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SUBSTI TUT D S¥ENISPENTANE COVPOUNDS USERGQT/USH7/09309
NEURAM NI DASE | NHI Bl TORS DESCRIPTION 5
Technical Field SUBSTITHTED ! GvenbbeRTAREA OMPoNyel substituted
cycl opent ane conpounds and derivatives thereof useful as
neur am ni dase 10 | NT$EFUL SAS { NEPRAKIREDABEC INEIBTTOHYS | ons cont ai ni ng
sai d conpounds useful for the prevention, treatnment or anelioration
of viral, bacterial and other infections, and to nethods of usi ng
sai d conmpounds. The present invention is also concerned wi th novel

i nternedi ates or precursors for pr ®BASEIREPIIWN novel 15 substituted
cycl opent ane conpounds of the present invention.

Background of the Invention Despite the wealth of information
avail abl e, influenza 20 remains a potentially devastating di sease of
man, | ower mammal s, and bi@@ﬁﬁﬂﬁéE@Lﬂ5%¥¥¥e vacci ne exists and no
cure is avail abl e once the infection has been initiated.

I nfl uenza viruses consi st of eight pieces of single 25 stranded RNA,

packaged i n ordeL! ¥ (ashi.on WO N, YAVl cuner 1 FRER BLEsecodes Sor

one of the major vital proteins. . Fepl . ) T

bi | ayer  CORRRURIE BREFSR-Avarivas THAA o akon a8 RLRE BRI L D1 i n

Spifes, inhibitors, to pharmaceutical compositions containing said
compounds useful for the prevention, treatment or amelioration
of viral, bacterial and other infections, and to methods of
using said compounds. The present invention is also concerned

with novel intermediates or precursors for producing the novel

15 substituted cyclopentane compounds of the present invention.

Background of the Invention

Despite the wealth of information available, influenza
20 remains a potentially devastating disease of man, lower
mammals, and birds. No effective vaccine exists and nc cure

is available once the infection has been initiated.

Influenza viruses consist of eight pieces of single
25 stranded RNA, packaged in orderly fashion within the virion.
Each piece codes for one of the major viral proteins. The
replication complex is enclosed with a membrane composed of
- matrix protein associated with a lipid bilayer. Embedded in

the lipid bilayer are two surface glycoprotein spikes,
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hemaggl uUMOI#7E9M4A) and t he enzyne neuram ni dase (NA). Al |l &CT/US97/0930%e
viral genes have been cloned and the three-di nensional structures of
t he suteaaceyglycpint ¢HAs Aadethecendgim Hidiethminidase (NA) .| nAbuenza
viruses continually undergo antigenic variation in the two surface
ant i gershe WAL el dédnesohaved hkeohcloned med ridie 2t imeandihedsesnale
directed. For this reason, vacci nes and a subject's natural inmune
syst emsftavstoredeeh the suvéageedilycopretedmeriaon baemode berngndtr ect ed
to finding 10 other potential antiviral agents acting at other sites of

t he virion. This invention is directed to novel conpounds which
are useful i nhlbltlng the viral ,surf ce enzyme NA.
F&r t her nor e, RJERel BPﬁﬁﬁlgﬁEtégPP} NAuWﬁﬁﬁHQﬁaHQESen%%egérlatlon

- d/
el S8 WIS RGPS RSB0 BROPBPRe, T AL M ok ovatE RkERi noos,

St t oy t | ophi | d oth

such ad i nﬁﬂﬁﬁéﬁéi}%’é‘éﬁgé‘)ggg el @%V&zﬁ@""%g%as?v.vm?es
fow phagus ndd %dans&éﬁ‘Qét ¥l hHEura 0 e hd Pl Snbﬁ‘VBQEhO” are
also directed to 1nhibitihg NA ese or gani sns.

Vi rusesreA 5 SE151 06 . a Aetéﬁﬁﬁbnﬁaéen%h'ﬁ@ﬁh (BEHEdted to ﬁgﬂ
subunits and a centrally-attached stal k contalnlng a b|c

negi on duheshipdt ént sl eaheddédal nagkater ganisy at othefmﬁiﬁééeofSEMérm
rol es have been suggested for NA. The enzyne catal yzes cl eavage of

the a- kdtmisindi ¢ Thikagevestiesnis direceed nad rswdl ccanpoladd whiaHj acent
sugar residue. Renoval 2
are useful in inhibiting the viral surface enzyme NA.

Furthermore, many othef organisms carry NA. Many of
15 these NA-possessing organisms are also major pathogens of man
and/or mammals, including Vibraeo cholerae, Clostridium
perfringes, Streptococcus pneumonia, Arthrobacter sialophilas,
and other viruses, such as ﬁarainfluenza virus, mumps virus,
Newcastle disease virus, fowl plague virus, and Sendai virus.
20 Compounds of this invention are also directed to inhibiting NA

of these organisms.

In viruses, NA exists as a tetramer made of four roughly
spherical subunits and a centrally-attached stalk containing a
25 hydrophobic region by which it is embedded in the organism’s
membrane. Several roles have been suggested for NA. The
enzyme catalyzes cleavage of the o-ketosidic linkage between

terminal sialic acid and an adjacent sugar residue. Removal
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the sial i WA/ WPhwers the viscosity and permits access of FCT/USYHRNS s
to the epithelial cells. NA also destroys the HA receptor on the host
cell, thas sheowiagd ied wdioh dwersgehy viscositkyuandageredieas faoresaf et ed
cells. 5 Research indicates that the active site for influenza
neur an ntdleseirasaites thhrithel 13l unehdagedNPorlisige demitaroys the sBiai ns
of influenza. For exanple, a conparison of_sequences frominfluenza A
subt ypesreREPEAT] GEnidieB hpnsCebhseb g aildowingsiedusd on 1f murgeny
structural and functional_roles._ Eve t hough t he sequence honol ogy
i s only %&bbYy® BG%FHﬁ%ﬁF(ﬁr?WmﬁnfeCtegcﬁféﬂﬁtic resi dues are conserved.

Furt hernore, the three- di mensi onal structures of influenza A and B
neut am ni dases have been determ ned. Superposition of the various

U LG e S Ergh ALY RL SR WOl s Bk e

site. I'Ve sSTte anind ac in al
known i A ] Ol e C . far, an
i bi £ o R S A e L AP 1P BB REAUERC 98 L e 3R
and/ or Bspgyt ARl Birdase Gah L. desdBnefakpsed ANcofParishe of sequences

t hree-di nensi onal structure of a neuram ni dase. I n" general,

t he rol efpbmNANfS uehgR subtbepdOrandeinfluendlbil shywel ddisetvars both to
and fromthe site of infections. Conpounds that inhibit

newr am nrdasduesactiitt torummia prot pedtaraPbands fhpeet ochadmriaglfeact | aveand/ or
cure a subject once infection has set in. It is a further object of
t hi s i nvelntugh the sequerprevigeolbogiet hedonlyusbrgtcdtpoundsyofoft hilse

i nvention for treating and/or curing a viral infection.

3 catalytic residues are conserved. Furthermore, the three-

dimensional structures of influenza A and B neuraminidases
have been determined. Superposition of the various structures
15 shows remarkable structural similarity of the active site.
Since the active site amino acid residues are conserved in all
known influenza A neuraminidases that have been sequenced so
far, an inhibitor that is effective against different strains
of influenza A and/or B neuraminidase can be designed based on

20 the three-dimensional structure of a neuraminidase.

In general, the role of NA is thought to be for the
mobility of the virus both to and from the site of infections.
Compounds that inhibit neuraminidase’s activity may protect a

25 subject from infection and/or cure a subject once infection
has set in. It is a further object of this invention to
provide a method of using compounds of this invention for

- treating and/or curing a viral infection.
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Anal ogs WO PE4MMi ni c acid, such as 2-deoxy-2, 3- PCT/US97/09309
di dehydro- N-acetyl neurami nic acid (DANA) and its derivatives o are
known to i nhphatioHs of vielr@miEwe\wiid,! Rk GEIMALKISH £, 3 - I nactive

in vivo. Palese and Schul man, in CHEMOPROPHYLAXIS 5 AND VI RUS

| NFECT| &Nd€hydiHG -NRPRER t RESeRAKGRY cTRAGE (WANA)L and its derSratxdesd,

Ed.), CRC Press, 1977, at PS 189-205. Von Itzstein et al.
descr i baseckobwhetandndwidlidgéPofira-viitro; howener anihese asormboindseater mul a
[err] wher ei n: Ais O, Cor Sin Formula (a), and N
or Cinriwmaekive ¢p) vivo. Pafeger Jand S@(b[velmra]m ﬂq@fﬂn}wmwrﬁms”]
C%err] qurr]H tetrazoloyéj- rr CHO, or CH(CHO)[err]
Ri2rr] PNDLVIRESeANFECEION | BrTHE'CIdP p@ﬁﬁm@l‘-ﬁ[l@f r'IIRIHFTO{@lr]X where X

i s NHR6 d H, CN,
II\ISHR[err](‘,I%R[Q?‘?nggﬁI%Q[‘ r’r@kg%r]m’, Wgnﬁ[cﬁe%cgs R LCR arl?[ee”] I's
NHR[ err], SRerr], ORlerr] , CJerr]Rerr], NJerr] C(R[err]
CHerr]COerr]Rerr], CHerr]NJerr] or 20 CH2NHRG; Rlerr] is
CH Y A .

CHL/(I-?{E :a]r r ?[Ca:/ Br v ( ng gg{ (;%P'H @S%rxrllbe%[cé’rcrl]oq%xﬁe DRALoF 9F  2aPry |
or arylpeyraminid héiﬁio§,dﬂé fYrnitla

4
RS RS
A A
R )R and R4 Y—Rl1
10
RY R3 R2 RY R3 R2
@ ®
wherein:
A is O, C or S in Formula (a), and N or C in Formula (b):
R' is CO,H, PO,H,, NO,, SO,H, SO,H, tetrazolyl-, CH,CHO, CHO, or
15 CH (CHO) ,;
R?’ is H, OR®, F, Cl, Br, CN, NHR®, SR® or CH,X, where X is NHRS
halogen, or ORS;
R® and R?’ are H, CN, NHR®, SR®, =NOR®, ORS¢, guanidino, NR*;
R' is NHR®, SR®, OR®, CO,R®, NO,, C(R®),, CH,CO,R®, CH,NO, or
20 CH,NHR®;

R® is CH,YR®, CHYR®CH,YR® or CHYRSCHYR®CH,YRS;
R® is H, acyl, alkyl, allyl, or aryl;

Y is O, S8, NH, or H;
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phar maceu @844 t s thereof, useful as antiviral agents. FCT/USS7/0930% -
addition, certain benzene derivatives are suggested in U. S. patent

5, 453, 538ndspharmgdenttiilsialorsaldfs itifdnenfa wseil &s antdavamedi égsntand
various others are disclosed in U S. patent application serial nunber
08/ 413, 886. Yamanoto et al. describe various sialic acid isoners as
having inhibitory ., activity against neuram ni dase in Synthesis of,

Sialic Acid Ir 2ddd&i@ty \RRFEEThiIRZRRe ATV Vg A%e ANGESRtaddde,
10  TETRAHEDRON LETTE |, 33, No. 39, pp. 5791-5794_.1992.

WD 96/ 26933t 83§P§a}'§§3e¥%és 25 r’fi?“b%s"c‘?k?ﬁ‘g’st%’é?t%?nlﬁfluenza it ed
. . e N e 1b
Howdver PRURER AT RS HE YA Hihdlle e, alSH80LY R30G5, Batent

derivati f pr, RN Sunmmary

of | nven%{gé%gcféq%n ser il n asxlpgjczgt/llojf3 't?'nse6 'pre%%‘ﬂ MR eRFi 8rl1 ‘is directed

to A60FRWRIS A ARARS HAd DYadilte fUdBY @ as having inhibik®
activity against neuraminidase in Synthesis of Sialic Acid

Isomers With Inhibitory Activity Against Neuraminidase,

10 TETRAHEDRON LETTERS, Vol. 33, No. 39, pp. 5791-5794, 1992.

WO 96/26933 to Gilead Sciences, Inc. describes certain 6-

membered ring compounds as possible inhibitors of

neuraminidase.
15
However, none of these references disclose the
cyclopentane derivatives of the present invention.
Summary of Invention
20

An aspect of the present invention is directed to

compounds represented by the formula:

Ra2
Rg
R3 X Rg
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134) 97/47% s CHerr],

wher ei n 0 or S Rlerr] is H OHCHNES®ENIOB09 Or
OR[err]; Rlerr] is CJerr]H SOerr]H PJerr]Herr], NdJerr],
est er swhdmwemf, or salts thereof; [err] each of Rerr] and

Rl err] |nd|vrdually is H, (CH[err]) CCIerr]R[err] , (CHerr] ORerr],
CO\I(REexﬁF]CH:(CI-qu??F]N(R[err] CH (Rlerr]" (CHerr](Rerr]' CHerr]CH
e

err CH err r CH err])CH rr])CH err err],
g:lc—ll[:{[errﬁz]) r*{ I‘l)l—rcr%{'er‘:r"’])Qﬁii[err]NH(R[C]eQLr] OR o IR !
CH err CH err er er err
or TR B o S0P PR 1O 1BSECohr Ebehes ”%: RS PR
Rerr], R[err] and Rlerr] is other than H; Rlerr] is H (CHerr]CH,
(CH[err]NH[err] (CH err] C(=NH )NH[err] (CH[err]NHC( NR[err])NH[err]
(CHerr] CN or (CH]err]N[ﬁzrr],, Rlerr] is I-Bg r al kyI branched
aghai n alkylis &YCNHCR g} kmtcro_,r NHSO 2Rs, gﬁﬁngr]sozmkﬁs, ®E | |od s‘:rH ROH, CN,
NH err] or NJerr]; each Rlerr] individually is H |ower llal kyl,
| ower al kyI ene, branched al kyl, cyclic al kyl, substitut ed cyclic

15 PEHOR rrgnd R BIRAIGE B (B R dER o or man
Nh%@ﬁg’g%t 30, WK, cH (Rog) S e R PYSTerclebg, JiA0BRCS Al kol
furthect_.Hrpﬁg O%"a)tcw X@@OQ or é{(&ﬁmy&h MNR[ err] is other than 25

CH(OR er err ‘err] and phranmaceutically
accept @hl@® @@émci{mﬁgf CH(ORm)CH(ORm)CHzNHRm, or NR,,C{(=NR,,)N(Ryo)n; 6
10 provided that at least one of R,, R; and R, is other than H;

R, is H, (CH,),0H, (CH,),NH,, (CH,),C(=NH)NH, (CH,) NHC (=NR,)NH,,
(CH,) ,CN or (CH,)N,;
R, is H, lower alkyl, branched chain alkyl, cyclic alkyl or
CF,;
15 R, is H, OH, CN, NH, or NO,;
each R,. individually is H, lower alkyl, lower alkylene,
branched alkyl, cyclic alkyl, substituted cyclic alkyl, (CH,),
aromatic, (CH,),- substituted aromatic, and when m is 2 both R,
groups can also be interconnected to form an N-heterocyclic
20 ring;
R,, is lower alkyl, branched alkyl, or (CH,), aromatic;
m is 1 or 2; and
n is 0-4; and
further provided that when X is O or S, R, and R, is other than
25 CH (OR,,) CH (OR,,) CH,0OR,,;

and phramaceutically acceptable salts thereof.
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The presenvoigﬂ(ﬂ,’rﬂ“i on is also concerned with conpositions

i nhi biting influenza virus neuramn nidase conprising a

phar maceut i cal Tye apregeabl dnyvgntiian &t asantemceviedcvivh composfidgrions
inhibiting influenza viruys neuram ni dase of a conpound as 5  defined
above. or inhibitingyipfduergsectingis mpnraniphdaseveptPshsingolves a

met hod for inhibiting iLofluenza virus that, conprises admi_ni stering to
2 pati enPHIFTREEUEAGAALY BCEEREAMIE S5 T U | HoPRBYRE PAESH EaSuNG
effective. for. inhibjiting.l a. . V] neur am ni dase,

A still ?‘clﬁzf hje?h%f){é%{lao% h? E(ka‘llégl%ésgn rulsnv%én‘{llu%'?llﬁ?%égse Ogc%n(&gV‘ﬁ@b‘n\ﬁ 2l
treating deﬂf{ﬁ@ z%\bg{',éus i nfection conprising 15 adm nistering to a
pati’ent in need thereof a conpound as defi ned above in an anount
effective for inhibiting influenza vi rus neur am ni dase.

