72 (bm, 1H), 1.46 (s, 9H), 0.97 (s, 9H). IR (XBr): 3386, 2966, 1764,
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PCT/US97/ 17809 4.63 (dd, 2H J = 12.1, 18.0 Hz), 4.53-4.35 (m 2H), 4.21
(ddd, 1H, J = 3.4, 9.0, 9.0 Hz), 4.05 (dd, 1H J = 9.0, 11.2 Hz), 3.73
(ddd 1H, J = 3.1, 9.0, 12.1 Hz), 3.27 (dd, 1H, J = 4.7, 10.3 Hz), 3.02
(dd, 1H, J =Wp®17@33 Hz), 2.70 (ddd, 1H J = 6.2, 9 3. 12. BCHES97/17809 4
(ddd, 1H, J = 9.7, 12.1, 12.8 Hz), 0.97 (s, 9). IR (KBr): 1763, 1686,
1242, 1166, 819, 764 cnierr]. Exanple 13.

N-(1(S)- Benzy! - 2708,d6881616)¥521; B165) 1143; (185 exlaé*nwnaﬂﬂhkaxraie%ﬂfm,rlngzmofcuT

yl ] succi nam ¢ Acid

To a solution of 25 CgHy4: C, 38.87; H, 5.15; N, 4.03; Cl, 15.3
N-(4(S) - benzyl - cf‘rlﬁ‘ethyl OvaOHIdIn 3-y 5 g 8@» F%und C3904H513N

yl)-1H pyrrol ] cid t- butyI ester (80 ny, O. 14 mTD|) in THF
(5 nL) was addé‘)d/12 %rgggg§315§ f?(‘]-l (5 nm). EtOH (few drops) and Herr] O were
added until a honbgeneous sol ution was obtai ned. The resultant solution
was heated at 50[err]C. After 12 hours, the mxture was aci dlfled with 6N
HO to pHI. AfteypapgRNeYpBhIOVY. q%&oi aiblER

partitioned between Et A
phase was separated and 'ex Fact e vm @’
organic layers were washed with brine, dried
concentrated to a residue which, upon tritur
provided 32 ng (49% of pure N-(1 (S)-ben - hydr oxyet hyl )-3(S)-[ 3-

(bi phenyl -4-yl)-1H pyrrol -3-yl]succinam cacid as a white solid, np 151-4C.
[err]H NMR (DVsO-d[err]): [err] 7.83 @dy 1H D= 5 Hz), 7. 74(d 2H, J
= 8.8 Hz), 7.69 (d, 2H, J = 7.4 H), Lo e 8.8 Hz), 7.46 (t,
2H. J = 7.4 Hz), 7.38-7.31 (m 2H), 7.<|‘28-7913\(m 6@1), 6. 22

188

. l
r Na[err]SCIerr], and
with CHerr]d[err]/hex,

According to the procedure described in Example 1(b) for the preparation 0f N-(2,2-
dimethyl-1(S)-methylcarbamoylpropyl)-3(R)-(3-phenyl-1H-pyrrol- I -yl)succinamic acid
benzy! ester, 2(R)-[2(R)-t-butoxycarbonylamino-2~(5SR-iodomethyl-2-oxo-tetrahydrofuran-
3(S)-yl)acetylamino)-3,3-dimethylbutyl 2,2,2-trichloroethy! carbonate (105 mg, 0.156 mmol)
was deprotected with trifluoroacetic acid and then condensed with 3-biphenyl-4-yl-2,5-
dimethoxytetrahydrofuran (prepared as described in Example 1(a)) in 1,2-dichloroethane
with H,0 and trifluoroacetic acid. Flash column chromatography with 0.5% HOAc/20%
EtOAc/hex as eluant furnished 120 mg (99%) of 2(R)-[2(R)-(3-biphenyl-4-yl-1H-pyrrol-1-
yl)-2-(5R-iodomethyl-2-oxo-tetrahydrofuran-3(S)-yl)acetyl-amino]-3,3-dimethylbutyl 2,2,2-
trichloroethyl carbonate as a yellow solid, which was used in the next reaction. 'THNMR: 9
7.74-7.54 (m, 5H), 7.48-7.19 (m, 4H), 7.16 (dd, 1H, J = 1.9, 1.9 Hz), 6.86 (dd, 1H,J =25,
2.5 Hz), 6.59 (dd, 1H, J= 1.9, 2.5 Hz), 5.80 (d, 1H, J = 10.0 Hz), 5.20 (d, 1H, J=3.4 H2),
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PCT/ US97/ 17809 (s, 1H, 4.81-4.70 (m 1H), 3. 8 3wE8”(rn. 24D BEEN |
2.85-2.69 (m 2H). Anal. Calculated for [err] 0.4 HBéFLTCI:bC 731 21;
H, 6.10; N, 5.89. Found: C, 73.39; H 6.09; N 5.93. The
starting nat MQWN7eéAs furni shed as fol |l ows: PCT/US97/17809

N- Bi phenyl - 4-yl -1H pyrrol e To a sol ution of

4- am nobi phenyl (1.0g, 5.9 mol) in 1, 2-dichl oroethane (20 ni) was
added TFA (0. 46 43 (d8,. 28, dwdl2)1, 18,0 Hz))@.58 &0 (i), 8.2 (dadsi YT =5 .4, 900 9.0 FE), ssalst
was added 2, 5-di net hoxy-tetrahydrofuran (0.92 nL, 7.1 nmol ). The

suspensi on was r(e@,u@mawow[zr}rz} G.73Qqadd, 1H, Jéixwrlguﬂim zm(afa Lmexwas 103
allowed to cool, partitioned between Et OAc and | M pH phosp hat e

buffer, and the x@guseweaaemaéﬁy@rsm% I\ga@qwsi Qabﬂ g gﬁeﬂ“@gﬂhﬁ-

conbi ned organic layers were dried over 2S04 and “¢oncent r a Crude
resi due, which ¢4 1242 I@E) u C r it h

10- 25% CH2Cl 2/ hex ' gradlﬁeﬁﬁjp egst’ #H)’i R ?%3 @6 ?4%&?%?%1 %ng'
triturated with MIBE/ hex to give 800 ng (62% of N- bi phenyl -

yl -1H pyrrole as an off-white solid, npl90-2[err]C. [err]H NIVR: [err] 7.65

d, 2H, J :8 SﬂZ‘,h . = ) ! o124 53 1fql . .36
Et, 1H J = p&%ﬁ ol Bé'%l my‘%ﬂ’(’)"ﬁ%’?3@?’%’7(b?ph%§y'(‘% ?‘)o’ﬁﬁrgyj@z. 0
Hz). Anal. Calc err] C, 87.63; H, 5.98; N, 6.39. Found: C,
87.48; H, 6.01; N 6. 30.

189

N
o
Ho\ioNH :5‘

To a solution of N-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-y1)-3(S)-[3-(biphenyl-4-
yl)-1H~pynol—3-yl]succinamic acid t-butyl ester (80 mg, 0.14 mmol) in THF (5 mL) was
gdded 2M aqueous LiOH (5 mL). EtOH (few drops) and H,O were added until a
homogeneous solution was obtained. The resultant solution was heated at 50°C. After 12
hours, the mixture was acidified with 6N HCl to pH1. After another 5.5 hours at 50°C, the
mixtrue was partitioned between EtOAc and 1M pH 7 phosphate buffer. The aqueousueous
phase was separated and extracted with EtOAc two times. The combined organic layers were
washed with brine, dried over Na3SOj4, and concentrated to a residue which, upon trituration
with CH,Cly/hex, provided 32 mg (49%) of pure N-(1(S)-benzyl-2-hydroxyethyl)-3(S)-{3-
(biphenyl-4-yl)-1H-pyrrol-3-yl]succinamic acid as a white solid, mp 151-4°C. 'H NMR:
(DMSO-dg): 57.83(d, 1H, J=8.5 Hz), 7.74 (d, 2H, J = 8.8 Hz), 7.69 (d, 2H, ] = 74 Hz),
7.59 (d, 2H, ] = 8.8 Hz), 7.46 (t, 2H, ] = 7.4 Hz), 7.38-7.31 (m, 2H), 7.28-7.13 (m, 6H), 6.22

188

Sheet Has Been Replaced
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PCT/ US97/ 17809
N ( Bi phenyl - 4-yl) - 3-brono- 1H pyrrol e

[err] To a m xture of N-biphenyl-4-yl- | Hpyrrole (500 ,
2.28 ol ), WOSIMEMBsul fide (0.25 nL, 3.4 mmol), CH ePFTEFE/89 (30
m.), and acetonitrile (10 nL) at -10C was added dropwi se a sol ution
of bromine in CH[err%g%\%r ] (Iﬂ % ver 15 m nutes. The m xture was

al l oned to war nist'd) @ fmol ol $%:3- 78 i 2HDs28T-2AT (MaZFDuAsalndslowatsider wi t h
IM pH 7 phosphate buffer (50 nmL) and extracted with CHerr]C[err]

(25 nL). The co@d@ﬁﬁ@&%r‘d&ﬁfh@ Vi8r2d; H, 6.10; Np6.88. BounddC.oR3eé9; Nog.ed: N, S@Berr |
and concentrated to a crude resi due Whl ch was purified via flash
colum chromat ography with 0-10% CH err]Cl [err]/hex gradient eluant to

furni sh 240 ng (40%_ of N- (bi phen yl 3 br ono- lH-pyrroIe as a
white solid, np_ 141139€sta{tl@smaﬁnalmsfp@wgﬁdaﬁ 2H, J = 8.5 Hz),
7.59 (d, 2H, J 81Hz)749734(m 712(s H)702(t 1H, J =
2.6 Hz) , 636(dd 1H, J = 3. : Cal cul ated for
Cerr]Herr]Herr]NBr: C, 64.45; H, 4 06 N, 4. 70; Br, 26.80. Found:

C, 64.37; H 4.10; N, 4.64; Br, 26.69.

N (4(S)-Benzyl - 2, 2- di et hyl _oxazol i di n-3-yl) am c Acid Ethyl Ester

[err] MSO4 (4 g) was addeé’ a solution of

2S- am no- 3- phenyl - 1- propanol (2.0 g, 3.12 mmol) in CHerr]dJ[err] (30
m.) and acetone (15 rrL) After 17 hours at anbi ent terrperature,

E’[ Ihf;][ hg;glmylne (2 nt, To'a sol’{’xtlon ofl lt)-axnxnobxghenyld(l% Cgé Qlemo{;]mE % dxc ?:(J)eltl?aget 0@;1.7)50

was added TFA (0.46 ml, 5.9 mmol). To the resultant suspension of the TFA salt was added
2,5-dimethoxy-tetrahydrofuran (0.92 mL, 7.1 mmol). The suspension was heated at 75°C for
17 hours. The mixture was allowed to cool, partitioned between EtOAc and IM pH 7
phosphate buffer, and the aqueousueous layer was extracted again with EtOAc. The
combined organic layers were dried over Na,SO,4 and concentrated to a crude residue, which
was purified via flash column chromatography with 10-25% CH,Cl,/hex gradient eluent.
The purified material was triturated with MTBE/hex to give 800 mg (62%) of N-biphenyl-4-
yl-1H-pyrrole as an off-white solid, mp190-2°C. 'HNMR: & 7.65 (d, 2H, J = 8.5 Hz), 7.61
(d, 2H, J = 7.0 Hz), 7.48-7.43 (m, 4H), 7.36 (t, 1H, J = 7.0 Hz), 7.14 (t, 2H, ] = 2.0 Hz), 6.37
(t,2H, J=2.0 Hz). Anal. Calculated for C,cH;3N: C, 87.63; H, 5.98; N, 6.39. Found: C,

87.48; H, 6.01; N, 6.30.
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PCT/ US97/ 17809 chloride (1.5 nL) was added dropw se via syringe and
the m xture was allowed to warmto anbi ent tenperature over 4 hours.
The m xture was filtered and the filtrate washed with IM H 7
phsophat e buMOdB1(8® ni). The aqueousueous | ayer was extrac’f‘"e"iﬁ“gﬁ"t‘??”’
CHerr]COJ[err] (25 m.). The conbi ned CH[err]CI [err] layers were
washed with brine, dried over Na[err S concentrated to a
m ni mal vol ume, which was dil ut ed-Uaip =108 purestE The filtrate
was concentrated to an oily residue, whi ch was solved in MIBE/ hex/
| so-oct ane and resulted in a gumy resi hat was renoved by
decanting. The supernatant was concentrigped to an oil which was
passed through a short colum of silica ge_Mith 0-25% Et OAc/ hex
gradient eluant to provide 3.1g (83% of Nf(4(S)-benzyl -2, 2-di met hyl -
oxazolidin-3-yl)-oxamc acid ethyl ester as a colorless oil. [err]H NVR:
[err] 7.35-7.22 (m 3H), 7.,19@((3d, 2H, J = 7.4 sz) 4.53-4.4 1H),
4.37-4.25 (m 2H), 3teymixyre of l-biphemd-d¢id H-pyprole(500 me, 2.28 mma}), dirsetkﬂﬂ& de
282(dd 1H, J = 10.5, 13.1 Hz), 1.76 (s, 3H), 1.59 (s 3H), 1.38 (t, 3H J
7.0 Hz)(0.%al. 3 4mmel) GHgll, (¥ mL) and acetonitrde(19anL)jat - 19°Q ovas added;. 81

Found C, 65.96; H, 7.26; N, 4.84.

1- (4(S) - Benzyl - ropwide mlmjdnobbamﬁhﬁ ki CH, €105 D -olvér- 15 mnipttesa yThe 4niytide-wiast- pyr r ol
- 3-yl ] et hane- 1, 2-di one
191 allowed to warm to 10°C over 2 hours. The resuitant mixture was washed with IM pH 7

phosphate buffer (50 mL) and extracted with CH,Cl, (25 mL). The combined organic layers
were dried over Na,SO, and concentrated to a crude residue which was purified via flash
(.:olumn chromatography with 0-10% CH,Cl,/hex gradient eluant to furnish 240 mg (40%) of
N-(biphenyl-4-yl)—3-bromo-lH«pyrrole as a white solid, mp 141-3°C. "HNMR: 5 7.65 (d,
2H, ] = 8.5 Hz), 7.59 (4, 2H, J = 8.1 Hz), 7.49-7.34 (m, SH), 7.12 (s, 1H), 7.02 (t, 1H, J =2.6
Hz), 6.36 (dd, 1H, J=3.2, 1.7 Hz). Anal. Calculated for C)4H;,NBr: C, 64.45; H, 4.06; N,

4.70; Br, 26.80. Found: C, 64.37; H, 4.10; N, 4.64; Br, 26.69.

MgSO, (4 g) was added to a solution of 2S-amino-3-phenyl-1-propanol (2.0 g, 3.12
mmol) in CH,Cl, (30 mL) and acetone (15 mL). After 17 hours at ambient temperature,

triethylamine (2 mL, 14.3 mmol) was added and the mixture cooled to -75°C. Ethyl oxalyl
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PCT/ US97/ 17809 To a sol ution of

N-bi phenyl - 4-yl - 3- bromo- 1Hpyrrole (0.45g, 1.5 mmol) in dry THF (10
m.) at -78C was added dropwi se via syringe n-butyllithium (0.7 nL of 2.5M
in hexWO®®)1641ft er 15 ninutes at -78[err]C, the resul?‘é"ﬁt’sWW%re was
transferred via cannula to a sol ution of

N-(4(S)-benzyl -2, 2-di met hyl - oxazol i din-3-yl)-oxam c acid ethyl ester (714
Ny, 2. 4 nygMbodei(ns GHDY) whblEddRE dro?,%servial syringt28d HeMiliue Wi all®wed!te wahdio

over 15 mnutes and then was cooled at -78C for 45 m nutes before

quenching Wi th sadubadicl-A0e # Gﬁ-hl Qixn(rg@ hidkered and theé}'ﬁgat@l,vkém@%tﬁw

stir at ambi ent terrper ature. ours, e aqueousueous ayer was

were. %iﬁeé‘zd B e ﬁh@%%ﬁ iR %gmgéﬂdﬁﬁﬁ*v%%'@yﬁ d to
IR B LS M E SR, Sf’z%vegnwamm wbrnlanepﬁvmﬁﬁ‘%sr Brod

f Mr h 430
T A0S e SonBeRyared i piniimal vofunse, whith wad diluted with MTBE and filtred. The itrate

oxazol i di n-3-yl)-2-[1-(bi phenyl - 4- yI)-lH—pyrroI 1).et hane-1, 2-di one, as an
of f-whi te sol i dwas concentraigd Y05 oily, residue, Vhich\wes dt{selw%/ inMBRE/(hex isogctang andy (g,
2H, J = 8.8 Hz), 7.61 (d, 2H, J = 7.0 Hz), 7.51-7.45 (m 4H), 7.39
(t, 1H, J = 7. 4restl)ed i7a g@mmy 2Bidoethapws rempv_Leﬂ-bY.dmn\ing- Tae{pupemnath0t wasd,

1H J =2.2, 2.9 Hz), 6.91 (dd, 1H, J = 1.7, 3.1 Hz), 4.53-4.48 (m 1H),
3.87 (s, 2H), 3cdideritohted to an oil which was pas8:dhrodgh arshbiz Foluiin bsilfadgel it 0-35%
10.7, 13.2 Hz), 1.85 (s, 3H), 1.67 (s, 3H). Anal. Cal cul ated for

g[ tlerl rlH er r ] N[ eEfdﬂlﬁé;E gradient emznﬁs provideB. 1@ {83%) of N-@A3S)-Yenzytd 2-diinethiyl- 61; H,

192 oxazol1d1n-3-yl)-oxam1c acid ethyl ester as a colorless oil. 'THNMR: § 7.35-7.22 (m, 3H),
7.19 (d, 2H, J = 7.4 Hz), 4.53-4.47 (m, 1H), 4.37-4.25 (m, 2H), 3.89 (m, 2H), 3.00 (dd, 1H, J
=44,132 Hz), 2.82 (dd, 1H, J=10.5, 13.1 Hz), 1.76 (s, 3H), 1.59 (s 3H), 1.38 (f, 3H,J=
70 Hz). Anal. Calculated for C;gH,NOy: C, 65.96; H, 7.26; N, 4.81. Found: C, 65.96; H,

7.26; N, 4.84.
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1- (4(S)-Benzyl - 2, 2-di et hyl - oxazol i di n-3-yl)-2-[1- (bi phenyl -4-yl)1H pyrrol -
3-yl]-2- hydr oxy- et hanone

[err] WO 98176430 3 sol uti on of PCT/US97/17809

1- (4(S)-benzyl -2, 2-di net hyl - oxazol i di n-3-yl)-2-[1- (bi phenyl -4-yl) - I
H pyrrol - 3-yl )et hane- 1, 2-dione (250 ng, 0.54 mmol) in EtOAc (6 nlL) and

hours at O[err]C, ol &@wﬁ“*‘g%%ﬁﬂg@w ool PRt Sk R B
PRy e R e L e

partitioned between H[errr]g(Z m)_and EtQAc (25 nl). The o;c?anlc | ayers
were dried over hexanes). fferd r“]“@éf%?‘r] gnﬂ‘eéﬁhléaéh@!f’@%&a’t%fe via canpiy toga
(99% of 1-(4(S)-benzyl-2,2-dinethyl -

oxazol i di n- 3-yl f°1annld@b(%e‘mlﬂlﬂly#lPEWWﬂ@idw-le -pxamip peid ethyl asteh &b ma, as
a crisp foam [err]H NVR J[err] 7.65 (d, 2H, J = 8.5 Hz), 7.59 (d,

2H, | = 7.4 Hz) 2.4mmgl) in drp THF) at DOPF, The mixn(rewannedto-SQFC oger:lsmiﬁut«tsza)xdt}ﬁn%
(t, 1H, J = 2.6 Hz), 6.31 (t, 1H, J = 2.4 Hz), 5.11 (d, 1H, J = 7.4 Hz),
4.29 (d, 1H, J waScdbladz} ;783C3&r-43.nRibuteshefdrefuenchinwithisatirided dqueoud. NH JA1 )25 mEY60
(dd, 1H, J= 5.0, 8.6 Hz), 3.08-3.02 (m 1H), 2.90 (dd, 1H, J = 10.5,
13.4 Hz), 1.82 G&d alfdded tolstid @t dnshiend tdnpediiad. - After 16 ho@h&tu?aédaehesmaiee%} *
0.4 Herr]O C, 76.05; H, 6.55; N, 5.91. Found: C,

5. 74. separated and extracted with EtOAc (15 mL). The combined organic layers wei®washed

N1

with brine, dried over Na,SO,, and evaporated to give a residue which was purified via flash
column chromatography with 0-1% EtOA¢/CH,Cl, gradient eluant. The purified product
was triturated from MTBE/hex to obtain 300 mg (43%) of 1-(4(S)-benzyl-2,2-dimethyl-
oxazolidin-3-yl)-2-[1-(biphenyl-4-yl)-1H-pyrrol-3-yl)ethane-1,2-dione as an off-white solid,
mp 150-2°C. '"H NMR: & 7.86 (s, 1H), 7.70 (d, 2H, J = 8.8 Hz), 7.61 (d, 2H, J = 7.0 Hz),
7.51-7.45 (m, 4H), 7.39 (t, 1H, J = 7.4 Hz), 7.32-7.23 (m, 2H), 7.17-7.13 (m, 3H), 7.10 (dd,
1H, J=2.2, 2.9 Hz), 6.91 (dd, 1H, J = 1.7, 3.1 Hz), 4.53-4.48 (m, 1H), 3.87 (s, 2H), 3.00 (dd,
1H, J=3.9, 12.7 Hz), 2.76 (dd, IH, J = 10.7, 13.2 Hz), 1.85 (s, 3H), 1.67 (s, 3H). Anal.

Calculated for C3oH,gN,04: C, 77.56; H, 6.07; N, 6.03. Found: C, 77.61; H, 6.11; N, 6.05.
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2- Acet oxy- 1- (4(S) - benzyl - 2, 2-di net hyl - oxazol i di n-3-yl)-2-[ 1- (bi phenyl - 4-yl)
-1H pyrrol - 3- yl ] - et hanone
[err] WO 98/17643 To a sol ution of PCT/US97/17809

1- (4(S)-benzyl -2, 2-di net hyl - oxazol i di n-3-yl)-2-[1- (bi phenyl -
yl ) 1H pyrrol - 3- yI] 2 hydroxy et hanone (867 ng, 1.86 mml) in dry pyridine

0 anbi ont tenper ooy G e e
at anbi ent terrpera ure %l one € n gueous
NaHSO err] (25 nL) and Et OAc (25 nl). c layer was washed with
1IN pH7 phosphate buffer (25 nL) two tinmes, Herr] 25 mL), and brine
(25 mL), dried over Na[err]SOerr], and evapor o give 0.91 g (100% of
2-acet oxy-1-

(4(S) - benzyl -2, 2-di net hyl - oxazol i di n-3-yl) - - (bi phenyl -4-yl)-1H pyrrol -3
-yl ]-ethanone as an anor phous solid t s used wi thout further

purification. An analytical sanple was ai ned upon flash col um
chromat ography with 0-2% Et OAc/ CH err]C':ar bﬁgr adient eluent. [err]H
NVR. [err] 7.65 (d, 2H, J = 8.5 Hz), 7.62 (d,” 2H, J = 7.0 Hz), 7.48-7.24

1H), 7.10 (t, 1 i idid-351)12-N1-@ 6. 25
Egﬂ 1@{)1 230 g o3 mﬂicﬁ)ut’mn of1%4@)-bk&za1 ﬁ24l§neftl§yil-oxé]zbixdlﬂ 371)12 n @zp%ex?l%.(yl)

38 178 (s sfUPEOLEIDEniE &Rgg %6 gc?f 0:3% o] ‘ﬁr ‘*?ﬁﬁ s bsgi G
6.34; N, 5 0°¢ wak Qa8 NafH, (2 i, o.ﬁ’mrﬁoﬁ.ﬁﬁé}"z.ﬁ ‘1igtes at 0°C, more NaBH, (20 mg,

194
0.54 mmol) was added. After 1.25 hours at 0°C, the reaction was quenched with HOAc

(few drops) and H,O (2mL). The pH was adjusted to 5 (by pH paper) with HOAc and
partitioned between H,O (25 mL) and EtOAc (25 mL). The organic layers weré dried over
Na2804 and concentrated to provide 0.25 g (99%) of 1-(4(S)-benzyl-2,2-dimethyl-
oxazolidin-3-yi)-2-{1-(biphenyl-4-yl)1 H-pyrrol-3-yl]-2-hydroxy-ethanone as a crisp foam.

if—l NMR: & 7.65 (d, 2H, J = 8.5 Hz), 7.59 (d, 2H, ] = 7.4 Hz), 7.48-7.19 (m, 10H), 7.14 (1,
l.H, 1=2.0Hz), 7.06 (t, 1H, J=2.6 Hz), 6.31 (t, 1H, J = 2.4 Hz), 5.11 (4, 1H, ] = 7.4 H2),
4.29 (d, 14, J = 6.6 Hz), 3.99-3.95 (m, 1H), 3.76 (d, 1H, J = 9.2 Hz), 3.60 (dd, 1H,J = 5.0,
8.l6 Hz), 3.08-3.02 (m, 1H), 2.90 (dd, 1H, J=10.5, 13.4 Hz), 1.82 (s, 3H), 1.60 (s, 3H). Anal.
Calculated for CapH3oN,03 @ 0.4 Hy0: C, 76.05; H, 6.55; N, 5.91. Found: C, 76.17; H,

6.66; N, 5.74.
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1- (4(S)-benzyl - 2, 2-di et hyl - oxazol di n-3-yl)-2-[1-(bi phenyl -4-yl)-1H pyrrol -
3-yl]-ethanone

[err] WO 98/17643 To a mixture of crude PCT/US97/17809
2-acetoxy-1-(4(S)-benzyl -2, 2-di net hyl - oxazol i di n-3-yl)-2-[1-

(bi phenyl -4-yl)-1H pyrrol 3- yI] et hanone (1. 82 rrm)l) and 10% pal | adi um on
carbon (120 } 1 L) WAS 0
ammoni um f or mat e g,
tenperature, the resultant mxture was fi

filtrate

U
concentrated to a residue which was dissolved in c, washed with I M pH7
phosphate buffer, dried over Na[err]S(Oerr], anﬁorat ed under reduced
pressure to give a crude product. Flash m chr omat ogr aphy with
0-4% Et QAc/ CH[err]Cl [err] gradient eluant yb ed 220 ng (43% of
1- (4(S)-benzyl -2, 2-di et hyl - oxazol i di n- 3- 1 (bi phenyl -4-yl)-1H
pyrrol -3-yl]- ethanone as a pale yel | ow a@vpe us solid. [err]HNWR [err]
7.62 (t, 4H, J = 9.4 7.47 (d, —74Hz)742(d 2H, J =
8.5 Hz), 7.35(t, 2H,J:66Hz) 7.30-7.21 (m ,708(t, 1H, J

= 2.6 Hz), 7.05 , i £ - . 3.82
(m 2H 562, 3 54 (AE AU BenL fz?"%ém%“gﬂ%*%@(@ fng; o

30 heni . Ccal o bt pymol. -Y’é #ﬁwgth%f’ﬁs@ HED 86 el ey Sihpets O (B

?9%6 Found: G c?ed acétic ahhydndc (0 H’ mE 41 g mmol). After 4.5 hours at ambient temperature, the

mixture was partitioned between 1N aqueous NaHSQO, (25 mL) and EtOAc (25 mL). The
EtOAc layer was washed with IN pH7 phosphate buffer (25 mL) two times, H,0 (25 mL),
and brine (25 mL), dried over NaySOy, and evaporated to give 0.91 g (100%) of 2-acetoxy-1-
(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-[ 1-(biphenyl-4-yl}- 1 H-pyrrol-3-yl]-ethanone as
an amorphous solid that was used without further purification. An analytical sample was
obtained upon flash column chromatography with 0-2% EtOAc/CH,Cl; gradient eluent. 'H
NMR: 8 7.65 (d, 2H, J = 8.5 Hz), 7.62 (d, 2H, J = 7.0 Hz), 7.48-7.24 (m, 1H), 7.10 (t, 1H,J =
2.6 Hz), 6.46 (dd, 1H, ] = 1.7, 2.8 Hz), 6.25 (s, 1H), 3.98-3.93 (m, 1H), 3.31 (d, 1H,7=9.2
Hz), 3.64-3.60 (m, 1H), 3.42 (d, 1H, J = 13.6 Hz), 2.96 (dd, 1H, J = 11.6, 13.8 Hz),2.22 (s
3H), 1.78 (s, 3H), 1.55 (s, 3H) . Anal. Calculated for C3,H;3oN;04: C, 75.57; H, 6.34; N,

5.51. Found: C, 75.47; H, 6.37; N, 5.45.
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N-(4(S)-Benzyl -2, 2-di met hyl - oxazol i di n-3-yl)-2(S) - (bi phenyl -4-yl -1H pyrrol -
3- yl)succinamc Acid t-Butyl Ester

[err] WO 98/17643 To a sol uti on of PC IU597/17809

1- (4(S) - benzyl - 2, 2- di et hyl - oxazol i di n- 3-yl) - 2- (bi phenyl - 4-yl| -

pyrrol -3-yl)- et hanone (226 ny, 0 500 rrm)l) indry THF (5 m.) at -78C was
added dr opM&(SE X3 ' : Y We
(0.60 nL of 1IMin THF) 15 mnutes at o the
resultant dark red m xture was added t-butyl bronpacetate (100
[err]L, 0.68 nmol). The m xture warned to -5QC over. 1 hour, then was
guenched with | M pH7 phosphate buffe and allowed to warmto

anbi ent tenperature. The aqueousueous ayer was separated and
extracted with Et OAc. The conbi ned organic ers were washed wth
brine, dried over Na[err]SJerr], and concen rated to give a residue which
was purified via flash col um chrorrat gphy with 0-25% Et OAc/ hex
gradient eluant to afford 108 ngy (38°/c)

N (4(S)-benzyl -2, 2-di net hyl - oxazol i di n- 3- yI ) - E - (bi phenyl - 4-yl - 1H pyrrol -

3- yl)succinam c acid t-butyl est er col orl ess anor phous solid.
[err]H NVR J[err] 7.60 (t, 4H J = 7.46 (d, 2H, J = 7.4 Hz),
7.41 (d, 2H, J = 4.8 Hz), 7.36 (d, 2H, J-81Hz)731d 2H, J =
7.4 Hz), 7.21 (d, 2Ho almixuge df crirle 2-déetbdy- {«(4(Skbénzyl-2:2-Amdthivizoxazaliditid31)-2-[1H, J
= 2.6 Hz), 6.35 (dd, 1H, J =1.7, 2.8 Hz), 4.56-4.50 (m 1H), 4.33
(dd, 1H J = 4.®iphdfyla3-jiz)H-pPrd3-7A}-&Ranone (1.82(rnol} khd 108 ghBaditm oh karbdir Q2@

Hz), 3.18 (dd, 1H, J = 10.5, 16.7 Hz), 2.96 (bd, 1H J = 12.5 Hz),

196 mg) in EtOAc (4.5 mL) and EtOH (4.5 mL) was added ammonium formate (0.58 g, 9.2
mmol). After 40 hours at ambient temperature, the resultant mixture was filtered and the
filtrate concentrated to a residue which was dissolved in EtOAc, washed with 1M pH7
phosphate buffer, dried over NaySQy, and evaporated under reduced pressure to give a crude
product. Flash column chromatography with 0-4% EtOAc/CH,Cl; gradient eluant yielded
220 mg (43%) of 1-(4(8)-benzyi-2,2-dimethyl-oxazolidin-3-yl)-2-[1-(biphenyl-4-yl)-1H-
pytrol-3-yl]-ethanone as a pale yellow amorphous solid. 'HNMR: 6 7.62 (t,4H,J=94
Hz), 7.47(d,2H,J= 7.4 Hz), 7.42 (d, 2H, J = 8.5 Hz), 7.35 (t, 2H, J = 6.6 Hz), 7.30-7.21 (m,
4H), 7.08 (t, 1H, ] = 2.6 Hz), 7.05 (s, 1H), 6.28 (t, I1H, ] =2.2]1 Hz), 4.16-4.10 (m, 1H), 3.82
(m, 2H), 3.62, 3.54 (AB quartet, 2H, J = 15.5 Hz), 3.07 (dd, 1H, J=3.9, 13.8 H2), 2.91 (dd,
1H,J =9.9, 13.6 Hz), 1.78 (s, 3H), 1.59 (s, 3H). Anal. Calculated for C3qH3gN,0, ® 0.25

f{ZO: C,79.18; H, 6.76; N, 6.16. Found: C, 79.24; H, 6.79; N, 6.12.
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PCT/ US97/ 17809 2.73-2.63 (m 2H), 1.71 (s, 3H), 1.57 (s, 3H), 1.44
(s, 9H). Anal. Calculated for [err]: C, 76.57; H 7.14; N, 4.96.
Found: C, 76.3 1; H, 7.16; N, 4.93. Exanpl e 14(a).

N-[ 2, 2- Di met WpI98/17683 - ( et hyl car banoyl ) propyl ]-3(S)-[ 1- (4- PCT/US97/17809
fl uorophenyl)-1H pyrrol -3-yl]succinamc Acid

[err] As described in Exarrple 1(a)

N-[ 2, 2-di met hyl - 1( S\ Iy q_@rzb@m . . dyl-1H- .3-

[ 1- (4-fluorophenyl)-1H pyrrol-3-vyl 3L anLf“AQidfi‘-‘ﬁu gpzyl eSter "Was

hydr ogenol yzed in EtOH after T ours. Iritdratton wth MIBE/ hex gave

in quantitative yield N[2, 2-

di met hyl - 1('S) - (et hyl car bamoyl ) propyl ] -3(S)-[ 1-( | uor ophenyl ) - 1H pyrrol -3
yl ] succinam c acid as a col orl ess anor us solid. [err]HNVR [err]

727723(m 2H), 7.07 (t, 2H, J = 8.6 6.90-6.89 (m 2H), 6.21
(t, 1H, J = 2.2 Hz), 6.13-6.10 (m 1H)), 42 1H J = 9.6 Hz), 4.03
(dd, 1H, J = 5.2, 8.5 Hz), 3.14 (dd, 1H4>(J = 016 6 Hz), 2.80 (dd, 1H, J
= 5.7, 16.7 Hz), 2.72 (d, 3H, J . 0. 94 (s, 9H). Anal.