The present invention is al so concerned with nethods for 20 pr oduci ng
the conpounds gefipeHeab@¥pect of the preserBeSinddgk Mk i PHeoMpdSES af Or
Carrying Qut Invention An aspect of the present invention is

di rect ed it h@® foeohphtibds ingpriefdnieatabwihes fohiat| comprises
7

ggiq/u'sgpoysw

administering to a patient in need thereof a compound as
10 defined above in an amount effective for inhibiting influenza

virus neuraminidase.

A still further aspect of the present invention is
concerned with treating influenza virus infection comprising

15 administering to a patient in need thereocf a compound as
defined above in an amount effective for inhibiting influenza

virus neuraminidase.

The present invention is alsoc concerned with methods for

20 producing the compounds defined above.

Best and Various Modes for Carrying Out Invention

An aspect of the present invention is directed to

25 compounds represented by the formula:
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[err] wher ei n Xis CHerr] Oor S; 5 pr&msyioise H,
OH, NHerr], or ORerr]; Rlerr] is CJerr]H SO[err]H,
PJerr]Herr], NJerr], esters thereof, or salts thereof;

0 [err] each of Rerr] a Rlerr] individually is H,

(CHerr]COerr]Rerr], (CHerr]
CH(Rerr] 10 (CHerr] (Rerr
(ORerr]) CH (ORerr]) CHerr]
CHerr]NHR err], CHerr]CH OR err])
CHORlerr]) CHerr]NHR err], or erI']C(:NR[err]) N (Rerr]);
provi ded that at |east one of Rerr]g/Rerr] and R err] is other than H;
Rlerr] is H (CHerr]OH (CHerr]NHerr], (CHerr]C(=NHNH err],
(CHerr]NHC(=NR[err])NH err] 15 (CHerr]CNor (CHerr] Nerr];

rl], CON(Rerr], (CHerr]N(R err],

erg] CH{OR[err]) CHerr]OR err], CH
OR[err], CH (OR[err])

ﬂHR[err], CH(OR[err])

Rlerr] is H |ower alkyl, branched chain al kyl, cyclic al kyl or CF3;
Rl err] iSreH’ OH, CN, NHerr] or NdJerr]; each R err] individually
is H eW’]E oikr  al kyl, lower alkylene, (CHerr] 20 aromatic, branched
al kyl , v i, al kyl bstituted cyclic al kyl, (CHerr]- substituted
ar omat ?‘g?igan z\i\hgl‘yno%?é 2 both R err] groups can al so be

i gtercennect gd g, f i aB-NoRet,erocyclic ring;
8 ’ ’ r
R, is CO,H, SO,H, PO,H,, NO,, esters thereof, or salts thereof;

0 S
: LU é! I i I
Ry is H, NHCRs, NHCRs, NHSO2Rs, CNHRs, SO;NHRs, CH»SRs, or CHzﬁRs,‘

each of R, and R, individually is H,
(CH,) ,CO,R,,, (CH,),OR,;0, CON(Ryy)m, (CH,) N(R;o)m, CHI(R,)n,
10 (CH,), (R,y)n, CH,CH(OR,,) CH,OR,,, CH(OR,,)CH (OR,,) CH,0R,,, CH,OR,,,
CH (OR,,) CH,NHR,,, CH,CH (OR,,) CH,NHR,,, CH(OR,,)CH(OR,,) CH,NHR,,, or
NR,,C (=NR,,) N{R;o) i
provided that at least one of R,, R, and Ry is other than H;
R, is H, (CH,). OH, (CH,),NH,, (CH,),C(=NH)NH,, (CH,) NHC(=NR,)NH,,
15 (CH,) ,CN or {(CH,) N,;
R, is H, lower alkyl, branched chain alkyl, cyclic alkyl or
CF,y;
R, is H, OH, CN, NH, or NO,;
each ﬁm individually is H, lower alkyl, lower alkylene, (CH,),
20 aromatic, branched alkyl, cyclic alkyl, substituted cyclic
alkyl, (CH,),- substituted aromatic, and when m is 2 both R,,

groups can also be interconnected to form an N-heterocyclic ring;

8
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Rerr] i sWQRE* 3 kyl, branched alkyl, or (CHerr] aromaticFCTUSIT9G, o 4
or 2; and nis 0-4; and further provided that when X is 0
or S, R[RnrlisadewReralkyk, dehenchédnalkgl, ogH (QBR) erafom@i¢OR err])
CHerr]ORerr]; and pharmaceutically acceptable salts thereof.

Concer niMgiR ér PE 2ihé%=2, each Rlerr] can be the sane or

different., 10 The | ower al kyl groups contain 1 to about 8
carbon, Bn#S 0-4; 3%hferably 1 to about 3 carbon atoms, and can be

strai ght br anc -chain or cyclic. saturated al iphatjc hydrocaybon
groups. fysther prOV14£4;éh§%e¥??ﬁ %u+?a8l8ra?ky Joims p§3i*ﬁﬂ?£kFﬁEFh9P,
et hyl a y npl es of branched al kyl groups include

i g%ropj?Hé%E“p?%ﬁ¢§ﬁPiEﬁﬁﬁ?

is anpfes of suitable cyclic aliphatic gr oups
typi cal | y,§0Bhalrhadeh (GaTPON, & WBpedh & NEhYEE £ARreosCyC! Opentyl and
cyclohexy?. The aromatic or aryl "groups are preferably phenyl or
al kyl substituted aromatic groups (aral kyl) such as phenyl Cerr]

al kyl such as benzyl . Exanpl es of substituted cycl oal kyl
groups incl udecayelining?R,, wiéhphabi CeGERURS, tadd &Y |ph&oshme nbpg 3-8
carbon atons in the ring substituted wth al kyl groups typically
havi ng 146f£etrban . atonms and/or hydroxy group. Usually 1 or 2
substituted groups are present.

910

The lower alkyl groups contain 1 to about 8 carbon, and
preferably 1 to about 3 carbon atoms, and can be straight,

branched-chain or cyclic saturated aliphatic hydrocarbon

groups.
15
Examples of suitable alkyl groups include methyl, ethyl
and propyl. Examples of branched alkyl groups include
isopropyl and t-butyl. Examples of suitable cyclic aliphatic
groups typically contain 3-8 carbon atoms and include
20 cyclopentyl and cyclohexyl. The aromatic or aryl groups are
preferably phenyl or alkyl substituted aromatic groups
(aralkyl) such as phenyl C,., alkyl such as benzyl.
Examples of substituted cycloalkyl groups include cyclic
25 aliphatic groups typically containing 3-8 carbon atoms in the

ring substituted with alkyl groups typically having 1-6 carbon
atoms and/or hydroxy group. Usually 1 or 2 substituted groups

are present.
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The | oneWQPIdM¥he group can be straight, branched chain PCT/US§0930%| i c
unsat urat ed hydrocarbon group and contains 2-8 carbon atons and
preferably 2nhd tawbenaakeleneExampipesanrf be straidiyt ereragmcbed aheiwi nyl,
1-propenyl, allyl, isopropenyl, 2- 5 met hyl - 2- propenyl and

cycl opsat epylic unsaturated Hydrdsstbtaro@riure an@geerbaR$n2387 atons in
the ring. The heterocyclic rings can be substituted such as with a
| ower carbonabkpmsgendp Prefergbdy &-3sHaNR HePBF ocyBXRBPYRSURE are
pyrrolidino, azetidino, piperidino, 3,4-dithyd{o$£peridino,

2- met hglbybenedoneuRSd 3 e VI par IRFGREDY L, "allyl, 1seRIERER¥dri Cal |y

acceptabl e salts of the conpounds of formula (1) include those

der i vedet hyhr ghRreRESY And) cYrsoreRt &bl e, inorganic and organic acids
and bases. Exanples of suitable acids include hydrochloric,
hydr obr om c, sul phuric, nitric, perchloric, fumaric, maleic,

phosphori c, Jalycol 1 6, i LeyelCy SHEGRENER: th i ng .
toIuene-p-sapﬁhghﬁ%té%OAJéﬁﬁéi%%éé? ééé&%c, citr?c, nethanegufgﬁghich
forn]CTth%%@é%o%ygxic'gﬂﬂﬁﬂ(haﬂmﬁgniﬁﬁgﬁft3t§§|Eﬂ@ﬂ'és tiikhl woneseatic
and enzenesul phoni ¢ aci ds. Salts derived from

appr opgi Rasrs | nabidprdkadi sSeftable hetagosodlim grdupsnaniea. 25
Exanplé%ﬁ%? sone “speci fi ¢ conpounds within the scope of t he present
i nvent (O @18 dino, azetidino, piperidino, 3,4-didehydr®Piperidino,

2-methylpiperidino and 2-ethylpiperidino.

Pharmaceutically acceptable salts of the compounds of
formula (I) include those derived from pharmaceutially
15 acceptable, inorganic and organic acids and bases. Examples
of suitable acids include hydrochloric, hydrobromic,
sulphuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycollic, lactic, salicyclic, succinic, toluene-p-sulphonic,
tartaric, acetic, citric, methanesulphonic, formic, benzoic,
20 malonic, naphthalene-2-sulphonic, trifluorocacetic and

benzenesulphonic acids.

Salts derived from appropriate bases include alkali such
as sodium and ammonia.
25
Examples of some specific compounds within the scope of

the present invention are:

10
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ci s-3-[ (neMB¥%¥HiINY| ani no) net hyl ] cycl opent anecar boxylic  PCT/U§T/AI309
t rans- 3- am no- c- 4- (net hyl car bonyl am no) net hyl -r-cycl opentane 5

car boxyl L§sagi-d;(met hylcarbonylamino)methyl] cyclopentanecarboxylic
trans-3-{[(am no) (i m no) net hyl ] am no}-c-4-[ (et hyl car bonyl

am no) neabyld;cycl opent an-r-car boxylic aci d; 10 4(3-{ [(am no)
(i m no) net hyl ] am no} - 3a-[ ( 2- hydr oxy- 1-
met hyl car bonyl - am no) et hyl ] - 1- cycl opent anecar boxyl i ¢ aci d; sodi um

3[err]-{[am no) (i m no)nmet hyl ] am no}-4a-[ (2-hydroxy)(1-

met hy| catbengl-griamir 14 CW%@&H‘%@@BBQA?B&%?I] mﬁé ylrg-cyclopentane
t rans- 3- am no-trans- 1- hydr oxy- ci s- 4[ (hydr oxynet hyl ) ( met hyl

car bony| arrhepyatiey |§ i opentan-r-carboxylic acid;

trans-3-{[ (am no) (i m no) nmet hyl ] am no}-trans-1-hydroxy-cis-4- 20

[ (2- hydroxynet hyl ) (1- nmet hyl car bonyl am no) et hyl ] cycl opent an-r -

car boxyl i ¢ a0|§ o)meth igo met arhonyl
3[ err] - afFReS IQEf?E&%?*&b?b%nb?an1¥o}f§ és A trthéroxfﬁmﬁ3ﬁﬁ Y
cyclopentancarbo

3[err] - { BN (ﬂ? g%%ﬁe?ﬁ?? gﬁ?no}czrbfle fﬁgarbonylanlno)
(2,3,4-trihydroxy)butyl]-cyclopentancarboxyl|c aci d;

11

10 4(3—{((amino)(imino)methyl]amino}-3a—[(2—hydroxy-l-

methylcarbonyl-amino)ethyl] -1-cyclopentanecarboxylic acid;

sodium 38-{ [amino) (imino)methyl] amino}-4«- [ (2-hydroxy) (1-
methylcarbonylamino)ethyl] cyclopentan-r-carboxylate;

15
trans-3-amino-trans-1-hydroxy-cis-4 [ (hydroxymethyl) (methyl

carbonylamino)methyl]l cyclopentan-r-carboxylic acid;

trans-3-{ [ (amino) (imino)methyl]lamino}-trans-1-hydroxy-cis-4-
20 [ (2-hydroxymethyl) (1-methylcarbonylamino)ethyl}cyclopentan-r-

carboxylic acid;

3B-amino-4o- [ (1-methylcarbonylamino} (2,3,4-trihydroxy) butyl]
cyclopentancarboxylic acid;

25
38-{ [ (amino) (imino)methyllamino}-4a- [ (1-methylcarbonylamino)

(2,3,4-trihydroxy)butyl] -cyclopentancarboxylic acid;

11
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ci s-3- {[V&RATM3194(i mi no) met hyl ] ani no} -t r ans- 1- hydr oxy- t r anSRCEUS97/09309
[ (1- et hyl car bonyl am no) (2-trifl uoromet hyl - car bonyl oxy) et hyl ]

Cyd(HEH§a®=q1@3&99&MHW%ﬁHBﬂ%ethylﬁhminégfkfﬁﬂéuk5ﬁﬂdroxy—trans-4-
[ (1- et hyl car bonyl am no) (2-phenyl nmet hoxy) ethyl] -

t - 1- hy tit Dxyiey hiyd parbainyl-apairioxid - tr iffiwbromet hyl - c&rBodyloxy) et hyl]

[ (am no(i m no) met hyl )am no}-t-1-hydroxy-t-4- { (met hyl car bonyl am no)
( [ (mtywlopentantmoxgriamyidc cariabnyl} 10

met hyl } cycl opent an-r - car boxylic acid; 3[err]-{ [(am no)
(imno)nethyl]am no}-4a -{{4- [ (nmethoxy) (nethyl) am no] -1-

(et hyl car bonyl anmi no- 2- oxo} but yl } cycl opent an carboxylic acid; 15

{3 3- { §(ImdRdRo Frnd) emaaly lad rkonylanifqql| 2tphery metkebphgt hyl] -

(et hyl car bonyl am no) net hyl] -t-1-hydraoxycycl opentan-r - carboxylic
aci d; ‘:'1ZBYdrof‘Y§Y§Hi%-r{§-34‘-‘H'(Qﬁr-}?ﬁwldrﬁ/I%ﬁﬁ‘gbcar bonyl ) (met hyl car bonyl
am no) met hyl ] -t - 1- hydroxy-cycl opent an-r-car boxyl i c acid; t-3-{

[ (ami no) (i m no)nethyl]am no)-c-4- [di-n-propylam no car bonyl)

o a2 P R R TR 18407 (ai - pr oyl i no
carbony t e £ AH4 B -SRRARHABIC) () - id ey LANENS] QREBLAD1 )

10 methyl }cyclopentan-r-carboxylic acid;

38-{ [ (amino) (imino)methyll}amino}-4c-{{4~ [ (methoxy) (methyl)
amino]} -1~ (methylcarbonylamino-2-oxo}butyl}cyclopentan
carboxylic acid;

15
t-3-{[(amino)(imino)methyl]amino}-c—4—[(diethylaminocarbonyl)
{methylcarbonylamino)methyl] -t-1-hydroxycyclopentan-r-

carboxylic acid;

20 t-3-amino-c-4-[(di-n-propylaminocarbonyl) (methylcarbonyl

amino)methyl] -t-1-hydroxy-cyclopentan-r-carboxylic acid;

t-3-{[{amino) (imino)methyl]amino}-c-4- [di-n-propylamino
carbonyl) (methylcarbonylamino)methyl] -t-hydroxycyclopentan-r-

25 carboxylic acid;

c-3-{[(amino) (imino)methyl)amino}-t-4- [ (di-n-propylamino

carbonyl)(methylcarbonylamino)methyl]—t-l—hydroxycyclopentan—

12
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r - car boxy| ¥ 93@7194 3[err] PCT/US97/09309
-{[ (am no) (i m no) et hyl ] am no}-4a-[ (di - n- propyl am no

car bonyl 3 {¢&tbykgaiboaytidni no) - net hyl ] cycl opent ancarboxylic 5 aci d;
3[err]-{[(am no) (i m no) net hyl ] am no} - 4a- [ (et hyl car bonyl am no) ( 3-
pentyl am nocar bonyl ) net hyl ] cycl opent ancar boxyli c aci d; 10
3[err]-{[Am no) (i m no) net hyI ] am no} - 4a-[ (di et hyl am nocarbonyl )

(et hyl c38 bbhyaminad) Fednp) reydydd an ?/d:e-rammpylamlno
3[err]-{[(Am noJ)L(l m no) net hyl ) am no} - 4a { [(et hyl )(propyl ) am no

car bonyl §3xlpeny léaﬁﬁbﬁ}l‘: HATHRAC Joyes Ipehh e teRpRbapearkgxyligei d;
3[err]-{[ (Am no) (i m no)nethyl]amn no}-4a-{[(ethyl)(propyl)am no

car%onylﬁh‘éi hyl - car bonyl am no) net hyl ) cycl opent ancar boxyl i c aci d;
20 3[err]-([(Am no) (i m no)nethyl]an no}-4a-[1-
(I - et hyl car bonyl am no) pent - 2- enyl ] cycl opent ancar boxyl i ¢ aci d;

ety ] It %ﬁ@“ﬁ SheS BB THBAs Poia Hod SR POk D) 2

key int erne
but oxyca‘?% éﬁl‘llﬂg‘é %Q% S’y)meﬁhgp ent cn10 ar%to%l/ %}f%o’éy]( %h%cr:réd
13

10 3R-{ [Amino) (imino)methyl)}amino}-4a- { (diethylaminocarbonyl)

(methylcarbonylamino)methyl] cyclopentancarboxylic acid;

3R-{ [ {Amino) (imino)methyl}amino}-4a-{[ (ethyl) (propyl)amino
carbonyl] (methyl-carbonylamino)methyl}cyclopentancarboxylic

15 acid;

3%-{ [{Amino) {(imino)methyl) amino}-4a-{ [{(ethyl) (propyl)amino

carbonyl] (methyl-carbonylamino)methyl}cyclopentancarboxylic

acid;
20
3%-{ [ (Amino) {imino)methyl]amino}-4a-[1- (1-methylcarbonylamino)
pent-2-enyl]cyclopentancarboxylic acid;
33-{ { (Amino) (imino)methyllamino}-4a-[1- (1-methylcarbonylamino)
25 pentyl]cyclopentancarboxylic acid.

In addition, an exemplary key intermediate, methyl 3-t-

butoxycarbonylamino-4-formylcyclopentanecarboxylate 6 (Scheme

13

25



WD 97/ 47194 PCT/ US97/ 09309 4),
my be WRAPH&R®P4ed from nethyl 3-hydroxy-4-hydroxymet hyl PCT/US97/09309

cycl opent anecar boxyl ate 1 (synthesis given in the attached sheet s) .
The pr4)maryafyse oxyhehkesizedy fronp mEtdored mwréia?-az -hydrdRbMethyl
(tert-butyldimethylsilyl) group; secondary hydroxy 5 gr oups upon

M t sunojzl spect anacéPbpaylpRe DEARYdiletdis qieeh in the sachekgldate), N3H)
can give the azido 3; azido 3 is reduced (H err] Pd/Cin presence of
((t-bamhegers) O Tbhegprémprat dvcawxatl ef 44 may be protecyelywrickyltheay be
deprot ected and on oxi dation_may give t he key internedi ate al dehyde
6. 10rBDMS (tert-buf§ydhddmetihy HreWR; aﬁﬁféﬁ‘}éérB RegdreEyilur t her
coupled with an appropriate allyl or vén | tributyl tin conmpound to
i%trocﬂk‘é‘“?%e“%ﬁe@&tﬁb‘l“ rRaRIGHCThr @vacerD(ﬁAD (diethyljea2P@in. The

h has b b dwth vipyl 13 tributyl tin. The t-b
T COmBUTRITLRS bo rahoval 5vE Che ARRR Ain@AA®P kit TEIAREAmine B

i our B Bt fecesence BECTAEIRNE) fof; Sondiyt BRLERERRS I ol pon
M tsur}glz)%{.“ary 11?Lydg§%§}f1' ML giéﬁ?r&zéége%oén& hgnaékgﬁaﬁgenbﬁﬁ&e% dto

anm ne urther acylated wth an appropriate al or

al kyl ond fiooy! i ghhefed at@ Ginderyte desired 12, The doubl e bond of
an allyl or Vvinyl group in the si'de chain on osm um cat al ysed

1 hydroxyl ation coul d gi ve conmpound 13, which upon further
deprotections could yield the desired target 14. 25 Before the
deprot ecti aRssthgeni dncGuheme] 5.3, thdeadenpdy 6 may bbhyduexpermay be
converted to a tosyl (4-CHerr] phenyl S(err]) group, conver si on of

a tosytoupled wWikbeaan@p@ropaiihte hlvhndpevinyl tributyl tin

14
compound to introduce the moiety for the glycol or glycerol

side chain. The scheme has been elaborated with vinyl

15 tributyl tin. The t-boc group in compound 7 may be removed
(trifluorcacetic acid) to an amine 8 and the amine may be
reacted with bis boc (-OC(=0)C(CH,),) thiourea to give the
protected guanidine 3. The hydroxyl of 9 upon Mitsunobu
reaction can give azide 10; the azide can be reduced to amine

20 11, and further acylated with an appropriate alkyl acid or
alkyl sulfonyl chloride to give the desired 12. The double
bond of an allyl or vinyl group in the side chain on osmium
catalysed dihydroxylation could give compound 13, which upon
further deprotections could yield the desired target 14.

25

Before the deprotecticn stage in compound 13, the primary

hydroxyl may be converted to a tosyl (4-CH, phenyl S0O,) group,

conversion of a tosyl to an azide and an azide to an amine

14
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gi ve the coYP8UAH where R3= CH(OH)CH err]NH err], CH( OH) CH RGRIISKI99309

or CHerr]CH (OH)CH err] NH err] The synthetic route to
prepar e tdive onpeundsiponneds Rlenrd R,s CHEOH) CEENHCN, CHIKHDHE)Y CH (OH) NE8HL] isS
shown in Schene 6. The am ne 8 upon reaction with cyanogen brom de
coul d gi ver t Gid, G EPRNFHRAVHLS; the side chain nmay be manipul ated in

t he sane manner as shown in Schene 5 to give 16; the further

reacti on of cyanam ne 16 wi t h hydroxyl am ne hydrochl ori de, hydrazine

or cyanam de could 10 give the aCPpro riate 17, which aon deprotection
may yield the The syng rpute to prepare thgoCPEREURES . ofhEMWRhis

2-1et hyl - 1- ni L1 0- 2-t hi dour ¢ . | eads to_18 (RLerr]= .
2o R Rl EPRBLA B an ek b LIS
ith P S : : t. (2. 4- . i s(4- net h
ey CEASEELGh 85 R RARbR S ad 2dina giye BhR! GyFREBIE @5

d iich : ' . d
Goaroun Gte FLLENA P od GilLANaceq in PRY BEnEORMBREST LD diifim

key in! §Eﬁéﬂ§d%gﬁ:% Y i 1Y LS9 ef e hf@&ét@oﬁggfgcy"a'%%mine 16

internediate 25 nay be prepared by two different procedures? .
i) Schemg,Bth THoqreaetisaii ritf Hlidwidyl ol @At Byd-£8indSor cyagiamidyy Hddes
and then cis 1, 4-dichl oro-2-butene gives 1, 1-
di neg hyl -3ieyct hpeappreicareraxy, attei XN, omhdeprosesaponi iagdyield the
15

targets 18.

The reaction of 8 with 2-methyl-1-nitro-2-thiopseudourea

leads to 18 (R,=NO,). When R, is ., the compounds of

S
NH—‘CI_’RG

15 the type 12 on reaction with P,S; or Lawsson’s reagent (2,4-
bis (4-methoxy phenyl)-1,3-dithia-2,4-diphosphetane-2,4-
disulfide) could give compound 19, which on further reactions

may be converted to the desired targets.

20 Other methods to prepare the equivalent of key
intermediate 5 are presented in Schemes 8 and 9. The

intermediate 25 may be prepared by two different procedures:

i) Scheme 8: The reaction of dimethylmalonate with
25 sodium hydride and then cis 1,4-dichloro-2-butene gives 1,1-

dimethyl-3-cyclopentene dicarboxylate 20, which is saponified,

15
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decar boxyWREH#74d esterified to give the benzyl ester of FRCI/USIT09309

cycl opentene 22. Conpound 22 upon reaction with Phl=NTS give

azi ri di BRcA%boka A iadid @ gty it aapanedyivé hche benbi 3pbenglt bifoet hane
and n-butyllithiumto give 24, and 24 5 upon reaction with copper oxide

and coppetlepetiticde el d Compour;d 12 ®Son Coapouidn2§inhy Phé=ti¥ed giveSchene

5 and el aborat ed in the sane manner as 5 to give the desired targets.
ii) Schedwi@ineTl2s .cydhspanisniaiag arapbepepennd wyahoxyam nation
reaction with chloramne-T in the presence of Os(Jerr] gives 26; the

i somer s bispheayitdicnethangiand air bionktithium ggogiveacdi oANM 24
4-ni trobenzenesul fony

d 2 b
1 Bl o bBon M A ST il SRR iad 'and cappBloghlBrroe, SoY 0 05

igcurs ?rsledl%sczrsl bedCo?nti)Ogtfnd 25 may be used in Scheme 5 and elaborated

in the same manner as 5 to give the desired targets.

ii) Scheme 9: The cyclopentene ester 22 upon an
.0 hydroxyamination reaction with chloramine-T in the presence of
0s0, gives 26; the isomers are separated. The desired isomer
upon reaction with 4-nitrobenzenesulfonyl chloride gives 27,
and the ONS group may be displaced with bisphenylthiomethane

to give 24. Conversion to 25 occurs as described above.

16
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PCT] Uso7] 084D 4715# Scheme 4 [err] PCT/US97/09309

Scheme 4

HO COzMe RO COzMe RO COzMe
‘p
3
3
RO COzMe HO CO2Me CHO COyMe

NHboc NHboc NHboc

R is benzyl, lower alkyl, acetyl, benzyl carbonyl, or
lower alkyl carbonyl.

17
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PCT/ US97/¥98¢47194 Schene 5 [err] PCT/US97/09309
Scheme 5
When R 3=CH(OH)CH 20H ﬁHz
H CH
o= COzMe Ho—dw COMe
—

SnBuj * CH=CH,,

SnBuj * CH=—CH * CH20Bn, or
NHboc

SnBuj * CHz " CH=CH>» NHboc
6 7
ﬁHz CH,
?H gn
|
HO—CH COzMe HO—CH COxMe
—————i —————
NH» IixH
/C\
HN” “NtBoc
tBoc
8 5
CH> ﬁHZ
gH CH
N3-—(‘:H COxMe HZN'—J:H COyMe
—— e ol
NH III‘-I
&
HN” SNtBoc HN” “NtBoc
tBoc tBoc

10 11

18
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S
3
=
R

Scheme 5 (con't) [err] PCT/US97/09309

Scheme 5 (con’t)

CH2 CH,0H

H §H g GH(OH)
RN=CH  cogme R=N—=CH  5.Me
— ——
. ¢

HN” “NtBoc 1’ NeBoc

tBoc 0 tBoc

I Rs is lower alkyl.
R=ERs. SO2Rs R is C(=0)Rs or SO3zRs.