Cal cul ated for [err]: C, 63.17; H, 6. 80 \6) 09. Found: C, 62.89; H,
6.93; N, 9.81. '
197

To a solution of 1-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(biphenyl-4-y!-1H-
pyrrol-3-yl)-ethanone (226 mg, 0.500 mmol) in dry THF (5 mL) at -78°C was added
dropwise via syringe a solution of sodium hexamethyldisilazide (0.60 mL of IM in THF).
After 15 minutes at -78°C, to the resultant dark red mixture was added t-butyl bromoacetate
(100 pL, 0.68 mmol). The mixture warmed to -50°C over 1 hour, then was quenched with
1M pH7 phosphate buffer, and allowed to warm to ambient temperature. The aqueousueous
layer was separated and extracted with EtOAc. The combined organic layers were washed
with brine, dried over NaySOy, and concentrated to give a residue which was purified via
flash column chromatography with 0-25% EtOAc/hex gradient eluant to afford 108 mg
(38%) of N-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-y!)-2(R)-(biphenyl-4-yl- 1 H-pyrrol-3-
yDsuccinamic acid t-butyl ester as a colorless amorphous solid. lH NMR: 87.60(t,4H,J =
8.3 Hz), 7.46 (d, 2H, J = 7.4 Hz), 7.41 (d, 2H, J = 4.8 Hz), 7.36 (d, 2H, J = 8.1 Hz2), 7.31 (d,
2H, J =74 Hz), 7.21 (d, 2H, T = 8.1 Hz), 7.11 (¢, 1H, ] = 2.0 Hz), 7.03 (, 1H, J = 2.6 Hz),
6.35 (dd, 1H, ] = 1.7, 2.8 Hz), 4.56-4.50 (m, 1H), 4.33 (dd, 1H, J =4.0, 10.3 Hz), 3.93-3.88

(m, 1H), 3.82 (d, 1H, J=9.2 Hz), 3.18 (dd, 1H, J = 10.5, 16.7 Hz), 2.96 (bd, 1H, J = 12.5 H2),
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WD 98/ 17643

PCT/ US97/ 17809 The starting material was prepared in the

foll owi ng fashion:

2- (2, 5-D net hoxy-tetrahydrof uran-3-yl -net hylidene)-1, 3-dithiane

[err] WO 98/17643 According to a procedure described RGFEEHES D |, ;

Brotherton, CE J: Og. Chem 1984, 49, 4050-4055, to a solution of
|

2-trinmethylsily]- = di thj 6 mol ) jin dr THF (40 nl)
at O[err]C was %6%%33 &n’b%b;fﬁ é&ﬁ%nﬂ%ﬁsn{ﬁ)@f""‘l@&m'i%aﬁe%ﬁ%ﬁd. Onfter 15

m nutes at O[err]C and 20 minutes at 4 nL_of 1.6 Manbient tenperature, a
sol ution of 2, FC36HaoN20stferke X oy 1 4 NafPér Boundae-76-HaHpdk&MNiéiyde (1. 00 g,
6.00 nmol) in dry THF (10 nL) was added dropwi se. After 17 hours at
anbi ent tenperature, the resultant m xture was treated Wi th saturated
aqueous NH err] O (10, L nd partitioned between Et OAc and H20. The | ayers
ver e separ at ed SHPRIRLQE, LPZ‘&J%‘ imethyll (s imethylearbammeygrepy ERERE-Hex (1: 1)
two times. The fluoropheayBiBpyrrefrdyelisuecinamis Asidier e washed with brine, dried

over Na[err]SOerr], and concentrated to afford a residue which was
purified via flash col unm chromat ograpy piph 10% Et OAc/ hex as el uant
to yield 1 .06g (70% of a m xture of dereorreric

2- (2, 5-di net hoxy-tetrahydrof ur an- N 37yl -nmet hyl i dene) -1, 3-dithiane as a
yel l ow oil, which was used w t hout ! furt her purification. [err]H
NVR: [err] 6.00 (d, 1H, J = 9.6 Hz);, ¥%.98 (¢, 1H, J = 9.6 Hz), 5.77 (d, 1H,
J = 9.6 Hz). Anal. Cal cul ated™¥onytarm™enC, 50.35; H, 6.92; S, 24.44.
Found: C, 50.07; H 7.00; S, 24.38.

198

As described in Example 1(a), N-[2,2-dimethyl-1 (S)-(mcthylcafbamoyl)propyl]-3(S)~
[1-(4-fluoropheny!)-1H-pyrrol-3-yl]succinamic acid benzyl ester was hydrogenolyzed in
EtOH after 1.5 hours. Trituration with MTBE/hex gave in quantitative yield N-[2,2-
dimethyl-1(S)-(methylcarbamoyl)propyl]}-3(S)-[1-(4-fluorophenyl)-1 H-pyrrol-3-
yl]succinamic acid as a colorless amorphous solid. THNMR: 5 7.27-7.23 (m, 2H), 7.07 (t,
2H, J = 8.6 Hz), 6.90-6.89 (m, 2H), 6.21 (t, 1H, J = 2.2 Hz), 6.13-6.10 (m, 1H), 4.24 (d, 1H, J
= 9.6 Hz), 4.03 (dd, 1H, J = 5.2, 8.5 Hz), 3.14 (dd, 1H, J = 8.5, 16.6 Hz), 2.80 (dd, IH,J =
5.7,16.7 Hz), 2.72 (4, 3H, J = 4.8 Hz), 0.94 (s, 9H). Anal. Calculated for C;HygN30,F: C,

63.17; H, 6.80; N, 10.09. Found: C, 62.89; H, 6.93; N, 9.81.
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PCT/ US97/ 17809 Met hyl

2-(2,5-D net hoxy-tetrahydrofuran-3-yl)-acetate

[err] Al so according to a procedure from Boger, D.L.;

Br ot hert on, WO®8/12%43(Qrg. Chem 1984, 49, 4050-4055, tRCEHUSIMBO? on of
2- (2, 5-di met hoxy-tetrahydrof uran-3-yl - met hyl i dene) - 1, 3-dithiane (200

ng, 0.76 nml) in a mixture of MeOH THF: H err]O (8:1:1; 10 nL) was

added nercuric chl orm@mmnmg;alwmxﬁepundllythelﬂpjmmﬁmhumg at 80[err]C, a
white precipitate fornmed, and after 5 hours at 80[err]C the m xture
was filtered through Celéd=te-Dilithaxpitétrahydroffura etiviidenah ithiamg] Wit h

Et OAc foll owed by aqueous. NH err]d. The filtrates were corrbl ned

and the biphasic m xture separated. The aqueousueous |ayer was extracted
twice with EtOAc. The conbi ned or' ol ayers were washed with brine,
dried over Na[err]SJerr], and concentrated OCH: to yield 120 ng (77% of
met hyl 2-(2,5-di et hoxy-tetrahydrofuran-S-syI) acetate as an oil,

whi ch was. a m xture of diastereoners as rgdent by NMR, and which was used

£

Wit hout further purification. An an tical sanple was obtained by
flash col um chronat ography vm' t h 0- 20% Et OA\C/ hex as gradi ent eluant.
[err]H NVMR [err] 3.68 (s, 3H), (s, Cal cul at ed_f or

[err]: C, 53.27; H, $ccgg‘hng:teampce@re %crlbf u'|_Bogpr,@5L Brotherton, C.E. J/ Org. Chem.

2-[1-(4-Fl uorophenylg rrol-3-yl]-acetic Acid Methyl Ester
[err] 1984, 4 4050-4 55, to a solution of 2-trimethylsilyl-1,3-dithiane (1.2 g, 6.3 mmol) in dry

THF (40 mL) at 0°C was added n-butyllithium (4 mL of 1.6 M in hexanes). After 15
minutes at 0°C and 20 minutes at 4 mL of 1.6 M ambient temperature, a solution of 2,5-
dimethoxytetrahydrofuran-3-carboxaldehyde (1.00 g, 6.00 mmol) in dry THF (10 mL) was
added dropwise. After 17 hours at ambient temperature, the resultant mixture was treated
with saturated aqueoﬁs NH,4CI (10 mL) and partitioned between EtOAc and HyO. The layers
were separated and the aqueousueous phase extracted with EtOAc:hex (1:1) two times. The
combined organic layers were washed with brine, dried over Na,SO,, and concentrated to
afford a residue which was purified via flash column chromatograpy with 10% EtOAc/hex as
eluant to yield 1.06g (70%) of a mixture of diastereomeric 2-(2,S-dimeﬂxoxy-tﬁtrahydroﬁnan-
3-yl-methylidene)-1,3-dithiane as a yellow oil, which was used without any further
purification. 'HNMR: §6.00 (d, 1H,J=9.6 Hz),5.93 (d, 1H,I = 9.6 Hz),5.77 (d, 1H, J =
9.6 Hz). Anal. Calculated for C,;H;503S,: C, 50.35; H, 6.92; S, 24.44. Found: C, 50.07;

H, 7.00; §, 24.33.
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PCT/ US97/ 17809 According to the procedure described in
Exanple 1(c) for the preparation of N-(8-

0X0-4-oxa-1, 7-diaza-tricyclo[9.6.1.0[err]]octadeca-11(18), 12,14, 16-tetraen-
9-yl)-3-(3- WOIenyl - 1H-pyrrol -1-yl)succi nam ¢ aci d benRET/BIVER0 (o a
m xture of crude nethyl 2- (2 5-

di met hoxy-t et rahydr of uran-3-yl)-acet ate (120 ng, ~0. 58 nmol ) and
4-fluoroaniline (50 [err]L, - y o L latane (10 nl)
was added trifluoroacetic acid 50 g m., 16 hours at
80[err]C, the resultant m xture was partltloned bet ween Et QAc and 1M
pH 7 phosphate buffer. The separated aqueo‘!;%"z bayer was extracted with

Et OAc. The conbi ned organic |ayers wer ed with brine, dried over
Na[err] SO err], and concentrated to a C ® oi |, which was purified

via flash colum chromat ography with 0- 15% EtQAc/ hex gr adi ent el uant
to yield 100 ng (77% of 2-[1-(4-fluorophenyl)-1H pyrrol-3-yl]-acetic acid
met hyl ester as an oiAlso keetidjng thvRoctdure frond Bdder,/D.B() Brétheridh) C.E7 J10rg( Chen2H, J
= 8.6 Hz), 6.96-6.94 (m 2H), 6.28 (t, 1H, J = 2.2 Hz), 3.72 (s, 3H),

3.56 (s, 2H). Angdg4, £74050-4058koa@biutied 612- (2 s-dxmemoﬂ-éuh{yafohlréa 3-9-mBByl@B8ne)H,
5.45; N, 5.74. Found: C, 64.01; H 5.04; N

E [ 1- (4- Fl uor opheRfithiadd t2BY fgOb. 768 mbdoly x@S%kzﬁre%?MiOH.T}fF.HFﬁ) (8:1:1; 10 mL) was

et Ty e MBS ST .
2N sausous Lt (0.0 1l g L OCE el e R bugh BORE Froffect®
200 solid was washed with EtOAc followed by aqueous. NH,Cl. The filtrates were combined,
and the biphasic mixture separated. The aqueousueous layer was extracted twice with EtOAc.
.The combined organic layers were washed with brine, dried over Na,SOy, aﬁd concentrated
to yield 120 mg (77%) of methyl 2-(2,5-dimethoxy-tetrahydrofuran-3-yl)-acetate as an oil,
which was a mixture of diastereomers as evident by NMR, and which was used without
further purification. An analytical sample was obtained by flash column chromatography

with 0-20% EtOAc/hex as gradient eluant. 'H NMR: & 3.68 (s, 3H), 3.67 (s, 3H). Anal.

Calculated for CgH;404: C, 53.27; H, 7.90. Found: C, 53.11; H, 7.96.

o
N

CCrOCHs.
9]
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PCT/ US97/ 17809 aqueous HCl (10 nmL). The resultant |ight brown solid
was collected by filtration, washed with Herr]O and dried in vacuo
over Plerr]Jerr] to yield 700 mg (749 of analytically pure 2-[1-(4-

f | uor ophenyl WOBSP#3r ol - 3-yl ] -acetic acid as a solid, np 108CTP ’l‘}”@}.’
[err]H NVMR [err] 7.34-7.30 (m 2H), 7.10 (t, 2H, J = 8.6 Hz),
6.97-6.95 (m 2H), 6.29 (t, 1H, J = 2.2 Hz), 3.60 (s, 2H). Anal .

Cal cul at ed for [ err]Accofiliigho Mjeqrockdire Gesciizbd HOE xanhpledl (6Ffor iie pfep@dtionfed M@ C,
65.03; H 4.71; N, 6.25.

1- (4(9) - Benzyl - @mekd—ﬂ?ﬂiﬁa&&yaow.&r.@u'[lz‘]o&téﬁeéd—W[&Hhﬂﬁ,&l@te{éﬁbﬁ-ﬂ?nf 3=3-yl] -
et hanone err

To a solution o g z ARl Eklnkj'ﬁi QB s dry
THE (10 ?r%“%%ﬁ ?%%fle% RO UAT Ok S Achiflud (°§‘?d e iarraciadd

" REEES) R (2055390 Pt AR 50
G L2 A % il s Sl kSt Tkl e e 8

to OC over 1 hour, .then recooling, to -.78C, the above sol uti S
added vi a cannuP‘&?d)ﬂféfp"fégﬁ?%ﬁggn@%’t‘iﬁ"ﬂmﬁ%‘@m‘b‘ﬁ?@aﬁﬁmm’d Meeﬂ/gf(%]ct@
anbi ent tenperature over 17 hours, then partitioned with Et OAc and agl]ueous
NH err] O . The $Mulf Apaesphate ics (Jbe sepassied aguenpusiayer was exteagtedMith EfP4mc Therhe
conbi ned organic | ayers were washed with brine, dried over

Na[ err] SO err], cembinesiorganin leyareviere washed oiith bring: idged over Na;SOy, and concentrated to a
201

crude oil, which was purified via flash column chromatography with 0-15% EtOAc/hex
gradient eluant to yield 100 mg (77%) of 2-[1-(4-fluorophenyl)-1H-pyrrol-3-yl}-acetic acid
methyl ester as an oil. 'HNMR: §7.34-7.30 (m, 2H), 7.10 (t, 2H, J = 8.6 Hz), 6.96-6.94 (m,
2H), 6.28 (t, 1H, J = 2.2 H2), 3.72 (s, 3H), 3.56 (s, 2H). Anal. Calculated for C,3H,;,NO,F

® 0.6 H,0: C, 63.98; H, 545, N, 5.74. Found: C, 64.01; H, 5.04; N, 5.65.

To a solution of 2-[1-(4-fluorophenyl)-1H-pyrrol-3-yl]-acetic acid methyl ester (100
mg, 0.43 mmol) in THF (1 mL) at 0°C was added dropwise 2N aqueous LiOH (0.5 mL).

After warming to ambient temperature over 4 hours, the mixture was added dropwise to 0.5N
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PCT/ US97/ 17809 was purified via flash colum chromatography with
15-20% Et OAc/ hex gradi ent eluant. The oi l'y product crystallized from
benzene to give 1.04 g (69% of 1-(4(S)-benzyl-oxazolidin-2-

on-3-yl ) - 2- ( wmqesddor ophenyl ) - 1H-pyrrol - 3-yl ] - et hanone as BCHEFI74780hp
106-8C. [err]H NWR [err] 7.36-7.25 (m 5H), 7.17-7.07 (m 4H), 7.04
(s, 1H, 6.98 (t, 1H J = 2.6 Hz), 6.35 (dd, 1H, J = 1.8, 2.6 Hz),
4.72-4.67 (m lhjueohs B&1 0IALY, Mhe fdshltandlight? biodd solid-vaskolfected by filtrdtiohfzyashed. 79
(dd, 1H, J = 9.4, 13.4 Hz). Anal. Calculated for [err]: C, 69.83; H,

5.06; N, 7.40. with H,d; Q.Hd‘dneocfn v%o%@eri’(}b ﬁ)yqad 708 mg (749%) of analytically pure 2-{1-(4-
1- (4(S)- Benzyl - oxazof i di n- 2- on- )s (4 fl uorophenyl’) - 1H pyrrol - 3-y

| ] succi nanmi ¢ fl henyl)-1 H-pyrrol-3-ylj-acetic acid 0-z°€CH 1\5«3}’5328'73557%@
[err] Boropheny - e 85 asarsglédég‘d’rw gcrfr:ib i n Exanpl e

13 for the prepgta f

benzyl - 2, 2- di oty PSAL 55‘?“?6#9 §O5P-90 MG U I 23 el 360 4 ) 5

uccinamc t- e

1- (4(S) - benzyl - o&‘ﬁoﬁ?léflﬁe‘gl-%ﬁléilﬁ‘[?ﬁ.[ollS(BP-QF 1G8A S5 hERR N &3 S G-y
et hanone was_al k}/ l\?t ed wi th benzyl bronpacetate to give 550 ng

(50% of 1- (4(3) BnHy$-7

oxazolidin-2-on-3-yl)-3(S)-[1- (4 fl uorophenyl)-1H pyrrol -3-yl ] succi nam c

acid benzyl ester as an anor phous solid. [err]H NNR: [err] 7.35-7.20

(m 12H), 7.09 (t, = Q J A _

(t, 1H, J = 2.6 Hz P ‘ -3 .

11. 4 Hz), 5.13 (s, 2H), 459453(m 1r9= 406(d oH, J = 4.8 Hz).

3.49 (dd, 1H, J 11.4, 17.3 Hz), 3.2 d, 1H J = 2.8, 13.1 Hz),

2.79 (dd, 1H, J 4.1, 17.3 Hz), 2.51 (dd, %1 v J = 10.1,

202 i o]
% o
N

To a solution of (S)-(-)-4-benzyl-2-oxazolidinone (710 mg, 4 mmol) in dry THF (10

mL) at -78°C was added n-butyllithium (2.5 mL of 1.6 M in hexanes). In a separate reaction
vessel, to a solution of 2-[1-(4-fluoropheny!)-1H-pyrrol-3-yl}-acetic acid (920 mg, 4.2 mmol)
and triethylamine (0.7 mL, 5 mmol) in dry THF (20 mL) at -78°C was added dropwise
pivaloyl chloride (0.5 mL, 4 mmol). After stirring at -78° to 0°C over 1 hour, then recooling
to -78°C, the above solution was added via cannula. The resultant mixture was allowed to
warm to ambient temperature over 17 hours, then partitioned with EtOAc and aqueous
NH,CL. The separated aqueousueous phase was extracted with EtOAc. The combined

organic layers were washed with brine, dried over Na,SOy, and concentrated to an oil, which
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PCT/ US97/ 17809 13.4 Hz). Anal. Calculated for [err]: C, 70.71; H,
5.17; N, 5.32. Found: C, 70.83; H, 5.27; N, 5.30.
2(S)-[1-(4-Fluorophenyl)-1H pyrrol -3-yl]-succinic Acid 4-Benzyl Ester
[err] WO 98/17643 To sol ution of PCT/US97/17809
1-(4(S)-benzyl -oxazolidin-2-on-3-yl)-3(S)-[1-(4-fluorophenyl)- | H

pyrrol - 3-yl ] succi nam ,aci enzyl ester (900 ng, 1.7 nmmol) in THF (15 nl)
at O[err]C was W& pmf%ﬂd&ﬁ%ﬁ%%%ﬁ%ﬂ@@@éﬂﬁ ‘Grb'rsﬁjb%ﬁt.%%ix sepdigntgiyang. The
foll owed by dropw se additign of 2N aqueous LiOH (1.7 nL). After
stirring at O ePHY profust crystiallized frop benzemsus give d G4 8 (69%) of | €feSbgnzy boxaaehdjn-2md
2N aqueous LiOH (0.08 nlL) were added. After 45 minutes at 0OC, the

m xture was tr eandeylnd-{in(4-fluorophanyi}- Mi-pymol ¥ ylhethanont asch salids eupu 6P BCCHANMR:
(10 nL) and 2N aqueous Na2SO3 (5 nmL). After 10 m nutes at 0C, the

m xture was par BitIéeh2o(miSHh, TX7TRG7 GundH),N.Q3HE, 1p) oS3 @at1el, bef2i6cz), 6036(dd, 1H, J
aqueousueous phase was separated and extracted twice with Et QAc. The

conbi ned or gani e 1.8, 2.6 Ha)p4/72-$.6Mah & Hypd Teel 1 (rh, i H) 3. 78(dd AiH, 8 & 303/ 816 H¥3. 2304 dd,
and concentrated to an oil which was purified via flash col um
chromat ography wit h=38 401 e AiaCHEgendidd ifoﬁt%%{,ﬁﬁt??&t, 6B8HRNE 06N, 740,
yield 320 ng (519% of 2(S)-[1-(4-fluorophenyf- pyrrol -3-yl]succinic acid
4-benzyl ester pqind. c289.800 1slo7. iefgd H NVR [err] 7.36-7.26 (m 7H), 7.10

(t, 2H J = 8.6 FE) 5.93°6°32 (m 2H), 6.27 (t, 1H J =24 H).
5 14 (s, 2H), 4.14 (dd, 1H, J = 5.7, 9.4 Hz), 3.19 (dd, 1H J = 9.6, 16.9
He) | 203

N
oYY

o

ke,

According to the procedure described in Example 13 for the preparation of -(4(S)-
benzyl-2,2-dimethyl-oxazolidin-3-y1)-3(S)-(1-biphenyl-4-yl-1H-pyrrol-3-yl)succinamic t-
butyl ester, 1-(4(S)-benzyl-oxazolidin-2-on-3-yl)-2-[1-(4-fluoro-phenyl)- 1 H-pyrrol-3-yl}-
ethanone was alkylated with benzyl bromoacetate to give 550 mg (50%) of 1-(4(S)-benzyl-
oxazolidin-2-on-3-yl)-3(S)-[1-(4-fluorophenyl)- | H-pyrrol-3-yl]succinamic acid benzyl ester
as an amorphous solid. 'THNMR: §7.35-7.20 (m, 12H), 7.09 (t, 2H, J = 8.6 Hz), 7.02 (t, IH,
J=2.0Hz), 6.91 (t, 1H, J = 2.6 Hz), 6.30 (dd, 1H, J = 1.8, 2.9 Hz), 5.54 (dd, 1H, ] - 4.0,114
Hz), 5.13 (s, 2H), 4.59-4.53 (m, 1H), 4.06 (d, 2H, J = 4.8 Hz), 3.49 (dd, 1H,J = 114,173
Hz), 3.25 (dd, 1H, J=2.8, 13.1 Hz2), 2.79 (dd, 1H, J = 4.1, 17.3 Hz), 2.51 (dd, 1H,J =10.1,
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PCT/ US97/ 17809 2.81 (dd, 1H, J= 5.9, 16.9 Hz). Anal. Calcul ated for
[err] * 0.5 Herr]G C, 67.01; H, 5.09; N, 3.72. Found: C, 66.96; H,
4.95; N, 3.63.

N-[2, 2- Di met WQ9847@3- ( net hyl car banoyl ) propyl ]-3(S) -[ 1- (4-f | BSFOIATEIP) - 1H-p
yrrol - 3- yl ] succi nam ¢ Acid Benzyl Ester

L0 for the pr 4R Ao EEBIEE R B3 IR B0 IR MITIACER Rt s,

but oxycar bonyl agi gggl&(ﬁ 2-di met hyl - 1( S) (rret hyl car banmoyl ) pr opyl ) succi nam ¢
t

acid benz (S) [1-(4-fluorophenyl)-1H pyrrol-3-yl]-succinic
acid 4-benzyl ester and L-t- | euci ne N-net hyl am de (see l\/al on, P.;
Pancoska, P.; Budesinsky, M; H avacek, J.; Pospi sek, J.; Blaha, K
Coll. Czech. Chem Co th

TBTU. Flash col um chr JJvinr. .
el uant provi ded in 82% y| el d

N- (2, 2-di net hyl - 1(S) - (et hyl car banoyl ) propyl ) - 3! Ff [ 1- (4-fluorophenyl)- 1H

gr adi ent

pyrrol - 3-yl]succi nam ¢ acid benzyl ester as a &ti)yp foam [err]H NVR [err]
7.34-7.26 (m 7H), 7.10 (t, 2H, J = 8. 6.95 (t, 1H J = 2.4
Hz), 6.89 (t, 1H, J = 2.0 Hz), 6.49 (d, 1H o 8.8 Hz), 6.23 (dd,
1H J =1.8, 3.0 Hz), 5.76-5.74 (m 1 H2H), 4.12 (d, 1H J = 9.2

Hz) 4.00 (t, 1H, J = 7.2 Hz), 0 (dd, 8H J'=7.7 16.5 Hz), 2.84
(dd, 1H, J = 6.6, 16.6 Hz), 2.75 (d, 3H, J = 4.8 Hz), 0.95 (s, 9H).

Anal . Cal cul at ed forTéngﬁtlon of1-(85)-BehzybxaforBe2-Dh-3-y1)-3(5)-{3:(# PruoloBh¥agh- 1 fr:

67.78, H 6.52; N, 8

204 pyrrol-3-yl]succinamic acid benzyl ester (900 mg, 1.7 mmol) in THF (15 mL) at 0°C was

added 30% aqueous H,0O, (0.8 mL, 6.8 mmol), followed by dropwise addition of 2N aqueous
LiOH (1.7 mL). After stirring at 0°C for 1 hour, more 30% agueous H,0, (0.04mL) and 2N
aqueous LiOH (0.08 mL) were added. After 45 minutes at 0°C, the mixture was treated with
a mixture of saturated aqueous NaHCO; (10 mL) and 2N aqueous Na;SO; (5. mL). After 10
minutes at 0°C, the mixture was partitioned with EtOAc and 1M pH7 phosphate buffer. The
aqueousueous phase was separated and extracted twice with EtOAc. The combined organic
layers were washed with brine, dried over Na,SO,, and concentrated to an oil which was
purified via flash column chromatography with a 0-5% MeOH/CH,Cl; gradient eluant to
yield 320 mg (51%) of 2(8)-{1-(4-fluorophenyl)-1H-pyrrol-3-yllsuccinic acid 4-benzyl ester
asanoil. 'HNMR: 8 7.36-7.26 (m, 7H), 7.10 (t, 2H, J = 8.6 Hz), 6.93-6.92 (m, 2H), 6.27 (t,

1H, ] =2.4 Hz), 5.14 (s, 2H), 4.14 (dd, 1H, J = 5.7, 9.4 Hz), 3.19 (dd, 1H, J=9.6, 16.9 Hz),
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PCT/ US97/ 17809 The foll ow ng conpound was made in simlar

fashi on: Exanpl e 14(b).

3(S)-[1-(4' - Cyanobi phenyl -4-yl)-1Hpyrrol -3-yl]-N-[2, 2-di net hyl -1 i -

(et hyl car baiw9817643py| | succi nami ¢ Aci d [err] PCT’US%'U(? di ng

to the procedure described in Exanple 1(a), 3(S)-[1l-(4'-cyanobiphenyl -

v ;ftfeﬁi;g °! ‘?*' Kadnips 2 5%8%3 S Bt D) AR PR ég%bﬁ?ib?w :
Qyanobi pheny! - 5P Mo EHEH G 6605455 B Bt hy! - 1(5) -

(et hyl car banmoyl ) propyl ] succi nanmi ¢ acid as a col orl ess anorphous solid.

[err]H NVR [err] 7.74 (d, 2H, 8.5 Hz), 7.68 (d, 2H, 8 5 Hz) 7.63 (d,
2H J = 8.5 Hz), 7.45 (d. .2 \‘:_ APNA): (foo 4 2
689683(m 1H)* Getny - LS B R ﬁmfr '“" =LApyol

1H, J = 9.2 Hz), 4. 06 4.01 (m 1H) *3 >='-"mw w8. 6, 16. 4 Hz), 2 85
(dd, 1H, J = 4.6, 16.4 Hz), 2. 78 (d, 3H, J 4.8 Hz), 0.96 (s, 9H).
Anal . Calculated for [err] * 0.25 Et OAc * r2 Cerr]Herr]: C,  68.98;

H 6.67; N, 10.66. Found: C, 68.91; H 6.79; N¢ 30.64.

205
155
o
@‘o NH)NHCH

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butoxycarbonylamino-N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propy!l)succinamic acid
benzyl ester, 2(S)-[1-(4-fluorophenyl)-1H-pyrrol-3-yi]-succinic acid 4-benzy! ester and L-t-
leucine N-methylamide (see Malon, P.; Pancoska, P.; Budesinsky, M.; Hlavacek, J.;
Pospisek, J.; Blaha, K. Coll. Czech. Chem Commun. 1983, 48, 2844-2861) were coupled with
TBTU. Flash column chromatography with 0-5% MeOH/CH,Cl, as gradient eluant provided
in 82% yield N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propyl)-3(S)-[1-(4-flucrophenyl)-1H-
pyrrol-3-yl.]succinamic acid benzyl ester as a crisp foam. 'HNMR: & 7.34-7.26 (m, 7H),
7.10 (t, 2H, J = 8.6 Hz), 6.95 (t, 1H, J = 2.4 H2), 6.89 (t, 1H, J =2.0 Hz), 6.49 (d, 1H, J=8.8
Hz), 6.23 (dd, 1H, ] = 1.8, 3.0 Hz), 5.76-5.74 (m, 1H), 5.11 (s, 2H), 4.12 (d, 1H, J = 9.2 H2),
4.00(t, 1H, J=7.2 Hz), 3.20 (dd, 1H, J = 7.7, 16.5 Hz), 2.84 (dd, 1H, J = 6.6, 16.6 Hz), 2.75
(4, 3H, J = 4.8 Hz), 0.95 (s, 9H). Anal. Calculated for CgH3,N30,4F: C,67.89; H, 6.55; N,

8.48. Found: C, 67.78; H, 6.52; N, 8.50.
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PCT/ US97/ 17809 The starting material was furnished in the

foll owi ng fashion:

2-[1- (4" - Cyanobi phenyl -4-yl)-1H pyrrol -3-yl]-acetic Acid Methyl Ester

CN WO 98/17643 [err] PCT/USS7AB8Dr di ng
to the procedure described in Exanple 14(a) for the preparation of 2-[1-(4-

D o pyFI"ile'o'ﬂ%nylg]co? Md%ag%aﬁf &%@%l{ﬁﬁ%e from TCl) and net hyl

4- am no- 4- cyano- bi phenyl onmerci a

2- (2, 5-di met hoxy-tetrahydrof uran- 3- yl )acetate were condensed in 6
hours at 80[err]C to give a crude product. Successive flash col um

chr omat ogr aphy / Lekrl.

2-[1- (&4 -cyanoﬁ%@lﬁoﬁ? ¢ ?iﬂ%ié)hé %@aﬁf&gggtglfémgﬂdlr%ﬁt yll(sgster
as an anor phous sol7i T 75 (d, 2H, J = 8.8 Hz),
7.69 (d, 2H, J = 8.8 Hz), 764(d 2H J-85 cE"‘7.48(d, 2H, J 8.8 Hz),
7.10-7.09 (m 2H), 6.33 (t, 1H, J = 2.2 Hz), 3 (s, 3H), 3.58 (s, 2H.
Anal . Cal cul ated for [err]: C, 75.93; 5.10; N, 8.86. Found: C
75.86; H, 5.14; N, 8.90. N

2-[1-(4' - Cyanobi phenyl -4-yl)-1H pyrrol -3 W] -acetic Acid [err]
According to the procedure described iy MM@a) for the preparation

of 2-[-(4- fl uorophenyl ) - 1H pyrrol - 3- | Jx~acetic acid,
2-[1-(4' -cyanobi phenyl -4-yl)-1H pyrrol -3-yl ] -
206 According to the procedure described in Example 1(a), 3(S)-[1-(4'-cyanobiphenyl-4-

yi)-1H-pyrrol-3-yl}-N-{2,2-dimethyl- 1(S)-(methylcarbamoyl)propyli]succinamic acid benzyl
ester was hydrogenolyzed in EtOH/EtOAc after 6 hours to give in 87% yield 3(S)-[1-(4'-
cyanobiphenyi-4-yl)-1H-pyrrol-3-yl]-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]succinamic acid as a colorless amorphous solid. 'HNMR: §7.74
(d, 2H, 8.5 Hz), 7.68 (d, 2H, 8.5 Hz), 7.63 (d, 2H, J = 8.5 Hz), 7.45 (d, 2H, J = 8.5 Hz), 7.08
(t, 1H, J = 2.4 Hz), 6.89-6.83 (m, 1H), 6.29 (t, 1H, J = 1.8 Hz), 5.77-5.71 (m, 1H), 4.17 (4,
1H, J = 9.2 Hz), 4.06-4.01 (m, 1H), 3.19 (dd, lH, J = 8.6, 16.4 Hz), 2.85 (dd, 1H, J=4.6,
16.4 Hz), 2.78 (d, 3H, J = 4.8 Hz), 0.96 (5, 9H). Anal. Calculated for CogH3oN,04 ® 0.25

EtOAc ® 0.2 CgH;4: C, 68.98; H, 6.67; N, 10.66. Found: C, 68.91; H, 6.79; N, 10.64.