12 13 :
CH2 (OH)
H (OH)

R—N—CH  COzH

14

19
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PCT/ US9W897dY94 Scheme 6 [err] PCT/US97/09309
Scheme 6
When R7 is OH, CN, NH 2, or NO»
CH> CHz CH,0H
Il _
H
CH (]; H éHon
HO—C!:H COzMe HO~—CH CO2Me R—N—CH CO2Me
NH NH NH
2 ' (':
C=N =
B 15 16
CH,0H CH,0OH
y GHOH y §HOH
R—N—CH CO2Me R—N—CH ¢O2H
i
NH20H,
NH,NH», or
CN H
NH2 EH ?
N
\Y HaN N
HoN" \N\ 2 “q
R7 7
17 18

R is lower akyl,

lower alkyl

20

carbonyl,

lower alkylsulfonyl.



Ris |ower ak;l, | ower al kyl carbonyl, |ower alkylsul fonyl.
Y4

20 WV PCT/US97/09309
PCT/ US97/ 09309 Schenme 7 [err]
Scheme 7
CH> CH»
0 H H S EH
g H
Rg—C—N—CH COs>Me Rg—— -—N——-JZH COaMe
———
Lawsson's
reagent
IH H
. L
1y SNtBoc N NNtBoc
tBoc tBoc

12
19

Rs is lower alkyl.

21



Rlerr] is |ower alkyl.
21

y
WRI871%7194
PCT/ US97/ 09309

H?CHzCl
HCCH,Cl

PhS SPh

N

COzBn

NH
Ts

24

Bn is benzyl.

PCT/US97/09309
Schene 8 [err]
Scheme 8
COzMe
, COzMe
Hzc\ NaH D< 2 I CO2H
COsMe CO2Me COzH
20 21
PhI=NTs
CO2Bn —— Ts—N<>—COan ——
22 23
H
o=C CO2Bn
—_—
H
Ts
25

T's is p-toluenesulfonyl.

22
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PCT/ US97/ OYfg/47194 Schene 9 [err] WO 97PEFP§97/09309
PCT/ US97/ 09309

Scheme 9
CO2Bn COzBn
[::>>——C023n —— |
HO Ns
NHTs NHTs
22 26 27
PhS_ SPh ﬁ
HC CO2Bn HC CO3Bn
ey
H H
Ts Ts
24 25

Bn is benzyl.
Ts is p-toluenesulfonyl.
Ns is 4-nitrophenylsulfonyl.

23



10 [err
Scheme W 97/47194

Scheme 10

PCT/US97/09309

O

EtOzCQ /COzEt EL0,C CO3Et
[ E?C/
T A S
o N3 NHboc
O
! i
Et0O2C  COEt HO— COz2Et RgN COzEt
H\C/ H\C/ /
C(SCH3) 3 C(SCH3) 3 ¢ C(SCH3)3
—_—— —_—— 9 —
OH OH OH
NHboc NHboc NHboc
CO2Et
i o
] H
R.—,Nc\ /COzH RsNC\ /CHO RsNg gn
H N _ S
Hc _C(SCH3)3 ¢ C(SCH1) 3 He C(SCH3) 3
OH OH OH
NHboc NHboc NHboc
CH (OH)
0 CHCH 0H CH (OH)
H || g H {|
ReNC ~ CH RGNC\ _CH (OH)
HC C(SCH1) 3 Hc C(SCH3) 3
R — — e Y
OH OH
NHboc NHboc
0 o)
Hljl Hy| Hy
RsN N /glycerol RgNC /glycerol RSNCR /glycerol
c COaH ¢ COzH c CO.H
e e
oM OH OH
NHboc NH» NH
]
/C:NH
HoN

Re is H or lower alkyl.

24
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The follomﬁng eme 11 illustrates a procedure for pr EFA{§93/09309
conmpounds of E& ]§ 7, 20, 26, 27,. 28, and 29 represented by the
formul a: erffc] ow g Sc¢heme é,(lansp].%ustrates 8 preegdumiedifve;
R =CH err i [ R—guanldlne R =CH err]CH isoner B
at C6 L@pa§g"%2§%r%9u§5fﬁ cﬁ%eﬁxﬁﬁ‘ﬁles[%rr’ﬁ 26, 27, 28 and 29
R=guani di 27 R—guanldlne, R = [err]
28 Frguaggafggeﬁgéalqy £he formu%ﬁnﬂ A 29 R=guanidine; R =
[err] ; isonmer
R!
acN—chi
H
COzH
5
Example
6 R=guanidine; R’=CH,0H isomer A at C-¢
7 R=guanidine; R’=CH,0OH isomer B at C-6
. o , OMe
20 R=guanidine; R'= g—CH2CHzN/
N
Me
10 26 R=guanidine; R’'= 1‘_[
—N(Et) >

27 R=guanidine; R’= g
—N(Pr) »
H
29 R=guanidine; R’'= g’-—-N——CH(Et) , i isomer B
H

25
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PCT/ US9 Y8935 94 Schene 11 [err] PCT/US97/09309

Scheme 11

COzEt
AcN-—C—CO2Et
<:::7==0 i} NBS N, O NaOEt H 0O NaBH,;
ii) NaN3 AcN—C({CO2Et) ;
é & N3
CO2Et COzEt COzEt
AcN—é——COzEt _ AcN~—CH Acg-—cltﬂ
H oH i) NaOH H o i} Redn NBoc o
ii) AcOH ii)  Hics—C7
Ns s gBoc ZH

7N,
BocN NBoc
Examples 6 and 7 H

OR
COzEt \ cozEt

AcCN-—CH AcN——CH

s
H Me 51 s

P.C.C. 0 3 . >
—_— / S

n- BuLl

NaCH

BocN/'QNBoc BocN NBoc
H H

\Y
COzH SC—NR1R> o\\c .-
AcN—CH & —NR:R2
H

s

—=c’ > H C/s—\ Acg—él{
f—— /7

b s CO2CH;

L i) ClcoMe i) HCl/MeOH
NG —

.J: i3) R1R,NH IH ii) NaOH/MeOH yy
N & iii) HCl/MeOH |
BocN' "NBoc BocN” “NBoc Lo
H H HaN” SN

26
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The fol | oWWRP74Wdne 12A or schenme 12B illustrates a prB

prepari ng conpounds of exanples 16, 17, 19, 24, and 25 represented by
the fornula: The follewihg s6heme 12A Brarggdhleme 12B illugGraReguani di ne,
R= J[err] 17 R=guanidine, R = err] 10 19
FrguanldlpEDC$ﬁure[§©r]preparlng compoppd fFINPLES R &, [&7p] 12, 24,

25 R=guanidine, R = L
and 25 represen ed y the formula:

RI
AC—N——JTH
H x
5
Example
16 R=guanidine, R’= g
CH20CCF 3
17 R=guanidine, R'= g
CH>0CCF 3
10 19 R=guanidine, R'= HN/DMe
Me
a i
24 R=guanidine, R'=
(!N (PI) 2
25 R=guanidine, R’=
QN (Pr) 2

27
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PCT/ US9 WO33dY 94 Scheme 12A [err] PCT/US97/09309
Scheme 123
COzEt COz2Et CO2H
Ac—N—CH Ac—N-—CH ol Ac—N—CH
H NaOH H OH
o] 3 —_— o
HC(8iMe) ;3 “C (SMe) 3 e (SMe) 5
n-BulLi
iH IH NH
HN” ‘\zlv HI}J/ Y . Oy
éoc Boc Boc éoc éoc éoc
in Example 14
o o)
ENRIRZ gNR;Rz
Ac—-N——éH

oH Ac—N—&n
1) ClcogMe, BtN D’ H OH NaOH
1 2Me, EtsN [ CisMe)s —_—
— ; clshe) "CO2CH;

ii) R 1RNH

Ri1,R2=n-C3H7 or
Ri, R2=0OMe (Me)

o]
gNRle

Ac—N—CH

HgO, HgCl,

NH — NH
HN QN HN/éQN
Boc doc b doc
o)
QNR 1R
AC—N—CH
TFA H OH

—— g

"CO5H

O—Z-.....Q
74 o}

HaN NH

The product according to
Examples 19, 24, and 25
depends upon R; and R, and
the isomer precursor.

28
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PCT/ US97/ 0¥Q(33/47194 Schene 12B [err] PCT/US97/09309
The product of Exanples 16 and 17 depends upon the i somer of the
precursor. Scheme 12B
CO2Et CH20H
Ac—N—éH Ac—N—CH
H

\Y
BN

oc Boc Boc Boc

The product of Examples 16 and 17 depends upon the
isomexr of the precursor.

29
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PCT/ USO WOIHAT4 [ er ] WO 97/ 47194 PCTAUS97/09309
PCT/ US97/ 09309 The followi ng Schenme 13 illustrates a procedure
for F ~ mosgenimis cofiExansled @mples 8, 9, 18, 21, 22 and 23
represented by the follow ng formul a: [err]
COzEt CHa20H
AcN——éH g AcN—CH s Yields the

H o’ H c’ > compounds of
Ng Ng Examples 6 and 7,

depending upon

NH the isomer
|
C
BocN/ §NBoc BocN/ ﬁNBoc
H H
5 F ~ compounds of Examples 26, 27, 28 and 29
C02H O§C/R'
ACN——- H é
> AcN—— H
'—C
~—c
The compound of
C Example 26, 27, 28,

or 29, depending

Bocll;l “NBoc upon R .

BocN NBoc
H

R'=N(CaH7)2 > Ex. 27
R*'=N{(C2Hs) > Ex. 26
R'=NHCH(C2Hs}2 > Ex. 28 & 29

F ~ the compound of Example 20

10
OQ /OCH3
COzOH C——N\
ACN—-—CH AcN—cCH CH3 s
c . =’ S
ClCOzMe Et3N \S J
ii) NH/ NH
S
Me
N
BocN NBoc BocN NBoc
H H
N OcH? _oMe
(o] ~N
\CI cH> O\\c//—— “Me
. s AcN—0H
Ng CO2CH> —* Compound of
Example 20
lz“ NH
C
\
Bocg/ “NBoc BocN” §NBoc
H



5 8 R=NH[ err], R =CH err]OH 9
R=guani di nﬁ%&?—'{ err]OH 10 18 R=NH2, PCT/US97/09309

R =CH err]0CH err] err]H[errJ X 21 R=guanidine, R = [err]
22 R=NHerr], TRe= wing Scheme 13 pBlustgabasdanproRedure fcarr |

I?SCT/ u597>Ag§§§/6rln9 compounds of EXZNRlRS 1% [Rrr}8. 21, 22 and 23

represented by the following formula:

Rl
AcN———éH
H CO2H
-l..l'OH
5
Example
8 R=NH,, R'=CH,OH
9 R=guanidine, R’=CH,OH
10 18 R=NH2, R’=CH,0CH,C.H,
21 R=guanidine, R’= H
N(C2Hs) 2
22 R=NH,, p:
N(C3H7) 2
23 R=guanidine, R’'= g
N (C3H7) 2
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PCT/ USo W8$I(43194 Scheme 13 (con't) [err]  PCT/US97/09309
Scheme 13
EOzEt
AcN—C—CO2Et
o 2 CO2EL . GO2Et
° AcN—C—COzEL ACN—G—CO,EL
Hz, Pd i
2 /C O  HC(SMe) , “ C(sMe); i) NaOH
N (Boc) 20 n-Buli "'()H ii) AcOH
NH
Boc Boc
o\
CO.H YC—NR;R;
N—H Ach
AcN— cN—CH -
C (SMe) 3 C{SMe) 3 AeN H
ok i) ClCcoaMe oH HoCla, HgO
ii) RiRaNH e
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Scheme 13 (con’t)

COzEt
ACN—— —CO2EL COzEt COsEL
=0 H
ACN_ —COzEt AcN-—-J?——COzEt
He, Pd/C HC (SMe) 5
(Boc) 20 n-Buli
COzEt " CH20OH
AcN—CH AcN—CH

> —= Example 9
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Scheme 13 (con’t)

CO2Et CO2Et
AcN-C—COz2Et AcN-C—CO32Et
H o H CH(SPh) »
H2C (SPh) 2,n-BuLi “OH i) NaoH
et R it R
NH ii) AcOH
Boc Boc
CH20H CH20CH2C¢Hs
LiBH4 ACN—-J?H AcN-CH
——» H CH(SPh) 2 H CH(SPh) 2 — —» Example 18
- i} NaH
—
CeHsCH,Bx IHZ{Pd/C
Example 8
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Scheme 13 (con‘t)

COLEt o 0
D> <
C—N(CoH C—N(C2H
ACN—C——COsEL (C2Hs) 2 (C2Hs) 2
H C(SMe) 3 AcN—CH AcN—CH
“moH H NaOH H
— Ea——
Boc
\Y N
an” “n BN N
Boc Boc Boc Boc
Example 21
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Scheme 13 {con’t)

CO2Et o

N
AcN-—-(‘.‘-——CozEt C—N(CaHy) >
H C(sMe) 3 AcN—CH
""‘-OH NaOH H
—_—
NH
Boc
\Y
HN/ \N HN/ \\N
Boc Boc Boc Boc
Example 23
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CO2Et

AcCN—(C—CO0O2Et
H C (SMe) 3

Schene 13 (con't) [err]

Scheme 13 (con’t)

—
a) i) NaOH, ii) AcOH

b) ClCO;Me, NEtj, HN (C3Hy) 2
c) HgCl., Hgo

d) NaOH

e) TFA
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37 WO 97/ 47194 PCT/ US97/ 09309 The
fol | owi nQVBHERR4 14 il lustrates a procedure for prepari ngPESHSBUIIE of
Exanpl es 10, 11, 12, 13, 14, and 15 represented by the fornul a:

oH OH The following Sch@gie 14 illustrates a prdbedure foferr]

preparing compounds of Examples 10, 11, 12, 13, 14, and 15

represented by the formula:

OH OH
OH
AcCNH
CO2H
AH
N
NH 7 NH
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Scheme 14

CO2Et COLEL o
CO2EL COzEL _ EtO,C
AcNH AcNH ACNH
S
O ———— o QR
pd/C, H, H 1)n-Buli o § s >
Na (Boc) 30 A 2)TMS-1,3-dithiane G
boc boc
OCH;
CO2H o]
el

ACNH \CH3
ACNH fCé

S 1)ClCO;Et
NaOH > TEA b s
—_— : 3 — > |

fm 2)NH (OCH 3) CHj3.HC1 : S TEA, LiBH,
\ RH THF
Boc . %
oc
HO —
CHO
H H
AcNH S AcNH S—._ 1)1N HCl/
——— MEQIL.
; S : Vinylmagnesium bromide L g 2) 1N NaOH/
: THF H MeOH
NH
\ -78C N
Boc oH Boc o
HO — HO
OH HO OH
R H H
ACNH ACNH ACNH
OCH3 0g0, OCH3 1) NaoH OH
—
- o NMO : o 2) TFA : o
RH RH NH,
Eoc %oc {Compound of
Examples 10 or 11)
1)TFA/CH2C12
2)BocN=C (S—CH3;} NHBoc, TEA, HgCl »
OH OH OH
HO
OH O
H
ACNRH
OCH; ACNH
— CO2H
: ) 1) NaOH L
5 2)TFA/CH ,Cl, : {(Compound of
RH _N-Boc NB Examples 12,
13, 14, and 15)
NH-Boc N
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PCT/ US97/ M9 3547194 Schene 15 Sc hREI/YS97/09309

illustrates a procedure for preparing conpounds where X is 0 or S.
Scheme 15

Scheme 15 illustrates a procedure for preparing compounds

where X is O or S.

HO o ' o 0
O==X O= O=—
HO O <O <O
X X X
H OMe H OMe AC OMe Ac CN
[ —————sa —
o] (o] O RO
0=<O O=.<O O::—_<
X X 0 % RO X CO2H
CCF | CN CN CN
— ” e —r >
' Nj NRiR> NR1iR2
R30 R3O HO COzH
5
HO CO2H N CO2H AcHN A
X 2 3 X 2 % CO2H CcHN X CO2R4
- —_— — — —_—
NR1iRz NR1iR> NRi1R> NRiR>
Rs
con’
H “Rg
ACHN COzR4
X
NR;iR2
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following non-limting Exanples are presented to further illustrate
t he present invention. Exanmple 1 5
[err] The following non-limiting Examples are presented to

further illustrate the present invention.

Example 1

cis-3-[(methyvlcarbonvlamino}methvl]lcvclopentancarboxylic acid

10 To a mixture of cis-3-(methoxycarbonyl)cyclopentan

carboxylic acid [prepared according to the procedure disclosed
by Tucjan J. J. Horonowski and Walter A. Szorek. Can. J. Chem.
66 61-70 (1988); 17.2 g, 0.1 mmol] and triethylamine (10.1 g,
0.1 mmol) in tetrahydrofuran (300 mL) was added ethyl

15 chloroformate (20.9 g, 0.1 mmol) at about -5 °C over a period
of about 30 min. The mixture was further stirred for about 15
min at about -5 °C. The resultant thick slurry was filtered
and the solids were washed with tetrahydrofuran. The combined
filtrates were cooled to about 10 °C and sodium borohydride

20 (14.5 g, 0.38 mol) was added with stirring in one portion.
The mixture was stirred further for about 10 min and methanol

- (62 mL) added dropwise over a period of about 1 h at about 10

41
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ci s-3- car bonyl am no) net hyl ] cycl opent ancar boxyl i c

To a m 7 §P ci s- 3- (nmet hoxycar bonyl ) cycl opent an 8§$§Q%VWP8 aci d

[ prepared according to the procedure disclosed by Tucjan J. J.

Hor onowski and Walter A. Szorek. Can. J. Chem 66 61-70 (1988), 17.2

g, 0.1 ool ] whed metdafylama® dithh wals compléedd mely hidtethabydicof uran
(300 m.) was added ethyl 15 chloroformate (10.9 g, 0.1 mmol) at about -5

[err]C sl FeTdsbd slowly abetdl 3Heﬁt9alIQ§tHb}St Ur nWasofailildela @éfrred
for about mn at about -5 [err]C. The resultant thi'ck slurry was

filter edras colam:déw #0148 AQicousshagew {hst ektatydeal ¢t .celipiQonbi ned
filtrates were cooled to about 10 'C and sodi um borohydride 20 (14.5 g,

0. 38 nDlkekheas. adres abhbbinéd rérd@nie ererpothi @dre driefihe FiDddwey Was
stirred further for about 10 m n and net hanol (62 nmL) added dropmﬁse
overs a perd atbroferdhxaited. h The abosiddé was dissolved in ether (about

41 WD 97/ 47194 PCT/ US97/ 09309
[err] C. 3@Wheminet nmd| a adelite opoed eaapbeeasdpicaNely whochl oreisc remoed d was
added slowy until neutralizatjon. An organic |ayer was col | ected and
an aqued®Ys figteratdan ext Faet BHLERRF e eWaFt Foncengrpéed R ddiebirreil drgani c
extracts were_dried, filtered, 5 ang concentrated. The residue was

d|ssolvé@ﬁﬁ?QHWQﬁOY%%O%tCOlumnS@@ fLyicanged WALNg S6OUEF R MatanRt at ed
whi ch mas r ved filtration. filtrate was concentrated_and the
resi due® ch %FThrdﬁBﬁ %P%B?BﬁﬁaB? gFFFEé°Q§I”ﬁ§|nQQ§§iﬂ oBTHEt hano
in | orof orm. The ropriat acti wer.e_c |ned and

con ntr§P9fqtr%h%§p€% glve(ﬁg/é (99t%fo meggghyg}o_9_hy Toxy

met hyl cycl opent ancar boxyl at e.
methylcyclopentancarboxylate.

To a mixture of methyl cis-3-hydroxymethylcyclopentan

carboxylate (4.74 g, 30 mmol) in dry benzene {about 250 mL)
15 was added triphenyl phosphine (7.86 g, 30 mmol), diethyl
azodicarboxylate (5.22 g, 30 mmol) and hydrazoic acid (2.5 M
in toluene, 14.0 mL, 35 mmol). The mixture was stirred ac
room temperature for about 16 h. The reaction mixture was
concentrated and the residue was dissolved in ethyl acetate
20 and hexane was added. A precipitate formed on standing in
about 2 h and was removed by filtration. The filtrate was
concentrated and the residue was passed throuch a column of
silica gel using chloroform as eluent. The arpropriate
fractions were combined and concentrated to give 2.6 g (47%)

25 of methyl cis-3-azidomethyl-cyclopentancarboxylate.
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To a m xture of methyl cis-3-hydroxynethyl cycl opentan car boxyl at e
(4.74 g, WOMUHNY4in dry benzene (about 250 nL) 15 was add&/VFI7aMy|
phosphine (7.86 g, 30 mmol ), diethyl azodi carboxyl ate (5.22 g, 30
mol ) and hydrazoic acid (2.5 M in toluene, 14.0 nL, 35 mmol ). The
m xture was stiN neiktadre of meohylepperat-azd dorte tahidydopentéir reacti on
m xt ure was concentrated and the residue was dissolved in ethyl

e %gﬁﬁﬁflwnﬁ W3Sy 9dd|.e§- mmA1P B8RPt § SRR R Sk 2841 19218

about 2 h a s renoved by filtration. The filtrate was concentrated

and the rgsi dye WROPASIES $01{PHER AtCebbin teperatuild | o 98bolisi BIN,
chloroformas eluent. The appropriate fracti ons were conbi ned and

concent r atrg@ t2Q K Mene . igeidd Wras2bxrebhcredhWith chloroform. The

ci s- 3-azi donet hyl - cycl opent ancar boxyl at e.

42 5 aqueddDNadPdwas acidified with hydrochloric acid and

PCT/ US97/ 09309 A m xture of nethyl cis-3-azidonethylcyclopentan
car boxyl aestib e Bybcemwifhanbloernfovai.umCopdrimddelk2rdform ertrats

mmol ) was stirred at roomtenperature for about 8 h. The al kal i ne

m xt ure wEgosxtihe taeh @i € hmiterof vere frndeds cygressiiwysulbataci difi ed

wi th hydrochloric acid and extracted twice with chloroform Conbi ned

chl or of or fidferad and coneentrakedcrai givexahamtngr@ & i ol ePEs6dndr

sul f at e, filtered and concentrated to give about 1.0 g (91% of cis-3-
azi donet hpkzdyddmegent breal bpeyt avcarbdxyli@ acid.Anal ysis: Cal cul ated for
Cerr]Herr]Nerr]Jerr]: C, 49.70; H 6.55; N, 24.84

Founds0 C, 49.92; H 6.49; N, 24.58

Analysis: Calculated for C/H;;)N,0,: C, 49.70; H, 6.55; N, 24.84

Found: C, 49.92; H, 6.49; N, 24.58

A mixture of cis-3-azidomethylcyclepentancarboxylic acid

15 (0.9 g, 5.3 mmol) in methanol (about 30 mL) was hydrogenated
at about 50 psi and room temperature in the presence of 10% Pd
on carbon (about 40 mg}) for about 1 h. The catalyst was
removed by filtration and the filtrate concentrated to give a
syrup. When the syrup was dissolved in dimethylformamide and

20 dichloromethane for acetylation (next step), formation of some
white precipitate occurred. The precipitate was collected by

filtration, washed with dichloromethane and dried to give cis-

3-aminomethylcyclopentanecarboxylic acid as a white powder, mp

186-188 °C. The yield of syrup was 0.7 g (100%). The white

25 solid obtained was about 0.35 g. The remainder of the

material from the dimethylformamide and dichleoromethane
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A m xture of cis-3-azidonethyl cycl opentancarboxylic acid 15 %8i§g , 5.3
i and

mol ) | WVESTMEAS] (about 30 nlL) was hydrogenat ed at AEIHS
roomtenperature in the presence of 10% Pd on carbon (about 40 ng) for
about 1 h. The catal yst was removed by filtration and the filtrate

concent r{ 2t @a¥enat recoviéd, budheiad REsEyripr Wase dhseOy VeEibA
di met hyl formam de and 20 dichl oronethane for acetylation (next step),

formati astep. sonme white precipitate occurred. The precipitate was
col l ected by filtration, washed with dichloronmethane and dried to give
cis- 3-am nonet hyl cycl opent anecar boxylic acid as a white powder, np
186-188 [err]C. The yield of syrup was 0.7 g (100%9. The white 25 solid
obt ai nedPn@atyabsut 0.35 g. The remainder of the material fromthe

di et hyl f or mam de and di chl or onet hane

43 5 Calcywrpgdq4fog4C,H,,NO,-0.1H,0: C, 57.99; H, 9.18; N, 9.66

PCT/ US97/ 09309 m xture was not recovered, but was used for the
acet yl atFound: st ep. Anal ysis:C, 7 Cd catedoiprN, 9.50
CerrJ]Herr]NJerr].O 1Herr]0: C, 57.99; H 9.18; N, 9.66 Found:

C, 57.70; H 9.01; N, 9.50 To a m xture of

ci s- 3-am nonet hyl cycl opent ancar boxylic acid (0.2 g, 1.4 nmol) in
pyridi ne (abolie 8 mixtwxe added s-Boamigamet hngyrl erertdooarory}iand t he
m xture stirred at about 70 [err]C for about 2 h. The solvent was
renoved apdar (nedugedl.4 mmprlessur yniaiate Wasbadtes weyewas adgea and
evaporated in vacuo. A light, viscous oil was obtained and dried in
vacld® acetic anhydride (about 1 mL) and the mixture stirred at about

70 °C for about 2 h. The solvent was removed under reduced

pressure, water was added several times and evaporated in
vacuo. A light, viscous o0il was obtained and dried in vacuo
over acetone reflux to give 0.25 g (97%) of cis-3-

15 [ (methylcarbonylamino)methyl] cyclopentancarboxylic acid.

Analysis: Calculated for C,H,.NO,: C, 58.36; H, 8.16; N, 7.56

Found: C, 58.90; H, 7.94; N, 6.90
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over acetone reflux to give 0.25 g (97% of cis-3- 15
[ (et hyl c¥B8HIT8%i no) net hyl ] cycl opent ancar boxyl i ¢ aci d. PCT/USA9P302; 5.
Calculated for Jerr]JHerr]NJerr]: C, 58.36; H 8.16; N, 7.56

Found: C, 58.90; H 7.94; N, 6.90

44 WO 97/ 47194 Example 2 PCT/ US97/ 09309
Exanple 2 [err] 5

t - 3- am no- c- 4- (net hvl car bonyl am no) et hyl -r-cycl opent an carbonylic

acid trifluoroacetic acid [1:1] To a m xture of

Cc- 2- acetyl oxy-c-4-net hoxycar bonyl -r-H cycl opent ancar boxylic acid

[ prepared according to the 10H@Coca§urqodi56¥€;ed by Tucjan J. J.

Hor onowski and Walter A SzoFﬁk, Can\Jd. em 63 2787-2797 (1985);
23.4 g, 101.64

O
. CF3C02H

NH,

5 t-3-amino-c-4- (methvlcarbonviamino)methyl-r-cvclopentan

carbonvlic acid trifluorocacetic acid [1:1

To a mixture of c-2-acetyloxy-c-4-methoxycarbonyl-r-
cyclopentancarboxylic acid {[prepared according to the

10 procedure disclosed by Tucjan J. J. Horonowski and Walter A.

Szorek, Can. J. Chem. 63 2787-2797 (1985); 23.4 g, 101.64

mmol] in tetrahydrofuran (about 250 mL) and triethylamine
(about 14.96 mL, 106.7 mmol), ethyl chloroformate (about 10.2
wml, 106.7 mmol) was added over a period of about 15 min at

15 about 0 °C. After stirring for an additional 30 min at the

same temperature, the mixture was filtered with suction, and

the cake washed with tetrahydrofuran (3 x 10 mL).

Sodium borohydride (15.7 g, 406.56 mmol) was added to the

20 filtrate in one porticon. Then methanol (about 64 mL) was
added dropwise over a period of about one hour at about 10 °C.