205
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PCT/ US97/ 17809 acetic acid nethyl ester was hydrolyzed in 86%yield

to 2-[1-(4' -cyanobi phenyl -4-yl)-1H pyrrol -3-yl]-acetic acid as a

solid, np 201-4C (d). [err]H NVR (DVBO-d[err]): [err] 12 20 (bs, 1

7.92 (s, 4H)WOPSIEaEd 2H  J= 8.8 Hz), 7.68 (d, 2H, J = 8. PGS (s

IH)y, 7.35 (s, 1H), 622(s 1H) 341(s 2H) . Anal Cal cul ated for

[err]:C7481H und: C, 74.90; H, 4.92; N, 9.12.
1- (4(S) - Benzyl - oxang?w&“‘éﬁnﬂhﬁs)fu@sl’eﬂ-‘{‘ﬁmf@ ’éﬂoﬁa-ﬁmihyl 4-yl)-1H pyrrol

- 3-yl]-ethanone CN

[err] 4 s AHRCHY 115+ Y 1 ', -

1- (4(S) - benzyl - oxazol i d| n- 2 on- 3 yl)-2- [1 (4 fl uorophenyl)

1H pyrrol - 3-yl ] - et hanone,

2-[1-(4' - cyanobi phenyl - 4-yl)-1H pyrrol - 3- tic acid and 4(S)-

benzyl - 2- oxazol i di none were coupl ed. Fj ol um chromat ography with

10- 25% Et OAc/ hex to CH err] [ err}'stepw se gradi ent eluant and

subsequent trituration with Et CAc H{ hex provided in 59%yield

1- (4(S)-benzyl -oxazol i di n-2-on-3-yl)-2-[gl-(4'-

cyanobi phenyl 4-yl)-1H pyrrol -3-yl ] - et hanone as a pale yell ow anorphous

solid. [err]H NWVR 775 7..70 (d, .2H

Hz), 7.65 (d 2H, JACC%'d'%g IE—%'}“ P‘?C%’Q "‘JEmP‘*’H‘Z’B“?szé“Hsz aiptign bf72] 55@( m

3H), 7.17- H, Hz 40 (dd, 1H J = 1.7,

2.8 Hz), 4 74- A{“Bypg‘!rﬁyl)lﬁﬁ'l’yf?(‘é13’1ﬁa‘-‘f'6° ?‘fF} mat L ester, ngc -cyppo-biphenyd 9 13 6

Hz), 2.80 (dd, 1H 1

207 (commercially available from TCI) and methyl 2-(2,5-dimethoxy-tetrahydrofuran-3-

ylacetate were condensed in 6 hours at 80°C to give a crude product. Successive flash
column chromatography with EtOAc/CH,Cly/hex gave in 60% yield 2-[1-(4"-cyanobiphenyl-
4-yl)-1H-pyrrol-3-yl)-acetic acid methyl ester as an amorphous solid. 'THNMR: 57.75 (d,
2H, J = 8.8 Hz), 7.69 (d, 2H, ] = 8.8 Hz), 7.64 (d, 2H, J = 8.5 Hz), 7.48 (d, 2H, ] = 8.8 H2),
7.10-7.09 (m, 2H), 6.33 (1, 1H, J = 2.2 Hz), 3.73 (s, 3H), 3.58 (s, 2H). Anal. Calculated for

CyoHgN205: C, 75.93; H, 5.10; N, 8.86. Found: C, 75.86; H, 5.14; N, 8.90.

According to the procedure described in Example 14(a) for the preparation of 2-[1-(4-
fluoropheny!)-1H-pyrrol-3-yl]-acetic acid, 2-[1-(4'-cyanobiphenyl-4-yl)-1H-pyrrol-3-yl]-
- 206



WD 98/ 17643

PCT/ US971/ 7809 = 9.4, 13.4 Hz). Anal. Calculated for [err]: C, 75.47,
H 5.02; N 9.11. Found: C, 75.36; H, 5.08; N, 9.15.

1- (4(S) - Benzyl - oxazol i di n-2-on-3-yl )-3(S)-[1- (4" - cyanobi phen | - 4- 2]E%ll—l- pyr
rol - 3- WO 98/17643 yl ] succi nanmi ¢ Aci d® y’x ter
[err] According to the procedure described in Exanple
14(a) for the preparation of 1-(4(S)-

benzyl - oxazol i dieticacirmahy) lejteryag)hy frolyzed in|86%ryighth tords[ 1@ 1avamapiphenyl 3=3f)-1Bucci n
amc acid benzyl ester,

1- (4(S) - benzyl malzblyl]dcmczctdras3sqlid)mﬁZpMC@(d)cyHMﬂRﬂDMﬂmdgn & 12.201(bs, ¥ ol
- 3- yl ] -et hanone was al kyl ated with benzyl bronpacetate. Flash col umm

chromat ogr aphy 793 (8, 4H), 7.82 &/ H{ J3A8.8 Iz, 7668C(d@ﬂ,¢ﬁ=r8]ﬂ{i)§7 44 (spHST.BDW| HE), -
gradi ent eluant gave in 60%yield 1-(4(S)-benzyl -

oxazol | di n-2- org g ] 14 3 of e ml XOROHRIEE il vl Gt Bl 8wl e

am c acid benzyl ‘ester as an anor phous so rr'] err] 7.74
(d, 2H, J = 8. SFOI;{QC?M@@ ﬁdﬁgﬁﬁ 942.= 8.8 Hz), 7.63 (d 2H J 8.8
Hz) , 745(d 2H J 28 7:35'7.21 (m 10H), 7.16 (t, 1H J =
2.2 Hz), 7.05 (t, 1HJ:28Hz)635(dd 1H J =1.8, 2.9 Hz), 5.57

(dd, 1H J = 4.2, 11.2 Hz), 5. 14(s 2H) , 461456(m 1H) 4.07 (d,
2H, J= 5.2 Hz),1.2u5lRd 5 ol 3.2 =
2.9, 13.6 Hz),
208

: 101

As in Example 14(a) for 1-(4(S)-benzyl-oxazolidin-2-on-3-y1)-2-{1-(4-fluorophenyl)-
1H-pyrrol-3-yl)-ethanone, 2-[1-(4'-cyanobiphenyl-4-yl)-1H-pyrrol-3-yl]-acetic acid and 4(S)-
benzyl-2-oxazolidinone were coupled. Flash column chromatography with 10-25%
EtOAc/hex to CH,Cl, stepwise gradient eluant and su_bsequent trituration with
EtOAc/MTBE/hex provided in 59% yield l-(4(S')-benzyl-'oxazolidin-2-on-3-yl)-2-[1-(4'-
cyanobiphenyl-4-yl)-1H-pyrrol-3-yl]-ethanone as a pale yellow amorphous solid. 'H NMR:
& 7.75 (d, 2H, J = 8.8 Hz), 7.70 (d, 2H, ] = 8.5 Hz), 7.65 (d, 2H, ] = 8.8 Hz), 749 (d, 2H, ] =
8.8 Hz), 7.32-7.25 (m, 3H), 7.17-7.15 (m, 3H), 7.12 (t, 1H, J = 2.8 Hz), 6.40 (dd, 1H, I = 1.7,

2.8 Hz), 4.74-4.68 (m, 1H), 4.31-4.16 (m, 4H), 3.29 (dd, 1H, J=2.9, 13.6 Hz), 2.80 (dd, 1HJ

207
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PCT/ US97/ 17809 13.4 Hz). Anal. Calculated for [err] H[err]O C
73.98; H, 5.20; N, 6.81. Found: C 73.87; H, 5.53; N, 6.

2(S)-[1-(4 %/anoblé)hen -4-yl)-1H pyrrol - 3- yI]sucm nic Acid 4 Ben Ester
[err] 0 98/176 According to the procedure descri bed®GHUSIA

l4(a) for the preparation of 2(S)-[1-

(4-fluorophenyl)-1H pyrrol - 3-yl]succinic acid 4-benzyl ester,

1- (4(S) - benzyl -994713.4 Hz)n-A%al. Calculated for CogH,3N305: C, 75.47; H, 5.02; N, 9.11. Found: C,
on-3-yl)-3(S)-[1-(4'-cyanobi phenyl -4-yl)-1H pyrrol 3- yI]sucm nam c acid
benzyl ester wag.36;H,5.08W90lsyzed and purified via flash col um

chr omat ogr aphy With a 25-75% Et OAc/ hex to 5% MeOH CH err]d [err]
gradient eluant to yield in 55%

2(S)-[1-(4' -cyanobi phenyl 4 yl)-1H pyrrol 3- yl]succinic acid
4-benzyl ester as u : ; 7Sy

oxazol i di none by NWR and Whl ch '1: ﬁ.;,h ' 3er puri %I cation.

Anal yses were perfor med on pure chr orrat ogr aphy

ractions. [err]H NWR
[err] 7.74 (d, 2H, J 8.5 Hz), 7 68 (d, 2H, dn= 8.8 Hz), 7.63 (d,
2H, J = 8.5 Hz), 7.43(d, 2H, J = 8.8 Hz), 7.32 5H), 7.07 (s, 1H),
7.06 (s, 1H), 6.33 (t, 1H, J = 4Hz) 5.14 (s, , 4.16 (dd, 1H, J:
5.7,9.4 Hz), 3.21 (dd, 1H, J 9.6, 16.94%®), 2.83 (dd, 1H, J = 5.9,
16.9 Hz). Anal. Calculated for [err] * 0 & H20: C, 73.48; H, 5. 02 N,

]
6.12. Found: C, 73.38: H, 5.17: N, 6.00. / No
209 *0

©”°\©

According to the procedure described in Example 14(a) for the preparation of 1-(4(S)-.
benzyi-oxazolidin-2-on-3-yl)-3(S)-[ 1-(4-fluorophenyl)- | H-pyrrol-3-yl]succinamic acid
benzyl ester, 1-(4(S)-benzyl-oxazolidin-2-on-3-yl)-2-[1-(4'-cyanobiphenyl-4-yl)-1 H-pyrrol-3-
yl}-ethanone was alkylated with benzyl bromoacetate. Flash column chromatography with
25% EtOAc/hex and CH,Cl, as stepwise gradient eluant gave in 60% yield 1-(4(S)-benzyl-
oxazolidin-2-on-3-y1)-3(S)-[1-(4'-cyanobiphenyl-4-y!)-1H-pyrrol-3-yl]succinamic acid
benzyl ester as an amorphous sqlid. 'HNMR: §7.74 (d, 2H, J = 8.5 Hz), 7.68 (d, 2H, J =
8.8 Hz), 7.63 (d, 2H, J = 8.8 Hz), 7.45 (d, 2H, ] = 8.5 Hz), 7.35-7.21 (m, 10H), 7.16 (t, 1H, J
=2.2 Hz), 7.05 (t, 1H, J = 2.8 Hz), 6.35 (dd, 1H, J = 1.8, 2.9 Hz), 5.57 (d4, IH, J=42,11.2
Hz), 5.14 (s, 2H), 4.61-4.56 (m, 1H), 4.07 (d, 2H, J = 5.2 Hz), 3.51 (dd, 1H,J = 114,173

Hz), 3.26 (dd, 1H, J=2.9, 13.6 Hz), 2.81 (dd, IH, J= 4.2, 17.1 Hz), 2.53 (dd, 1H, ] = 10.1,
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PCT/ US97/ 17809

3(S)-[1- (4" - Cyanobi phenyl -4-yl)-1H pyrrol -3-yl]-N- (2, 2-di et hyl - 1( S) -

(et hyl car banoyl ) propyl ) succi nam ¢ Aci d Benzyl Ester

[err] WO 98717643 According to the procedure descrPERESSTM8anpl e
1(b) for the preparation of 3(R)-t-

but oxycar bonyl am no- N- ( 2, 2- di net hyl - 1('S) - (net hyl car banoyl ) pr opyl ) succi nam ¢
acid benzyli3dd{z)r Anal. Calculated for C3gH;,N3050.4 H,0: C, 73.98; H, 5.20; N, 6.81. Found: C,
2(S)-[1-(4' -cyanobi phenyl -4-yl)-1H pyrrol - 3- yI]su00|n|c acid 4- benzyl est er
and L-t-1 eggigneH)N.5820N)gl6am de (see Mal on, P.; Pancoska, P.;

Budesi nsky, M ; H avacek, J.; Pospi sek, J.; Blaha, K Coll. Czech.
Chem Conmun. 1983, 48, 2844-2861) were coupled with TBTU. Successive
flash col um chronatography mnth 0- 30%)EtOAc/CH[err]Cl[err] and 2- 5%

MeOH CH err]C [err] QI$h ahdbi > \ A aidl

chromat ography with O- 40% Et OAC/ hex gradl ent el uant
yield 3(S)-[1-(4' -cyanobi phenyl -4-yl)-1H

pyrrol -3-yl]-N (2, 2-di met hyl - 1(S) - (et hyl car banoyl ) opyl)succinanic acid

urnls ed |n 66%

benzyl ester as a crisp foam [err]H NVR [er 7.75 (d, 2H, J = 8.5
Hz), 7.69 (d, 2H, J = 8.5 Hz), 7.64 (d, 2H, J= 8.8 Hz), 7.44 (d, 2H, J
=8.5 Hz), 7.31 (s, 5H), 7.09 (t, 1H J = 2.6 704(t 1H J = 1.8
Hz), 6.50 (bd, 1H J = 9.6 Hz), 6.28 (dd, 1H, pN=1.7,2.8 Hz), 5.70-5.67
(m 1H), 5.12 (s, 2H), 4.13 (d, 1H, J =0 Hz), 4.02 (t, 1H J =7.4
Hz), 3.23 (dd, 1H, J = 7.5, 16.7 Hz), ()P}Z%( OH" 1H, J = 6.8, 16.7 Hz),
2.76 (d, 3H, J = 4.8 Hz), 0.96 (s, 9H). al. CRculated for [err] *

0.5 Herr]O C, 71.77;, H 6.37;N, 9.57. Found: C, 71.73; H, 6.35; N, 9.54.
210

According to the procedure described in Example 14(a) for the preparation of 2(S)-{1-
(4-fluorophenyl)-1H-pyrrol-3-yl)succinic acid 4-benzyl ester, 1-(4(S)-benzyl-oxazolidin-2-
on-3-yl)-3(8)-[1-(4"-cyanobiphenyl-4-yl)-1 H-pyrrol-3-yl]succinamic acid benzyl ester was
hydrolyzed and purified via flash column chromatography with a 25-75% EtOAc/hex to 5%
MeOH/CH,Cl, gradient eluant to yield in 55% 2(S)-{1-(4'-cyanobiphenyi-4-yl)-1H-pyrrol-3-
yl]succinic acid 4-benzyl ester as an oil, which had some residual 4(S)-benzyl-2-
oxazolidinone by NMR, and which was used without further purification. Analyses were
performed on pure chromatography fractions. 'HNMR: & 7.74 (d, 2H, 3 = 8.5 Hz), 7.68 (4,
2H, J = 8.8 Hz), 7.63 (d, 2H, J = 8.5 Hz), 7.43 (d, 2H, ] = 8.8 Hz), 7.32 (5, 5H), 7.07 (s, 1H),
7.06 (s, 1H), 6.33 (t, 1H, J = 2.4 Hz), 5.14 (s, 2H), 4.16 (dd, 1H, J = 5.7, 9.4 Hz), 3.21 (dd,
1H, 1 =9.6, 16.9 Hz), 2.83 (dd, 1H, J=5.9, 16.9 Hz). Anal. Calculated for C3gHoN,04 ®

0.4 H,0: C, 73.48; H, 5.02; N, 6.12. Found: C, 73.38; H, 5.17; N, 6.00.
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Exanpl e 14(c).

3(S)-[1- (4" - Cyanobi phenyl -4-yl)-1Hpyrrol -3-yl]-N-[1(S)-(1H i m dazol -
2-yl)-3-net hyl butyl | succi nam ¢ Aci d
CN WO 98/17643 [PET{USI717809

According to the procedure described in Exanple 1(a),

3(S)-[1-(4' - cyanobi phenyl - 4- y|) 1H-pyrro|
|H-ImdaZO|-2-y|)-3-rre QA 3“_., A FLIGY FUK A O v
hydr ogenol yzed in Et OH THF fms

3- y|]-'_\lr[1(_5)-(

3(S)-[1-(4' - cyanobi phenyl -

4-yl)-1H pyrrol
acid: nmp 206-

(bs, 1H), 8.31 (d, 1H, J =8.45 Hz), 7.93 (s, 4
Hz), 7.63 (d, 2H, J=8.8 Hz), 7.33-7.30 (m 2H)
=15.8, 8.8 Hz), 3.86 (dd, 1H,
J=16.9, 10.3 Hz),
(d, 3H J=6.6 Hz), 0.84 (d, 3H, J=5.9

5.02 (dd, 1H, J

-3-yl]-N[1(S)-(1H i m dazol - 2-yl ) - 3- net hyl but yl ] succi nam ¢

210[ err] C (dec); [err]HNI\/R(DI\/SOd[err]) [err] _12.0

7.86 (d, 2H, J=8.5
.81 (s, 2H), 6.18 (s, 1H),
9.6, 4.8 Hz), 2.87 (dd, 1H,
~3 Hz), 1.7-1.5 (m 3H), 0.87
); HRFABMS Cal cul ated for

2.60 (dd, 1H, J=16.5,

. . (o] . .
[err] (M+Cs): 628. 1325 Found: 628.1335 Nﬂﬁﬁmﬁ arting material was

furnished in the follow ng fashion:

211

b A

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butoxycarbonylamino-N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propy!)succinamic acid
benzyl ester, 2(S)-[1-(4'-cyanobiphenyl-4-yl)-1H-pyrrol-3-y!]succinic acid 4-benzyl ester and
L-t-leucine N-methylamide (see Malon, P.; Pancoska, P.; Budesinsky, M.; Hlavacek, J.;
Pospisek, J.; Blaha, K. Coll. Czech. Chem Commun. 1983, 48, 2844-.2861) were coupled with
TBTU. Successive flash column chromatography with 0-30% EtOAc/CH,Cl, and 2-5%
MeOH/CH,Cl, gradient eluants, respectively, and radial chromatography with 0-40%
EtOAc/hex gradient eluant furnished in 66% yield 3(S)-[1-(4'-cyanobiphenyl-4-yl)-1H-
pyrrol-3-yl]-N-(2,2-dimethyl-1(S)-(methylcarbamoyl)propyi)succinamic acid benzyl ester as
acrisp foam. 'HNMR: §7.75 (d, 2H, J = 8.5 Hz), 7.69 (d, 2H, J = 8.5 Hz), 7.64 (d, 2H, I =
8.8 Hz), 7.44 (d, 2H, J = 8.5 Hz), 7.31 (s, 5H), 7.09 (, 1H, J=2.6 Hz), 7.04 (t, I1H,J = 1.8
Hz), 6.50 (bd, 1H, ] = 9.6 Hz), 6.28 (dd, 1H, ] = 1.7, 2.8 Hz), 5.70-5.67 (m, 1H), 5.12 (s, Ziﬁ,
4.13 (d, 1H, ] = 9.2 Hz), 4.02 (t, 1H, J = 7.4 Hz), 3.23 (dd, 1H, J = 7.5, 16.7 Hz), 2.85 (dd,
1H, J = 6.8, 16.7 Hz), 2.76 (d, 3H, ] = 4.8 Hz), 0.96 (s, 9H). Anal. Calculated for
C;35H36N,0O4 ® 0.5 H,0: C, 71.77; H, 6.37; N, 9.57. Found: C, 71.73; H, 6.35; N, 9.54.
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3(S)-[1-(4' -Cyanobi phenyl -4-yl)-1Hpyrrol -3-yl]-N-[1(S)-(1

H i m dazol - 2E>/ ch met hyl but yll,é succi nam ¢

Aci d Benzyl © 98117643 T/US97/17809 [err]
According to the procedure described in Exanple 1(b) for the preparation of
3(R-t-

but oxycar bony! @ g ﬁ?b HY Tﬁﬂa“i‘('@“(yhélms}l%aﬂﬁ'%wﬂop@ﬂ5"5’5’6‘&’?\‘&m c

acid ben utyljsuccinamic Acid
2(S)-[1- (4" -cyanobi phenyl 4-yl)-1H pyrrol -3-yl ] succinic acid 4-benzyl ester

(prepared as described in Exanple 14(b)) and CN

2-(1(S)-am no- 3-net hyl -butyl)-im dazol e (see Chen, J.J.; Zhang, Y.;
Hanmond, S.; Dewdney, N.: Ho, T.; Browner, ~/Cast el hano, A. L.,

subm tted for publication; and Abel - Megui d, .; Metcalf B.W; Caw, T.J.;
DeMarsh, P.; Des Jarlais, RL.; Fis , o.; Geen, DW; et al.

Bi ocheni stry, 1994, 33, 11671-11677) wepey _goupl ed with TBTU to
provide a 49%yield of 3(S)-[1-(4' -cyapobraNdogpd4-yl)-1H pyrrol-3-
yl]-N[1(S)-(1H i m dazol - 2-yl)-3-net hyl but y@ ] gucci nam ¢ aci d benzyl ester:
np 186-188 C (dec); [err]HNVR (DMSO-d[erAT) [err] 11.79 (s, 1H), 8.40
(d, 1H, J =8.5 Hz), 7.92 (s, 4H), 7.85 (d, 2HJ85H2)762(d

§H13~_] EBOS '("Zm) 3|7_|) 34 3,6&:<'§'ordx§gI & the Erog ufe?desdrﬂ\.d m@ixgﬁp{ngB 15(1%)(1[16(4 2&3:(0% 1%‘ 10 8

08 | Sd e *3@5'{'*%6%-{5?%‘@”“%”%%9@ ulTpefibinic & *55&313? B
for [err]: 1\%55 %%drog%x B’gg‘u&m %Hh‘hl‘ﬁtgr 3hto give an‘El'%”ﬂend of 3(%)1‘[15 -cyancﬁ:?phenyl-

5.97, 6. 01, N
212

4-y)-1H-pyrrol-3-yl}-N-[1(S)-(1 H-imidazol-2-yl)-3-methylbutyl]succinamic acid: mp 206-
210 °C (dec); ]HNMR (DMSO-dg): 8_12.0 (bs, 1H), 8.31 (d, 1H, J=8.45 Hz), 7.93 (s, 4H),
7.86 (d, 2H, J=8.5 Hz), 7.63 (d, 2H, J=8.8 Hz), 7.33-7.30 (m, 2H), 6.81 (s, 2H), 6.18 (s, 1H),
5.02 (dd, 1H, J=15.8, 8.8 Hz), 3.86 (dd, 1H, J=9.6, 4.8 Hz), 2.87 (dd, 1H, J=16.9, 10.3 Hz),
2.60 (dd, 1H, J=16.5, 4.8 Hz), 1.7-1..5 (m, 3H), 0.87 (d, 3H, J=6.6 Hz), 0.84 (d, 3H, J=5.9

Hz); HRFABMS Calculated for CygHygN503Cs (M+Cs): 628.1325 Found: 628.1335

The starting material was furnished in the following fashion:

211
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PCT/ US97/ 17809 Exanpl e 14(d).
3(S)-[1- (4" - Cyanobi phenyl 4-yl)-1H pyrrol - 3-yl ]-N- (4, 4-di net hyl - 2- oxo-
tetrahydrofuran-3(S)-yl)succinamc Acid [err] Accordlng

to the proce¥AW1d3cribed in Exanple 1(a), 3(S)-[1-(4'-cyaReHPPHEMMP- 4-
yl)-1Hpyrrol -3-yl]-N-(4, 4-di met hyl - 2- oxo-t et rahydr of ur an- 3(S) - yl ) succi nami
o

c acid benzyl hyd ive a
81% vyi el d of 3(3)-[%3—131'-(%'

cyanobi phenyl - 4-yl ) - 1H pyrr ol - 30&Y BARS &¥8L.t et r ahydr of uran- 3
(S) - yl ) succi nam ¢ aci d: [err]HNI\/R(DIVISOd[err] [err] 12.2 (bs, 1H),

8.48 (d, 1H, J=8.8 Hz), 7.92 (s, 4H), 7.86 ( , J=8.5 Hz), 7.67 (d,
2H, J=8.5 Hz), 7.40 (s, 1H), 7.37 (s, 1H), 6.33 | H), 4.75 (d, 1H,
J=8.8 Hz), 4.08, 4.00 (AB quartet, 2H, J=8.6 3.97-3.92 (m 1H),
3.01-2.92 (m 1H), 2.64 (dd, 1H J=16.54,~4.0 Hz), 1.05 (s, 3H), 0.97
(s, 3H); Anal. Calculated for [err] EEEE) Hﬁi 68.67; H, 6.66; N,
7.51. Found: 69.00, 68.91; H 6.37, 2NH 60, 7.52.

213 (o g

S

According to the procedure described in Example 1(b) for the preparation of 3(R)-t-
butoxycarbonylamino-N-(2,2-dimethyl-1(S)-(methylcarbamoy!)propyl)succinamic acid
benzy! ester, 2(S)-[1-(4'-cyanobiphenyl-4-yl)-1H-pyrrol-3-yl]succinic acid 4-benzyl ester
(prepared as described in Example 14(b)) and 2-(1(S)-amino-3-methyl-butyl)-imidazole (see
Chen, J.J.; Zhang, Y.; Hammond, S.; Dewdney, N.: Ho, T.; Browner, M.F.; Castelhano, A.L.,
submitted for publication; and Abel-Meguid, 8.S.; Metcalf B.W.; Caw, T.J.; DeMirsh, P.;
Des Jarlais, R.L.; Fisher, S.; Green, D.W.; et al. Biochemistry, 1994, 33, 11671-11677) were
coupled with TBTU to provide a 49% yield of 3(S)-{1-(4'-cyanobiphenyi-4-yl)-1H-pyrrol-3-
yi]-N-[1(S)-(1 H-imidazo}-2-yl)-3-methylbutyl]jsuccinamic acid benzy} ester: mp 186-188 °C
(dec); lHNMR (DMSO-dg) & 11.79 (s, 1H), 8.40 (d, 1H, J=8.5 Hz), 7.92 (s, 4H), 7.85 (d,
2H, J=8.5 Hz), 7.62 (d, 2H, J=8.8 Hz), 7.34 (s, 5 H), 6.97 (s, 1H), 6.84 (s, 1H), 6.20 (s, 1H),
5.13-5.00 (m, 3H), 3.96 (dd, 1H, J=9.9, 5.5 Hz), 2.99 (dd, 1H, J=16.4, 10.8 H2), 2.78 (dd,
1H, J=16.4, 5.0 Hz), 1.67-1.60 (m, 2H), 1.55-1.45 (m, 1H), 0.85 (d, 3H, J=6.6 Hz), 0.81 (d,
3H, J=6.3 Hz); Anal. Calculated for C3gH35N5040H,0: C, 71.62; H, 6.18; N, 11.60.

Found: C, 71.50,71.45; H, 5.97, 6.01; N, 11.51, 11.48.
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WD 98/ 17643

PCT/ US97/ 17809 The starting material was furnished in the follow ng

f ashi on: 3

(S)-[1-(4' -Cyanobi phenyl -4-yl)-1H pyrrol -3-yl]-N-(4, 4-di net hyl - 2- oxo-tetrah
ydrof uran- WO 98/17643 3(S) -yl )succi nan?é'r’ﬁlé?ﬂ"ﬂ’@nzyl
Ester [err]

ég cor ding to t NG, RLRRIAHS 3G Y HndlpiRSIRY B H B rrd % y1]- REGRI AR -2 DKo

but oxycar bonyl aﬁﬁ"r?clfyRﬁofgaﬂzséls)ﬁ’&sﬁﬁigaﬂig)"fi(drret hyl car banmoyl ) pr opyl ) succi nam ¢
CN. .
Inic acid 4-benzyl ester

acid benzyl ester,
2(S)-[1-(4'-cyanobi phenyl -4-yl)-1H pyrrol - 3- yI]s

b=2&n no- 4, 4- di net hyl - 2- oxo-
1994, 24, 557-563) were

(prepared as described in Exanple 14(b)) and 3
coupl ed usi ng TBTU wi t h N-net hyl m)rphoJ,EN € as the base to provide a

tetrahydrofuran (see Freskos, J. N Syn Comu \Q

m xture of diastereoners which wer e gewdratgd using chromat ography on
silica gel colum with O to 5% MeCOH gr agg NR_Lq CHerr]C[err]. Mxed
fraction was repurified on a chromatotron usigng 2 5% MeOH CH err]d [err]
then 0-1.25% MeOH/ CH err]C [err] as eluent to obtain

3(S)-[1-(4' -cyanobi phenyl -4-yl)-1H pyrrol -

3-ylI1-N (4, 4- di net hyAecdrdingtotthd pradeduoe déseribetiB ERmpié } @l S fd' cyanbiphdngh4-y |
ester in 29% yield as an anorphous solid: [err]H NVR (CDCl [err]):

[err] 7.75 (d, QbLl}Bpﬁrdﬂa)y,l]-ﬂw(ﬁ,g-d(xﬂeth)aHroxﬂﬂaraiydroﬁnanl‘KS)ryl%u&ﬁaﬁﬁb acidbenzyt8. 5
Hz), 7.46 (d, 2 J=8.5 Hz), 7.32 (s, 5H), 7.13 (s, 1H). 7.09 (t. 1H,

J=2.2 Hz), 6.32 9 H,
1252 Hzg 2 oa efténwa%'ﬂ}dro?en@@zé&im E}MPEIE%?KG: 50&"3’15}0 I-F&e é—ﬁ‘l/ﬁgwld?df')JQS)‘tl @72 o

(222 1H J=16. 7cya§m&1pk&)yl-4 Jyl)zlfﬁ bytrol-35)-N.04,9 Bimethyl-2-oxo-tetrahydrofuran-3(S)-
yl)succinamic acid: 1HNMR (DMSO-dg): & 12.2 (bs, 1H), 8.48 (d, LH, J=8.8 Hz), 7.92 (s,
4H), 7.86 (4, 2H, J=8.5 Hz), 7.67 (d, 2H, J=8.5 Hz), 7.40 (s, 1H), 7.37 (s, 1H), 6.3 (s, 1H),
4.75 (d, 1H, J=8.8 Hz), 4.08, 4.00 (AB quartet, 2H, J=8.6 Hz), 3.97-3.92 (m, 1H), 3.01-2.92
(m, 1H), 2.64 (dd, 1H, 11654, 4.0 Hz), 1.05 (s, 3H), 0.97 (s, 3H); Anal. Calculated for
Cq7HosN3058CsH,,0 (MTBE): C, 68.67; H, 6.66; N, 7.51. Found: 69.00, 68.91; H, 6.37,

6.42; N, 7.60, 7.52.
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WD 98/ 17643

PCT/ US97/ 17809 (s, 3H; Anal. Calculated for [err]*0.2 Herr]QO C,
72.25; H 5.60; N, 7.43. Found: 72.32, 72.26; H, 5.88, 5.91; N, 7.07,
7.02. Exanpl e 15(a).

N- (1( S) - Benz WO 88/1¢4¥r oxyet hyl ) - 3( S) - (2- ( bi phenyl - 4-yl ) f ur anPEI/USI7/17809

yl )succi nam ¢ Acid

[err] To a sol ution o

N (4(S) - benzyl - Ehast%mﬁ%{nﬁwaldy@amﬂendnn9@}9‘}@9&@%%%b. phenyl - 4-yl -
furan-5-yl)succina acid t-butyl ester (240 ng, 0.42 mmol) in CH2Cl 2 (6
m.) was added (S)el1:(4 Cygpobirhentled-yl-] d-BYE 0=y LA QUGN nd- QX aiC By aroiUran-
anbi ent tenperature, the nixure Wed:yDsuccingmicidqid Bengyl Bstsrween

CH err]C [err]/pH7 phosphate buffer. The organic | ayey was washed with pH7
phosphate buffer and brine, dried over Na2SO4, ang/gvaporated to give a

resi due whi ch was purified via flash colu omat ography with

0- 19%10Ac/ 10%veOH/ CH err]Cl [err] gradi ent nt. The purified product
was triturated with CH2Cl 2/ hex to obtain 40 0% of N

(1(S)-benzyl - 2- hydroxyet hyl ) - 3(S) - (2 (bi phenyf- 4-gl ) f uran-5-yl)succi nam c
acid as a pale yel | ow sol i d. @—I—h BNBOxd[ err]): [err] 8.12 (bm
1H), 7.74-7.68 (m 6H), 7.46 (t, =7.5 o,sz) 7.35 (t, 1H, J=17.4

Hz), 7.25-7.12 (m 5H), 6.86 (d, 1H J =3.3 H)) 6.26 (d, 1H J 30
M), 4.04 (t, 1H, J = 7.5 Hz), 3.89-3.84 (m 1H). 2.83 (dd, 1H, J = 5

1810 F)) 210255 bl o B LA U0 b2

215

butoxycarbonylamino-N-(2,2-dimethyl- 1{S)-(methylcarbamoy!)propyl)succinamic acid
benzyl ester, 2(S)—[l-(4'-cyanobiphen§l—4—yl)-lH—pyrrol-S-yl]succinic acid 4-benzyl ester
(prepared as described in Example 14(b)) and 3(R)-amino-4,4-dimethyl-2-oxo-
tetrahydrofuran (see Freskos, J. N. Syn Commun. 1994, 24, 557-563) were coupled using
TBTU with N-methylmorpholine as the base to provide a mixture of diastereomers which
were separated using chromatography on silica gel column with 0 to 5% MeOH gradient in
CH,Cly. Mixed fraction was repurified on a chromatotron using 0-2.5% MeOH/CH;Clp
then 0-1.25% MeOH/CH,Cl, as eluent to obtain 3(S)-[1-(4'-cyanobiphenyl-4-yl)-1H-pymol-
3-yl1]-N-(4,4-dimethyl-2-oxo-tetrahydrofuran-3(S)-yl)succinamic acid benzyl ester in 29%
yield as an amorphous solid: 1I-I NMR (CDCls): & 7.75 (d, 2H, 8.1 Hz), 7.69 (d, 2H, J=8.5
Hz), 7.64 (d, 2H, J=8.5 Hz), 7.46 (d, 2H, J=8.5 Hz), 7.32 (s, 5H), 7.13 (5, 1H), 7.09 (1, 1H,
J=2.2 Hz), 6.32 (s, 1H), 6.06 (d, 1H, J=7.7 Hz), 5.13 (s, 2H), 4.67 (d, 1H, J=7.7 Hz), 4.08-

4.01 (m, 3H), 3.31 (dd, 1H, J=16.9, 8.5 Hz), 2.82 (dd, 1H, J=16.7, 6.1 Hz), 1.23 (s, 3H), 0.98
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WD 98/ 17643

PCT/ US97/ 17809 The starting material was furnished in the

foll owi ng fashion:

2- Bi phenyl - 4-yl -furan [err] To a m xture of 4-bronobi phenyl
(1.00 g, 4. S¥OR%I4 and bi s(triphenyl phosphine) pal | adCHHSPTA8@n| or i de
(0.3 g, 0.4 mol) in THF (10 nm.) was added 2-tri butyl stannyl furan (1.6
m., 5.0 mol ). After heating at reflux for 1h, the resultant m xture was

concentrated t Qs 3H); Al €Rblates MPCS o, o | 11IsR N 7.43. .
CHerr]d[err] Qfamd)appl ied to am?f:é C rogrrgt%g‘* pggiﬁ;ﬂzwmsgggl Il\JLrT'17‘l‘.13 Ifloﬁrtuf on

with 10% CH[ er r7]292[ﬁr.161, mg.ég,lm,ﬁ?%b.?glﬁ'g lon of a m xture, which upon

successi ve triturations wt exXanes or pentane gave pure product. The
not her |iquor was partitioned with acetonitrile and hexanes. The
separated acetonitrile | ayer was evaporated to obtain nore pure
product. A tot gy.0fnidh .g_? _‘%g}? HaTla] =] L > <pal e

yel | ow solid, rﬁi‘: f- ﬁéig é?r é%%‘?"ﬁ%ﬁg@fﬁeﬁéfﬁ“ﬁwwf]‘é?‘?f 7.75 (d,
2H, J = 8.1 Hz),° 83 (d, 4H, J = 8.5 Hz), 7.49-7.43 (m 3H), 7.35 (t,
1H J =7.0 Hz), 6.69 (d, 1H J = 3.3 Hz), 6. dd, 1H, J = 1.5, 3.3
Hz). Anal. Calculated for [err]: C 87.25; H ~49. Found: C, 87.16; H,

5. 49. 216

HO NH_~on

To a solution of N-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-y!)-3(S)-(2-biphenyl-4-yl-
furan-5-yl)succinamic acid t-butyl ester (240 mg, 0.42 mmol) in CH,Cl, (6 mL) was added
trifluoroacetic acid (3 mL). After 30 minuntes at ambient temperature, the mi_xﬁre was
partitioned between CH,Cl,/pH7 phosphate buffer. The organic layer was washed with pH7
phosphate buffer and brine, .dried over Na,SOy, and evaporated to give a residue which was
;;uriﬁed via flash column chromatography with 0-1%HOAc¢/10%MeOH/CH,Cl; gradient
eluant. The purified product was triturated with CH,Cl,/hex to obtain 40 mg (20%) of N-

(1 (S)-bcnzyl-Z—hydroxyethyl)—3(S)—(Z-(biphenyl—4-yl)ﬁxran-5-y})succinamic acid as a pale

| yellow solid. 'H NMR (DMSO-dg): & 8.12 (bm, 1H), 7.74-7.68 (m, 6H), 7.46 (£, 2H, J =735
Hz), 7.35 (t, 1H, ] = 7.4 Hz), 7.25-7.12 (m, 5H), 6.86 (d, 1H, J = 3.3 Hz), 6.26 (d, 1H, J=3.0
Hz), 4.04 (t, 1H, ] = 7.5 Hz), 3.89-3.84 (m, 1H), 2.83 (dd, 1H, J = 5.7, 13.8 Hz), 2.71-2.59
(m, 3H). Anal. Calculated for C,H,sNOs ® H,0: C, 71.44; H, 6.00; N, 2.87. Found: C,
71.51; H,5.78; N, 2.92.
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PCT/ US97/ 17809 1
-(4(S)-Benzyl - 2, 2-di met hyl - oxazol i di n-3-yl) 2-(2-bi phenyl -4-yl -furan-5-yl) et
hane- 1. 2- di one err

Accordi ng t WaM47Bocedure described in Exanple 13 for thePBFEPHAZR® o of
1-(4(S)-

benzyl - 2, 2- di met hyl - oxazol i di n-3-yl)-2-(bi phenyl -4-yl -1H pyrrol - 3-yl ) et hane
- 1, 2-dione, 2- Thbﬁmmtedalwasﬁmmdm@eﬁﬂpmtgcfmmad and al kyl at ed
with N-(4(S)-benzyl -2, 2-di net hyl - oxazolidin-3-yl)-oxam c acid ethyl
ester to give in 57%yield 1-(4(S)-behBiphery|-2-vtifugan hy| -

oxazol i di n-3-yl)-2-(2-bi phenyl -4-yl -furan-5-yl)ethane-1, 2-di one as a pale
yel | ow anor phous solid. [err]HNWR [err] Q’ (d, 2H, J = 8.1 Hz),
7.69 (d, 2H, J= 8.1 Hz), 7.64 (d, 2H, J=18.1 Hz), 7.49-7.36 (m 4H),
7.25-7.10 (m 5H), 6.85 (d, 1H J = 4.0 Hz 62-4.57 (m 1H), 3.91

(m 2H), 3.00 (dd, IH, J =5.0, 13.0 Hz), 82 (dd, 1H, J = 10.1, 13.2 Hz),

\
1.86 (s, 3H), 1.68 (s, 3H). Anal. Calclatedfor [err]: C, 77.40; H,
5.85; N, 3.01. Found C. 77.43; H, 5.88; N, 3.0
217 To a mixture of 4-bromobiphenyl (l .00 g, 4.80 mmol) and bxs(tnphenylphosphme)

palladium(II) chloride (0.3 g, 0.4 mmol) in THF (10 mL) was added 2-tributylstannylfuran
(1.6 mL, 5.0 mmol). After heating at reflux for 1h, the resultant mixture was concentrated to
a residue which was dissolved in minimal CH,Cl, and applied to a flash chromatography
column. Elution with 10% CH,Cly/hex led to isolation of a mixture, which upon successive
triturations with hexanes or pentane gave pure product. The mother liquor was partitioned
with acetonitrile and hexanes. The separated acetonitrile layer was evaporated to obtain more
pure product. A total of 0.55 g (58%) of pure 2-biphenyl-4-yl-furan as pale yellow solid, mp

155-7°C (d), was made. 'HNMR: 8 7.75 (d, 2H, J = 8.1 Hz), 7.63 (d, 4H, ] = 8.5 Hz),
7.49-7.43 (m, 3H), 7.35 (t, 1H, J = 7.0 Hz), 6.69 (d, 1H, J = 3.3 Hz), 6.50 (dd, 1H, T = 1.5,

3.3 Hz). Anal. Calculated for C;¢H;50: C, 87.25; H, 5.49. Found: C, 87.16; H, 5.49.
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1- (4(S)-Benzyl - 2. 2-di et hyl - oxazol i di n-3-yl ) -2-(2-bi phenyl -4-yl -furan-5-yl)

- 2- hydr oxy- et hanone [err]

Accor di ng t QM MA30edure described in Exanple 13 for the BEEHSYAI8n of
1-(4(S)-

benzyl - 2, 2- dlnethyl
r oxy- ethanone
-(4(S)-benzyl - 2,2-d|nethyl-oxazolldln-3-y|§uﬂ§(2-biphenyl-4-y|-furan-5-y|)e

t hane-1, 2- di one was reduced with NaBH4 to give in quantitative yield
1- (4(S)-benzyl -2, 2-di net hyl -

OvaO|IdIn 3 yI) 2- (bi phenyl - 4-yl

_iLH— pyrrol 3-yl)-2-hyd

oxazol i di n-3-yl)-2-(2-bi phenyl -4-yl-furan-5-yl)-2 dr oxy-et hanone. [err]H
NVR: [err] 7. 70 (d, 2H, J = 7.7 Hz), 7.61 4H, J 8.5 Hz), 7.45
(t, 2H, J = 7.4 Hz), 7.38-7.19 (m 6H), 6.64 1H, J:2.9 Hz), 6.43
(d,1H,J: .3 Hz), 5.08 (d, 1H, J = 6.6 H g 4.45 (d, 1H J = 7.0 Hz),
3.88-3.85 (m 1H), 3.78 (d, 1H, J = 8.8 Hzp« 3.63 (dd, 1H, J = 5.2, 8.8
Hz), 3.03 (dd, 1H, J = 4.2, 13.1 (dd, 1H, J = 9.8, 13.4 Hz),
1.83 (s, 3H), 1.58 (s, 3H). Anal. Cal @' >< for [err] * 0.5 Herr]O
C, 75.61; H, 6.34; N, '2.94. Found: "G OH 6.32; N, 2.88.

218

According to the procedure described in Example 13 for the preparation of 1-(4(S)-
benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(biphenyl-4-yl-1H-pyrrol-3-yl)ethane-1,2-dione, 2-
biphenyl-4-yl-furan was deprotonated and alkylated with N-(4(S)-benzyl-2,2-dimethyl-
oxazolidin-3-yl)-oxamic acid ethy! ester to give in 57% yield 1-(4(S)-benzyl-2,2-dimethyl-
oxazolidin-3-yl)-2-(2-biphenyl-4-yl-furan-5-yl)ethane-1,2-dione as a pale yellow amorphous
solid. 1H NMR: & 7.91(d, 2H, J=8.1 Hz), 7.69 (d, 2H, J = 8.1 Hz), 7.64 (d, 2H, J = 8.1
Hz), 7.49-7.36 (m, 4H), 7.25-7.10 (m, SH), 6.85 (d, 1H, J = 4.0 Hz), 4.62-4.57 (m, 1H), 3.91
(m, 2H), 3.00 (dd, 1H, J = 5.0, 13.0 Hz), 3.82 (dd, 1H, J = 10.1, 13.2 H2), 1.86 (s, 3H), 1.68
(s, 3H). Anal. Calculated for C39H,,NO,: C, 77.40; H, 5.85; N, 3.01. Found: C, 77.43; H,

5.88; N, 3.06.
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2- Acet oxy-1-(4(S)-benzyl -2, 2-di net hyl - oxazol i di n-3-yl)-2-(2-bi phenyl -4-yl -f
uran-5-yl)- et hanone err]
Accor di ng t VOR¥1IT4cedure described in Exanple 13 for the BGT&SEYEE0N of
2- acet oxy-

1- (4(S)-benzyl -2 2 di et hyl - -3-y
| ) - et hanone, 1-

(4(S)-benzyl -2, 2- dlnethyl oxazol i di n- 3- y| §thanope. bi phenyl - 4-yl -furan-5-yl)-2
- hydr oxy- et hanone was acylated to furnish insquantitative yield
2-acet oxy-1-(4(S)-benzyl -2, 2-

di met hyl - oxazol i di n- 3-yl)-2-(2-bi phenyl -4-yl -f

OvaO|IdI n-3-yl)-2-(bi 4- yI 1H-pyrro|

henxl

n-5-yl)-ethanone as an off

white solid, np 120- 8C, which was used ut further purification.
[err]HNWVR [e r] 7.75 (d, 2H, J = 8.5 Hz), 7.66-7.62 (m 4H), 7.46
(t, 2H, J = 7.4 Hz), 7.39-7.22 (m GFD 6. o, 1H J = 3.7 Hz), 6.62

(d, 1H, J = 3.3 Hz), 6.39 (s Mﬂ g;ﬁJY N(m 2H), 3.64-3.60 (m 1H),
3.39 (d, 1H, J =14.0 2. 96 ( 1Eq,><j = 11.4, 14.0 Hz), 2.25 (s,
3H), 1.78 (s, 3H). Anal. Cal cuI ated for [err]: C, 75.42; H, 6.13; N,
2.75. Found: C, 75.27; H, 6.22; N, 2.65.

219

According to the procdure described in Example 13 for the preparation of 1-(4(S)-
benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(biphenyl-4-yl-1 H-pyrrol-3-yl)-2-hydroxy-ethanone,
1-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(2-biphenyl-4-yl-furan-5-yl)ethane-1,2-dione
was reduced with NaBH, to give in quantitative yield 1-(4(S)-benzyl-2,2-dimethyl-
oxazolidin-3-yi)-2-(2-biphenyl-4-yl-furan-5-yl)-2-hydroxy-ethanone. 'H NMR: 6 7.70 (d,
2H, J = 7.7 Hz), 7.61 (d, 4H, J = 8.5 Hz), 7.45 (1, 2H, J = 7.4 Hz), 7.38-7.19 (m, 6H), 6.64 (d,
1H, J=2.9 H2), 6.43 (d, 1H, J=3.3 Hz), 5.08 (d, 1H, J = 6.6 Hz), 445 (d, |H, J=7.0 Hz),
3.88-3.85 (m, 1H), 3.78 (d, 1H, J=8.8 Hz),3.63 (dd, 1H, J = 5.2,8.8 Hz),3.03(dd, IH,J =
4.2,13.1 Hz), 2.89 (dd, 1H, J=9.8,13.4 Hz), 1.83 (s, 3H), 1.58 (s, 3H). Anal. Calculated

for C3H,gNO, @ 0.5 H0: C, 75.61; H, 6.34; N, 2.94. Found: C,75.62; H, 6.32; N, 2.88.
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1- (4(S)-Benzyl - 2, 2-di et hyl - oxazol i di n-3-yl)-2-(2-bi phenyl -4-yl -furan-5-yl)
- et hanone

[err] WO 98/17643 According to the procedure descri bd&TUENEM bl e 13
for the preparation of 1- (4(8)

benzyl - 2, 2- di et RyAcetoxazlcs

one, 2-acetoxy- ethanone

1- (4(S)-benzyl -2, 2-di net hyl - oxazol i di n-3-yl ) -2-(2-bi phenyl 4-yl -furan-5-yl)-
et hanone was hydr ogenol yzed to provi in 42%vyield

1- (4(S)-benzyl - 2, 2-di et hyl - oxazol i di n- 3y¥) - 2- ( 2-

bi phenyl - 4-yl -furan-5-yl)-ethanone as an a phous solid. [err]H NVR [err]
7.68 (d, 2H, J = 8.1 Hz), 7.62-7.58 ( 4H), 7.44 (t, 2H, J=75Hz)
7.37-7.25 (m 6H), 6.64 (d, IH J 3.3 Hz), jo 06,32 (d, 1H J = 2.9 Hz),
4.17-4.14 (m 1H), 3.87 (m 2H), 3.77, 3.65 ué/&tet 2H, J = 15. 8
Hz), 3.09 (dd, 1H J = 4.8, 13.6 Hz), 2.94 (dq,01M~"J 9.6, 13.6 Hz), 1.78

ot han

(s, 3H), 1.59 (s, 3H). Anal. Calculated foor {[err]: C, 79.80; H, 6.47;
N, 3.10. Found: C, 79.72; H, 6.49; N, 3.03. :
220

According to the procedure described in Example 13 for the preparation of 2-acetoxy-
1-(4(8S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(biphenyl-4-yl- 1 H-pyrrol-3-yi)-ethanone, 1-
(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(2-biphenyi-4-yl-furan-5-yl)-2-hydroxy-
ethanone was acylated to furnish in quantitative yield 2-acetoxy-1-(4(S)-benzyl-2,2-
dimethyl-oxazolidin-3-yl)-2-(2-bipheny!-4-yl-furan-5-yl)-ethanone as an off white solid, mp
120-8°C, which was used without further purification. 'H NMR: 6 7.75 (d, 2H, J = 8.5 Hz),
7.66-7.62 (m, 4H), 7.46 (t, 2H, ] = 7.4 Hz), 7.39-7.22 (m, 6H), 6.70 (d, IH, J = 3.7 Hz), 6.62
(d, 1H, J = 3.3 Hz), 6.39 (s, 1H), 3.86-3.79 (m, 2H), 3.64-3.60 (m, 1H)}, 3.39 (d, 1H, J = 14.0
Hz), 2.96 (dd, 1H, ] = 11.4, 14.0 Hz), 2.25 (s, 3H), 1.78 (s, 3H). Anal. Calculated for

Ca,Ha NOs: C, 75.42; H, 6.13; N, 2.75. Found: C, 75.27; H, 6.22; N, 2.65.
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PCT/ US97/ 17809
N (4(S)-Benzyl -2, 2-di et hyl - oxazol i di n-3-yl)-3(R)-(2-bi phenyl -4-yl -furan-5-

vl ) succi nam ¢ Acid t-Butyl Ester
[err] WO 98/17643 According to the procdure descri bedPF'l'i’UE%"é%fWe 13
for the preparation of N (4(S)-

benzyl - 2, 2- di met Ry <ZR) G- ; rrol-3-yl)s

uccinanic acid yT o ester,

1- (4(S)-benzyl -2, 2-di net hyl - oxazol i di n- 3-yl ) -2-(2-bi phenyl -4-yl -furan-5-yl)
- et hanone was deprotonated with i um hexanet hyl di si |l azi de and

al kylated to furnish in 74% vyi el d

N-(4(S)-benzyl -2, 2-di net hyl - oxazol i di n-3) -3(R) - (2- bi phenyl - 4-yl -furan-4-
yl)succinamc acid t-butyl ester. [err]HNWR J[err] 7.65 (d, 2H, J = 8.5
Hz), 7.57 (t, 4H, J= 8.3 Hz), 7.43 (t//°2 Y %/: 7.4 Hz), 7.35-7.22 (m
6H), 6.63 (d, 1H, J = 3.3 Hz), 6.36 (d, 1H, =NT303 Hz), 4.88-4.52 (m
2H), 3.96-3.87 (m 2H), 3.24 (dd, 1H, J = 10. 9,~‘LI7.1 Hz), 3.04 (d, 1H, J=
11.4 Hz), 2.88-2.81 (m 2H), 1.72 (s, 3H, 1. (s, 3H). Anal. Calcul ated

for [err] * 0.25 Herr]O C, 75.83; H 6.\ N, 2.46. Found: C, 75, 83;
H 6.97; N, 2.46.
221

According to the procedure described in Example 13 for the preparation of 1-(4(S)-
benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(biphenyl-4-yl- 1 H-pyrrol-3-yl)-ethanone, 2-acetoxy-
1 -(4(S)-benzyl-2,2-dimcthyl-oxazolidin-3-yl)-2-(2-biphenyl-4-yl-ﬁxran-S-yl)-gthanone was
hydrogenolyzed to provide in 42% yield 1-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(2-
biphenyl-4-yl-furan-5-yl)-ethanone as an amorphous solid. 'HNMR: 57.68 (d,2H,J=38.1
Hz), 7.62-7.58 (m, 4H), 7.44 (1, 2H, ] = 7.5 Hz), 7.37-7.25 (m, 6H), 6.64 (d, 1H, J = 3.3 Hz),
6.32 (d, 1H, } =2.9 Hz), 4.17-4.14 (m, 1H), 3.87 (m, 2H), 3.77, 3.65 (AB quartet, 2H, J =
15.8 Hz), 3.09 (dd, 1H, J = 4.8, 13.6 Hz), 2.94 (dd, 1H, ] = 9.6, 13.6 Hz), 1.78 (s, 3H), 1.59
(s, 3H). Anal. Calculated for C3,H,gNO5: C, 79.80; H, 6.47; N, 3.10. Found: C, 79.72; H,

6.49; N, 3.03.
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PCT/ US97/ 17809 Exanpl e 15(b).
N-[ 2, 2-Di net hyl -1(S) - (net hyl car banoyl ) propyl ] - 3- (2- (bi phenyl - 4-yl) -
furan-5-yl)succinamc Acid [err] According to the

procedure dS¥@PY¥HE® in Exanple 15(a) for the preparation offCRUSI7/17809
(1(S)-benzyl - 2- hydr oxyet hyl ) -3(S) - (2- bi phenyl -4-yl -furan-5-yl)succi nam c

acid, N[2,2- .
L

di met hyl - 1('S) - (j¥ghy)

inamc acid t- y N

[err] after 1 hour. Trituration of Brrde e MTBE/ hex provi ded in 48%
yield N[2,2-di nethyl-1(S)-

(et hyl car banoyl ) propyl ] - 3- (2- (bi phenyl - 4-yl)-f -5-yl)succinam c acid as
a rust-col ored anor phous solid. [err]H N CDlerr]CN): [err] 7.75 (d,
2H, J = 8.5 Hz), 7.69-7.66 (m 4H), 7.47 (t, 2H, J = 7.2 Hz), 7.37 (t,
IH J =7.2 H), 6.91 (d, 1H, J = 7.7 Hz), 67 (d, IH J = 3.3 Hz),

6.56 (bs, 1H), 6.39 (d, 1H J = 3.3 Hz) /40 °4.y9 (m 1H), 4.12 (d, 1H J

-

= 9.2 Hz), 3.17-3.08 (m 1H, 2.82 AAHNINES 0, 17.1 Hz), 2.67 (d,
3H,J=4.8 Hz), 0.86 (s, 9H). HRFABME: Cal cubat’sd f or [err] (M+Herr])
463. 2233. Found: 463.2236. The stant4ng material was furnished
in the follow ng fashion:

222

According to the procdure described in Example 13 for the preparation of N-(4(S)-
benzyl-2,2-dimethyl-oxazolidin-3-yl)-3(R)-(1-biphenyl-4-yl-1H-pyrrol-3-yl)succinamic acid
t-butyl ester, 1-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(2-biphenyl-4-yl-furan-5-yl)-
ethanone was deprotonated with sodium hexamethyldisilazide and alkylated to fumish in
74% yield N-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-3(R)-(2-biphenyl-4-yl-furan-4-
yl)succinamic acid t-butyl ester. 'H NMR: 5 7.65 (d, 2H,J=8.5 Hz), 7.57 (,4H,J=8.3
Hz), 7.43 (t, 2H, J = 7.4 Hz), 7.35-7.22 (m, 6H), 6.63 (d, 1H, J=3.3 Hz), 6.36 (d, 1H, J=3.3
i‘-iz), 4.88-4.52 (m, 2H), 3.96-3.87 (m, 2H), 3.24 (dd, 1H, = 10.9, 17.1 Hz), 3.04 (d, 1H, J =
11.4 Hz), 2.88-2.81 (m, 2H), 1.72 (s, 3H), 1.44 (s, 3H). Anal. Calculated for C34H3gNOs ®

0.25 H,0: C, 75.83; H, 6.98; N, 2.46. Found: C, 75.83; H, 6.97; N, 2.46.
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PCT/ US97/ 17809

2- (2- Bi phenyl - 4-yl -furan-5-yl)-2-oxoacetic Acid Ethyl Ester

[err] According to the procedure described in Exanple 13

for the prep¥@ 1764 of 1-(4(S)- PCT/US97/17809

benzyl - 2, 2- di net hyl - oxazol i di n- 3-yl ) - 2- (bi phenyl - 4-yl - 1H pyrrol - 3-yl ) et hane
-1, 2-di one, 2- bi phenyl - 4-yl -furan was deprotonated and al kylated with

di et hyl oxal at [ InL " -3-(2- -
2- ( 2- bi pheny! - ﬁ:;lfm? 15®). N‘[i K%/;f 'gla(g)e methylearta ’h{?lmp' P S R
solid, rrp919 [err] 794(d 2H, J =8.5 Hz), 7.83 (d,

1H, J = 4.1 Hz), 769(d 2HJ = 8.1 Hz), 7. (d, 2H,J:7.7Hz),
7.47 (t, 2H, J =7.4 Hz), 7.39(t, 1H, J = 7. ), 6.90 (d, 1H, J = 4.2
Hz), 4.44 (q, 2H, J =7.0 Hz), 1.45 (t H J =7.2 H). Anal.
Calculated for [err]: C, 74.99; H 5.0% Found: C, 75.11; H, 5.07.

2- (2- Bi phenyl -4-yl -furan-5-yl)-2- hydroxy-

tic Acid Ethyl Ester
[err] o

O AN I s

Accord_ing to the procedure described in Example 15(a) for the preparation of N-
(1(S)-benzyl-2-hydroxyethyl)-3(S)-(2-biphenyl-4-yl-furan-5-yl)succinamic acid, N-{2,2-
dimethyl-1(S)-(methyicarbamoyl)propyl]-3-(2-(biphenyl-4-yl)-furan-5-yl)succinamic acid t-
butyl ester was deprotected with trifluoroacetic acid in CH,Cl, after 1 hour. Trituration of
crude with MTBE/hex provided in 48% yield N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]-3-(2-(biphenyl-4-yl)-furan-5-yi)succinamic acid as a rust-colored
-amorphous solid. "HNMR (CD4CN): & 7.75 (d, 2H, ] = 8.5 Hz), 7.69-7.66 (m, 4H), 7.47 (¢,
2H, 7 =172 Hz), 7.37 (t, 1H,J = 7.2 H2), 6.91 (d, 1H, ] = 7.7 Hz), 6.77 (d, IH, J = 3.3 H2),
6.56 (bs, 1H), 6.39 (d, 1H, J = 3.3 Hz), 4.24-4.19 (m, 1H), 4.12 (d, 1H, J = 9.2 Hz), 3.17-3.08
(m, 1H), 2.82 (dd, 1H, J=5.0, 17.1 Hz), 2.67 (d, 3H, J = 4.8 Hz), 0.86 (s, 9H). HRFABMS:

Caleulated for Cy7H;;N,O5 (M +H') 463.2233. Found: 463.2236.

The starting material was furnished in the following fashion:
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223 WD 98/ 17643

PCT/ US97/ 17809 According to the procedure described in Exanple
13 for the preparation of 1-(4(S)-

benzyl - 2, 2- di net hyl - oxazol i di n-3-yl)-2-(bi phenyl -4-yl - 1H pyrrol - 2- hyd
r oxy- et hanonwo 98117643 2- (2- bi phenyl - 4-yl -furan-5-yl) - 2- oxoace‘tﬁ'@’%ﬂé" t hyl
ester was reduced with NaBH4 to give in quantitative yield

2- (2- bi phenyl -4-yl -furan-5-yl)-2- hydroxy acetlc acid ethyl ester as a

yel l ow solid, np 75-80[er a , Lid e\t e

purification. [err]H NWR ’ 5. 7.62 (d, 4H
J =8.1 Hz), 7.45 (t, 2H, J =74 Hz), 7.35(t, 1H, J:74Hz) 6. 66
(d, 1H, J = 3.3 Hz), 6.48 (d, 1H J = 3.3 Hz), 5.24 (d, 1H, J = 5.9 Hz),

4.36-4.28 (m 2H), 3.42 (d, 1H, J = 6.3
2- Acet oxy- 2- ( 2- bi phenyl -4-yl -furan-5-yl) -
0

), 1.30 (t, 3H 3 = 7.2 Hz).
Acid Ethyl Ester

[err]
anple 13 for the preparation of

According to the procedure descri bed
2- acet oxy- °
1- (4(S)-benzyl -2, 2-di net hyl - oxazol i di n-\3oy! ) - 2- (bi phenyl -4-yl -1H pyrrol - 3-y
| ) - et hanone, 2- (2- bi phenyl - 4-yl - byran 5-yl)-2-hydroxy-acetic acid
ethyl ester was acylated to furnish in 83% vyield

2- acet oxy- 2- ( 2- bi phenyl -4-yl -furan-5-yl)-acetic acid ethyl ester which was
used w t hout purification. Flash colum chromat ography with 0-20%

Et OAc/ hex as el uant AgaMding to the pfocedupe deiseribat ixysmﬂp& I3ifoikhsrkpatbtionpf 1-(4(S)-
136-140[err]C. [err]H NNR [err] 7.74 (d, 2H, J = 8.5 Hz), 7.63 (d,

‘m 3] - g 573 Hz)bené'l% éﬁneth%Hexazo17du43lsll9)}(b7ph&6/1(41y4 1fipyrrdl-FylfetRankid 2-di6nefB ( d,
2 221 biphenyl-4-yl-furan was deprotonated and alkylated with diethyl oxalate to give in 74% yield
2-(2-biphenyl-4-yl-furan-5-yl)-2-oxoacetic acid ethyl ester as a yellow solid, mp 91-94°C.
'l_-I NMR: §7.94 (d, 2H, J = 8.5 Hz), 7.83 (4, 1H, J = 4.1 Hz), 7.69 (d, 2H, J = 8.1 Hz), 7.64
-(d, 2H, I = 7.7 Hz), 7.47 (t, 2H, J = 7.4 Hz), 7.39 (t, 1H, J =7.2 Hz), 6.90 (d, 1H, ] = 4.2 H2),
4.44 (q, 2H, ] = 7.0 Hz), 1.45 (t, 3H, J= 7.2 Hz). Anal. Calculated for C5oH;04: C, 74.99;

H, 5.03. Found: C, 75.11; H, 5.07.
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WD 98/ 17643

PCT/ US97/ 17809 (d, 1H, J = 3.3 Hz), 6.57 (s, IH, 4.29 (q, 2H J =7.0
Hz), 2.21 (s, 3H), 1.29 (t, 3H J=17.2 Hz). Anal. Cal cul ated for
[err]: C 72.51; H 5.53. Found: C, 72.61; H, 5.63.

2- (2- Bi phenyWO£847633 yran-5-yI)-acetic Acid Ethyl Ester PCY/US97/17809

[err] According to the procdure described in Exanple 13 for

the preparation of (Ata¥me tothe px:,?cccﬁuSe dfsc(nrl):cd inE aﬁnplﬁ 1)3; |f°r]‘_ﬁpr° aration gf 1- ﬁ(S) t han

benzyl - 2, 2- di net hyl - oxazoli di n

one, 2-acet Oxyybz“ﬂ'l'z 22({1&@,]1?, f—(ﬁfa (prg) W _g_yy _pyngltj_}gl) a%ly 0eth Sster

was hydr ogenol ¢ prov

2- (2- bi phenyl - - f.ur ic acid et ester s ) olid, np
77-78[err]C. | g’r é}brPhe“Y ““W{’eﬁ} %‘mf“‘r‘i“c(aa‘d e%\ esjefmaf qq%)“"‘hf‘}@ﬁﬁ Y (m
aH), 7.45 (t, 2H J = 21_(2 4 Hz), 6.64 (d, 1H,
J =29 H), lsaumtaniwwlj é)l@ell)ﬂ)‘*-ylzfu@w(%) -2- kmroxy agetic aztdﬁz*)yl esterppa (s

2H), 1.30 (t, 3H, J = 7.2 Hz Anal . Calculated for [err]: C ;78.41; H,
5.92. Found: Cyellow solizlg mpg'3- C@)ggmch was used crude without punﬁcanon HNMR:57.73

2- (2- Bi phenyl -4-yl - furan5y|) acetic Acid
[err] (d, 2H, J=8.5 Hz), 7.62 (d, 4H, J = 8.1 Hz), 7.45 (t, 2H, ] = 7.4 Hz), 7.2 1H; ] = 7.4 Hz),
6.66 (d, 1H, J=3.3 Hz), 6.48 (d, 1H, J = 3.3 Hz), 5.24 (d, 1H, ] = 5.9 Hz), 4.36-4.28 (m, 2H),

3.42(d, 1H, J= 6.3 Hz), 1.30 (t, 3H, J = 7.2 Hz).

According to the procedure described in Example 13 for the preparation of 2-acetoxy-
1-(4(S)-benzyl-2,2-dimethyl-oxazolidin-3-yl)-2-(biphenyl-4-yl- 1 H-pyrrol-3-yl)-ethanone, 2-
(2-biphenyl-4-yl-furan-5-yl)-2-hydroxy-acetic acid ethyl ester was acylated to furnish in
83% yield 2-acetoxy-2-(2-biphenyl-4-yl-furan-5-yl)-acetic acid ethy! ester which was used
without purification. Flash column chromatography with 0-20% EtOAc/hex as eluant gave
an analytically pure pink solid, mp 136-140°C. "HNMR: & 7.74 (d, 2H, J = 8.5 Hz), 7.63 (d,

4H, ] = 8.5 Hz), 7.46 (1, 2H, = 7.4 Hz), 7.36 (t, 1H, J = 7.2 Hz), 6.68 (d, 1H, J = 3.7 Hz), 6.58
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PCT/ US97/ 17809 To a sol ution of

2- (2- bi phenyl -4-yl -furan-5-yl)-acetic acid ethyl ester (0.465 g, 1.44

mmol) in THF (10 nL) at O[err]C was added 2M aqueous Li OH (2 rrL%. The

m xt ure wasWO9NM74B| owed to warm over 4 hours to ambi ent tgﬁﬂgﬁ 1782 and

then poured into 0.5M aqueous HO (50 nL). The resultant pal e orange

preci pi tat e wafd, tH) ke3.8d2nf6(57 (s,i 100 cE29%qt 2H Wat 20 Hz)ad! (s, 3H), drd el ider.2

vacuum over P205 to provide 400 ng (100% of

2- (2- bi pheny! - Hzy | AralirGateufatad br C,H,,0ACEY2.81; 3¢ 583 2Boudd! C97‘Z610'1~l5159§ solid,

np 196-210[err] C, used w thout further purlflcatlon [err]H NVR

(acetone-d[err]): [err] 7.78 (d, 2H, J =8.1 Hz), 7.72-7.67 (m 4H), 7.46

(t, 2H J = 7.4 Hz), 735(t 1HJ:74H2)684(d 1H, J 3.3

Hz), 6.41 (d, 1H, J thefpdl -4 Oitedic 2 dteguUl at ed for

[err]: C, 77.68; H, 5.07. Found C 77 44 H, 5.16.

N-[ 2. 2-Di net hyl - 1(S) - (N- net hyl - car banmoyl ) - propylss 2- ( 2- bi phenyl - 4-yl - f ur an-

5-yl) acet am de [err]

According to the procedure described in Exa @- 1(f) for the preparation of
¥/| - am no-succi nam ¢ acid benzyl

N-(1(9) -
benzyl - 2- net hoxy- et hyl )-3(R) -t - but oxycar by

ester, 2-(2- bi phenyl - 4-yl -furan-5-yNLeacetic acid was coupled to
Lt-Ieucme N- et hyl am de trifluoroa®etic acid salt with BOP. Flash
col um chromat ography with 0-5% MeOH CH er?] O [err] gradi ent el uant

provided in 58%yield N[2,2-dinethyl-1(S)-(N nethyl-carbanoyl)-propyl]-

2- (2- bi phenyl -4-yl -furan-5-yl)-acetam de as an orange foam which
deconposed >75[ er r | &scardng to themuwsieww(tm&;mplaﬂ %mammmwima@ﬁ(m)- [err]H
NVR (acetone-d[err]): [err] 7.72 (d, 2H, J 8.5 Hz), 7.61

226 benzyl-2,2-dimethyl-oxazolidin—3-yl)-2-(biphenyl-4-yl— IH-pyrrol-3-yl)-ethanone, 2-acetoxy-

2-(2-biphenyl-4-yl-furan-5-yl)-acetic acid ethy! ester was hydrogenolyzed to provide in 61%
yield 2-(2-biphenyl-4-yl-furan-5-yl)-acetic acid ethyl ester as a white solid, mp 77-78°C. 'H
NMR: b 7.71 (d, 2H, ] = 8.5 Hz), 7.63-7.59 (m, 4H), 7.45 (t,2H,J =74 Hz), 7.35 (t, IH,J =
7.4 Hz), 6.64 (d, 1H, J=2.9 Hz), 6.34 (d, 1H, ] = 3.3 Hz), 4.22 (q, 2H, = 7.2 Hz), 3.76 (s,
2H), 1.30 (t, 3H, J=7.2 Hz). Anal. Calculated for C,4H,304: C, 78.41; H, 5.92. Found: C,

78.16; H, 5.92.