After stirring for additional 30 min the reaction mixture was
gquenched carefully with 1 N HC1 to pH 7. The solvent was
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mmol ] in tetr%hgydr of uran (about 250 nlL) and triethylam ne gabout 14. 96
mL, 106. YOMAP* ethyl chloroformate (about 10.2 ni, PEEUPSHIBPY was
added over a period of about 15 mn at 15 about O [err]C After stirring
for an additional 30 mn at the sane tenperature, the m xture was
filteredramomedudri oracummdo obtatre aawkitesbedidi.t h Thet rsatiyidt ofag an (3 x
10 n). Sodi um bor ohydride (15.7 g, 406.56 mmol) was added to

the 20 dibkbaved AroRGHS timoud e @S hanal ntabqyt N4 s adisy to added
dropwi se over a period of about one hour at about 10 [err]C After
stirringadpusaddhei pibltBGbvur tde rehet sohufishuwasWaSmogendBifiChethe
carefully with 1 N HCl1 to pH 7. The sol vent was

45 solution was extractSiBSTi TWTEISHEFAcEREEE @) x 150 mL) WO 97kl 7194
PCT/ US97/ 09309 renoved in vacuo to obtain a white solid. The solid
was 5 oxgasdrvéaversware qeminedoand)wasbeBCvith Nyiine acdeditt 50

adj ust the pH to _about 6. The sol ution was honogeneous. The sol ution
was ext rkl e@ndi gFiechyitdestedisip ssulfigbenl) The spdvens weegamemdeadrinar e
conbi ned and washed with brine (about 150 m.) and dried with sodium
sul f at e. vdheosobv gitvenas whetoyesblid. The¥aeHOtbosgilvd waehidiesslveh ikhe
white solid was dissolved in et her (about 200 nlL) and filtered to

remove igepb¥bl(@bout oWt ifsa FhecdiLarate 0 f1gd in vacuo to
furnish 10 21. o:jl( 979 of a mxture of neth 31;%@8"% E%%h%yu%ar ony

oxynethyimpuﬁihydéoxy@hé(ﬁmﬂﬁﬁﬁﬁéﬂﬁﬁgY&@h@enﬁﬁbhéh §mvacuo to furnish
nmet hyl car bonyl oxy- c- 4- hydr oxynet hyl cycl opent an-r - car boxyl at e, an

met hy 02§:§y8r9§¥ G- %ﬁh%ﬁ%%é&ﬂ?i@yéfy&AQRﬁfta“4 methylca%&gp§ylate
oxymethyl-c-3-hydroxycyclopentancarboxylate, methyl c-3-
methylcarbonyloxy—c~4-hydroxymethylcyclopentan-r—carboxylate,
and methyl c-3-hydroxy-c-4-hydroxymethylcyclopentan-r-
carboxylate.
15
The above mixture was dissolved in methanol {(about 200
mL) and sodium methoxide solution (about 7 mL, 25% wt in
methanol) was added dropwise at room temperature. The
reaction mixture ws stirred for about 90 min and solvent was

20 removed in vacuo. The white residue was purified by flash

column chromatography {20-40% [chloroform/methanol/conc
ammonium hydroxide (80:18:2)] in dichloromethane} to furnish

13.2 g (76%) of pure methyl c-3-hydroxy-c-4-hydroxymethyl
cyclopentan-r-carboxylate as a white solid.

25
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15 The above m xture was dissolved in nethanol (anut 200

m.) and sO¥P M HRE hoxi de sol uti on (about 7 nmL, 25%w in cnﬂ@?ﬁ@ﬁﬁ?) was
added dropwi se at roomtenperature. The reaction mxture ws stirred
for about 90 m n and solvent was 20 renoved in vacuo. The white residue
was purified byl'd Imshhyl c-3ehygnoxhrcomit-bydaehyedhvid¥9yclopentan-r-

[ chl or of or M net hanol / conc anmoni um hydroxi de (80:18:2)] in

di chl or ongtzhanety1Hcé u(Dssh g, 7613. dmd10 76 Wr ighdi{1HHBEIWine (44.5 g,
c- 3- hydr oxy- c- 4-"hydr oxynet hy cycl opent an-r-carboxylate as a Mhl?e

solid. 2367.86 mmol) and diethyl azodicarboxyldte (27.82 i 9747484
PCT/ US97/ 09309 To net hyl

c- 3- hydr oxamod-)4-hry dambxydedhy| bgnkepent(about 800 nidr by |added 1@rdpwisé6. 3
mrol ), triphenyl phosphine (44.5 g, 167.86 mml ) and di et hyl

azodi car bosiydhatst {27182 whdet6@iBfogen amnwiopn ntempeptrtouse Bendeazofabout
800 nL) was added dropwise 5 with stirring under nitrogen at room

t enper at uBE iy dtlaAbi golutioncid FeINEBEl ULiSEN 75 Mol e, 751900FE) nbvet9d. 75
mmol ) over a . eriod of about 30 min. The reaction mxture was stirred
overnigm:Rﬁr#Qﬁwﬁge%B%FﬁtéPemaﬁd cOREeNEASLEPT MiHMKS tWRS Stipued the

original volune, The solid obtained on standing was 10 _renoved by
filtrati oI IFRE 17F 1 FAPR WEEPEEACERET APEd IHCentraled iR VGHA SR an
orange residue. The residue was crystallized fromethyl acetate/hexane
to renove half the¢ ppeigipadsphlneeoxi daeaselid ohtiaineshrdsorgtaydingi wes
The filtrate is concentrated in vacuo_and purified by flash colum 15
chr onhf ogrgRar b -D%of el hypt dest aR8 thehidpdptio Wag Myreigrated gn(529)
of methyl t-3-azido-c-4-azidonethyl cycl opentan-r-

vacuo to furnish an orange residue. The residue was

crystallized from ethyl acetate/hexane to remove
triphenylphosphine oxide and 1,2-ethoxycarbonylhydrazine. The

filtrate is concentrated in vacuo and purified by flash column

15 chromatography (5-25% ethyl acetate in hexane) to furnish 8.8

g (52%) of methyl t-3-azido-c-4-azidomethylcyclopentan-r-

carboxylate.

To methyl t-3-azido-c-4-azidomethylcyclopentan-r-

20 carboxylate (about 8.4 g, 37.5 mmol) was added 1 N sodium
hydroxide (112.5 mL, 112.5 mmol) and stirred overnight at room
temperature. The reaction mixture was extracted with
chloroform (3 x 20 mL). The aqueous layer was acidified to pH
4 using conc HCl and extracted with chloroform (4 x 25 mL).

25 The organic layers were combined, dried with magnesium

sulfate, filtered through a pad of silica and concentrated in
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car boxyl at e. To met hyl t-3-azido-c-4-azi donethyl cycl opentan-r -
20 car b¥¥QP%42% about 8.4 g, 37.5 mml) was added 1 N sod%/’ $97/09309
hydroxi de (112.5 nL, 112.5 mml) and stirred overnight at room
tenperature. The reaction mxture was extracted with chloroform (3 x

20 ni). Thecuouesusbtaier7wes gci(det) edft @-pHazido-4--Usi 48k dSHéet kiEL - aod
extracted with chloroform (4 x 25 nL). 25 The organic |ayers were

conbi ned.cylfi Skt AR. FROAFBOMPLic actll ba' & Ll (Y pugh @ pad of

silica and concentrated in
WO 97/ 47194 : PCT/ US97/ 09309

vacuo to obtain 7.58 g (96% of t-3-azido-c-4-azidonethyl-c-

cycl opent,@an:-.; b i i a l.@rd ess oil,. ) Si
Cal cul at eg 1’%@% 'e%ﬂ—{fhce‘]r'?fkﬁe?‘?f&%gﬁﬁd’q 0. 6(9 OIQ,' 4{%'89[,1‘84\?[‘ 3@{ 089-98
Foundg .C, 40.24; H, 4.88; N , . . w10
solut?on of t-3-azi%%9%-4-azidonethylcyclope%%anﬁkéﬁ' H’(ﬁﬂ%ﬁmy$1c3§c?a
(1.05 g, 5.0 mol ), dicycl ohexyl carbodiim de (2.5 g, 12 mol) and

4-di net hyl am nopyridine (60 ng, 0.5 mmmol) 10 in dichloromethane (about 25

m), was addedrslr @pybEet D¥EIof t-3-aReAbo¢-al a3lidmethi &y op n-r-
tenperature tert-butanol (0.97 m., 10.0 nmol). Aft'er "stirring at room

1
t t ' : i xt fig.t d.wt tion, th
e L g 1hess, 4875 Bl MR BB D 0
t 5 ; ' T '
T P g s

bi carbonatre d 2 BPordiham@t eabbR0 Bt) mLill i fdsWiddadPaiesWiBe ovesULfate,
filtered and sol vent renoved in vacuo to obtain 2.92

period of about 15 min at room temperature tert-butanol (0.97

mL, 10.0 mmol). After séirring at room temperature overnight,
the mixture was filtered with suction and the cake washed with

ether (3 x 5 mL). The filtrate was concentrated in vacuo and

15 ether (about 25 mL) was added to the residue. The organic
layer was washed with cold HC1l (1%, 20 mL), saturated sodium
bicarbonate (2 x 20 mL), water (20 mL), dried with magnesium

sulfate, filtered and solvent removed in vacuo to obtain 2.92

g of an oil. Purification of the crude by flash column
20 chromatography (2-5% ether in hexane) provided 0.39 g (29%) of

t-3-azido-c-4-azidomethyl-r-1-tert-butoxycarbonylcyclopentane

as a colorless oil.

Analysis: Calculated for CH,,NO,: C, 49.61; H, 6.81; N, 31.56

25 Found: C, 49.83; H, 6.76, N, 31.38
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g of an oil. Purification of the crude by flash colum 20 phy
(2-5% et he¥OPH4H&%ane) provided 0.39 g (29% of FOERIBH RS

t - 3-azi do- c- 4- azi donet hyl -r- 1-tert-but oxycar bonyl cycl opent ane as a
colorless oil. Anal ysis: Calculated for (err]Herr]Nerr]derr]: C
49.61; H 6.81;Td a3d90bgtids of t-3-aziddmhakidomethyl-r-1-tert-C, 49.83;
H 6.76, N, 31.38 48

SUBSTI TUTE, RtdEElc 4 Fbbiy 26y clopentane @09 83 @94 . 22 mmol) in methanol
PCT/ US97/ 09309 B }To g sol ution of E%B-azido-c-azidonethyl-

r-1-tert- (aboutbhui ®XCprwasyhagelopadeana itcirey, pd/22 (010! &, i moset hanol
(about 10 nlL) was added under nitrogen Pd/C (0.1 g, 10% Pal | adi um
content) @ed tddiuesabhtagtin ahdr €hley decydnater mixtbrabhudrbgepait efdorat
about 20 min. The hydrogen was evacuat ed, and after addition of fresh
hydr ogen, abweitr Ul pshgfarxabeet 20 miams hythreodemitegent waboavablaped,f or
about 40 mn. The catal yst was renoved by filtration through Celite.
The fanad rafeevioaddbhéent pat Exesh PyEreden f ukke shesbbhing. REXguYED
(97% of t-3-am no-c-4-am_nonethyl-r-1-tert-butoxycarbonyl
cycl opent 3i# hydrogenatedygt abgutt P9n B§i for about 40 min.
t - 3-am no-c-4-am nonet h

Th
| -r-1-tert-., hut oxycar baonyl cycl opent ane (0. 25
A et YR ES e nh SR By EAAS TR S CE T ER T 0TBS of 1T i s
added dropw.se ith stirrin er. a period of about 5 m cetic
annydr deo 2 1erae oute nioReBE kRS Snatelfia e HugEen o2pBkF) BR6 Sabout
one hiO (97%) of t-3-amino-c-4-aminomethyl-r-1-tert-butoxycarbonyl

e

cyclopentane.,

To a solution of t-3-amino-c-4-aminomethyl-r-1-tert-
butoxycarbonylcyclopentane (0.25 g, 1.22 mmol), in
15 dichloromethane (about 10 mL), cooled to 0 °C is added dropwise

with stirring over a period of about 5 min acetic anhydride

{(0.098 mL, 1.04 mmol). After stirring at 0 °C for about one h,

the reaction mixture was stirred at room temperature

overnight. The solvent was removed in vacuo to obtain a white

20 solid. The crude is purified by flash column chromatography
{30-100% [chloroform/methanol/conc ammonium hydroxide

(80:18:2)] in dichloromethane} and furnished:
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the reaction m xture was stirred at roomtenperature overnight. Th

sol vent

"#8Mved in vacuo to obtain a white 20 solid. PSRN s

purified by flash col um chronat ography

e

2.

{30-100% chl or of or mf met hanol / conc amoni um hydr oxi de (80:18:2)] in
di chl or ahet hang}mehtylgarbomydamino-c-4 - {(methylcarbonylamino) methyl-r-
49 SUBSTI TUTE SHEET ( RULE 26) WO
97/47194tert—butoxycarbonyl-cyclopentane, 0.04 PGS/ Q93R%k & 1.
t-3-nethy|carbony|an1no-c-4-(nethy|carbonylanlnéinethyl-r-
tert-butoxycarbonyl -cycl opgntane, 0.04 g (11% as a white solid, np
170- 172 $*+3+¢c. ™P" 178~ A{Z| y&i s: Cal cul ated for
Cerr]Herr]Nerr]derr]0.25Herr] O C, 59.48; H, 8.82: N, 9.25
Found: C, 59.59; H 8.82; N, 9.17
t-3-anino-c-4-én§thylcarbonylanino)nethyl-r-l-tert- 10
but oRyc B FLFEl opentane, 0.12 g (39% as a white solid, np 86- 87
[err] C Anal_ysis; .Cal cul ated for CIerr]Fgerr]qgerr]0£err]: C,
60. 91; ﬁab?ﬂk?tﬂf,q £879%5:sH2eN20,°0 - 25H,0 Féuncb?-48; H, 8.82: N, 9.2§
60.69; H 9.40; N, 10.87 15 3.
t - 3- am nPend: ami nonmet hyl -r-1-tert - but oxycarhorf®.59; H, c§c8apeNt aner70. 05
g (20% as a colorless oil. The oil was

2. t-3-amino-c-4-(methylcarbonylamino)methyl-r-1-tert-

10

15

20

25

butoxycarbonylcyclopentane, 0.12 g (39%) as a white solid, mp

86-87 °C.

Analysis: Calculated for C,,H,N,0,: C, 60.91; H, 9.44; N, 10.93

Found: C, 60.69; H, 9.40; N, 10.87
3. t-3-amino-c-4-aminomethyl-r-1-tert-butoxycarbonyl
cyclopentane, 0.05 g (20%) as a colorless oil. The oil was

dissolved in dichloromethane (2 mL) and acetic acid (3 equi)
was added. The resulting solution was stirred for 15 min and
the solid obtained was filtered to obtain the product as an

acetate, mp 124-127 °C

Analysis:
Calculated for C;H,N,0,-2C,H,0,-0.25H,0: C, 53.16; H, 9.07; N,
B.27

Found: C, 53.34; H, 8.81; N, 8.46
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di ssol ved in dichloronethane (2 nL) and acetic acid (3 equi) was
added. The WEIHMH71%g sol ution was stirred for 15 nin and 20 PERESYAIOpL

obtained was filtered to obtain the product as an acetate, nmp 124-127
[err]C Anal ysi s: Cal cul ated for
CerrJHerr]Nerr]derr]2Cerr]Herr]Jerr]0.25Herr]O C, 53.16; H 9.07;
N, 25 8. 27 Found: C, 53.34; H, 8.81; N, 8.46

50 WO BF/ 47484ution of t-3-amino-c-4- (methylcarbonylamino)

PCT/ US97/ 09309 To a sol ution of

t - 3- ani no- anefeKEL Byl caebenpLaBikpehrbonyl-cycl t 0.0
nmet hyl -r- 1- tert}n!t;ut oxycar bonyl - cycl opentyaney(oo&Jen ane & ? ghm%r?zi n

di chl orone o) d pw S tr oroacetic acid
(about O. 6.7 ﬁ ) 8ﬁ§ (ﬂcﬁ} rc?)é@?’largj]lrge Ou% Y "&f)od?ﬁst eaﬁé)‘%‘?% PYdPeabout 2
h. The sgol i e cyo th cess trifluoroacetic
acid vvag r\g‘?l}vei,@%régggggg 5818 (abf’?(‘?ng tsﬁ?p?"g"é eeneg\;a (S)l é stirred at
di chl or onethqne ) btai n { .
t - 3- ani no- c- 4- [(éégﬁylgg?g%nf/ gmaﬁghe %Oth neti%ﬁl]sq%y‘g%b{?oe‘% A= FPRUPBo%d i ¢
amdtnfluoroaceU% aﬁ g roscopi.c, tan_ solid.
Anal ysi s CUTARU 5 %de?‘S?s‘é[ &Fﬂf F‘&FPFHF&HH G%rd ]Waa:[lé?mq"(ﬂiehnpp C,
42.04; H, 5.45; N 8.90 15 Found: C, 41.75; H,
5.58: N, 8@a§t1111ng thrice in vacuo with dichloromethane (about 5 mL)

to obtain 0.1 g (99%) of t-3-amino-c-4-[(methylcarbonylamino)

10 methyl] -cyclopentan-r-carboxylic acid trifluoroacetic acid as

a hydroscopic, tan solid.