WD 98/ 17643

PCT/ US97/ 17809 (d, 4H, J = 7.7 Hz), 7.45 (t, 2H, J = 7.5 Hz), 7.35
(t, 1H J = 7.4 Hz), 6.65 (d, 1H J = 3.3 Hz), 6.56 (d, 1H, J = 9.2
Hz), 6.36 (d, 1H, J = 3.3 Hz), 5.93 (bs, 1H), 4.22 (d, 1H, J = 9.2 Hz),
3.71 (yyow«,mz.m (d, 3H J = 4.5 Hz), 0.94 (s, 9H). PERESIEPcy| at ed
for [err] * 0.6 Herr]O * 0.1 MIBE: C, 72.21; H 7.23; N, 6.61. Found:

C, 72.10; H, 6.97;

N[ 2. 2- Di et hy - 1( 12 § Rl ol 2 oS3 Sum St arig L P G164 it 5.
yl ) succi nam ¢ d t-Butyl Ester
[err] mmol) in THF (10 mEd at QG was afded 2 agusotsdJQH B B #‘W‘éﬁ'ﬁ? %asl3 f or

t he preparation of N&’gég

benzyl - 2, 2- di mBIMRLIY PY“&MO%S%%myemswab?ﬁeﬁwthm@yv@m)%ﬁmqn@ny| ) suc
ci nam c aC| dt- ester, but

N- (2, 2- di net hy Hci(%@N%fwyit@ap%ame)mmmwwas filtered pff rinsed Withjwytr, and

fur an- 5- yl)-acet am de was i nstead deprotonated with n-butyllithium (3.1
equi v) and al kyified wnder vacuum over Py gioprovide 499 mga190%)fof 2-(2- biphenyl—4-yl-ﬁxran-5-yl)-
N-[ 2, 2-di net hyl - 1(S) - (net hyl car banoyl ) propyl ] - 3- (2- (bi phenyl -

yl)-furan-5-yl hemcacxdamhgtaoradgetsobdl,trmb 19662 10F C asediwitiiouo fupthertjfuri ﬂedtnoﬁl }[Ierr] H
NVR: [err] 7.70 (d, 2H, J 8.1 Hz), 7.62-7.59 (m 4H), 7.45 (t, 2H,
J = 7.5 H), 71\@51{(&&0:1&‘&6)%'F?W(d42HlZ.l)-78@I-ﬁ§7(ﬂ,76b|'dm 4H), 7.463t, 28; B=11a Hz),6. 50
(d, 1H, J = 9.6 Hz), 6.33 (d, 1H, J 3.3 Hz), 5.09 (bm 1H), 419410(m

2H), 3.15 (dd, 3 2 89
2. 315,00, 73, By BT8GR (.12 060, 68, a3 e e 08D an

519. 2865. Calculated for CygH,405: C, 77.68; H, 5.07. Found: C, 77.44; H, 5.16. 227

O o cHy
NH/NH

O A

According to the procedure described in Example 1(f) for the preparation of N-(1(S)-
benzyl-2-methoxy-ethyl)-3(R)-t-butoxycarbonyl-amino-succinamic acid benzy! ester, 2-(2-
biphenyl-4-yl-ﬁ:ran-5-yl)-acetic acid was coupled to L-t-leucine N-methylamide
trifluoroacetic acid salt with BOP. Flash column chromatography with 0-5% MeOH/CH,Cl,
gradient eluant provided in 58% yield N-{2,2-dimethyl-1(S)-(N-methyl-carbamoy!)-propyl}-
2-(2-biphenyl-4-yl-furan-5-yl)-acetamide as an orange foam, which decomposed >75°C and
was used without further purification. 'H NMR (acetone-dg): 8 7.72 (d, 2H, J = 8.5 Hz), 7.61
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PCT/ US97/ 17809 Exanpl e 16.

N (1(S)-Benzyl - 2- hydr oxyet hyl ) - 3(R) - [ 4- (bi phenyl 4-yl) - pyrazol -

yl ] succinam c Acid err|

Accordi ng t WQ®a7¢Bocedur e described in Exanple 1(a), I\I—(l{’gf’pﬁgﬂz&f’?- 2-

hydr oxyet hyl ) - 3(R) - [ 4- ( bi phenyl - 4-yl ) pyrazol - 1-yl ] succi nam ¢ aci d benzyl
ester was hydr ogenol yzed to obtain in 74%yield

N-(1(S) - be”Zy' Fd24ﬂ>’ﬂ*9>?>%@é)hﬂ4s)(tfzﬁ'?) =b%-HA)] PYR@N, 4= 7.4 Hz), 6.65 (d, 1H, ] = 3.3 Hz),
yl ) pyrazol -1-yl [succinam ¢ acid as a white solid, np 154-9[err]C. [err]H

NVR (Df err] COOP)55f7J gﬁ;_‘}z) @2%}?@,8 :zs(d(%{_‘ﬂ-"h g@r_‘gt% 122 gd oA V=63 Hz3.AH) .

7.49 (t, 2H J 9:7.16 (m 5H),

2 3= 66 vl A Rt %% o R g1 aafiapaod s B o
71osa H 8%3%@%65”%16“]723% Tfi@hg@a@ﬁ'?ﬁéf%24%?&?%2“?&n.Cshed

in the foll ow ng fashion:
2-Brono-N-(1(S) - hydroxyrret hyI 2- phenyl et hyl)acet am de [err]
 2- | -

To a solution q )AN0 .1009_ TR ki
ae e
228

triethyl am ne
br onpacet yl

x o] o]
o NH ,:)NHQ%;
0~

According to the procedure described in Example 13 for the preparation of N-(4(8)-
benzyl-2,2-dimethyl-oxazolidin-3-yl)-2('R)-(biphenyl-4—yI-1H-pyrrol-3-yl)succinamic acid t-
butyl ester, but N-(2,2-dimethyl-1 (8)-(N-methylcarbamoyl)-propyl)-2-(2-biphenyl-4-yl-
furan-5-yl)-acetamide was instead deprotonated with n-butyllithium (3.1 equiv) and alkylated
to furnish 17 mg (7%) of N-[2,2-dimethyl-1 (S)—(mcthylcarbamoyl)p;opyl]-B-(Z-(biphcny1-4-
yl)-furan-5-yl)succinamic acid t-butyl ester as an amorphous solid. 'H NMR: 6 7.70 (4, 2H,
J = 8.1 Hz), 7.62-7.59 (m, 4H), 7.45 (t, 2H, ] = 7.5 Hz), 7.35 (¢, 1H, J = 7.4 H2), 6.63 (d, 1H,
J=3.3 Hz), 6.50 (d, 1H, ] = 9.6 Hz), 6.33 (d, 1H, ] =3.3 H2), 5.09 (bm, 1H), 4.19-4.10 (m,
2H), 3.15 (dd, 1H, J = 8.5, 16.6 Hz), 2.86-2.73 (m, 4H), 1.41 (s, 9H), 0.89 (s, 9H). HRMS:

Calculated for C3;H3gN,05 (M +H'): 519.2859. Found: 519.2865.
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PCT/ US97/ 17809 brom de (0.60 nm., 6.9 nmmol ). After 1.25 hours at -78C,
the resultant m xture was partitioned between 1M pH7 phosphate buffer
(100 nL) and hexanes (100 nmL). The aqueous |ayer was extracted with
Et OAc: hex (2Y@9%'H643 ). The conbi ned organic |ayers WECE/UREEATEY Wit h
brine, dried over NaJerr]S( err], and concentrated to give 1.59 g (85% of
2- brono- N- (1(S) - hydr oxynet hyl - 2- phenyl et hyl ) acet am de as a solid, np
83-5C. [err]H N\¥ample 16. mmﬂlﬂﬂ-j-ll)fdl{oﬁidﬂhlﬁii(w—[4-(blpHeHyl-4lyPi-p§rafkol|=ll) 7.32
-7.11 (m SH), yliséolinaimic Abid J = 5.3 Hz), , 2.80 (dd,
1H, J 5.9, 13.6 Hz), 2.59 (dd, 1H, J 89 136Hz) Anal :

Cal cul ated for Jerr]Herr]NdJ err]Br: C, 48.55; H, 5.19; N, 5.15; Br,
29.36. Found: C, 48.69; H, 5.13; N, 5.13; , 29. 30.

3-(2-Bronpacetyl) -2, 2-di net hyl - 4( S- phenyl net =oxazol i di ne [err]

To a m xture of 2- brom) N-(1(S)-hydroxynet hy - phenyl et hyl ) acet am de (1.55
g, 5.45 nmmol ) and p-tol uenesulfonlc a d nonohydrate (100 ng) in
CHerr]d[err] (50 nL) was added - xypropene (1.50 nmL, 15.7 mol)
dropwi se via syringe. After 15 m nutes !g’u gx%a tenperature, the
resultant m xture was washed with 1M p phogp at buffer (25 nm) and
brine (25 m.), dried over NaJerr]S(Jerr], and ntrated to give a dark
solid, which was triturated with MIBE/ hex to provide 1.46 g (86% of
3-(2-bronoacetyl)-2, 2-di net hyl -4(S) - phenyl net hyl - oxazol i dine as a
pale yellow solid. [err]H NVR (DVMsO-d[err]): [err] 7.33-7.17 (m

229 According to the procedure described in Example 1(a), N-(1(S)-benzyl-2-

hydroxyethyl)-3(R)-[4-(biphenyl-4-yl)pyrazol-1-yl]succinamic acid benzy! ester was
hydrogenolyzed to obtain in 74% yield N-(1(S)-benzyl-2-hydroxyethyl)-3(R)-[4-(biphenyl-4-
yl)pyrazol-1-yl]succinamic acid as a white solid, mp 154-9°C. 'H NMR (D;COO0D): 538.17
(s, 1H), 8.06 (s, 1H), 7.64-7.67 (m, 6H), 7.49 (t,2H,J = 7.5 Hz), 7.38 (t, IH, ] = 7.0 Hz):
7.29-7.16 (m, SH), 5.60 (t, 1H, J = 7.2 Hz), 4.32-4.28 (m, 1H), 3.79-3.65 (m, 2H), 3.35 (d,
2H, J = 6.6 Hz), 2.96-2.83 (m, 2H). Anal. Calculated for C,3H,7N304 @ 0.25 H,O ® 0.25

CeHyq: C, 71.49; H, 6.31; N, 8.48. Found: C, 71.54; H, 6.30; N, 8.40.

The starting material was furnished in the following fashion:

ar~yNH~oH
"0
To a solution of (S)-2-amino-3-phenyl-1-propanol (1.00 g, 6.61 mmol) and

triethylamine (1 mL, 7.17 mmol) in THF (70 mL) at -78°C was added dropwise bromoacety!
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PCT/ US97/ 17809 5H), 4.21-4.15 (m1H), 4.04, 3.86 (AB quartet, 2H, J =
12.1 Hz), 3.79 (dd, 1H, J = 4.8, 9.2 Hz), 3.71 (d, IH J = 9.2 Hz),
2.99 (dd, 1H, J = 5.0, 13.4 Hz), 2.70 (dd, 1H, J = 9.2, 13.2 Hz% 1.5
(s, 3H), 1. MOPYIT6&) Anal. Calculated for C[err]H err] NORGTASEH18Q,
53.86; H, 5.81; N, 4.49; Br, 25.59. Found: C, 53.91; H 5.82; N, 4.47;
Br, 25.58. . 1

- (4(S) - Benzy!| - bromids @60l SScamol).i Hfterl.25 pursat {78 4C,phe rasudtantimiytuye washanone
[err] To a suspension of hexane-washed sodi um hydri de
(from 15 ny of patitionsddptween bYf pild phosphate buffer Ol 0B8nkijrand hexames TH® milriThe at
O[err] C was added a sol ution of pyrazole (62 ng, 0.32 nmol) in THF (1
m.) dropw se vagueoasiayer svas édtiaeted dfh EtQAG:Iex (21, BLY. [The combinddbridit 1@fers3- ( 2-
bronoacetyl) -2, 2-di net hyl - 4(S) - phenyl net hyl - oxazol i di ne (100 ng, 0.320
mol ) in THF (vere washétlwith/Grine AiHia dvetiNg, SOLHA Boncéitla®l tdgibe NGY g§85§4§) 0% the
m xture was allowed to stir at anbi ent tenperature for 30 mnutes. The

resul tant nixt Hfo?ndl‘ﬁ»‘(l(Bz-h*dtéiy%'éﬂﬂl@-%&ﬁféﬂmyﬁk%iﬁe as a &g @gs-@‘_}tﬁ:ﬁbﬁm

buffer. The aqueousueou ayer was extracted wth nore Et

combi ned or ganyisBugss 7S @, B ved. Pusy TBLEI LGS d, @18, POAGM ed {0

an oily rgsidu §pont aneousl'y cr ; ! fcrys (IS Welrg |
[ Wi B i ' id., T ' [

anot ot crop. and (151290 6y T b A2 opeg Bharad gl Aih® v €

m 117 200 Caleyaien s bt DBBRE, B B rided o bivet SRR Fra: £ s

1H), 7.51 (s, 1H), 7. 37-7.24 5H), 5.25,
2;,?) ( 5.|_l|)3;N, 5.13; Br, HilMm 9

5

yO

Br~y-N
o Y

To a mixture of 2-bromo-N-(1(S)-hydroxymethyl-2-phenylethyl)acetamide (1.55 g,
5.45 mmol) and p-toluenesulfonic acid monohydrate (100 mg) in CH,Cl, (50 mL) was added
2-methoxypropene (1.50 mL, 15.7 mmol) dropwise via syringe. After 15 minutes at ambient
temperature, the resultant mixture was washed with 1M pH7 phosphate buffer (25 mL) and
brine (25 mL), dried over Na,SO,, and concentrated to give a dark solid, which was
triturated with MTBE/hex to provide 1.46 g (86%) of 3-(2-bromoacetyl)-2,2-dimethyl-4(S)-

phenylmethyl-oxazolidine as a pale yellow solid. "HNMR (DMSO-dg): & 7.33-7.17 (m,
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PCT/ US97/ 17809 4.87 (AB quartet, 2H, J = 16.6 Hz), 4.35-4.30 (m

1H), 3.86-3.81 (m 1H), 3.76 (d, 1H, J = 8.8 Hz), 3.06 (dd, IH J =

4.0, 13.6 Hz), 2.80 (dd, 1H, J 9.9, 13.6 Hz), 1.55 (s, g) 1413,

3H). Anal. CHOEMIWEEd for [err]: C 48.01; H, 4.74; N, 9.a@CTASIHiB0LC

48. 28; H, 4 78; N, 9.79.

1- (4(S)-Benzyl - 2, 2-di net hyl - oxazol i di nyl ) -2-(4-bi phenyl - 4-yl - pyrazol -1-yl) -

et ﬁaﬁo)ne Y SH) 421-4 15 (n{lH) 4.04,3.86 (AByqu)artet SgH J= 1pz 1 H:Zl),3 79 éd, PI}/,J=4.8,[9@r ?/])

According to the procedure described in Exanple 1(a) for the preparation of

3- bi pherla),- 31y fHidz9.2 Hz), 2.99 (dd, 1H, ] = 5.0, 13.4 Hz), 2.70 (dd, 1H, J = 9.2, 13.2 H2),

1- (4(S)-benzyl - 2, 2-di met hyl - oxazol i di nyl ) -2-(4-i odopyrazol -1-yl) -

it ?Z?g)nebmas f:qrasl(gcm)ol .38 (8) 3H)e AihiD Waltniaced dsri G ,HQNID, BY iG] 63.86) HR S%1 yN o4.4b;
enzy

di net hyl - oxazolg:ths%sg. Jrodnd: €, 53.0N1eN¥! sz%rydmmqsgh 1-yl)-ethanone as a white

solid, np 150- 1[err]C [err] NVR: [err] .83 (s, 1H), 7.68 (s, 1H),

7.62-7.52 (m 6H), 7.47-7.28 (m 8H), 4.83,4.38 (AB quartet 2H, J =

15.6Hz)422418(m1H) 394(m2H) 309(dd 1H, J 6.4, 13.0

Hz), 2.97 (dd, 1H, J1z4 enzy ol . 2-didethyl-oxazd -24d-ioddnvedrol-B Stihpopénal .
Cal cul ated for [err] C 77.14; H, 64]7 N, 9.31. Found: C, 77.04; H,
6.52; N, 9.37. ,,_..S 231
Ny
o]
T

D

To a suspension of hexane-washed sodium hydride (from 15 mg of 60% dispersion in
oil, 0.38 mmol) in THF (2mL) at 0°C was added a solution of pyrazole (62 mg, 0.32 mmol})
in THF (1 mL) dropwise via cannula. After 15 minutes at 0°C, a solution of 3-(2-
bromoacetyl)-2,2-dimethyl-4(S)-phenylmethyl-oxazolidine (100 mg, 0.320 mmol) in THF (1
mL) was added via cannula. After 5 minutes at 0°C, the mixture was allowed to stir at
ambient temperature for 30 minutes. The resultant mixture was partitioned between EtOAc
and pH7 phosphate buffer. The aqueousueous layer was extracted with more EtOAc. The
combined organic layers were dried over Na,;SO, and concentrated to an oily residue, which
spontaneously crystailized. The crystals were triturated with MTBE/hex to obtain a white
solid. The filtrate yielded another crop and in total 100 mg (75%) of 1-(4(S)-benzyl-2,2-
dimethyl-oxazolidinyl)-2-(4-iodopyrazol-1-yl)-ethanone as white crystals, mp 1 17-20°C,

were obtained. 'H NMR (DMSO-dg): & 7.76 (s, 1H), 7.51 (s, 1H), 7.37-7.24 (m, 5H), 5.25,
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4- (4(S)-Benzyl - 2, 2-di net hyl - oxazol i di n-3-yl)-3(R)-(4-bi phenyl -4-yl - pyrazol -
1-yl)succinam c Aci d Benzyl Ester
[err] WO 98/17643 To a solution of diisopropyl ani RETPE , 0.76
nmmol) in THF (2 nm.) at O[err] C was added n-butyllithium (0.4 nL of

2.5M i n hexanes), ter 30,0 nute t rr]C, .th | ution s, added
dropwi se to a §‘)oq7f PdHagt ?ﬂjf(‘é)éﬁgn%%'ﬁé?émd}%?ﬁé‘ Sb{mBD; 7R JEI T 4-
bi phenyl 4-yl - pyr azol -l-aldly)-et hanone (325 % 0.720 nmml) in THF &8 m.) at
-78[err] C.~ Aft &8 Hz), 3.06 4dd, Hl it 48, 13t6 H2)g}- 8¢ (i H, v ived-Brlp §H2)\ 1151 (BdHR.I1- 4t (B.on
was cooled to -100[err]C and benzyl 2- bronpacetate (freshly passed
t hrough Al [ err]3)eAnyl; Galcaigtedifor Q7 8,0M30k] Gaedt8.0hikfleld; N 9.88. Fowodsr C48.28; H,
-100 to -70C, the m xture was partitioned between Et OAc and water and the
aqueousueous 4.78;NL&yer was extracted with nore Et OAc. The conbi ned
organic layers were dried over Na[err]S( err] and concentrated to
furnish a crude oil which was purified via flash col um chromat ography
wth 0-5% EtOCAc/CH err]C [err] gradient eluant to give 150 ng (35% of
4-(4(S)-benzyl -2, =2.2-di - idi j ne .
di met hyl - oxazal i di n-3-yl ) -3(R)-(4-bi phenyl -4-yl -pyrazol - 1-yl ) succi nam ¢
acid benzyl ester as an oil, which was used w thout further
purification. An analytical sanple was obtained after trituration
wi th MIBE/ hex and drying to an anorphous 'solid@jerr]H NMR [err] 8.01 (s,
1H), 7.82 (s, 1H), 7.62-7.53 (m 7H N34 (t, 2H J = 7.7 Hz),
7.36-7.30 (m 10H), 5.83 (dd, 1H, J =N4.2, 10.5 Hz), 5.14 (s, 2H),
4.44-4.39 (m 1H), 3.85 (d, 1H, J = 9.2 Hz),kpm\_le-s.m (m 1H),

o

232

According to the procedure described in Example 1(a) for the preparation of 3-

- «2(4- m% -1-

biphenyl-4-yl-furan, 1-(4(S)-benzyl-2,2-dimethyl-oxazolidinyl)-2-(4-iodopyrazol-1-yl)-
ethanone was coupled to 4-biphenylboronic acid to provide in 39% yield 1-(4(S)-benzyl-2,2-
dimethyl-oxazolidinyl)-2-(4-biphenyl-4-yl-pyrazol-1-yl)-ethanone as a white sol_id, mp 150-
1°C. '"HNMR: & 7.83 (s, 1H), 7.68 (s, 1H), 7.62-7.52 (m, 6H), 7.47-7.28 (m, 8H), 4.83, 4.38
(AB quartet, 2H, J = 15.6 Hz), 4.22-4.18 (m, 1H), 3.94 (m, 2H), 3.09 (dd, 1H, J =64, 13.0
Hz), 2.97 (dd, 1H, J = 8.5, 13.2 Hz), 1.79 (s, 3H), 1.55 (s, 3H). Anal. Calculated for

CpgHaoN;05: C, 77.14; H, 6.47; N, 9.31. Found: C, 77.04; H, 6.52; N, 9.37.
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PCT/ US97/ 17809 3.57 (dd, 1H, J = 10.3, 16.9 Hz), 3.08 (dd, 1H J =
3.1, 15.6 Hz), 2.79-2.64 (m 2H), 1.67 (s, 3H), 1.50 (s, 3H). Anal.
Calculated for [err] * 0.2 Herr]O C, 75.65; H 6.25; N, 6.97. Found:
C, 75.74; HW@MGs43N, 6. 90. PCT/USS7/17309

N-(1(S)-Benzyl - 2- hydroxyet hyI )-3(R) - (4 bi phenyl 4-yl - pyrazol - 1-yl )SUCCI nam
c Acid 4. : : , Stffazoll € :
To a solution o

4- (4(S)-benzyl - 2, 2- di met hyl - oxazol i di n%‘?@@fﬁf‘-m-bi pheny! - 4-yI -
pyrazol -1-yl)succinam ¢ acid benzyl ester (174 ng, 0.290 mmol) in THF (3
nm.) was added 0. 5M aqueous HCO (1 nmL). After our at anbi ent

tenperature with no apparent reaction, 6N
the m xture was warned to 45[err]C. After 17,
partitioned between Et OAc and saturated a
aqueousueous | ayer was extracted with CH efr
q;f]e

drops) was added and
, the m xt ure was

gaHCCIerr] and t he

Mr] The conbi ned organic

err]SdJerr], and

| ayers were washed with water,
concentrated to provide 70 ng (43% OfF N-(1(S)-Renzyl -
2- hydroxyet hyl )-3(R)-[ 4- (bi phenyl - 4-yl ) pyrazol -bl ] succi nam ¢ aci d benzyl
ester as colorless crystals, nmp, 116-7[err|& [err]H NVR [err] 7.88
(s, 1H, 7.65 (d, 5H, J = 8.1 Hz), 7.53 (d, 2H, J = 8.1 Hz), 7.47 (t,
2H, J = 7.5 Hz), 7.37 (t, 1H, J - 7.5 Hz), 7.34-7.23 (m 5H), 7.19-

7.13 (m 3H), 7.01 (rd.asdhdtionofdiifopfopiamind(094 nid.0.76hmel) in THIG(2HHD) at 0°C%ay t ,
1H, J = 6.8 Hz), 5.11, 5.06 (AB quartet, 2H, J = 12.1 Hz), 4.20-4.10

(2313 1H), 3.72 (ddded a-bltytithium (0/4 mLbf0.5MZd hedaned). After 30 minutes at 0°C, the solution

was added dropwise to a solution of 1-(4(S)-benzyl-2,2-dimethyl-oxazolidinyl)-2-(4-
biphenyl-4-yl-pyrazoi-1-yl)-ethanone (325 mg, 0.720 mmol) in THF (8 mL) at -78°C. After
15 minutes at -78°C, the bright yellow solution was cooled to -100°C and benzyl 2-
bromoacetate (freshly passed through Al,04; 0.16 mL, 1.0 mmol) was added. After 1hour at
-100 to ~70°C, the mixture was partitioned between EtOAc and water and the aqueousueous
layer was extracted with more EtOAc. The combined organic layers were dried over Na,S0,
and concentrated to furnish a crude oil which was purified via flash column chromatography
with 0-5% EtOAc/CH,Cl, gradient eluant to give 150 mg (35%) of 4-(4(S)-benzyl-2,2-
dimethyl-oxazolidin-3-yl}-3(R)~(4-biphenyl-4-yl-pyrazol-1-yl)succinamic acid benzyl ester
as an oil, which was used without further purification. An analytical sample was obtained
after trituration with MTBE/hex and drying to an amorphous solid. 'H NMR: 6 8.01 (s, 1H),
7.82 (s, 1H), 7.62-7.53 (m, 7H), 7.4 (1, 2H, J = 7.7 Hz), 7.36-7.30 (m, 10H), 5.83 (dd, 1H,J
= 4.2, 10.5 Hz), 5.14 (s, 2H), 4.44-4.39 (m, 1H), 3.85 (d, 1H, J = 9.2 Hz), 3.79-3.74 (m, 1H),
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PCT/ US97/ 17809 (dd, 1H, J =5.2, 11.4 Hz), 3.34-3.31 (m 2H), 2.82
(dd, 1H, J = 6.6, 13.6 Hz), 2.70 (dd, 1H, J = 8.3, 13.8 Hz). Anal.
Calculated for [err] * 0.3 Herr]O C, 74.39; H 5.99; N, 7.44. Found:
C, 74.49; H WPBRIH 7 44 Exanpl e 17(a). PCT/US97/17809

4-[2(8)-(2(R)-Carboxyrret hyl - 2- (thi en- 2- yl)acetyl am no] - 4- net hyl -

{he” procedur e EOMELEs ri akar)2RpgNe U 5 &1 Loy 270266 BELLEIBY 1O
e aera o oyt Qiﬁéﬁh&ﬂéﬂf% s&éﬁ%’w@ S0 aM0L Tt 8 S b

in CHerr]dJer | % ) solvent, to give in 88%yield
4-12S-(2(R -car%&@n@t f“-'g?i% 'eNrGZPOyI acetyl am no)4 net hyl -
val eroyl ] -am nobenzoic acid nethyl ester as a white solid,

197-200[err]C. [err]H NI\/R (DIVISOd[err]) [err] 12.25 (s, 1H), 10.32
(s, 1H) 8.52 (d, : /. 2 8.7

2H, J 8.7 Hz), ¥ “1H4 25 ‘_ or Y RIS ’ G » m
1H), 431(dd 1H, J 5.4,9.8 Hz),. 3H),-292(dd 1H, J =
9.8, 16.5 Hz), 2.61 (dd, 1H, J = 5.4, 16. 1.74-1.46 (m 3H), 0.90
(d, 3H J =6.6 Hz), 0.86 (d, 3H J = 6.5 Hz). Cal cul ated for
Cerr]Herr]Nerr]derr]S C, 59.18; H 5.8 627 S, 7.18. Found: C,
59.28; H, 5.92: N, 6.29; S, 7.27. N The starting materials
were avail able as foll ows: OJ,\)N\TNH oH

234 WD 98/ 17643 OorT o
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To a solution of 4-(4(S)-benzyi-2,2-dimethyl-oxazolidin-3-yl)-3(R)-(4-biphenyl-4-yl-
pyrazol-1-yl)succinamic acid benzyl ester (174 mg, 0.290 mmol) in THF (3 mL) was added
0.5M aqueous HCI (1 mL). After 1 hour at ambient temperature with no apparent reaction,
6N HCI (4 drops) was added and the mixture was warmed to 45°C. After 17 hours, the
mixture was partitioned between EtOAc and saturated aqueous NaHCOj; and the
aqueousueous layer was extracted with CH,Cl,. The combined organic layers were washed
with water, dried over Na,SOy, and concentrated to provide 70 mg (43%) of N-(1(5)-benzyl-
2-hydroxyethyl)-3(R)-[4-(biphenyl-4-yl)pyrazol-i-yl]succinamic acid benzyl ester as
colorless crystals, mp 116-7°C. 'H NMR: & 7.88 (s, 1H), 7.65 (d, SH, J = 8.1 Hz), 7.53 (4,
2H, J = 8.1 Hz), 7.47 (1, 2H, ] = 7.5 Hz), 7.37 (1, 1H, J = 7.5 Hz), 7.34-7.23 (m, 5H), 7.19-
7.13 (m, 3H), 7.01 (d, 2H, ] = 7.7 Hz), 6.54 (d, 1H, ] = 6.6 Hz), 5.22 (t, 1H, ] = 6.8 Hz), 5.11,
5.06 (AB quartet, 2H, J = 12.1 Hz), 4.20-4.10 (m, 1H), 3.72 (dd, 1H, J =3.7, 11.0 Hz), 3.56
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4(S)-Benzyl - 3-(2-thi en-3-yl -acetyl)-2-oxazol i di none

[err] To a solution of (S)-(-)-4-benzyl -2-oxazol i di none
(350 ng, 2.00 nmol) in dry THF (10 nmL) at -30[err]C was added

dropwi se n-butyllithium (2.59 Min hexanes, 0.8 nL). The m Xt ure was
cooled to -ﬂ?éﬂ"f@ and treated with 2-thi opheneacetyl chl QCGTASIUHP5 ni 2
nmol ) . After stirring at -78C for 45 mnutes, the mxture was al |l owed

&?53’?23‘ Efg ﬁ;’ﬁiéid;‘n%s’_ i ﬁﬁ@ﬁaﬁlé%éﬁéiﬂf‘zﬁ 5-%@@##8%' 13%32@#3&%%3%34%?,
it ur e were SEhm At SRR GRS EL bR Corir R BOIAT o TEa9 HENOAE. The

conbi ned organic | ayers re washed with 0.5N aqueous HO two ti nmes,
] C 7R A H G N ‘

sat urated aqued@and: C,74. :Nwb¥i nes, and brine, dried over Na2SO4, and
concentrated to provide a crude resi due which was purified via flash
col um chromat ography with 20% Et QAc/ hex as el uant to yield 319 ng

(53% of 4(S)-benzy|-3-(2-thien-2-yl-acetyl)-2-oxazolidinone as a tan

sol i d, "5’6&[‘3@3-] t&?(hb&ékéﬂn\m?‘yfé‘lhylj'z‘@!ﬂ'lﬂlbsﬂthini!ﬂl%mﬁhlﬁ- 7.14
(m 2H), 7.02- salerpyllrpminphenzojc Agid Methyl Esters 7 (1 1H), 4.57,4.48 (AB
quartet, 2H, J = 16.8 Hz), 4.26-4.17 (m 2H), 34529 (dd, 1H J = 3.2,
13.4 Hz), 2.78 (dd, 1H, J = 9.5, 13.4Rz). Anal 0(c‘:gll cul ated for
Cerr]Herr]NJerr]S: C, 63.77; o HNH§ON, 4365; S, 10.64. Found: C,
63.87; H 5.04; N, 4.71; S, 10.74H0 7 NH
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According to the procedure described in Example 15(a), 4-[2S-(2(R)-t-
butoxycarbonylmcthyl-2-thien-2~yl;.cctylamino)-4-methyl-valeroyl]—aminobenzoic acid
methyl ester was hydrolyzed with trifluoroacetic acid, except in CH,Cl,:anisole (1:1) as
solvent, to give in 88% yield 4-[2S-(2(R)-carboxymethyl-2-thien-2-ylacetylamino)-4-methyl-
valeroyl]-aminobenzoic acid methyl ester as a white solid, mp 197-200°C. 'HNMR
(DMSO-dg): 6 12.25 (s, 1H), 10.32 (s, 1H), 8.52 (d, 1H, J=7.7 Hz), 7.88 (d, 2H, J = 8.7
Hz), 7.68 (d, 2H, J = 8.7 Hz), 7.33 (d, 1H, J = 5.0 Hz), 6.96-6.90 (m, 2H), 4.49-4.45 (m, 1H),
4.31(dd, 1H,J=54, 9:8 Hz), 3.80 (s, 3H), 2.92 (dd, 1H, J=9.8, 16.5 Hz), 2.61 (dd, 1H,J =
5.4, 16.6 Hz), 1.74-1.46 (m 3H), 0.90 (d, 3H, J = 6.6 Hz), 0.86 (d, 3H, J=6.5 Hz). Anal.
Calculated for C5oHo4N2OgS: C, 59.18; H, 5.87; N, 6.27; S, 7.18. Found: C, 59.28; H,

5.92; N, 6.29; §, 7.27.

The starting materials were available as follows:
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4- (4(S)-Bezyl oxazolidin-2-on-3-yl)-3(R)-thien-2-yl-succinamc Acid t-Butyl

Ester According to the procedure described in Exanple 13
for the preparation of N (4(S)-

benzyl - 2, 2- di net hyl - oxazol i di n-3-yl)-3(R)-(bi phenyl -4-yl -1H pyrrol - 3-yl ) suc
ci nani c aci v@98/17643 putyl ester, the correspondi ng ani on &ET/USIZ/17809

4(S) - benzyl - 3-(2-thien-2-yl -acetyl)-2-oxazol i di none was al kylated with
t-butyl 2-bronmpacetate. Flash col umm chrorrat ography vvlth 10% Et OAc/ hex
as eluant provided in 65%yi -3-(2-thien-2-vl-a

4- (4(S) - benzyl oxazol i din-2-on-3-yl)-3(R) -thien- 2- yI succi nam c acid
t-butyl ester as a white solid, np 109- 11[err [err]H NMR [err]
7.36-7.26 (m 5H), 722(d 1H, J @dj-iz 706(d 1H, J = 3.5 Hz),
6.93 (dd, 1H, J = 3.9, 5.2 Hz), 5.85 4.2, 11.4 Hz),
4.62-4.57 (m 1H), 4.14-4.09 (m 2H), 3.42-3. 33—(m 2H) 2. 82- 2.70
(m 2H), 1.43 (s, 9H). Anal. Cal cul ated for Herr]NJerr]S: C, 63.60;
H, 6.06; N, 3.37; S, 7.72. Found: C, 63. 3 , 6.07; N, 3.31; S, 7.69.
2(R)-Thien-2-yl-succinic Acid 4-t-Butyl Ester

[err] To a solution of

4- (4(S) - benzyl oxazolTodisnluflernef-(8)-(+)-#-beizR}-2-bkazelidifong (3 Oung; 2108 mrgol piniddy THF
t-butyl ester (630 ng, 1.52 nmol) in THF (15 nL) at OC was added 2N aqueous

Li OH (1. 1410L) atB67C Whs atided &op\eide pbttyDieHieA (1.59 Man hédands@d.® mL). The
honogeneity. After 5.75 hours at 0C, saturated aqueous NaHCJO err] (5

2m§)6 was addes@ rg gﬁ_&;‘gisscroswﬁ‘!’@ﬂ BUN QLR trdafd Wi -tRioBRehkUcBty] chloride (0.25 mL, 2 mmol).