Analysis:
Calculated for C,H,\N,0,.CF,CO,H: C, 42.04; H, 5.45; N, 8.90

15 Found: ’ C, 41.75; H, 5.58; N, 8.59
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51 SUBSTI TUTE SHEET (RULE 26) WD 97/ 47194

PCT/ USOWQIsI 194 Exanpl e 3 PCT/UST9309 [ ¢of (]
5 t-3-{[ (Am no) (i m no) net hyl ] am no}-c-4-[ (et hyl car bonyl am no)
met hyl] -cycl opentan-r-carboxylic acid trifluoroacetic acid [1: 1. 25]
To a stirred solution of t-3-azi do-Ex4mplé03
azi donet hyl cycl opent an-r-carboxylic acid from Exanpl e 2 (about 4.0 g,
19.05 mol ) in dichloromethane (about 40 nL) was rapi dly added
| i quefied isobutylene (about 20 nL), followed by

O

A

) OH
1.25CF;CO,H
Y

, NH,
H
NH
5 t-3- Amino) (imino)methvllamino}l-c-4-[ {methvlcarbonvlamino

methvl] ~-cvclopentan-r-carboxvlic acid trifluorocacetic acid

1:1.25

To a stirred solution of t-3-azido-c-4-

10 azidomethylcyclopentan-r-carboxylic acid from Example 2 (about
4.0 g, 19.05 mmol}) in dichloromethane (about 40 mL) was
rapidly added liquefied isobutylene (about 20 mL), followed by
the dropwise addition of phosphoric acid (prepared by
saturating 2.5 mlL of 85% H,PO, with P,0,) in dichloromethane

15 (2.5 mL) and boron trifluonde etherate (0.9 mL). After the

mixture was stirred at about -78 °C for about 2 h at room

temperature overnight, ice-water and saturated aqueous NaHCO,
was added until the mixture becomes basic. The aqueous layer
was extracted with dichloromethane (2 x 20 mL). The organic
20 layers were combined, washed with water (20 mL) and brine (20
mL), dried over anhydrous MgSO,, and concentrated in vacuo to
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the dropwi se addition of phosphoric acid (prepared by saturating 2.5
m. of 85%WPMTMI®E err] with Plerr]err]) in dichl oronet hafkETHEP70pI095 1 )

and boron trifluonde etherate (0.9 nL). After the m xture was stirred
at about -78 [err]C for about 2 h at room tenperature overnight,

i ce-water pagn$ahuiatred afueoudlNatiedeioill. Purvissi cldash UBEi theheriget ur e
becomes basic. The aqueous |ayer was extracted wi th dichloromethane (2
x 20 nl). Bherpaghnceluzd lchyenmtvgraptgnbisiads wshed w thexahel §a%el)
and brine (20 m.), dried over anhydrous MgS( err], and concentrated in
vacuo to 1.2 g {(24%) of t-3-azido-c-4-aziddni2thyl-r-1-tert-

SUBSTI TUTE SHEET (RULE 26) WO 97/ 47194

PCT/ US97/ 093P8x carboBPﬂ@&%ﬁo%éﬁﬂid@t a colorless oil. Purification of the
crude by Yash colum chi omat ogr aphy (5-10% et her in hexane) gave

1.2 g 624% of t-3-azido-c-4-azidonethyl-r-1-tert-

but oxycar bonyl cycl opentane. 5 To a sol ution of

t - 3- azi do- c- 4- azbdamebhylt-ibn dferd-3-aziddd-aeeairdusiet loyT! ppentape-( 1. 22
g, 4.6 mmol) in nethanol (20 m.) was added under nitrogen Pd/C (0.1 g,

10% Pal | i Itsi i d t t
a ad$H€%¥ygggggﬁgg%#%%§@@nk@ﬁe;gﬁH22'&1’E?glﬁﬁbfw Rgﬁ%@%?gg? (3lou

50 10 psi The hydrogen “was evacuat ed,

addi tion ofrfresh Audeegemndein@iteDddn e /M Xtoire yasios palydyeggpnated at
about 50 psi for about 30 m n. The catal yst was renoved by filtration

t hrough Cetbh€entheahd that eesadting miXtea NaiEtbddhatt€dioat Oabhotii sb
about 0.94 g (96% of t-3- 15

am no4e©- 4-painfoet Apbut- B0t aritn-. butlhey tadhadrc wed operd@aneted, and afterlo a
solution of t-3-am no-c-4-am nonmethyl-r-1-tert-
addition of fresh hydrogen, the resulting mixture was

hydrogenated at about 50 psi for about 30 min. The catalyst
was removed by filtration through Celite. The filtrate was

concentrated in vacuo to furnish about 0.94 g (96%) of t-3-

15 amino-c-4-aminomethyl-r-1-tert-butoxycarbonylcyclopentane.

To a solution cf t-3-amino-c-4-aminomethyl-zr-1-tert-
butoxycarbonylcyclopentane (0.63 g, 2.95 mmol), in
dichloromethane (30 mL), cooled to about -5 °C acetic anhydride

20 (0.25 mL, 2.65 mmol) was added dropwise with stirring over a
period of about 5 min. After stirring at 0 °C for about one
hour the reaction mixture was stirred at room temperature

overnight. The solvent was removed in vacuc to obtain a white

solid. ©Purification of the crude by flash column
25 chromatography {30-100% [chloroform/methanocl/conc ammonium

hydroxide (80:18:2)] in dichloromethane} gives 0.33 g (44%) of
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but oxycar bonyl cycl opentane (0.63 g, 2.95 mml), in di chl or onet hane (30
m.), coesloetarwdabout -5 [err] C acetic anhydride 20 (0. 2BCHESIH093 ol )

was added dropwi se with stirring over a period of about 5 min. After
stirring at O [err]C for about one hour the reaction m xture was
stirredyak _LaAMd-9NPEr Bl M Soutoxy SNEsSh gL c- 4 heeméehyrg&taf%sla&%mm in
vacuo to obtain a white solid. Purification of the crude by flash
colum _2 e} {30-100% chl or of or ml et hanol / conc ammoni um
hydr oxi 8‘3%(’53: fé%%’{tﬂaqgg'chl or onet hane} gives 0.33 g (44% of

53 WO 97/ 47194

PCT/ US97/ 09309 .
t-3-amno-r-Ied %—%—@Hi%ﬁﬁlp%#%%&téﬁég¥£5ﬁﬁz@Q@3‘harf‘m@%ylcarbonyl

met hyl cycl opent ane.

t-3-am no-r-1-tert-but b | - c-4- t b | . 5,.

A e AR 1 45 o B EBARERY 45” ssmetiogt o e
bout i | . 63..k YR I d

(b?s?goc?ﬁ%rm\ggf gg%e"gfg r1é Wm’rﬁ% -ng %drgls:u Flhﬁégaune r#iog‘{gt}r )em]i"’;t?:ls4 'c%zol ed

(2.0, [ShoS s e AL 88 (8,89, 3187 pney) ol v ey T

reaction mxture was stirred at O [err for n at
room t enperature overnilght. Et hyl acetate (about 50 nlL) was added and
the sl uPFd¥tMNe &fafy cooled e yh TG engir ¢ | epheeidas (RadBed wilt-#2vat er
(2 x 20 m.) and brine (20 nlL), the organic |ayer was dried

(MySq emmp)l,) was dddedr edThamdeaot vent mighovedwals saduoed ai Vi@ “@bdidr 0. 7
g of 15 crude. The crude was purified by flash col um chromatography
(30rd0%apioy Hceaiiat eand tigxane) aoemreenperathirzedveremght . mier/ hexane

to obtain 0.51 g (79% of a colorless oil. The oil was crystallized
from petacaltaita etdisyut S o@htla) rwas 3added and the slurry filtered

through Celite. The filtrate was washed with water (2 x 20

mL) and brine (20 mL), the organic layer was dried (MgSO,),

filtered, and solvent removed in vacuo to give about 0.7 g of

15 crude. The crude was purified by flash column chromatography
(30-50% ethyl acetate in hexane) and recrystallized from
ether/hexane to obtain 0.51 g (79%) of a colorless o0il. The

0il was crystallized from petroleum ether to obtain t-3-
{ [ {tert-butoxycarbonylamino) (tert-butoxycarbonylimino)
20 wethyl]amino}-cis-1-tert-butoxycarbonyl-c-4- [ (methylcarbonyl

amino) -methyll]lcyclopentane as a white solid, mp 145-146 °C.

Analysis: Calculated for C, H,,NO,: C, 57.81; H, 8.49; N, 11.24:
Found: C, 57.70; H, 8.52; N, 10.98

25
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{[(tert- but oxycar bonyl am no) (tert-butoxycarbonylimno) 20
met hyl}am 9\4 - tert-butoxycarbonyl-c-4- [(nethyl Carbonyprms97/09309
am no) - et hyI]cycI opent ane as a white solid, np 145-146 [err]C

Anal ysis: Cal cul ated for C[err]H[err]N[err]O[err] C, 57.81; H 8.49; N,
11. 24 To a soHeurign of t-3-{[{tert-buCoxyrardonylfniaty) Neetb-98
25 54

SUBSTI TWEb&EE}cQBHbﬁya.ﬁ)lmlno)methm EfiAd}9%is-1- tert-butoxycarbonyl-
PCT/ US97/ 09309 To a sol ution of

t-3- {[(tert Q) (&

but oxycar bSnyI ngﬁg‘yﬁ’@t% 3{111&?“( fécllrge‘ihylggyg&f:&ayggr q 44 g, 0.88
c-4-[ (rmet hyl car bonyI am no) net hyl ] cycl opentane (0.44 g, 0. 88 nol ) in

di chl or onefRahe LBbEGEHI qRopathanpicthrPepwWlsBL) §s ﬁﬁdﬂ%&m% acid

(2.7 m, 22 pmol ) and .stirre nperature faor about 1 h. The
sol ven®® mErF§%9EHaFﬁ%li?ldd (311 'a?1d“lt‘he2%x3:e§‘§‘°ﬁr)| NG SEdds L ki FPINRs

d b il | h_dichl h bout
S e RPERRERCa AT O 1 Thel U FELEBRL A VT ACED TR 10

ether and dried in vacuo at acetone reflux to obtain 0.21 g (679 of
t-3-{[(ami m,ﬁ(thﬁn@){@@ﬁﬁylt—]rauﬁlr\&rqaczstﬁﬁe@ﬁyd was removed by co-
car bonyl am no%mat hyl ] c cl opent an-r-car boxgl i.c acid trifluoroacetic

acid as a R¥gEddddpact Jm in varu gl yBj dichloropgtdgng cpbgayt 5 mL)
Cerr]Herr]Nerr]O[err]1.25CF[err]CJerr]H C, 39.30; H 5.04; N, 14.56
Found: to obtain a white solid. (Th89%wRiteHsdBiZOwaN thditifated with

10 ether and dried in vacuo at acetone reflux to obtain 0.21 g
(67%) of t-3-{{(amino) (imino}methyl]amino}-c-4-{(methyl
carbonylamino)methyl] cyclopentan-r-carboxylic acid

trifluorcacetic acid as a hygroscopic solid.

15 Analysis:

Calculated for C,H,N,0,-1.25CF,CO,H: C, 39.30; H, 5.04; N, 14.56

Found: C; 39.21; H, 5.29; N, 14.26
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55 WD 97/ 47194 PCT/ US97/ 09309

Exanpl e WO 9747194  [err] 5 c-3- PCT/US97/09309

{{[ (Am no) (i m no) net hyl ] am no} net hyl } cycl opent an-r - carboxylic acid

To a m xture of c-3-am nonet hyl cycl opent ancarboxylic acid from Exanpl e
1 (.0.07 g, 0.5 mvl) and potassi umgsakpareatsge 10 (0.07 g, 0.5 mmol) in

wat er (about 1.5 nL) was added am noi m nonet hane sul phonic acid (0.06
g, 0.5 mmol) and the m xture was stirred for about 18 h at room
tenperature. A white solid separated, which was collected by
filtration, washed with a smgiN ampgpt of water and dried in vacuo to

give 15 0.04 g (49% of c-3-{{{(a2m'\t@:€)-(i m no) met hyl ) am no} met hyl }
cycl opent ancarboxylic acid as white p%m}?er, np 280 [err]C

1
CH, CO,H

5 c¢-3-{{[(Amino) (imino)methyllaminolmethyvllcyclopentan-r-

carboxylic acid

To a mixture of c-3-aminomethylcyclopentancarboxylic acid

from Example 1 (0.07 g, 0.5 mmol) and potassium carbonate
10 (0.07 g, 0.5 mmol) in water (about 1.5 mL) was added
aminoiminomethane sulphonic acid (0.06 g, 0.5 mmol) and the
mixture was stirred for about 18 h at room temperature. A
white solid separated, which was collected by filtration,

washed with a small amount of water and dried in vacuo to give
15 0.04 g (49%) of c-3-{{{{amino)- (imino)methyl)}amino}methyl}

cyclopentancarboxylic acid as white powdexr, mp 280 °C

{darkens) .

Analysis: Calculated for C,H,)N;O,: C, 51.88; H, 8.16; N, 22.69

20 Found: C, 51.79; H, 8.09; N, 22.63
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(darkens) . Anal ysis: Calculated for CJerr]Herr] N[err! 9 errk' C,
LI 7 9.