PCT/ US97/ 17809 After stirring at -78°C for 45 minutes, the mixture was allowed to warm to ambient
temperature and stir for 1 hour. The mixture was diluted with hexanes (10 mL), quenched
with 1M pH7 phosphate buffer, and stirred for 45 minutes. The layers of the resultant
biphasic mixture were separated and the aqueousueous phase extracted with EtOAc. The
_combined organic layers were washed with 0.5N aqueous HCI two times, saturated aqueous
NaHCO; two times, and brine, dried over Na,SOy,, and concentrated to provide a crude
residue which was purified via flash column chromatography with 20% EtOAc/hex as eluant
to yield 319 mg (53%) of 4(S)-benzyl-3-(2-thien-2-yl-acetyl)-2-oxazolidinone as a tan solid,
mp 56-9°C. 'HNMR: 87.34-7.26 (m, 5H), 7.17-7.14 (m, 2H), 7.02-6.98 (m, 1H), 4.72-
4.67 (m, 1H), 4.57, 4.48 (AB quartet, 2H, J = 16.8 Hz), 4.26-4.17 (m, 2H), 3.29 (dd, 1H, ] =
3.2, 13.4 Hz), 2.78 (dd, 1H, J = 9.5, 13.4 Hz). Anal. Calculated for C;¢H,sNO;S: C, 63.77;

H, 5.02; N, 4.65; S, 10.64. Found: C, 63.87; H, 5.04; N, 4.71; §, 10.74.
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and the mxture extracted with CHerr]C[err] (5 nL) three tinmes. The
conbi ned organic | ayers were extracted with saturated aqueous NaHCGB.
The conbi ned aqueousl ayers were acidified to ~pH2 using 2N agueous
HCl and extracted with CHerr]CJ[err] (5 nm) three tines. These

extracts weMOMI763 over Na2SO4 and concentrated to yiel d BSHUSY 8By of

2(R) -thien-2-yl- succinic acid 4-t-butyl ester as an oil, which was
pure and used wi thout further purification. [err]H NVR [err] 7.22
(d1 1H1 J =251 |—B 4 - Rithieql2-v- n-n‘u :ig,’hy 3 11
(dd, 1H, J .9, . , 2.74°(dd, 1H, = 5.4, 16.7 Hz), 1.41 (s,
9H). IR 2980, 2934, 1732, 1715, 137¢.%285, 1256, 1152, 843, 702
cnjerr]. Anal. Calculated for CJerr]H err e S: C, 56.23; H,

6.29; S, 12.51. Found: C, 56.24; H, 6. , 45, '

4-[2S- (2(R) -t -But oxycar bonyl net hyl - 2-t hi en- 2Pyl=a{epyl ami no) - 4- met hyl val er oy
'] - am nobenza Acid Met hyl Ester

[err] According to the procedure described in Exanple

1(f) for the prepargdcofiingab th¥prddedhire described in Example 13 for the preparation of N-(4(S)-
benzyl - 2- met hoxy- et hyl ) - 3(R) - t - but oxycar bonyl - am no-succi nam ¢ aci d benzyl

ester, 2(R - penzy 2,&&%&%@8%@3@@3(R)J)wmnﬂ#ylhm;f(xf}m@slyﬁaucamnic acid t-

.
4- (2S- am no4- et hyl - pent anoyl am no) benzoi ¢ acid nmet hyl ester (see

Cast el hano, A L%%‘u%#@?’e Wc%{rﬁspgglﬁ% anfon oé#i(@kben?l-3-%-th-og?nlz-yl\-’!&gég%ﬂmnmy

11, 1995) were 0 give a mXxXtur I ast ereoners
whi ch were separ at Vi a. pl um chr togra wi.t h Q1. 2%

Et OAc/ hex gr ad?”&?lgyg?tﬁ%mt{’ Lﬁ)llstti]e%" PRETT0 ng % Crog’%rﬁwﬂlaé%m\}’lﬁé%tgﬁ?é?
chromat 09! aPNY EAdhex as eluant provided in 6% yield 4-(4(S)-benzyloxazolidin-2-on-3-y1)-3R)-thien>
WO 98/ 17643

PCT/ US97/ 17809

L)

2-yl-succinamic acid t-butyl ester as a white solid, mp 109-11°C. 'HNMR: 5 7.36-7.26 (m,
SH), 7.22 (d, 1H, J = 5.0 Hz), 7.06 (d, 1H, J = 3.5 Hz), 6.93 (dd, 1H, J = 3.9, 5.2 Hz), 5.85
(dd, 1H, ] = 4.2, 11.4 Hz), 4.62-4.57 (m, 1H), 4.14-4.0% (m, 2H), 3.42-3.33 (m, 2H), 2.82-
2.70 (m, 2H), 1.43 (s, 9H). Anal. Calculated for C,,H,sNO;S: C, 63.60; H, 6.06; N, 3.37;

S, 7.72. Found: C, 63.37; H, 6.07; N, 3.31; S, 7.69.

o &S
Slo OH
o

To a solution of 4-(4(S)-benzyloxazolidin-2-on-3-yl)-3(R)-thien-2-yl-succinamic acid
t-buty! ester (630 mg, 1.52 mmol) in THF (15 mL) at 0°C was added 2N aqueous LiOH
(1.14 mL). H,O was added periodically to maintain homogeneity. After 5.75 hours at 0°C,

saturated aqueous NaHCO (5 mL) was added. THF was removed under reduced pressure,
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MIBE/ CH err]Cl [err]/hex (1:5:5) as eluant. In this manner a total yield of
51% of 4-[2S-(2(R)-t-
but oxycar bonyl net hyl - 2-t hi en- 2-yl acet yl am no) - 4- et hyl val er oyl ] - am nobenzoi

c acid met hyl ester as a white solid, np 80-1 C was obt ai ned.
[err]H NNR:WPQW']“B. 72" (s, 1H), 7.95 (d, 2H, J ECUTRBP 7 61
(d, 2H, J = 8 6|—|z)699696(m2|—|) 602(d 1H, J 8.0 Hz), 4.64-

4.56(m1l—|),420t L %304d2HJ:62
Hz), 1.89-1.83ndde ture extractedlq.tbeHzC 45 (rg.) t}gqq)mnee ¢ qombinsd organic layers 1)
Amal . Cal cul ated for Cgerr]H[err]N[erré%err S: C 62.13; H,

6.82; N, 5.57;wsge epragrd wilhspurated ag@gpu ¢D;. sThg3omhinedsaqaaousigyers war acidified
Exanpl e 17(b).

4-[2(9) - [ 2(R) - CapH xsing 2N phueduy HE] ad-eStractei Gt GH A (Soik)4hmeetiings. -These

val eroyl ] - am nobenzoi ¢ Acid Methyl Ester [err]

According to tdxeags eeedriedokedajSdyaad concEntarsdteyidld(38) mgd909B Fof(22K Rhieh-2-yl-
but oxycar bonyl net hyl - 2-t hi en- 3-yl acet yl am no) - 4- et hyl - val er oyl ] - anm nobenzo

ic acid succini@REiA Wlt-bacl ester'aBian b1y, WHidhywee Guidiahdluded bﬁﬂ\bkﬁrf@ﬁﬁ%dﬁficﬁfdnd in
CHerr]C[err]:anisole (1:1) to give in 88% yield

4-[2S-(2(R) - car}bﬂweshyi(dthJ£913{zyleamhytﬂw39)(dd4memyh k&{,@}{hkadam no
benzoi c acid net hy ester as a white solid err]

[err]H NVR (D'VﬁQJdigé I_‘125)7 Hi) 794 ?dé21}§a=(5§4 _I&Z')Hz) 1‘51 G, 791-% 81}%?9%% 4034, 1%53.»

8.43 (d, 1H HF = 8.7

Hz) , w4 4577134@3 @l%s 1’é‘;s§ ]12'3%5;33 282 t, %'3?1 ;gjal'cﬂzg‘teg‘f(ﬂzeql_{g@é % ;é‘;l J

= 4.

3. 80 3 J.=1 1 2.61 (dd, 1H J =

5.0, (16 6 |I:||)z) %agg%'%?%iﬁl(%ﬂ“% 50@3‘95 ?ééés_ﬁ‘% ( 6 Hz), 0.86 (d, 3H, J
= 6.5 H). Anal . 238
AVENDED SHEET

0
S
o) o) 0
>Lol\iNH:)NHO’L Cra.
O .
-

According to the procedure described in Exampie 1(f) for the preparation of N-(1(S)-

benzyl-2-methoxy-ethyl)-3(R)-t-butoxycarbonyl-amino-succinamic acid benzyl ester, 2(R)-
thien-2-yl-succinamic acid 4-t-butyl ester and 4-(2S-amino-4-methyl-
pentanoylamino)benzoic acid methyl ester (see Castelhano, A.L.; Yuan, Z.; Home, S.; Liak,
T.J. W095/12603-Al, May 11, 1995) were coupled with BOP to give a mixture of
diastereomers which were separated via flash column chromatography with a 10-25%
EtOAc/hex gradient eluant. Mixed fractions were purified via radial chromatography with
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VD 98/ 17643 -
PCT/ US97/ 17809 Cal cul ated for [err]: C, 59.18; 4 "'-852; N‘ **Q,??L
7.18. Found: C, 59.21; H, 5.92; N, 6.21; S, 7.25 EPLACED ThA

starting materials were avail able as foll ows:
4(S) - Benzyl -WOP¥IHH en- 3-y| - acet yl ) - 2- oxazol i di none [ er rACT/US97/17809
According to the procedure described in Exanple 17(a) for the preparation

of 4(S)- -thjen:2-yl -acetyl)-2-oxazol i di none

3-thi opheneaceqﬁJ§ qﬂé 7@“’"21159 §)°{““}“j ﬂxsmamﬁéﬁ‘??l'Y‘21d(9i§kél°fﬂ1[3§oﬂék)'f'
furnishedin6% ield 4§_n enzl-3 (2-thien-3-yl-acetyl)-2-

oxazol i di none gag?qnal ‘?‘Hﬂf '@Gb‘i‘[ rviapetylamino)-fmethyivalerayl rdminobegzoicacid (m
5H), 7.15-7.09 (m 3H), 4.72-4.65 (m 1H), 439 4.28 (AB quartet, 2H,
J = 15.9 Hz), ey ester as gywhitpipolidgmp@0(1A€ wak bbtained. 'HINMR3 68,7218, 140) 11295, (d2. 77
(dd, 1H, J = 9.4, 13.4 Hz). Anal. Calculated for (JerrJ]Herr]NJerr]S: C,

63.77; H, 5.022H\ =4,6387), B61 (O2BAL = E6Hl: 6.59-6.66 (c,QH) 6.0 4H, M- 3.4 H69:4.69.
10. 70.

é 54( S) - Benzy| 6o, i H), 4:20-(0DH3F ¥ b.2-Hh,R3) 89t (8, 381); ﬁeﬂ(ﬂsn&?mﬁljma £89.4 88 (RUt y!
ster
239 IH), 1.4 (s, 9H), 0.91(t, 6H, J = 6.2 Hz). Anal. Calculated for C,g3R,0,S: C, 62.13; H,

6.82; N, 5.57; S, 6.38. Found: C, 62.13; H, 6.83; N, 5.54; S, 6.46.

'Example 17(b). 4-[2(S)-[2(R)-Carboxymethyl-2-(thien-3-yl)acetylamino}-4-methyl-
valeroyl]-aminobenzoic Acid Methyl Ester

According to the procedure described in Example 17(a), 4-[2S-(2(R)-t-
butoxycarbonylmethy!-2-thien-3-ylacetylamino)-4-methyl-valeroy!]-aminobenzoic acid
methyl ester was hydrolyzed with trifluoroacetic acid in CH,Cl,:anisole (1:1) to give in 88%
yield 4—[28-(2(R)-ca:boxymethyl-z-thicn-Z-ylacctylmnino)+methyl-valcroyl]-anﬁnobenzoic
acid methyl ester as a white solid, mp 199-201°C. "HNMR (DMSO0-dg): 612.15 s, 1H),
10.31 (s, 1H), 8.43 (d, tH, J = 7.5 Hz), 7.89 (d, 2H, J = 8.6 Hz), 7.68 (d, 2H, J = 8.7 H2),
7.44-7.41 (m, 1H), 7.25 (d, 1H, J = 2.5 Hz), 7.09 (d, 1H, J = 4.1 Hz), 4.48-4.45 (m, 1H), 4.08
(dd, 1H, J = 4.8, 10.2 Hz), 3.80 (s, 3H), 2.89 (dd, 1H, J=10.3, 16.5 Hz), 2.61 (dd, 1H,J=
5.0, 16.6 Hz), 1.75-1.44 (m,.BH), 0.90 (d, 3H, J = 6.6 Hz), 0.86 (d, 3H, J = 6.5 Hz). Anal
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WD 98/ 17643

PCT/ US97/ 17809 According to the procedure described in Exanple
13 for the preparation of N (4(S)-

benzyl - 2, 2- di net hyl - oxazol i di n-3-yl)-3(R)-(bi phenyl -4-yl -1H pyrrol - 3-yl ) suc
cinam ¢ aci WQ®B17643  pyutyl ester, the corresponding ani on BET/USI7/17809

4(S) - benzyl - 3-(2-thien-3-yl - acetyl ) - 2- oxazol i di none was al kyl ated with
t-butyl 2-brompagehel for x&%ﬁ 6: WMo B! AIRER I 8BRS, Wik NEIBX C, 59.2EOAC/ hex

as eluant afforded in 77

4- (4(S) - benzyl 9>§§,21@V§n |§ £39n-3-yl)-3(R) -t hi en- 2-yl -succinamc acid
t-butyl ester asa ife solid, rrp 103-4[err]C. [err]H NVR J[err] 7.36-7.25
(m 7H), 7.10 (t, 1H,J = 3.2 Hz), 5.64 (dd, 1H,J = 4.4, 11.2 Hz),
4.62-4.57 (m 1H), 4.14-4.04 (m 2H), 3.39-3.27 (m 2H), 2.78 (dd, 1H,

J =10.0, 13.4 Hz), 114 EF‘,}“ 1.43 (s, 9H).
Anal . Cal cul ated for r&gﬁ* err r\ﬁ“aﬁfé a%.gn%?GO H, 606 N, 3.37; S,

7.72. Found: C, 63. 44; 4[§§ EQIFQ
2(R) - Thi en- 3-yl -succi nic Acl -

y
[err] According to the proce&idgscrl bed in Exanple 17(a)
for the preparation of 2(R)- t hi en-gdyl cinic acid 4-t-butyl
ester, 4-(4(S)-benzyl oxazolidin-2-on-3-yl)- 3( h| en- 3-yl -
succinam c acid t-butyl ester was hydrol yzed iRag0%yield to
2(R)-thien-3-yl-succinic acid 4- t - butyl er as an oil, which was
used without further purification. [err]H NVR [err] 7. 29(dd 1H, J
= 3.0,4.9 Hz), 7.17AéGrdireHo the &d&eh@:ﬂb&lu@ﬁx le r th 3
(dd, 1H, J = 5.5 ik e T 4“3"’ ) fbr e prefcition o of s} (dd,

So78. 2034, 1708 58 It%%%n?%e‘a&@z% %%gdme%zﬁﬁéﬂéraw chloride and (S)(- % tor
C[ err]H err ] NOLGLL] Boxabolidifont BarnishedSn 68% yidtd 4(€)-BenzyliPEMien-S:y1-28nyr2-

6.35; S, 12.42. 240

oxazolidinone as a solid, mp 80-1°C. 'HNMR: 57.33-7.24 (m, SH), 7.15-7.09 (m, 3H),
4.72-4.65 (m, 1H), 4.39, 4.28 (AB quartet, 2H, J = 15.9 Hz2), 4.22-4.15 (m, 2H), 3.26 (dd, IH,
i =3.2,13.4 Hz), 2.77 (dd, 1H, ] = 9.4, 13.4 Hz). Anal. Calculated for C;cH;sNO;S: C,

63.77; H, 5.02; N, 4.65; S, 10.64. Found: C, 63.80; H, 5.04; N, 4.69; S, 10.70.
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WD 98/ 17643

PCT/ US97/ 17809

4-12S- (2(R) -t - But oxycar bonyl net hyl - 2-t hi en- 3-yl acet yl am no) - 4- et hul val er oy
'] - am nobenzoic Acid Met h* Ester [err]
Accordi ng t vasa7Bocedure described in Exanple 1(f) for t E ?ogtlon of
N-(1(S)-

benzyl - 2- met hoxy- etm@o ug(tﬁhhépr&ea&éu&%mrwtxﬁmnmﬁyﬁeb&amomm(mnzyl

ester, 2(R)- hi en- | -succinam c acid 4-t-butyl ester and

(25 am no-4 E‘Erfz%z-d*m%hﬂﬁo%ﬁ“@ﬁ' AR EPEGRAA £ % > WiShale £RA° |
;L 22 ?i,s}[lvg{ |e| (z:g'tj fjefs}e :*F? %%?Wg&% %‘t @r}ewi-:g élz_i-[th%nr-i 9 ?c@f}l)-z oxazolidinone

4-12S- (2(R) -t- butoxy c

t hi en- 3-yl acet V‘Iaéﬁ“‘ﬂéﬁf tﬁé%ﬁ‘ﬁ%ﬁ%&%ﬁ?ﬁe E’ﬁf*h‘&?ﬂa‘m%h’?!“ﬁ%%’%PWWP%est er as

avvhlte solid, 8-7QC. err_,g/ &err] 862& 3 (e
oH, J = 8.6 HzF1OAc/w a\seluamffoedc ing7 mlyl 4-(4(S)-benzylpxazoly n-21<w -3-3(R-thieny g
Hz) , 719(s 1H), 7.02 (d, 1H J = 5.1 Hz), 5.86 (bd, 1H J = 6.7

Hz). 4.57- 4. 51 2(yRsuctidpmiciaciia-tuty) emasawhxtssc@dmplom‘gb YEENMB:)S 7.36-035 (tmidl

1H, J = 7.4, 16.9 Hz), 2.88 (dd, 1H, J 5.6, 169Hz)188181(m
1H), 1.42 (s, 9H),7.0 Q2K I = 3GHz), 564(d6, IH-H?.)I.=4.4,ll.2Nz)1I4.62@e§7c(m,dtH§d4.Ma1L04
[err]: C 62.13; H 6.82; N, 5.57; S, 6.38. Found: C, 62.08; H 6.79;

N, 5.64; S, 6.4&,2H), 3.39-3.27 (m, 2H), 2.78 (dd, 1H,J =10.0, 13.4 Hz), 2.63 (dd, 1H, J =4.4,17.1
241
Hz), 1.43 (s, 9H). Anal. Calculated for C,,H,,NOsS: C, 63.60; H, 6.06; N, 3.37; §, 7.72.

Found: C, 63.44; H, 6.09; N, 3.33; §, 7.78.

Thien-2-vl-suceini id 4.1

7S
o) 2
j\o&mﬁ
o

According to the procedure described in Example 17(a) for the preparation of 2(R)-
thien-2-yl-succinic acid 4-t-butyl ester, 4-(4(S)-benzyloxazolidin-2-on-3-yl)-3(R)-thien-3-yl-
succinamic acid t-butyl ester was hydrolyzed in 70% yield to 2(R)-thien-3-yl-succinic acid 4-
t-butyl ester as an oil, which was used without further purification. 'HNMR: 67.29 (dd,
1H, ] =3.0, 4.9 Hz), 7.17 (d, 1H, J = 2.7 Hz), 7.05 (d, 1H, J = 5.0 Hz), 4.18 (dd, 1H,J=3.5,
9.8 Hz), 3.06 (dd, 1H, 1 =9.9, 16.7 Hz), 2.66 (dd, 1H, ] = 5.6, 16.7 Hz), 1.40 (s 5H). IR:
3104, 2978, 2934, 1728, 1715, 1370, 1258, 1154, 855, 774 em’. Anal. Calculgted for

Cy,H NOS: C,56.23; H, 6.29; S, 12.51. Found: C, 56.29; H, 6.35; S, 12.42.
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WD 98/ 17643

PCT/ US97/ 17809 Exanpl e 17(c).

N-[ 2, 2-Di net hyl -1(S) - (pyridi n4-yl car banmoyl ) - propyl ]-3(R) -t hien-3-yl -

succinamc Acid J[err] According to the procedure 9%3“ bed
PCT/US9T/1

in Exanpl e Q17643 [ 2 2-di net hyl - 1(S) -
(pyridin-4-yl carbanoyl)-propyl]-3(RS)-thien-3-yl-succinamc acid t-butyl

ester was depg oieshed b AR R C o

MeOH CH err]d [errTas eruant
yl car banoyl ) - propyl ]-3(R)-thien-3-yl-succinamc acid as a white solid, np

L O. | SO
my (219 of N-[2,2-dinethyl-1(S)- (‘W}"Pu ZRic A

205C (d). [err]H NVR (DMSO-d[err]): slerr] 830(d 2H, J = 6.0 Hz),
7.45 (dd, 2H, | = 1.5, 6.0 Hz), 726( 3.0, 5.0 Hz),
7.21-7.18 (m 1H), 7.04 (dd, 1H J k&@ﬁ GH38 (s, 1H), 4.26 (dd,
1H, J = 5.0, 10.0 Hz), 3.04 ( J 0 16. 5 Hz), 2.65 (dd, 1H,
J =50, 16.5 Hz), 1.01 (s, 9H) Ana )eal cul ated for
CerrJHerr]Nerr]dJerr]S * 0.6 HOAc: C, 57.02, H 6.02; N, 9.88;, S, 7.54.
Found: C, 56.99; H 6.06; N, 9.88; S, 7.55. The starting

g'ztzer lal was made a%ct:&hi'ng‘f@the procedure described in Example 1(f) for the preparation of N-(1(S)-
benzyl-2-methoxy-ethyl)-3(R)-t-butoxycarbonyl-amino-succinamic acid benzy! ester, 2(R)-
thien—3-yl-.succinamic acid 4-t-butyl ester and 4-(2S-amino-4-methyl-
pentanoylamino)benzoic acid methyl ester (see Castellano, A.L.; Yuan, Z; Homne, S.; Liak,
T.J. W095/12603-A1, May 11, 1995) were coupled with BOP. Precipitation with H,O and
;ecrystallization from toluene gave in 55% yield 4-[25-(2(R)-t-butoxy-carbonylmethyl-2-
thien-3-ylacetylamino)-4-methylvaleroyl}-aminobenzoic acid methy! ester as a white solid,
mp 168-70°C. 'H NMR: & 8.62 (s, 1H), 7.96 (d, 2H, J = 8.6 Hz), 7.56 (d, 2H, ] = 8.8 Hz),
7.33 (dd, 1H, J = 3.0, 4.8 Hz), 7.19 (s, 1H), 7.02 (d, 1H, J = 5.1 Hz), 5.86 (bd, 1H,J=6.7
Hz), 4.57-4.51 (m, 1H), 4.04 (t, 1H, J = 6.6 Hz), 3.89 (s, 3H), 3.04 (dd, 1H,J =74, 16.9 Hz),
2.88 (dd, 1H, J = 5.6, 16.9 Hz), 1.88-1.81 (m, 1H), 1.42 (s, 9H), 0.92 (8, 6H, ] = 6.5 Hz).
Anal. Calculated for CogH3,N,0¢S: C, 62.13; H, 6.82; N, 5.57; §, 6.38. Found: C, 62.08;

H, 6.79; N, 5.64; S, 6.46.
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N-[ 2, 2-Di net hyl -1(S) - (pyridin-4-yl carbanoyl ) - propyl ]-3(RS)-thien-3-yl - succi
namc Acid t- Ester [err]
Accor di ng t WOE¥8bcedure described in Exanple 1(f) for tH@Xfﬁl’%ﬁEﬁs%l on of
N-(1(S)- benzyl - 2- met hoxy-et hyl )-3(R) -t -but oxycar bonyl am no-succi nam ¢
acid benzyl ester, 2(R) - t hi en-3-yl -succinamc acid 4-t-butyl ester

(prepared as dQ‘,iﬁihphﬂd(d)ﬂNq&aﬂﬁhﬁtﬁw-(l@)-)(pﬁ'ﬁlﬁnﬂ%lcarbamoyl)—propyl]-3(R)-th1en—3-yl-
am no- 3, 3- di mekhecimabhid Apidr i di nyl - but anam de (prepared as described in

Exanpl e 5(d)) were coupled with BOP in 48h at anbi ent teneprature.

Fl ash col um chromat ography with 10% »8e0H in CHerr]C[err] gave 718ny
(3999 of N-[2,2-dinethyl-1(S)-(pyridingd-y4 cagb l) -

propyl ]-3(RS)-thien-3-yl-succinamc ag "‘b“)’z‘éil-q ster as a white solid, np
205[err]C (d), which was an inseparablie:m xture of isoners by NWVR
(3(R):S; 87:13, respectively) and used “Wt hout further purification.

[err]H NVMR (DVSO-d[err]): [err] 8.48 (d, 1.74H, J = 5.5 Hz, mgjor
i sonmer), 8.38 (d, OABctirtling tothOprocddrre dnmjribed inSxamplp 17(3), 062 BdimethiydHS)-) = 5.5
Hz, major isoner), 7.59 (d, 0.26H, J 5.0 Hz, mnor isoner), 7.49

(dd, 0.87H, J pywidh- gﬁaﬂﬂimoﬂﬁp@bylﬂ-smﬁlen- -yl-suc?imﬁ@icéfm tﬁu@Vdsieer or
i soner), 730(m 0.13H, mnor isoner), 7.23 (d, 0.87H, 5.0 Hz,

maj or i soner), déprdrcted FszhJc%lﬂmnlchmnﬁz% Aﬁﬁsmn% HD%@BWMeOH/(ﬁ%EéZ% eRatdd, J

= 9.0 Hz, mgjor |sorrer) 4.3 maj or

| somer), 4. 08 gggilg{?%r}ﬁ;h maimr ifoler; i@m? (ﬁi/c:») féN([glmf&%ﬁlﬁ%g%dmi 00 (dd,

0.87H, J = 10. I sonmer

i somer), 1.29 g«?darbam%?l}l)_ig{)o@p-) T(R)'-tﬁ:%gg[;)lisuc]cin%ic(a%id A abitlite smd?f?l'ia mef.)l’ﬂ 0.84

(s, 7.83H, mj

243 NMR (DMSO-dg): & 8.30 (d, 2H, J = 6.0 Hz), 7.45 (dd, 2H, J = 1.5, 6.0 Hz), 7.26 (dd, 1H, ]

= 30 5.0 Hz), 7.21-7.18 (m, 1H), 7.04 (dd, 1H, J = 1.0, 5.0 Hz), 4.38 (s, 1H), 4.26 (dd, 1H, J
= 3.0, 10.0 Hz), 3.04 (dd, 1H, J = 10.0, 16.5 Hz), 2.65 (dd, 1H, J = 5.0, 16.5 Hz), 1.01 (s,
9H). Anal. Calculated for CjgHy3N30,S @ 0.6 HOAc: C, 57.02; H, 6.02; N, 9.88; S, 7.54.

Found: C, 56.99; H, 6.06; N, 9.88; S, 7.55.

The starting material was made as follows:
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Exanpl e 18(a).
3(RS) - (3-Bi phenyl 4-yl - 1H i mi dazol - 1-yl ) - N- (hexahydr oazepi n- 2- on-

3(S)-yl)succinamc Acid [err] According to the procedure
descri bed | WO84MBe 1(a), a suspension of 3(RS)-(3- PCT/US97/17809
bi phenyl - 4-yl - 1Hi m dazol - 1- yl) - N- (hexahydr oazepi n- 2- on- 3(S) -yl ) succi nam ¢

acid benzyl ester in EtCH vvas hydr ogenol yzed after 90 m nut es to

provi de 779 ny 14 ‘ 3 » i

bi phenyl - 4-yl - 1H i mi dazol e ) -yl )succr nam c
acid as a sol id. FABI\/IS 447 (derr] err err]CIerr] M+H err]).

The starting materials were prepared as foI

2(RS) - (3- Bi phenyl -4-yl -1Hi m dazol - 1-yl )z d D benzyl Ester

[err] A m xture of d|be x rm/aéﬁS 30 g, 18.0 mmol ) and
4- bi phenyl - 4-yl - 1H I m dazole (see Ellis, J Pharm Phar nacol .
1964, 400-3; 3.94 g, 18.0 nmol) was heated “T~at 110-5C. After 4 hours,
the m xture was allowed to cool, diluted with ether, washed with 0. 05%

aqueous HC , 0. 01N Acpoedimgstonse(Pribceding desctibed,in Hxdntle Dif)for e prepdritionlof NE(i(S)and

concentr at ed 244
benzyl-2-methoxy-ethyl)-3(R)-t-butoxycarbonylamino-succinamic acid benzyl ester, 2(R)-
thien-3-yl-succinamic acid 4-t-butyl ester (prepared as described in Example 17(b)) and 2S-
amino-3,3-dimethyl-N-4-pyridinyl-butanamide (prepared as described in Example 5(d)) were
coupled with BOP in 48h at ambient temeprature. Flash column chromatography with 10%
MeOH in CH,Cl, gave 718mg (39%) of N-[2,2-dimethyl-1(S)-(pyridin-4-ylcarbamoyl)-
prepyl]-3(RS)-thien-3-yl-succinamic acid t-butyl ester as a white solid, mp 205°C (d), which
was an inseparable mixture of isomers by NMR (3(R):S; 87:13, respectively) and used
without further purif;xcation. 'H NMR (DMSO-dg): 58.48 (d, 1.74H, J = 5.5 Hz, major
isomer), 8.38 (d, 0.87H, J = 9.0 Hz, major isomer), 7.65 (d, 1.74H, J = 5.5 Hz, major isomer),
7.59 (d, 0.26H, J = 5.0 Hz, minor isomer), 7.49 (dd, 0.87H, J = 3.0, 4.0 Hz, major isomer),
7;43 (m, 0.87H, major isomer), 7.30 (m, 0.13H, minor isomer), 7.23 (d, 0.87H, J = 5.0 Hz,
major isomer), 7.12 (d, 0.13H, J = 5.0 Hz, minor isomer), 4.52 (d, 0.87H, J = 9.0 Hz, major
isomer), 4.37 ( dd, 0.87H, J = 5.0, 10.0 Hz, major isomer), 4.08 ( dd, 0.13H, J = 7.0, 15.5 Hz,
rrrinor isomer), 3.00 (dd, 0.87H, J = 10.0, 16.0 Hz, major isomer), 1.40 (s, 1.17H, minor

isomer), 1.29 (s, 7.83H, major isomer), 1.03 (s, 0.13H, minor isomer), 0.84 (s, 7.83H, major

isomer).
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PCT/ US97/ 17809 under reduced pressure to give 5.75 g (62% of

2(RS) - ( 3- bi phenyl 4-yl - 1Hi m dazol - 1-yl) - succinic acid di benzyl ester.
FABVMS: 517.3 ((Jerr]JHerr]Nerr]Qerr]; M+Herr]).

2(RS) - (3- Bi pH@AY/I7848 y| - 1H i ni dazol - 1-yl ) - succini ¢ Acid 4- BECFHSTETBE,

[err] A suspensi on of

2(RS) - (3- bi phenyl -4-yl - 1H-i mi dazol - 1-yl ) -succinic acid di benzyl ester
(551 ny, 1.07 Kxsmplel§ay ARS-G-Biphsnyird-ybtimidazallyd)-Nifhexghyrpazepjnsison-

al | oned to cooB(SyDsuccinagippAeift tenperature, the resultant precipitate was

collected and dried in vacuo to provide 436 nmg (96% of

2(RS) - ( 3- bi phenyl -4-yl -1H i m dazol - 1-yl ) -succinic.Aacid 4-benzyl ester.

FABMVS: 427 (Clerr]Herr]Nerr](err]; M+Herr

3(RS) - (3-Bi phenyl -4-yl -1Hi m dazol -1-yl )-N hydr oazepi n-2-on-3(S)-yl)su

ccinam c o N Acig Benzyl Ester [err]

According to the procedure descri bed iﬂb"Ex%qp&e,S(a),

2(RS) - ( 3- bi phenyl -4-yl - 1H i mi dazol - 1- 9l )~ SMkcinic acid 4-benzyl ester

(1.20 g, 2.82 mol) and L-[err]-amno-[err]- caprol actam (469 ng, 3.67
! . . o

22‘5)' ) was coupled | Rccor inéMtottﬂe Er%gggrctdgsc];i éﬁn%?(ax%plg%(ag, a(ngpé(t)lsion of 3(RS)-(3-

biphenyl-4-yl-1H-imidazol- 1-yl)-N-(hexahydroazepin-2-on-3(S)-yl)succinamic acid benzyl
ester in EtOH was hydrogenolyzed after 90 minutes to provide 779 mg (94%) of 3(RS)-(3-
biphenyl-4-yl-1H-imidazol- 1-yl)-N-(hexahydroazepin-2-on-3(S)-yl)succinamic acid as a

solid. FABMS: 447 (CpsH,7N,O4 M +H™).

The starting materials were prepared as follows:

A mixture of dibenzy! fumarate (5.30 g, 18.0 mmol) and 4-biphenyl-4-yi-1H-
imidazole (see Ellis, et al. J. Pharm. Pharmacol. 1964, 400-3; 3.94 g, 18.0 mmol) was heated
at 110-5°C. After 4 hours, the mixture was allowed to cool, diluted with ether, washed with

0.05% aqueous HC, 0.01N aqueous NaOH, and brine, dried over Na,;SO,, and concentrated
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of

3(RS) - (3-bi phenyl - 4-yl - 1Hi m dazol - 1-yl) - N- (hexahydr oazepi n- 2- on- 3(S) -yl ) su
ccinam c acid benzyl ester. FABMS: 537.5 ((err]H err]rPN! er r&fLerr] ;M
+H err]). WO98/17643 The following were made in a sinila R} 7809

Exanpl e 18(Db).

3(RS) - (3- Bi phe | dve 7 0l h-1

h3(/dr 2)x3(/rret hs I p%%?ﬁfsuc%%%qué\% ?rj’s)é(‘%z )&#%(R%)Qé'%he%h'y 'ﬁz\'lmldaépl lgy Yo
t he procedure descr.i be on ,of. RS) - ( 3-

bi phgnyl 4-y| - IHEHF ﬁcégg’llb‘-mzP'Ef(eng FaBi! 1?3? 04'rM H*?( )<
-yl)-N-(2, 2-di net hyl - 1('S) - hydr oxynet hyl pr opyl )sucm nam c acid benzyl
ester in EtOH was hydr ogenated to provide

3(RS) - (3- bi phenyl -4-ylL~ . 7

1-yl)-N (2, 2-di net hyl =1 : - ” amv a solid,
np 145-50[err] C FABIVB 436 1 (C[err]H[err]N[err]qerr] M+Herr]).

Exanpl e 18(c).
3(RS)-(3-Bi phenyl -4-yl -1H i m dazol -1-yl) - N—(22d -1(S) -
met hyl car banoyl propyl ) succi nam ¢ Acid [err] (, p According to

the procedure described in in Exanple 1(a), spensi on of 3(RS)-(3-

bi phenyl - 4-yl - 1H i m dazol -1-yl)-N- (2, 2©/n<ei ];(HS) rret hyl car banmoyl propyl )
succi nam ¢ 46

A suspension of 2(RS)-(3-biphenyl-4-yl-1H-imidazol-1-yl)-succinic acid dibenzyl
ester (551 mg, 1.07 mmol) in H,0 (0.5 mL) was refluxed overnight. Once allowed to cool to
ambient temperature, the resultant precipitate was collected and dried in vacuo to provide 436
mg (96%) of 2(RS)-(3-biphenyl-4-yl-1H-imidazol-1-yl)-succinic acid 4-benzyl ester.

FABMS: 427 (CpgH,3N,04; M +HN.

According to the procedure described in Example 8(a), 2(RS)-(3-biphenyl-4-yl-1H-

imidazol-1-yl)-succinic acid 4-benzyl ester (1.20 g, 2.82 mmol) and L-¢-amino-€-

caprolactam (469 mg, 3.67 mmol) was coupled in DMF with pyBOP to furnish 1.02 g (67%)
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3(RS) - (3-bi phenyl -4-yl -1H i m dazol -

1-yl)-N-(2, 2-di met hyl - 1('S) - met hyl car banmoyl propyl ) succi nam ¢ _aci d a

solid, np 13YO8RN7643 g oC, FABIVB 463.2 (Cerr]Herr] N er IPFatjé?7II1]7809M
+H[err]) Exanpl e 19(a)

ﬁ)(/cl?rsz);()(/:rgr;stB Ihs PSP %‘Jp'\#§)yél[ tapheps} ﬁ‘gﬂz g;mg%iet} l\ﬁ?\gﬂg 65&3"1?0815@”‘,3} h&/ (S}gl)s)uccxnamxc

A suspension of crud
N[ err] - benzyl ox%F‘dS‘Engjl SRS ATy 3743 (HraHaalNu s MIE 1-yI)-Nerr]-
(hexahydr oazepi n-2-on-3(S)-yl)-succindiam de (800 ng, 1.45 mmol) and 10%

Pd/ C (800 ng) in EtOH (100 nm.) was stirred under H err] atnosphere.
After 6 hours, nore atﬂl st (300 ng) was added. After 2 hours, the
catal yst was filter eedMBIREVEE Bade,ip asimilasgannsse il trate was

trated t 0]
3(RS) - ( g’fb‘ep“eﬁ% Pargply Sf@&f(ﬁ,@ﬁg% @Inﬁ yh{H-imidazol-1-yl)-N-(2,2-dimethyl-1(S)-
( hexahydr oazepi dZ“W%{'ﬂ?’WP’WE'éFF‘}‘H@Ir oxy-succi ndi ami de as a solid,

whi ch effervesced at 180.5 C. FABMs: 462.2 (( err]H[err]N[err]CIerr];
M+Herr]). The starting materia sre furni shed as foll ows:
247 N
&
o N
HQJ'\/S\OENH:/OH
N

According to the procedure described in Example 1(a), a suspension of 3(RS)-(3-
biphenyl-4-yl-1H-imidazol-1-yl)-N-(2,2-dimethyl-1(S)-hydroxymethyipropyl)succinamic
acid benél ester in EtOH was hydrogenated to provide 3(RS)-(3-biphenyl-4-yl-1H-imidazol-
1-y1)-N-(2,2-dimethyl-1(S)-hydroxymethylpropyl)succinamic acid as a solid, mp 145-50°C.

FABMS: 436.1 (CsHygN;04 M +HY),

Example 18(c). 3(RS)-(3-Biphenyl-4-yl-1H-imidazol-1-yI)-N-(2,2-dimethyl-1(S)-
methylcarbamoyilpropyl)succinamic Acid

o o]
{
HO’\)\.& NH_\h.cH,
N

According to the procedure described in in Example 1(a), a suspension of 3(RS)-(3-
biphenyl-4-yl-1H-imidazol-1-yl)-N-(2,2-dimethyl-1(S)-methylcarbamoylpropyl)succinamic
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N err] -Benzyl oxy- 3(RS) - ( 3- bi phenyl -4-yl -1H i m dazol -1-yl)-Nerr]-(hexahydro

azepi n-2-on-3(S) - yl)-succi ndiam de [err]
According to the procedures described in Exanple 8(a),
3(RS) - (3-bi PHRPBATSB y| - 1H PCT/US97/17809

idm da_zgl ;jl_—yl ) - N-( hexahydroazepi_ n-2-on-3(S)-yl)succi nam c aci fJ (prepared as
ocn artdo (ST EOH ol Bl R RS il
800 839 i z

1 ovD)-err) (e SRR ﬂ@maﬁ%:gémmmgw iz 3 o1, o

552. 2 H N e The foll
wer e m(accll:[eelr L] a[g{d éﬁélﬂ%qﬂ 2 Czs 31“!;{?:,:9{4}%1 ¥9(b) . e follow ng

3(RS) - (3-Bi phenyl -4-yl -1Hi m dazol -1-yl)-Nerr]-(2, 2-di net hyl -1(S) -
hydr oxymet hyl propyl ) - N err] - hydr oxy- succi ndi am de [err]

oG s ;’é’ﬁiE‘s(ﬂ§Séré.Bﬁeny\ﬂ,nyﬁﬂ’.ﬂ&%ﬁﬁa?m 22-dimethyk-1(S)-
bi phenyl 4-yi - 1#%??’8’&%‘? Rropyl- N\l[béﬁr']v(szceznwmhw 1('S) - hydr oxynet hyl pr opy

l) - succi ndi am de was sel ectively hydrogenated to provide
3(RS) - (3-bi phenyl -4-yl -1H i m dazol - @
o N

| o]
HO-NMNH,:uNH
o)

A suspension of crude N'-benzyloxy-3(RS)-(3-biphenyl-4-yl-1H-imidazol-1-yl)-N*-
(hexahydroazepin-2-on-3(S)-yl)-succindiamide (800 mg, 1.45 mmol) and 10% Pd/C (800
mg) in EtOH (100 mL) was stirred under H, atmosphere. After 6 hours, more catalyst (300
mg) was added. After 2 hours, the catalyst was filtered onto Celite and rinsed. The filtrate
was concentrated to provide 301 mg (45%) of 3(RS)-(3-biphenyl-4-yl-1H-imidazol-1-yl)-N-
(hexahydroachin-2-on—3(S)-yl)-Nl-hydroxy-succindiamide as a solid, which effervesced at

180.5°C. FABMS: 462.2 (CosHpgNsOg M +HY).

The starting materials were furnished as follows:

247



WD 98/ 17643

PCT/ US97/ 17809

1-yl)-Nerr]-(2, 2-di net hyl -1(S) - hydroxynet hyl propyl )-N err]-hydroxy-succi nd

i am de. FABMNES: 451.3 (Cerr]Herr]Nerr]gerr]; M+H e T}J

Exanpl e 19( JYO 98/17643 PCT/US97/17809

3(R) - (3-Bi phenyl -4-yl -1H i m dazol - 1- yI) N err]- (2 2-di net hyl - 1(S)

hydr oxynet hyl pr qp, /0 | de »

di ast ereoneric fr -

N[ er r ] - benzyl oxy- 3( RS) (3- bi phenyl - 4- y¥“-i¥%%4*%| -1

yl)-Nerr]-(2,2-di methyl -1(S)-hydroxynet hyl propyl ) -succi ndi am de (Exanpl e

19(b)) was purified via preparative RPHPLC 8 0 provide

3(R) - (3-bi phenyl -4-yl -1H i m dazol - 1-yl) -

N- (2, 2-di net hyl - 1(S) - hydr oxynet hyl p@\’ [& Ir1 “hydr oxy- succi ndi ani de as a
W)

solid, np 157.5-60[err] C. FABMS Q,Q_Q{Hr H[err]N[err]CIerr] M
Exanpl e 19(d).

+H err]).
3(S)-(3-Bi phenyl -4-yl - 1H i m dazol -1-y|)-N[err] ( -di methyl -1(S) -

hydr oxynet hyl propyl ) - N err] - hydroxy-succi ndi am de [err]

g?g) s(egiar ation of BEaapphifip It protifes iBRAbddn EXBENL §a)l UHS)-(RbfiBedyiiti-sRed

LerrT by oy eGSR hollarbintdin - TE D echiplc RUEGRBCTIGRRERE ;"

(Z%er rjHerr] N[Ee I;xm]pglﬁ a)] 779“1415,- H[ﬁ I;nnlxgl) and benzyloxyamine hydrochloride (334 mg, 2.09

mmol) were coupled with pyBOP to afford 800 mg (83%) of N'-benzyloxy-S(RS)-G-
biphenyl-4-yl-1H-imidazol-1 -yl)-N4-(hexahydroazepm-2-on-3 (S)-yD)-succindiamide.

FABMS: 552.2 (C35H34NsO4 M +HY).

The following were made in a similar manner:

Example 19(b). 3(RS)-(3-Biphenyl-4-yl-1H-imidazol-1-yl)}-N*-(2,2-dimethyl-1(S)-
hydroxymethylpropyl)-Nl-hydroxy-succindiamide

According to the procedure described in Example 19(a), Nl-benzyloxy-3(RS)-(3-
biphenyl-4-yl-1H-imidazol-1 -yl)-N‘-(Z,Z-dimcthyl-l (S)-hydroxymethylpropyl)-

succindiamide was selectively hydrogenated to provide 3(RS)-(3-biphenyl-4-yl-1H-imidazol-
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3(RS) - (3-Bi phenyl -4-yl -1Him dazol -1-yl)-Nerr]-(2,2-di methyl -1(S) -
met hyl car banoyl propyl )- N err] - hydroxy succi ndi am de [err]

Accor di ng t dV@ P17 ocedure described in Exanple 19(a), PCT/US97/17809
N err]-benzyl oxy- 3(RS) -

bi phenyl - 4-yl - 1H.i 2 [ -1(S t h | pr
oy~ iamﬂ“ é%%@eévaﬁ@%@v ORIy S B R ABMS: P
3(RS) - (3-bi phen é;y i m dazol -

l1-yl)-Nerr]- (i 12 Ilw 4'1M§'ﬁ ret hyl car banoyl propyl )-N

- hydr oxy- succi ndi am de as a solid, whi ch effervesced at 169[err]C
FABMS: 478. 2 (C[err]H[err][err]N[err]Qerr] M +H[err]) The

resul ts obtained du testi of somne pr rred enbodi ments of
t he i nvenEy % u#@'?%bcabé@ ¢ 'Ylb’gg‘“ﬁ'éf‘fﬂhl'y')pN@(z 2-dimethyl-1(S)-

Bl OLOG CAL DAT r°"Y“"F iPreRyN oPYW%WF’GF'aAyQ'ays The catal ytic
dormai n of human col | agenase-1 was expressed as usion protein with

ubiquitinin E. coli (see Gehring, E R, em, 1995, 270, 22507).

After purification of the fusion r t/ It the fi brobl ast col | agenase-
| catalytic domain (HFC) was rel eased by treatnment with
purified, active stronelysin-1(1:3®0-WH i“er)*onhl ch generated nearly

250 4

The diastereomeric mixture Nl-bcnzyloxy-3(RS)—(3-biphenyl-4-yl-lH-imidazol-l-
yl)-N4-(2,2-dimethyl-1(S)-hydroxymethylpropyl)-succindiamide (Example 19(b)) was
purified via preparative RPHPLC (C18) to provide 3(R)-(3-biphenyl-4-yl-1H-imidazol-1-yl)-
N-(Z,Z—dimethyl-l(S)-hydroxymethylpropyl)-N'-hydroxy-succindiamide as a solid, mp

157.5-60°C. FABMS: 451.2 (CpsHy N0y M +H").

Example 19(d). 3(S)-(3-Biphenyl-4-yI-lH-imidazol—l-yl)-N4-(2,2-dimethyl-l(S)-
hydroxymethylpropyl)—Nl-hydroxy—succindiamide

HO-NH\/\— NH/* OH

° A

" zﬁ

The separation of Example 19(b) described in Example 19(c) also furnished 3(S)-(3-
biphenyl-4-yl-1H-imidazol-1-y1)-N-(2,2-dimethyl-1(S)-hydroxymethylpropyl)}-N ! -hydroxy-

succindiamide as a solid, mp 134.5-6.5°C. FABMS: 451.1 (CysH31N4Ogs M +H".
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PCT/ US97/ 17809 100% N-term nal Phel, or by autoprocessing the
concentrated col |l agenase-1 fusion and then i ncubating at 37[err]C for
1 hour, Fin riéi cation was conpleted using zinc chelate

chr omat ogr aW% The propeptide and catal yti c BEHHFHHA human
col I agenase-3 (Col | 3) was expressed in E. coli as an N-term nal fusion
protein with ubiquitin. After purification of the fusion from

i ncl usi on bodi Esampled9(eht I(RF)-(3=Bippbemyild-ypba H-inidfiobl §1)- Pb‘y(ztztmiemnl(sw th 2mv
APMA at r eethylcanipamayipropypINchet ey sudciddidmider i fi cati on was conpl et ed
usi ng copper chel ate chr omat ogr aphy. The catal ytic domain
of human stronelysin (Hsln) was obtained by expression and

purification of a Ctermnally truncated prostronelysin-1 fromE. coli host
BL21 (see Marcy et al. Biochem 1991, 30, 64¢6). The subsequent
activation of the mature form (Hsln) was 'e@a eted with 2nv APMA f or
1 hour at 37 [err]C, followed by separatie s+¥Ng a sizing col umm.
Human nmatrilysin (Matr) was expressed i9® cobi as a fusion protein with

ubi qui tin. After purlflcatlonHQ)NH NH-&$) N/ ubiquitin fusion from
i ncl usi on bodies, the catalytic domalon s | |Jberat ed by treatnent

with 2nM APMA at 37 C for 2 hours. Final purification was conpl ete

usi ng copper chel ate chromat ography. The catal ytic and
fibronectin-like portion of human progel ati nase A (GelA) was

expressed as a fusion protein with ubiquitinin E Coli . Assays were

carried out on Accgrdingta theipyaceduse dsperibed iy Bxamplaid(@)r Nabe;nzyloxy-':’(RS)-(B-

251
biphenyl-4-yl-1H-imidazol-1 -yl)—N -(2,2-dimethyl-1(S)-methylcarbamoylpropyl)-

succindiamide was selectively hydrogcnatcd to provide 3(RS)-(3-biphenyl-4-yl-1H-imidazol-
1-yl)—N4-(2,2-dimethyl-l (S)—methylcarbamoylpropyl)—N'-hydroxy—succindiamide as a solid,

which effervesced at 169°C. FABMS: 478.2 (Cy6H;,N0,; M +H").

The results obtained during biological testing of some preferred embodiments of the

inventive compounds are described below.

BIOLOGICAL DATA
Isolation of MMP's for Assays
The catalytic domain of human collagenase-1 was expressed as a fusion protein with
ubiquitin in £, coli (see Gehring, E.R., J Biol. Chem., 1995, 270, 22507). After purification
of the fusion protein, the fibroblast collagenase-1 catalytic domain (HFC) was released either

by treatment with purified, active stromelysin-1 (1:50 w/w ratio), which generated nearly
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WD 98/ 17643

PCT/ US97/ 17809 Conmpounds of Fornula | exhibited the ability to
inhibit MWs when tested in the foll ow ng assay. In Vitro Assay
Procedure Assays were performed in assay buffer ricine
pH 7.5, 200 WARRGESum chl oride, 10 mM cal ci um chl ori dgc'glg'ggr’Wzi nc
acetate containing 2% di net hyl sul f oxi de (DVMBO)) once the substrate
and inhi bi tor wer i | ut to it. Stock solutions of inhibitors wer e
prepared in 1oé)3%ké@msﬁg’&ﬁp§5Pneqt%gcemn&%c0§a@§ms@lw ’pg'éﬁsaf%l‘h%
100% DMSO at a concentration of 6 nM The assay nethod was
based on the hingubating ps3751C forchhewr o Final pugfigatiop waprymplgted using zinc shejatriH2
(American Peptide Co.) at 37 [err]C (see Knight, C G et al., FEBS, 1992,
296, 263- 2r6natogtaphy.| uor escence changes were nonitored with a

Per ki n- El mer LS-50B fl uorineter usi ng an excitation wavel ength of 328
nm and an emn ssi on Vkembpepdidandicatdlyfc demaid bfhuman coltaglrmbe-31{Coli3pwasexpreadet on
used in the assays was 10 [err]M The inhibitor was diluted into the

assays from a $pEUWbliofR ahN-kaRiHaIEMRA prawi vatnibiqlth, AR pirifichmh o thedtdicd
vol une of DMSO so that the final DWVSO concentration frominhibitor and

substrate dil ugoRfinkiRsicl bodRSSBY SatMAR domain waklibdiiRd B?G&ﬁrﬁ&{t %mmfumz ¥e
in the assay ranged from 60 pMfor gelatinase Ato 1.

stronel ysin an SR he MCA
pepti de 9 "?tcgﬂpfea ér%‘gg]rl&{&eflga %ﬁ?\wg% St e%'}tédi m% eIJe r éﬁ%gég of

substrate cl eav%g F %uh’{ red assay Iengt hs of 60 mnutes to allow for
conmpl ete equil TRIO8HPHE t he enzyme- i nhi bi tor conpl ex. :
252

The catalytic domain of human stromelysin (Hsln) was obtained by expression and
purification of a C-terminally truncated prostromelysin-1 from E. coli host BL21 (see Marcy
et al. Biochem., 1991, 30, 6476). The subsequent activation of the mature form (Hsln) was
completed with 2mM APMA for 1 hour at 37 °C, followed by separation using a sizing
column.

Human matrilysin (Matr) was expressed in E. coli as a fusion protein with ubiquitin.
After purification of the matrilysin/ubiquitin fusion from inclusion bodies, the catalytic
domain was liberated by treatment with 2mM APMA at 37 °C for 2 hours. Final ﬁuriﬁcation

was compiete using copper chelate chromatography.

The catalytic and fibronectin-like portion of human progelatinase A (GelA) was
expressed as a fusion protein with ubiquitin in E. Coli . Assays were carried out on

autocatalytically activated material.
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WD 98/ 17643

PCT/ US97/ 17809 The Klerr] for the MCA peptide substrate with
the matrix nmetall oproteinases is quite hi gh and exceeds its
solubility under assay conditions. Consequently, the apparent K{Yer r‘%
(Ki[err]) WO9MZE3 deternmined to describe the strength of PERESHY$BN.
However, in this case, Klerr] would be essentially equal to Klerr]
since [S][err]K[err det.erm,nati.gn of. Kl err.]. oncentration of
the Chhi bi ¢ or Comethad diFoRRNET Siilen R Blin o Rt RS EPRRRRA ihe
substrate and %0218 steadﬁ-state rates of fluorescence change

determ ned. In e absorptive quench due to the presence of

| i gand was not observed. For sl ow binding inhibitors, onset of inhibition
curves were collected for at |least 45 mnutes so that equilibriumwas

est abl i shed. Szne% ¥'55tz§3‘tﬁ rgt es of fl uorescence change were obtai ned
by fitting a c ion for a single exponenti al decay
containing a linear fitted val ue Lin S t aken
as the steady- A&s ai‘t&ere E%ﬁ’gp E&I‘tﬁ‘eagss??' gg@?-@i ‘awfﬂvgﬁég’@aﬂ?’é?@f&“’fo t he
M chael i s equat,,on, descri bing c titive . i nhi bition by non-Linear
met hods. Data FUGHE [HEM FRTHE EHRRSS PridRHgine AR EERPine:Lre SHINLD éﬂ%OX*de

and Klerr] determned by fitting the data to the tight-binding equation of
Morri son ( Bi ocHEHSO)) once thesuhsisate andighibitorppre dilpgest intg it. Stask sqlgtipns eHigbibitorsy

non-|inear mnethods. . The results of the above-described
tests are presw@ateaenseeddnl (e PMIQ Stock solutions of the substrate were prepared in 100%
TABLE 1 Exanpl e Hsi n Mat r HFC Cel A
Col13 LOYEBO at a concepiatimmbp mM. (Ki , app) (Ki, app) (Ki, app)
(Ki, app) 1(a) 65. 0 1000

5.40 30. 0  The assay methodiWas based 3 €42 hydrolysis of MCA-Pro-Leu-Gly-Leu-DPA-Ala-
5.91 18.3 -0.83 1(c) 486 16900

gsgo 0. B6BNH, (Anreficad Peptide Co.) at 37 °C (see Knight, C.G. et al., FEBS, 1992, 296, 263-

266). The fluorescence changes were monitored with a Perkin-Elmer L.S-50B fluorimeter
u;sing an excitation wavelength of 328 nm and an emission wavelength of 393. nm. The
substrate concentration used in the assays was 10 pM. The inhibitor was diluted into the
assays from a solution in 100% DMSO, and controls substituted an equal volume of DMSO
so that the final DMSO concentration from inhibitor and substrate dilution in all assays was
2% The concentration of enzyme in the assay ranged from 60 pM for gelatinase A to 1.5 nM
for stromelysin and is a function of the enzymes respective k,,/K,,, for the MCA peptide
substrafe. Proper determination of steady-state rates of substrate cleavage required assay

lengths of 60 minutes to allow for complete equilibration of the enzyme-inhibitor complex.
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WD 98/ 17643

PCT/ US97/ 17809 Exanpl e Hsin Mat r HFC

Gel A Coll 3 LogP (Ki, app) (Ki, app)

(Ki, app) (Ki, app) (Ki, app) 1(d) 1220

4500 WO 98/8764%) 24.0 1(e) 3. 1(FCT/USITNTRM,

0. 108 0. 900 1.19 1(1) 331 1000

93.0 542

8. 50 5g 5  Ihe l%,., %% H‘f MCaA peptxdg Q&Strate with the matrix metalloproteinases is quite
58.0 3000 113

8. 00 89 gighand exce@e Jlt§ solubility undeg gssay conditions. Consequently, the apparent K, (Ki,, ;)
1.43 9.43 1( k) 0. 150 11.0

1. 90 40 was determiredl Yo describe tiglstrength of inhibition. However, in this case, K, would be
54 227 1(m 50 997

0.410 1. @f3entially equalforKj; since [S]«K 0 (For the determinatidf 00K, ,,,, the conceh@@ifibn of the
8500 1(0) >10000 15000 51500 1(p)

55000 inhibitor was varied at a constant and lowkdsd@ntration of suBstrate and the stea@ygstate rates
400 6. 20 123 3 150

1250 of fluorescence chang®dtermined. In most 8f3es absorptiveuéiich due to the prélence of
5200 1.30 2.70 4(b) 23
1520 : : hinding iehill 64
5530 l;ggnd was not observed% .F%%slow bmdmgé%!g?\?brs, onset of xﬂiﬂﬁﬂlon curves were

1.60 1. Adl. . . 00
512000 cgl?ecfd 6% at leasQ 4} mingtes 50 tha? éq@hbgtl%x)was estgb%shcd. ftcg%y-s%aztc rates:% 5
1500 ﬂo. 041 B 0. %49 d by fitti 3.41 ) q.g ingl 1630
4. 50 >2000 fluorescence changg wseobtained by fittingagurve to an qu%t r a single expqnen
182 530 . 0.109 0.076 . 1.71 5(f)

0. 460 o fecay containing g Jigear phase. The fittgd yalye of the linear phagp)was taken as the stegdy-
5(9) 57 2.20 14.5

state rate. The steady-state rates were fitted to the Michaelis equation describing competitive
inhibition by non-linear methods. Data resulting from tight-binding inhibition was analyzed,
and K;,,, determined by fitting the data to the tight-binding equation of Morrison (Biochem.

Biophys. Acta, vol. 185, pp. 269-286 (1969)) by non-linear methods.

The results of the above-described tests are presented below in Table 1.

JABLE 1
Example Hsln Matr HFC GelA Coll3 LogP
(Ki,app) (Ki.app) (Ki,app) (Ki,app) (Ki,app)
1(a) 65.0 1000 5.40 30.0
1(b) 2000 591 183 - -0.33
{c) 486 16900 2.00 0.868 -0.97
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5(h) 650 17. 4 43.0
6(a) 15.0 1500 8860 6. 62 15.6
6(b) 3.60 2900 0. 066 0. 210
254 WO 98/ 17643
PCT/ US97/ 17 %03%98/17643 Hsi n Mat r PCEfUS97/17809
Gel A Col 1 3 LogP Exanpl e (Ki, app) (Ki, app)
(Ki, app) — KPP PPy €€y 5 5660
0. 806 Tex@fple Hsln 7 a)Matr HFCoo | Gela Coli3 LegB3
0. 015 0.013 (KLapp) 7 (Kiapp) (KLagp)y g (Khapp) ¢ (Kj@pp) AE2
0. 0070 0. O%8) 1220 7(c) 48k 390326 240
0. 055 439 Fa 4580
121 2841(e) 3@( a) 500 0. 690 0.18% 0.900 .19
0.027 b) | 331 Q. 389 71 0. 330
0. 450 g& 6206 22 2 -0t
0.018 Ke) a) 580 11.50 617 8.50 58.5 3.30
50 10 16 1
>3 & g b, | =10, 2135 58.0 3000 9-22£
50 11 1) g2 | 8.00 26 |60
>750 12. 00 >500
13 a5 10| oy o AL L 1
14(a) 5581(k) 0.150 1.0 190 430 40 7.20
14( b) T30 0401 0.028
14(c) 17“;) 317 0 044
1(m) 50 997 0.410 1.00
(n) 2000 >10000 1900 8500
1(0) >10000 15000 51500
1(p) 55000 1230
2 89 400 6.20 123
3 150 1250 58 180
4(a) 30 5200 1.30 2.70
4(b) 23 1520 1l 2.13
4(c) 64 2530 7.20
S5(a) 84 1.60 1.80 0.11
- §(b) 30 5200 >12000 .1.04 9.10
 5(c) 1.50 305 1500 0.041 0.049 341
5(d) 1.60 450 | >2000 0.028 023
- 5(e) 1.70 182 530 0.109 0.076 1.71
5(n 0.460 2.10 818 0.023 0.012 2.56
52 57 220 14.5
5(h) 650 174 43.0
6(2) 15.0 1500 8860 - 6.62 15.6
6(b) 3.60 2900 0.066. . 0.210

254



14(d) 19 0. 900 15(a)
92 72 300 15(b)
122 91 1025 16
1500 63000 81 17(a) 965
454 3MWLB/17643 17(b) 720 309 PCTRIS 7809
17(c) 935 156 157 18( b)
3000 >100666 49 18—
180 Example Moo Matr HFC GelA 31 | Coll3 19¢R)
31 {Kinpp) (Ki,app) (Ki,app) (Kiapp)3 | (Kiapp)  [19( b)
%5 6(cy _ |66040 5000 0868 | 760
PCT/ US97/ 17809 7(a) Exanpl0 1449 n 333 Matjr - 0015 |HFCO.013 Gel A
Col | 3 LogP Kig, Kija Ki , R
(Ki , app) ) 192 &) ( Ofg‘pp sdo PR3 ( R%R) dof - PPP)
6.5 19(d) ) 130 26 5326 >10000(¢ 0.055 1.30 43
19(e) 7d), . ] L1580 | 310 : :
Det er m natlon nf bi--t-o+—Coht-ert-ratdi-ghih-Rld DS
The dosi ng sol ut 18Gd cdnsi M8 pf Bée imhi bitor ner a nol ar
equi val ent rn i vepyclTe|A), Tn go% pIr opy;, el glycol
(vehicle B), ac SESJ WVUV?,%%’ crlzirii umilbicarhon 430 0 d4§6‘ rs—pr-opyd ene
gl ycol (vehicle Cp, yilel din2go a]fi nal concent rat ioon that atdhged from
10-15 ng/m . Spr € aw ey..ral s I TTT{op Lab cott§dale, PA)
wer e dosed as ajﬂ et ilon reﬁlfsodr 6(‘=\| ghtt_per ho \nE 9§1hf usual l 50.ng--per
kg. Bl ood was tak®s friom téhe r bt siand dentr i fuged oz0d L he23d asfa was
stored in thefreezer

10(c) 40 2185 2 50

11 62 60 >750

12 >500 >500

13 35 16500 72000 1.70 21

14(a) 558 4.30 7.20

14(b) 1.30 0.012 0.028

. 14(c) 17.7 0.044

14(d) 19 0.900

15(a) 92 72 300

15(b) 122 91 1025

16 1500 63000 81

17(a) 965 454 32000

17(b) 720 309 20000

17(c) 935 156 157

18(b) 3000 >100000 490

18(c) 180 24000 3

19(a) 3t 57000 43

19(b) 17 66000 9.7
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Drug was extracted froma 50 [err]]l plasma aliquot by adding I m of

acetonitrile, shaking for 2 mnutes, centrifuging for 15 m nutes at 4000
rpm collecting the supernatant, and then evaporating it to dryness
under a stream of nitrogen. The sanples were reconstituted with 130
[err]] of nm¥¥988%Mase, shook for 2 minutes, and centrifug@ETASYVII®Ini nut es
at 4000 rpm The supernatant was coll ected and the sanples were anal yzed
by injecting 00t errt—of ste+rAatrat—eRt-o—HPLG

Quantitation ckamhleig | S s waMateconml HEGed bB/lélgléHer af iGep a sfawgdrd curve
of  known dr 1ph ARy t 1 AKh28R) f r[dKiaRa)ded| @dheppha. | Drug | evel s
were plotted asige) flunctd on of tinme angggnal yized to pfovigde afea under the
curve (AUC T Cconfent-aton—(-Cra—vya-des—+Fhe—+reshlts are

shown in Tabl_e 3%d 120 >100000 43 256
WO 98/ 17643 19(e) 23 310 3

PCT/ US97/ 17809 A 2

AUC _ Cmax Exanpl e dose (nmg/kg) Vehi cl e
([errlg/mn Determinati [ ' fon it 2sma after Oral Dosing >0 50

@e dosing solution consigteé éf the inh%?tﬁg gissolved in either a molar quigalent
of HCI ggwater (vehicle A), in 9(&?3% propyﬁgg élyg:ol (vehicle B), or in 2.8 mgz/g@,
. 2 . 1.14 5(a 50
sodlurg%icarbonate in 60% aqueqqsgropylciaglgﬁo)l (vehicle C), yielding a final5

94, ' 0.82 14(d) 25
concgptgation that ranged from }0-3%mg/ml. Sprague Dawley rats (Hilltop Lab Animals,

OW>T>r>WOT®

Scottsdale, PA) were dosed as a function of drug weight per body weight, usually 50 mg per
kg. Blood was taken from the rats and centrifuged, and the plasma was stored in the freezer.
Drug was extracted from a 50 ul plasma aliquot by adding 1 m! of acetonitrile, shaking for
2 minutes, centrifuging for 15 minutes at 4000 rpm, collecting the supernatant, and then
evaporating it to dryness under a stream of nitrogen. The samples were reconstituted with
130 pl of mobile phase, shook for 2 minutes, and centrifuged for 15 minutes at 4000 rpm.
The supernatant was collected and the samples were analyzed by injecting 100 pl of

supernatant onto HPLC.

Quantitation of drug levels was accomplished by generating a standard curve of
known drug amounts that were extracted from added plasma. Drug levels were plotted as a
function of time and analyzed to provide area under the curve (AUC) and maximum
concentration (Cmax) values. The results are shown in Table 2.
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*dosed as the benzyl ester prodrug

257 W claim 1. A conmpound of fornula |
[err]
WO 98/17643 PCT/US97/17809
JABLE2
AUC Cmax
Example dose (mg/kg) Vehicle (pg/min'mL) (ug/mL)
7(b) 50 24 0.21
5(c) 50 B 73 0.41
6(b)* 50 B 37 0.30
I(m) 50 B 58 0.59
6(c) 25 A 56 0.45
6(c)* 50 A 265 1.14
5(a) 50 A 211 1.6
14(a) 50 B 94 0.82
14(d) 25 C 349 1.37
"dosed as the benzyl ester prodrug
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i

wherein: X is a single bond or a straight or branc @fiﬁ@ﬁﬁﬁﬁﬁa‘d:&&r—
unsaturated chain containing 1 to 6 carbon s,

dt ons, Whier€ihsone [pr

nore of the carbon atons are optionally ind ~_LL‘:IF‘_}f_"?f;‘lfpl aced with
O or S, and wherein one or nore of the hydrogen at oﬁ'ﬁ‘r:é*%ﬁ;i'-'onally
repl aced wi tHOPBIM43 s _CH(OH)-; Rlerr] is H an al kyl groufCT&SYH7§8 gr oup,
a heteroaryl group, a cycloal kyl group, or a het er ocycl oal kyl group;

Rlerr] is gn al kyl group, an aryl group, a heteroaryl group, a

cycl oal kyl #p: a het erocycl oal kyl group, oThiEsKIRIeRLh reIES €1 N
Rlerr] is H an alkyl group, an aryl group, a heteroar
cycl oal kyl 1. ACO@P@E%,Ofﬁ'letfmda)hycl oal kyl group, an H"gﬁumﬂ%mlﬂ an
O al kyl group, or NR[err]Rerr], wherein Rerr] i » IRey |

group, an O-al kyl group, an aryl group, a heteroaryl group, a
cycl oal kyl group, or a heterocycl oal kyl grqup, and wherein Rerr] is H an

al kyl group, an aryl group, a heteroaryl up, a cycl oal kyl (1) 9roup,
or a heterocycl oal kyl group, or wherein err] and R err] form together
with the nitrogen to which they are ched, a heteroaryl group or

a heterocycl oal kyl group, and Rerr] H or an al kyl group, or R err] and
Rlerr], together wwth the atons to whiJch tr_pey are attached, forma

cycl oal kyl Ry N. .y 258

Dat e: Rlerr] is Hor anyYsui Iéﬁrg‘&;ic moiety; R[err] is
AOQNHOH, (O ORerr], SH NOH) SCP Rierr], P(O(O)Rerr],
or P(O(OH)OR[err], wherein err] is ¥, an alkyl group, or an aryl
group, Rlerr] is an al kyl group, or an aryl group, and Rl err]
is an al kyl group; and is a heteroaryl group having five ring

atons, cont@rfifhg one N atomonly as the

X is a single bond or a straight or branched, saturated or unsaturated chain containing 1 to 6
carbon atoms, wherein one or more of the carbon atoms are optionaily independently
replaced with O or §, and wherein one or more of the hydrogen atoms are optionally
replaced with F.

Y is a single bond, -CH(OH)-, or -C(0O)-;

R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalky! group, or a

heterocycloalkyl group;

R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalky! group, a heterocycloalkyl

group, or C(O)R,,,
wherein R,, is H, an alky! group, an aryl group, a heteroaryl group, a cycloalky! grouﬁ. a
heterocycloalkyl group, an O-ary! group, an O-alkyl group, or NR;R,,; |

wherein R, is H, an alkyl group, an O-alkyl group, an aryl group, a heteroaryl
group, a cycloalkyl group, or a heterocycloalkyl group, and

258
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ba

phar maceutical ly acceptabl e prodrug thereof, said plloHr &g'n____g; n.grﬂl ffer
froma conpound of the formula (1). 2. A conpounn(i,oi_fe_&a:w—

[err] wher ei n: Xis asingle bond or a si a straight or
branched, s¥Q984ared or unsaturated chain containing 1 to G6PCHUBYN7#PONS,
wherein one or nore of the carbon atons

het eroatomy or a pharmaceutically acceptable salt OI"‘SOf Va -'t""ha-:rraza"ﬁr \gr a

259 are optiqnally_inde endently replaced with Oor S, and
wherei n one or nore °'%§IIH§H|' fﬁ'&f%ﬁsméﬂég&b‘ﬁ%’?aﬂ rgé‘ij'Pa%‘é’Gl%Ylh F, Y
Is -C(O) - Rlerr] is H an alkyl group, an aryl group, a heteroaryl
group, a cycl oal kyl Z5P¥wpr a katerecyploallsyl@agumt oal kyl gr oup: Rlerr] is H,

an al kyl group, an aryl group, a heteroaryl group, a cycloal kyl group, a
het er ocycl oal kyl gr carpwhersin Ry @d B} dormi, fogether with thigitregan t6jvbich theiysreH, an
al kyl group, an aryl group, a heteroaryl group, a cycloal kyl group, a

het er ocycl oal kyl gr camached) leteasayyi gepupwpa hetero€ycidaliky] groupagd or
NR[err]Rerr], wherein R err] is H an alkyl group, an O al kyl

group, an GRT,YsJHgihQH@l graup) @h aryd gioMp, agfe@kuaryl groty, & abiiiy! geiud i hetddbcydloalkyl
het er ocycl oal kyl group, and wherein R err] is H an alkyl group, an

aryl group gr&phekgkgadrm, Whkiin £, £40%, D&k kY defRiEPARve, 0T @ heterocycl oal kyl
group, erein err] and R[err] form together with the nitrogen

to which they B{dek %@aﬁé}%ﬂmﬁem&,&s RAIMEh BE AP athchédt, RiEh 8'cPG¥Aky? 3oisy br £ OUP,

and
heterocycloalky! group;

R, is H or any suitable organic motety;
Ry is C(O)NHOH, C(O)ORy;, SH, N(OH)CHO, SC(O)R 4, P(O)(OH)R,5, or P(O)(OH)OR,3,
"Ry, is H, an alkyl group, or an aryl group,
R4 is an alkyl group or an aryl group, and

R,s is an alkyl group; and

ll _ is a heteroaryl group having five ring atoms, including 1, 2 or 3 heteroatoms

selected from O, S, and N;
or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug

thereof, said prodrug being different from a compound of the formula (I);

heet Has Been Replaced

T

259
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R3 is an al kyl group, or R2 and R3, together mhﬁhwiha_atpﬁsb 9 ﬁhlch

they are attached, form a cycl oal kyl group; I's I-IPQF«. L RADYpSul't
organic m)iety Rlerr] is C(O NHOH, C(O)CR[er F=SH—=NE O)
Rerr], w@%”]’ or P(O(OHORerr], wherein Rlerr] is H an
al kyl group, aryl group, R err] is an al kyl gP@T!HS!Uf"@?H aryl
group, and Rlerr] is an al kyl group; and is a

het er oar vyl havi dive rin tons, containing one N atomonly as the
het eroatgn?vg{xgxe%mvxso s 1trtl\e compour?do formula (1) is: 860 y or a

pharmaceutically acceptable salt or solvate thereof, or a pharnmaceutically
acceptabl e prodrug thereof, said prodrug beipg dlfferent froma conpound of
the forrmula (I). 3. A phar maceut i caly cOMg (on conprising: (a) a

t herapeutically effective anmobunt of a %edﬁ befined in claim2 or a
pharmaceutically acceptable salt or s at or a pharmaceutically
accept abl e prodrug thereof, said
of the formula (1); and (b) a (}H% carrier,

di l uent, vehicle, or excipient. A coppo®rd of clalm1l, wherein R2
and R3, together with the atons to y are attached Yorm a
cycl oal kyl group; or a phar eutichlly accgptab salt or | vat e t hereof,
or a pharmaceutically accepta }J e cof sale ug being
different froma conpound of theifor ( Egéharnaceutlcally
conposition conprising: (a) a Bheraﬁbutlcalk& effectlve anount of a
conpound as defined in claiml or a

wherein R, R,, and R, are as defined above, W is H, OH, a halo group, an alkyl group, or an O-
alkyl group, and further wherein
whenmis2,3,0r4,nis 1, 2, 3, or 4, and A is CH,, O, NH, or N-alkyl; or
whenmis 4, 5, or 6,nis 0, and A is -CHJ-, wherein J is carboxy, alkoxycarbonyl, or
carbamoyl;
or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug

thereof, said prodrug being different from a compound of the formula (I); then

is pyIr OlYL

2. A compound of claim 1, wherein X is a single bond; or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug thereof, said prodrug

being different from a compound of the formula (1).
Sheet Has Been Replaced
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pharmaceutically acceptable salt or solvate ther T{ﬁfﬁtr I’TﬁCE‘U'[\I cally
acceptabl e prodrug thereof, said prodrug being dil ﬂé*r\teﬂit.,rﬁ, emsa corrpound
of the formula (1); and (b) a pharnaceutical |y {accept, Eiblﬁ-carr'r 6r,

di luent, vehicle, or excipient. 6. A corrpoun of formula I: [err]
261 WO 98/17643 wher ei n: X is a singl PO TIET0N
strai ght or branched, saturated or unsaturated chain containing 1 to

6 carbon atomsg, meA%bﬁp&Bﬁ oPE1a#DT Syefein Y is -Cg(bhﬁ d)(i‘ aé(*&ﬁ@ o \Aﬁr[eﬁgne@cregucally

optionally independently replaced Wth one or

ft Y
Irrgr: gl ng:ﬁgc%&ggqsgﬁgt Qﬁﬁ@h&é& &%[tph?rﬂﬁl:éu}/lca_ﬁ' a spﬁgfyfod&géhﬁeofa%xdﬁr%m%r oup,
het , het | oal kyl ;
Rerr] ©s tmedifti P compouipt siortindh. 2 not eroaryl oroup. a o ¢
| oal kyl , het | oal kyl ,
Wherein Bl err] 4s A CaRPAEIE CBiot phetn Res CHIPBingn By 5t ers0atl) Egrpap,

a cycl oal kyl grou a heterocycl oal kyl group, an O aryl group, an O al kyl
group, or !pgRther witikRe ard the atom(s) to which R, angiRa ars] attaghied Farins 2 yrcloglkyhgroap quy |

group, an O al kyl group, an aryl group, a het eroaryl group, a
cycl oal kylhetsraspgloaligyl geoupereraynbarpakomic iy accaptable saluncsolvate thereof, ora  wherein
Rlerr] is H an alkyl group, an aryl group, a heteroaryl group, a
cycl oal kylphgmeacgutically acéptdbr odrog tatehfy baidprodimg being different from a céthpothi@bLi N
Rlerr], and Rlerr] form together with the nitrogen to which t hey
are attachpéformulden.eroaryl group or a heterocycl oal kyl group, and

R3 is a heteroaryl group; Rlerr] is Il or any suitable

&E %ﬁ?lﬂ(ilom ISeCE 36)5 A compound of claffl £ WHerdi Y& OO anFRAsFR L4 SH,
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug
thereof, said prodrug being different from a compound of the formula (I).

6. A compound of claim 3, wherein Y is -C(0)- and R, is an alkyl group, NR,|R;,, or

OR,,, wherein R, is H, an alkyl group, an O-alkyl group, an aryl group, a heteroaryl group, a
cycloalky! group, or a heterocycloalkyl group, and wherein R,, is H, an alkyl group, an aryl
group, a heteroaryl group, a cycloalkyl group, or a heterocycloalkyl group, or wherein R,, and
R,, form, together with the nitrogen to which they are attachegi, a heteroaryl group or a
heterocycloalkyl group; or wherein Y is -C(O)- and R, and R;, together with the atoms to which
they are attached, form a cycloalky! group or a heterocycloalkyl group; or a pharmaceutically

acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug thereof, said prodrug

being different from a compound of the formula (I).
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Rerr], P(LO(OH)Rerr], or P(O(OHOR err], V\,herein R err]
is H an alkyl group, or '@qﬂ Sadel/tias B RRplaced THoG R[ ]{[‘S‘aln al kyl
group or an aryl group, R[err”] i's gnr«gl k,ylls grﬁu}i)n and

is a heteroaryl group haV| t ons, Cd#ltatﬁt:&g—_ﬂﬂg-:ﬂ atgmonly as
t he het er oa Ww17643 262 PCT/US97/17809

or a pharnmaceuti cal I y accept able salt or solvate thereof, or

phar maceuti cal | ﬁ’ﬁ‘ g sai odr bei.ng di fferent
froma conpoun of t rrru a s WEJ}%B "saﬂaﬁ'tlé’r(’ﬁ% % \Fg dsition
conpri sing her utical lly effective anount a co n as
defined i npﬁrﬁ%cﬁ*nécag accep%gﬁc sal%é?lﬁﬁig’ﬁ'fef’{;aﬁ?Ef‘aﬁﬁ%’&‘ﬁ’(‘:ﬁi‘f @"EP&? CIB'P 4| vat e

t her eof , or h r ma i cal accept abl e prodrug thereof, said
prodr ug be?hﬁ‘ij° F‘g‘il EWgﬁ‘SthF fé‘%ﬁ%&ﬁampg“ndd@ﬁ??fﬁ‘él f(gr mula (1); and (b)
a pharmaceutically acceptable carrier, diluent, vehicle, or excipient. 8.

A conpound of the’ f dy¢AmReund oficlaim|7, wherein R, is an aryl group of the formula:
O

wherein Z is H, halogen, an alkyl group, an O-alkyl group, a cyano group, a hydroxy group, an
aryl group, a heteroaryi group, or a heterocycioalkyl group; or a pharmaceutically acceptable salt
or solvate thereof, or a pharmaceutically acceptable prodrug thereof, said prodrug being different
from a compound of the formula (I).

| 9. A compound of claim 1, wherein R, is an aryl group or an alkyl group; ora
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug
thereof, said prodrug being different from a compound of the formula (I).

10. A compound of claim 1, wherein R, is H, an alkyl group, OH, O-alkyl, NH,, NH-
alkyl, or a cycloalkyl group; or a pharmaceutically acccptal:;le salt or solvate thereof, ora
pharmaceutically acceptable prodrug thereof, said prodrug being different from a compound of
the formula (I).

11. A compound of claim 10, wherein R, is an alkyl group selected from CHR ,OH
and CH(NHR ;)R s, wherein R4 is H, an alkyl group, an aryl group, a heteroary! group, a
cycloalkyl group, or a heterocycloalkyl group, and R,, is C(O)R,s, SO;,R 4, H, an alkyl éroup, an
aryl group, a heteroaryl group, a cycloalkyl group, or a heterocycloalkyl group, or Ry¢ and Ry,
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or a pharmaceutically acceptable salt or solvate|

phar maceuti cal | y accept ple E)rodr ug_t hereof. 9. 5h

composi tion conpri sing: 'ai“ . Wically

conpound as_defined in cl uﬂ l pharmaceutically acceptable salt
or solvate VOMBAE or a ly accept abléc'{ﬂ"%?a [iiv

thereof; and (b) a pharmaceutically acceptable carrier, diluent, vehicle,
or excipient. . . 263 _10. A
phar maceut Pegher #athihratemste vichsheysarpgtached) form ajeteroeycinabiayt grown: whewmsin Ricisi ve
amount of a conpound as defined in claim7 or a pharmaceutical ly
accept abl eHganl alkydgroyp|apang erobpradsteroant! geouplranynieaikyligraip) 4 Keterocycloatkyl

accept abl e prodrug thereof, said prodrug being different froma conpound

of the forgmilmag Oyarylamehp &) O-alkybgrotys onNBaR},| widréiy Racmé RhAldeperciantlyi £¢ H,

di l uent, vehicle, or excipient. 11. A compound selected fromthe

gr oup: an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, or a heterocycloalky!
3(R)-[3-(bi phenyl -4-yl)-1H pyrrol -1-yl]-N-[2- hydroxy-1(S)-[ (1H i m dazol -4-y
1) met hyl | @bl bl RI-JQﬁd Rﬁﬂfofeﬂ%@ nékh ¥ litdogen dioRtb Milch hey are attached, form a
(S)-(hydroxymet hyl)propyl |-3(R)-[3-[4-(pyridin-4-yl {phenyl ]-1H

pyrrol - 1- yhehGeloRRYE drots | of a ph ticall tabl Ivate th
N- ( 2- hydr oxy-%)o- p eérig}li:yét hf/lp)%r?(acRe)u-K[:aSy[a%-e? Sy?fatlorl{-sﬂyw) 5??8%911 -1Hpyrrol -1

- vl i id: . .
3() . o (e el acesmatic rogrg ool 4t ot b fepms femcopaye

hydr oxynet hyl.) pr | ] succinam c acid;

N(2(R) - hy@gs&&uﬁgﬁh- 1(R-yl)-3(R-[3-[4-(pyridin-4-yl)phenyl]-1H pyrrol- 1
-yl] succi nam c _aci d; ) )

N- (4, 4- di et hyl122- oXocomperadRfgam dr WhereiRs) -y ) - 3(R) - [ 3- [ 4- (pyri di n- 4-yl ) phe
nyl]-1 H pyrrol-1-yl]succinamc acid; NJ[1

(S)-(1Himda 2-yl)-3-methyl butyl]-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1 H
pyrrol -1-yl] namc acid; N -[2,2-dinmethyl-1 ) )

(S) - (hydr oxymetfyl ) pr spyrplyhimidaznlyxmprazels), frgl, thienyl thidzalyh oxazolyl, isoxazolyl,

yl ) phenyl ] - 1H pyrrol -1-yl ] succi nam de;

3('S) - [ 1- ( 4isethinaoiph bxadeaglyl, 4r tyikoly Hopa phacthacButichlly ddc¢pibis)salt bt-balvatedtberedf, &- y| ) -
3- net hyl butyl ] succi nam ¢ aci d;

3(S) - [ 1- (4a pieyraabiiqalle aydeptdbly blodiigHtiereof Ghid prodnig Being 4ifferdhit fromhaycompoumd@f

the formula (I).

13. A compound of claim 12, wherein

lI is pyrrolyl; or a pharmaceutically acceptable salt or solvate thereof, ora

pharmaceutically acceptable prodrug thereof, said prodrug being different from a compound of
the formula (I).

14. A compound of claim 1 where R, is C(O)NHOH or C(O)OR 3, wherein Ry, is
hydrogen; or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically
acceptable prodrug thereof, said prodrug being different from a compound of the formula (I).
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“fdcxanebipheny! - 4-y1) - 1
thyl papiyddsmicei nqm c acid;

tetrahydrof uran-3(S)-yl)succi nam ¢ aci d; 3(R)-[f
Hpyrrol-1-yl]-N[1(S)-( 1 Himdazol-2-yl)-3-

3(R)-[3-(4-cyanobi phenyl)-1 Hpyrrol-1 -yl]-N[ F=2-yl) - 3-
met hyl but yl ] succi nam ¢ aci d; 264
N-[ 2, 2- di metW@P8/17643) - (hydr ooxymet hyl ) propyl ]1-3(S)-[1 PCT/US97/17809

-[4-(pyridin-4-yl)phenyl]-1H pyrrol-3-yl ] succinamc acid; and

- hydroxy- N err math [ 3-(4-(pyridin-4-yl)phenyl)- 1H-pyrro| 1-yl]su
cci nani de; and t m@éeéqlaexaﬂbyh%@éfpnsa@msl@amf ds shtereandgrauper eof |
and the pharnaceutlcally accept abl e prodrugs thereof. 12. A conpound of
the forrmula |: 16. Acompound of claim 15, wherein R, is the heteroaryl group: [err]
wherein X is a single bond or a straight or branched, saturated or
unsaturated chain containing 1 to 6 carbon atons, wherein one or nore of
the carbon atons are optionally independepRhy replaced with Oor S, and
wherein one or nore of the hydrogen a are optionally replaced with F;
Yis -CH OH)-; Rlerr] is H, | group, an aryl group, a
het eroaryl group, a cycl oal kyl grotup, erocycl oal kyl group;
Rlerr] is H an alkyl group, an aryl gHoup, a heteroaryl group, a
cycl oal kyl group, a heterocycl oal kyl group, or C(ORferr], wher ei n
Rlerr] is H an alkyl group, an aryl group, a heteroaryl group, a

cycl oal kyl 8;'&?;11&[%# 40 %%eﬂ@énlﬁ\y' lanﬁgu?tgﬁe ofgni i m%reYy ordo g2t with rcably!

group, or

atoms to which they are attached form an ary! group, a heteroaryl group, a cycloalkyl group, or a
heterocycloatky! group; or a pharmaceutically acceptable prodrug thereof, said prodrug being
different from a compound of the formula (I).

17. A compound according to claim 16, wherein R,, and R,, are independently
selected from hydrogen, an alkyl group, an aryl group, a heteroaryl group, a halo group, a
C(0)O-alky! group, a carbamoy! group, a cycloalkyl group, or a heterocycloalkyl group; or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug

thereof, said prodrug being different from a compound of the formula (I).

s Sheet Has Been Replaced
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wherein Rerr] is H an alkyl group, an O alkyl

heteroaryl group, a cycl oy ¢et arscmaw.Regracea het er deyEf 03] . 'H"':f‘ SUp,
oo> wher H an al i_group, ‘an_aeyk=group, a

het er oar yl lg& cycl oa a heterocycl oal kyl group, or
wherein R er ? f‘n&“ﬁ[err] form toge wi t h the nitrogen RCFURATEMBON hey
are attached, a heteroaryl group or a heterocycl oal kyl group, and

R3is H, R4 is Hor an sui t abl e organic noiety; R5 is C(O NHCH,
(O ORferr], sHISNterpemodotthedymulal: Rierr], P(O (CHRerr], or

P(O(OH R err], R[err] Is H an al kyl group, or an aryl group,
Rlerr] is an al kyI group or an aryl group, and Rl err] is an al kyl
group; and is a heteroaryl, group having five ring atons,
containing one N atomonly as the heterogj or a pharmaceutically
acceptabl e salt or solvate thereof, or %{)har maceuti cal |y acceptable
prodrug thereof, said prodrug being griferent froma conpound of ta)e
formula (1). 13. A conpound of t&e/Pornula I: [err]

H
N Y

o

R, O R

wherein
Xisa sihgle bond;
Y is a single bond, -CH(OH)- or -C(0)-;
R, is an ary! group or a heteroaryl group;
R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a heterocycloalkyl
group, or C(O)R,,,
wherein R, is H, an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a
heterocycloalkyl group, an O-aryl group, an O-alky! group, or NR,,R,,;
whéfcin R,, is H, an alkyl grdﬁp, an O-alkyl group, an aryl group, a heteroaryl
group, a cycloalkyl group, or a heterocycloalkyl group, and
wherem Ru is H an alkyl group, an aryl group, a heteroaryl group, a cycloalkyl
group, ora heterocycloalkyl group,
or wherein R,; and R, form, together with tﬁe nitrogen to which they are
attached, a heteroaryl group or a heterocycloaiky! group, and
R; is H, an alky] group, a heteroaryl group, NR,,R,,, or OR,,
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wher ein X is a single bond or a straight7ofbranched; “sat] riat ed or
unsaturated chain containing 1 to 6 carbon atons| ier&in' Qr]e Ormre of

the carbon atons are opt?} < asi Sent 1y reaplaced W™ or_S;i and
h “ﬁ ne are optionally replaced wth F;
an al kyl group, an P&THSIYVEYp, a

wherein one or nore of t

Y is a si ngVeuieés

het eroaryl group, a cycloalkyl group, or a heterocycloal kyl group;

Rlerr] is H an _ al kyI group, an aryl group, a heteroaryl group, a

cycl oal kyl gr otberein Rye fiad Bopesias defiied aboveup, or C(O) Rlerr], wher ei n
Rlerr] is H an alkyl group, an aryl group, a heteroaryl group, a

cycl oal kylor@r, enthR;, togktberewiticthe htomb koywhigh theyare atackeda forin agydoglkyl grou@oal Ky

group, or NRerr]Rerr]; wherein R err] is H an alkyl group, an

O al kyl grhetepacyeloallylygroupgr oup, a heteroaryl group, a cycloal kyl group, or a
het er ocycl oal kyl group, and wherein R err] is H an alkyl group, an
aryl groum, isHhei S&@afonh, @IOHJp, a cycl oal kyl group, or a heterocycl oal kyl
group, or wherein Rerr] and Rerr] form together with the nitrogen
to which tmqycgj)ﬂ}mgfg{bmmagm%}gc@p\yl gr oup or a heterocycl oal kyl group,
and I's the heteroaryl group: "[err] wherein

err] and er, b t oget her
wth he caFLoa*‘hL o€, FIEER IRk of Ml ) Ry ERMEY RO o afint 7
het er oaryl gr Olépdup'aan%y(:l oal kyl group, or a heterocycl oal kyl group;
267 ’

is pyrrolyl, imidazolyl, pyrazolyl, furyl, thienyl, thiazolyi, oxazolyl, isoxazolyl,

isothiazolyl, oxadiazolyl, or triazolyl;
or a2 pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug
thereof, said prodrug being different from a compound of the formula (III);

with the proviso that if the compound of formula (T) is:

wherein R,, R,, and R, are as defined above, W is H, OH, a halogen atom, an alkyl group, or an

O-alkyl group, and further wherein

266
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R4 is Hor any suitable organic noiety; REefrt=t-s= O(@Nl—@-ﬁ
C(OORerr], SH NOH CHO SC(O Rerr], IlP(r([D}(&l)R[!errqz---on
P(O(OHOR[err], Rlerr] is H, an alkyl gqoup, o a—rﬁ‘a?yl gr\bup,
Rlerr] is an alkyl group or an aryl group, and=—"="Rerr] rs—an al kyl
group; and WO98/17643 [ s a heteroaryl group having five ri RETASSHES09
containing one N atomonly as the heteroatom or a pharmaceutically
acceptabl e salt,or_so t.h h ally acceptabl e
prodrug t her eof A& ;’aS‘cﬂ 44 ng%gdréi‘gi‘ ?@np %F{O?ﬁ(ﬁ @%ﬁrﬁf)und of the
formula (1). oun of t.he efin : err]
wher ei n X%F%masé'ifﬁgw b A S GRS i b RltP xygaa?whféd or
unsaturated chain containing 1 to 6 carbon atons, wherein one or nore of
the carbon atoms  carbamoyl; 268

or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug

thereof, said prodrug being different from a compound of the formula (I); then

is pyrrolyl.
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are optionally independently replaced withj Gorg ;S arnd M\herm n one or nore
of the hydrogen atom; are optionally repI aoe& L 1y Wl s a single
bon d Rl err] sawars bn a ‘aL -gr:o.up,"---- ~*r’re’feroaryl group,
a cycl oal kyl group, or IkyI group, Rlerr] is H an

al kyl gr oupVO&s1%43,| gr mgﬂﬁ]w ryI group, a cycl oal l&ﬂT"{:FP&i’ﬁ” a

het er ocycl oal kyl group, or erein Rlerr] is H an alkyl
group, an aryl group, a heteroaryl group, a cycloalkyl group, a

het er ocycl oal kyl9. gr dugemperndyedacied frigmobpgrosmn O al kyl group, or
NR[err]Rerr]; wherein R err] is H an alkyl group, an O al kyl group,
an aryl group, N-[R2iDimethyl(SH(muiliyicarbaeoplsropHs(RI(NphitnyIONH-pyrrol-1-

het er ocycl oal kyl group, and wherei n errﬁ is H an ﬂyl group, an

aryl groupyhsuckigimic@aidf! group, a cycloal kyl group, or a heterocycl oal kyl
group, or wherein Rerr] and R err] form together wi th the nitrogen

to which th t
Lo which they ;’izgfz??exbﬁré‘%rg%; gﬁaﬁ@gc?grggwiom%&dfé h@ﬁﬁ@%%@ﬁ 5@? group,

d gﬂ.ﬁp gmc ted f h d | kyl :

E[ne;?]yr agroggﬁﬂﬂ,lﬁ lglr% ry A rou hﬁn&ﬁ&ﬁg Sroup?ma &gg}egl k?ln gr Oﬁp,g;oup
b I

phar mceut ?LSFFI;* R} Kb ol Dol FA QL SR BBl Tt 1

accept abl e eof, said prodrug being different froma conpound of
the fornmul §ﬁiu°5mmgm AQ?J 269 15.

ambunt of & comBuMaER P KRR T P P et cA LY et ective

(methylcarbamoyl)propyl]succinamic Acid;

3(R)-[3-(Biphenyl-4-yl)-1 H-pyrrol-1-yl}-N-[2-hydroxy-1(S)-{(1 H-imidazol-4-

yDmethyl]ethyl]succinamic Acid;
* N-[2,2-Dimethyl-1(S)-(methylcarbamoyl)propyl}-3(R)-[3-(4-propyliphenyl)-

1H-pyrrol-1-yl] succinamic Acid;

3(R)-[3-(4-Cyanophenyl)-1H-pyrrol- 1-y1}-N-[2,2-dimethyl- 1 (S)-
(methy_lcarbamoyl)p_ropyl] succinamic Acid;

N-[2,2-Dimethyi-1(S)-(hydroxymethyl)propyl]-3(R)-[3-[4-(pyridin-4-yl)phenyl]- 1 H-
pyrrol-1-yl]succinamic Acid;

N-(2-Hydroxy-1(S)-phenylethyl)-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-
yllsuccinamic Acid;

3(R)-[3-(4'-Cyanobiphenyl-4-yl)-1H-pyrrol-1-y1}-N-[2,2-dimethyl-1(S)-

(methylcarbamoy!)propyl]succinamic Acid;
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a pharmaceutically acceptable salt 1'- --501 y

phar maceutical ly acce tabl e prodr t het| edf "‘lfodrug be| ng different

from sai d conmpound:; a t as ee eut i ca1 Ty% "acCeptablie carrier,
di l uent, vehicle, or
270 WO 98/17643 PCT/US97/17809

3(R)-[3«(4'-Cyanobiphenyl-4-yl)-1H-pyrrol-1-y]]-N-{2,2-dimethyl-1(S)-(pyridin-4-
ylcarbamoyl)-propyl]succinamic Acid;

3(R)-[3~(4'-Carbarmoylbiphenyl-4-yl)- 1 H-pyrrol-1-yl}-N-[2,2-dimethyl-1(S)-
(methylcarbamoyl)propyl]}succinamic Acid;

3(R)-[3-(4'-Carbamoyibiphenyl-4-y1}-1H-pyrrol-1-yl]-N-{2,2 dimethyl-1({S)-(pyridin-4-yl-
carbamoyl)propyl]succinamic Acid,;

3(R)-[3-(4'-Cyanobiphenyi-4-yi)-1H-pyrrol-1-yl}-N-{2,2-dimethyl-1(S)-
(hydroxymethyl)propyl] succinamic Acid;

N-(2(R)-Hydroxyindan-1(R)-yl)-3(R)-{3-[4-(pyridin-4-yl)phenyl]- | H-pyrrol-1-yi]
suc:;iﬁarnic Acid;

" N-(2,2-Dimethyl-1(S)-(methylcarbamoyl)propyl)-3(R)-[3-(4-(pyridin-4-yI)phenyl)-1H-

pyrrol-1-ylJsuccinamic Acid;

N-(4,4-Dimethyl-2-oxo-tetrahydrofuran-3(8)-yl)-3(R)-{3-[4-(pyridin-4-yl)phenyl]-1 H-
pyrrol-1-yl]succinamic Acid;

N-~(8-Ox0-4-0xa-1,7-diazatricyclo[9.6.1.0 "*!"joctadeca-11(18),12,14,16-tetraen-9(8)-y1)-
3(R)-[3-{4-(pyridin-4-yl)phenyl}-1 H-pyrrol-1-yl] succinamic Acid;

N-[2,2-Dimethyl-1(S)~(pyridin-4-ylcarbamoyl)propyl]-3(R)-{3-[4-(pyridin-4-yl)phenyl]-
1H-pyrrol-1-yljsuccinamic Acid;

N-[1(S)-(IH-Imidazol-2-yI)-3-methylbutyl]-3(R)-[3-[4-(pyridin-4-yl)phenyl]-1H-pyrrol-1-
yl] succinamic Acid;

N‘-[Z,Z-Dimethyl—l(S)-(hydroxymcthyi)prqpyl]-N‘-hydroxy-Z(R)—[3-[4—(pyridin-4-

yDphenyl]}-1H-pyrrol-1-yl] succinamide;
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N-[2,2-Dimethyl-1(S)-(methylcarbamoy!)propyl]-3(S)-[1-(4-fluoropheny!)-1H-pyrrol-3-

yl]succinamic Acid;
3(S)~[1-(4'-Cyanobiphenyl-4-yl)-1 H-pyrrol-3-yl]-N-[2,2-dimethyl- 1 (S)-
(methylcarbamoyl)propyl]succinamic Acid;
3(8)-[1-(4'-Cyanobiphenyl-4-y1)-1H-pyrrol-3-y1]-N-[1(S)~(1 H-imidazol-2-y)-3-
methylbutyl]succinamic Acid;
3(8)-[1-(4-Cyanobiphenyl-4-yl)-1H-pyrrol-3-yi}-N-(4,4-dimethyl-2-oxo-tetrahydrofuran-
3(8S)-yl)succinamic Acid;
3(R)-[3-(4'-Cyanobiphenyl-4-yl)-1H-pyrrol-1-yl]-N-[1(S)-(1 H-imidazol-2-yl)-3-
methylbutyl]succinamic Acid;
3(R)-{3~(4-Cyanopheny!)-1H-pyrrol-1-yl}-N-[1(8)-(1 H-imidazol-2-yl)-3-
methylbutyl]succinamic Acid;
N-[2,2-Dimethyl-1(S)-(hydroxymethyl)propyl]-3(S)-[1-[4-(pyridin-4-yl)phenyl]-1 H-
pyrrol-3-yl] succinamic Acid;
3(R)-{3-[2-(4-Cyanophenyl)ethynyl]-1 H-pyrrol-1-yl }-N-{2,2-dimethyl-
1{S)(methylcarbamoyl)-propyl] succinamic Acid;
3(R)-{3-[2-(4-Cyanophenyl)ethyl}- 1 H-pyrrol-1-yl}-N-[2,2-dimethyl-
1(S)(methylcarbamoyl)-propyl] succinamic Acid;
N'-Hydroxy-N*-methyl-3(R)-[3-(4-(pyridin-4-yl)phenyl)-1 H-pyrrol-1-yl}succinamide;
3(R)-[3-(4'-Cyanobiphenyl-4-y1)-1H-pyrrol-1-y1]-2(S)-cyclopropyl-N-(2,2-dimethyl-
1(S)(methyicarbamoyl)propyl)succinamic Acid;

3(S)-[2-(4'-Cyanobiphenyl-4-yl)furan-4-yl]-N-[2,2-dimethyl- 1(S)-(methylcarbamoyI)
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3(S)-[1-(4'-Cyanobiphenyl-4-yl)-1 H-pyrrol-3-yl]-N-(2,2-dimethyl-1(S)-
(methylcarbamoy!)propyl)-2(R)-(hydroxymethyl)succinamic Acid;

3(S)-{1-(4'-Cyanobiphenyl-4-yl)-1 H-pyrrol-3-yl]-N-(2,2-dimethyl-1(S)-
(methylcarbamoy!)propyl)-2(S)-(hydroxy)succinamic Acid;

3(R)-[3-(4'-Cyanobiphenyl-4-yl)-1H-pyrrol-1-yi1}-N-(2,2-dimethyl-1(S)-
(methylcarbamoyl)propy!)-2(S)-(hydroxy)succinamic Acid;
and the pharmaceutically acceptable salts and solvates thereof, and the pharmaceutically
acceptable prodrugs thereof.

20. A pharmaceutical composition comprising:

(a) a therapeutically effective amount of a compound as defined in claim 1 or a
pharmaceutically acceptable sait or solvate thereof, or a pharmaceutically acceptable prodrug
thereof, said prodrug being different from a compound of the formula (I); and

{b) a pharmaceutically acceptable carrier, diluent, vehicle, or excipient.

21. A method of treating a mammalian disease condition mediated by
metalloproteinase activity that comprises administering to a mammat in need thereof a
therapeutically effective amount of a compound as defined in claim 1 or a pharmaceutically
acceptable sait or solvate thereof, or a pharmaceutically acceptable prodrug thereof, said prodrug
being different from a compound of the formula (I).

22. A method according to claim 21 wherein the mammalian disease condition is

tumor growth, invasion or metastasis.
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23. A method according to claim 21 wherein the mammalian disease condition is
osteoarthritis, rheumatoid arthritis, osteoporosis, periodontitis, or gingivitis.

24. A method according to claim 21 wherein the mammalian disease condition is
chronic dermal wounds, corneal ulceration, or degenerative skin disorders.

25. A method according to claim 21 wherein the mammalian disease condition is
multiple sclerosis or stroke.

26. A method according to claim 21 wherein the mammalian disease condition is
atherosclerosis, glomerular disease, or Alzheimer's disease.

27. A method according to claim 21 wherein the mammalian disease condition is
characterized by unwanted angiogenesis.

28. A method according to claim 27, wherein the mammalian disease condition is
diabetic retinopathy, macular degeneration, angiofibromas, or hemangiomas.

29. A method of inhibiting the activity of a metalloproteinase that comprises

contacting the metalloproteinase with an effective amount of a compound as defined in claim 1

or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutically acceptable prodrug

thereof, said prodrug being different from a compound of the formuia (I).
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