51.88; H WOIHIR 22.69 20 Found:

H 8.09; N 22.63 56

SUBSTI TUTE SHEET ( RULE 26) WO 97/ 47194

PCT/ US97/ 09309 Example 5 Exanple 5

[err] 5 t-3- { [ (Amno) (imno)nethyl]am no)-c-4-{{[ (am no)

(1 m no) net hyl | am no} et hyl }cycl opent an-r-car boxylic acid

di hydr ochl ori de hydrat e 2-propanol (5:10:5:2) To a stirred

solution of t-3-azido-c-4-azidddethyl 10 cyclopentan-r-carboxylic acid
from Exanple 2 (about 4. 0}%] I 19 05 ) in dichloronmethane (about 40
m.) was rapidly added ' ' tyl ene (about 20 ni), followed by

t he dropw se addi ti on off phosphorfic acid (prepared by saturating 2.5
mL of NH,
«2HC1.H,0 «0.4C3HzO
N NH
H

5 t-3-{[{(Amino) {(imino)methvllaminol}-c-4-{{[(amino) (imino)methy1l]

amino}methyl }cyclopentan-r-carboxylic acid dihvdrochloride

hyvdrate 2-propancl (5:10:5:2

To a stirred solution of t-3-azido-c-4-azidomethyl
10 cyclopentan-r-carboxylic acid from Example 2 (about 4.0 g,

19.05 mmol) in dichloromethane (about 40 wmlL) was rapidly added
liquefied isobutylene (about 20 mL), followed by the dropwise
addition of phosphoric acid (prepared by saturating 2.5 mL of
85% H,PO, with P,0,) in dichloromethane (2.5 mL) and boron

15 trifluoride etherate (0.9 mL). After the mixture was stirred
at about -78 °C for about 2 h at room temperature overnight,
ice-water and saturated aqueous NaHCO, was added until the
mixture becomes basic. The agqueous layer was extracted with
dichloromethane (2 x 20 mL). The organic layers were

20 combined, washed with water (20 mL) and brine (20 mL), dried

over anhydrous MgS0O,, and concentrated in vacuo to furnish
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85% H err 4[46”] wth P[err]qerr]) in dichloronethane (2.5 nL) and boron

15 tri WOAHPR4etherate (0.9 nL). After the mxture was BETESEH09 5t
about -78 C for about 2 h at room tenperature overnight, i ce-wat er and
sat urated aqueous NaHCJO err] was added until the m xture becones

basi c. Eisowrueousgl afen wad celigsaCticdd W thuri ficst £6h068MEhRARSER 20
m.) . The organic |ayers were 20 conbined, washed with water (20 niL) and

brine (Zlash,cdiisd chroma\telgxammdrt&ﬂm@&‘éimr]J,nandxﬁﬁéolegtaﬁr%t ed 2 g
vacuo to furnish 57

SUBSTI TURR BHEET (RBIEBZzi€p- c-4-azidon@ gy U74-9U- tert-butoxycarbonyl

PCT/ US97/ 09309 about 1.7 g of a colorless oil. Purification of the
crude byyclopé&htshecol um chronmat ography (5-10% ether in hexane) gave 1.2
g (24% of t-3-azido-c-4-azidonethyl-r-1-tert-butoxycarbonyl

cycl Bpentane. 5 To a sol ution of
t-3-azido-c-4-azidonethyl-r-1-tert- but oxycar bonyl cycl opent ane (1. 22
g, 4.6 mol) To aeshanblion of (taflowtz il -4 vesidcdethyDder 1nitkkegen Pd/ C
(0.1 g, 10% Pal | adi um content) and the resulting m xture hydrogenat ed

at dy'éQrBéhyfl@&ciB@@ht%Qlem n..22The hydg oges )Na§neéAéEH§h%§

and after tion of fresh hydrogen, the resultlng m Xt u
hydrogen(aammatzabmm @aspaidded wiids it ¥éden Th&/C (0. @agal Y8k vvas
removed by filtration through Celite. The filtrate was concentrated in
vacuo t @dukadshmabontedrd4agd the (@¥H)lfng mixture hydrogenated at

t - 3-am no-c-4-am nonet hyl -r-tert-but oxycar bonyl cycl opent ane.

To #0solahdwn 99 Pps3- fprnebous- 3H momet hylhe -edtegen was evacuated,

and after addition of fresh hydrogen, the resulting mixture
was hydrogenated at about 50 psi for about 30 min. The
catalyst was removed by filtration through Celite. The

filtrate was concentrated in vacuo to furnish about 0.94 g
15 (96%) of t-3-amino-c-4-aminomethyl-r-tert-butoxycarbonyl

cyclopentane.

To a solution of t-3-amino-c-4-aminomethyl-r-tert-

butoxycarbonylcyclopentane (0.32 g, 1.5 mmol) in
20 dimethylformamide (about 5 mL) was added triethylamine (1.5
mL, 10.5 mmol) and bis-bocthiourea (0.91 g, 3.3 mmol). The

resulting mixture was cooled to 0 °C and mercuric chloride (0.9

g, 3.3 mmol) was added. The reaction mixture was stirred at 0

°C for about 30 min and then at room temperature overnight.

25 Ethyl acetate (about 25 mL) was added and the slurry filtered

through Celite. The filtrate was washed with water (2 x 20
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but oxycar bonyl cycl opentane (0.32 g, 1.5 mmol) in 20 dinethylfor 1 de
(about 5 ﬁ{?g\'ﬁéé’ﬁdded triethylamne (1.5 m., 10.5 mm:%Téﬁ%%%g

bi s-boct hiourea (0.91 g, 3.3 nmol). The resulting m xture was cool ed
to O [err]C and mercuric chloride (0.9 g, 3.3 mmmol) was added. The
reacti on mkx uaedwasisei feedmad ,Othe orgGahdre dlapdr Ixried &mMdsolen at room
tenperature overnight. 25 Ethyl acetate (about 25 nL) was added and the
slurry filfitleered andhsodyhntekemeveRhdnf iMaauat & ovegsi waskieduty 1Lh2Rageof( 2
x 20 58

SUBSTI TUTESET (ThbEc2file is purifV@d9PA4 £13¥Eh column chromatography
PCT/ US97/ 09309 m.) and brine (20 nL), the organic |layer dried

(MySO err])25-36% étheer éd hosasnel veot fuemdwdd 0.Ws/acup71%9) gbFeaabout 1. 22
g of crude. The crude is purified by flash colum chronat ography

(25- 36% etdmlorhebsxand) tTheupnilsiwae. ¥ecyyEctEH] icfeds fxrdm cptorbieamoi | .
The oil was recrystallized from petrol eum ether to obtain

t - 3-{[ (t erether okgcabbaayl &nBnd)(temnt-butoxyeambarararoiyd) fitaok-net hyl |
amno} - c-4 - { { tert-butoxycarbonyl - am no)

(tert-but axyeskPeaybo 1OnIBbMMEL B NahiBN o4~ fdrt-butoxycarbonyl -
but oxycar bonyl cycl opentane as a white solid, np 152-154 [err]C 10

1oyt er dmlay) pbedel Bl ClELEEbALAL NG RC) ety afenZfind Pheth - B REr )
A solution of t-3-{ [(tert-butoxycarbonylamno) (tert- 15
but oxycar Boaye¥nEavhasyhgyFadabasFapeqas p white tsolid, mp 152-154 °C.

but oxycar bonyl am no) (tert-butoxycarbonylimno) nethyl] am no}
met hyRp-r-tert - but oxycarbonyl cycl opentane (0.56 g, 0.88 mmuol)

Analysis: Calculated for C,,H,N.O,,: C, 56.72; H, 8.37; N, 12.03

Found: C, 56.96; H, 8.51; N, 12.06

A solution of t-3-{[{tert-butoxycarbonylamino) (tert-
15 butoxycarbonylimino)methyllamino}-c-4-{{[(terct-
butoxycarbonylamino) (tert-butoxycarbonyliminoc)methyl]amino}
methyl}-r-tert-butoxycarbonylcyclopentane (0.56 g, 0.88 mmol)

in 5 N hydrochloric acid (about 1 mL) was stirred at room

temperature for about 2 h. The solvent was removed in vacuo

20 to furnish a hygroscopic residue. The residue was washed

several times with ether and dried in vacuo at acetone reflux
temperature to obtain 0.18 g (64%) of t-3-{[(amino) (imino)
methyljamino}-c-4-{{ [ (amino) (imino)methyl]amino}methyl}
cyclopentan-r-carboxylic acid dihydrochloride hydrate 2-

25 propancl (5:10:5:2) as a hygroscopic solid.
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in 5 N hydrochloric acid (about 1 nmL) was stirred at room tenperature
for abouWO27¥9%nhe sol vent was renoved in vacuo 20 to fuPGTARIH9309
hygroscopi ¢ residue. The residue was washed several tines with ether
and dried in vacuo at acetone refl ux tenperature to obtain 0.18 g
(649 of t-3-{[(amno) (im no) met hyl ] am no}-c-4-{{[ (am no)

(i m no) nmet hyl ]am no}net hyl} cycl opentan-r-carboxylic acid

di hydr ochhediysd.shydrate 2- 25 propanol (5:10:5:2) as a hygroscopic solid.
59 WO 97/ 47194

PCT/ US97C8380dated for AR, P2aDs2HCL-H O caib i od fa; 34.29; H, 7.11; N,
Cerr]Herr]Nerr]Jerr].2HO .Herr]O 0.4 err]Herr]OC C 34.29; H 7.11;
N, 233.%2 5 Found: C, 34.38; H 6.84; N, 23.94

5 Found: C; 34.38; H, 6.84; N, 23.94
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60

WD 97/ 47194 PCT/ US97/ 09309

Exanpl e 6 WO97/47194 [err] F.W 272.30 5 4[err]-{ [PCAW3PI309

(i m no) met hyl ] am no} - 3a- [ (2- hydr oxy- 1- net hyl _ _

carbonyl am no) et hyl ] - 1- cycl o- pent ancar boxylic acid (isonmer A at G 6)
To a solution of sodium azide (2.12 g,E82mplensl) in 10 di methyl formam de
(15 nmL.) cooled to O [err] C was added dropw se with stirring

4- br onocycl opent - 2- enone (DePuy, C. H.; Isaks, M; Eilers, K L.;
Morri s, F. J. Og. Chem 1964. 29, 3503; 3.5 g, 2.7 mmol) in

di nret hyl -formam de (5 nL) over a pg@riod
mxture was stirred at O [err]Cﬂ%‘Im’gHZO?I

5

10

15

20

5 mn. The reaction

NH 0
: OH
HN
c
H,N” SNH
F.W. 272.30

4B-{[(Amino) (imino)methyllamino}-3a-[ (2-hydroxy-1-methyl

carbonylamino)ethyl] -1-cyclo-pentancarboxylic acid (isomer A

at Cc-6)

To a solution of sodium azide (2.12 g, 32.6 mmol) in
dimethylformamide (15 mL) cooled to 0 °C was added dropwise
with stirring 4-bromocyclopent-2-enone (DePuy, C. H.; Isaks,
M.; Eilers, K. L.; Morris, G. F. J. Org. Chem. 1964. 29, 3503;
3.5 g, 21.7 mmol) in dimethyl-formamide (5 mL) over a period
of 5 min. The reaction mixture was stirred at 0 °C for 30 min

and diluted with ethyl acetate (20 mL). The reaction mixture
was washed with water (2 x 20 mL) and brine (20 mL), dried

(MgS0O,), filtered, and concentrated in vacuo to furnish an oily

residue. Purification of the crude oil by flash column
chromatography (10-15% ethyl acetate in hexane) gave 1.9 g

(71%) of 4-azidocyclopent-2-enone as a light-yellow oil.
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15 and diluted with ethyl acetate (20 nmL). The reaction m xture

washed WOHWRTdA%r (2 x 20 mL) and brine (20 L), dried PCT(‘W@'@@N]) ,

filtered, and concentrated in vacuo to furnish an oily resi due.

Purification of the crude oil by flash colum chr omat ogr aphy (10-15%

et hyl acetateTbnahebamaho@amé'Hﬁbqmyxuhcdﬁﬁm@dmmazbmatﬁocyraﬁﬂeht 2-.egone

as a light-yellow oil.

SUBSTI TUFE SHEETMERYLEm@chancl (10 Wh)9AUmIE94itrogen was added

PCT/ US97/ 09309 To a solution of diethyl acetam domal onate

(Al drichfresRSy cut godgdum medial i (P éti*hemoll (40nm}) undBre nreacgépnnas

added freshly cut sodiumnetal (0.03 g, 1.4 nnnli. The reaction

m xt ur e RASLYEEr Wa§ &F%ﬁﬁﬁﬁtﬁﬁnﬁQQﬁlﬁ%ﬂﬁﬁﬁﬁqu%ﬁlu%%ﬁ uid haSodbup §36| ved.

The reaction m xture was cooled to -40 [err]C (dr ice/acetonitrile)

and & sofliEBeAver-4- Fhed FeRAtGFEhtixtgHEhvas Co?%ef? 549 fRolgryn

et hanol (5 nlL) was added dropw se over a peri od of 10 mn. The

r eact i onigexXacetonds rsitlie)r echdata -stilyteror} ©f 4 -afbdoSpchiopennd2geantieed

with trifluoroacetic acid (0.1 nL, 1.4 10 mol). The solvent was renoved

in vacuo (Pe7f grniSsi7 amgdi)t en ethannk d(5 Pk} fvaat dddedf dropwieadeviey fl ash

col um chromat ography (60% ether in hexane) gave 1.2 g (63% of

t r ans- 3- peirdod4 off( it mircar B8 | reattion bhExerdiorgeasbbnyed at -40 °C

met hyl ] cycl opentanone as a white solid, np 121-122 [err]C. 15

Anal ysi sfofaBoulmdine chrfdbrgqugrerhiddvertl Nfei 1 ibevadet & 48id41(0HL ™192;1 .M,

16. 46 Found: C, 49.47; H 5.95; N, 16.48
10 wmmol). The solvent was removed in vacuo to furnish a white

solid. Purification of the crude by flash column
chromatography (60% ether in hexane) gave 1.2 g (63%) of

trans-3-azido-4-[ (methylcarbonyl-~amino) bis{ethoxycarbonyl)

methyl] cyclopentanone as a white solid, mp 121-122 °C.

15
Analysis: Calculated for C, H,)NO.: C, 49.41; H, 5.92; N, 16.46

Found: C, 49.47; H, 5.95; N, 16.48

To a mixture of trans-3-azido-4- [bis(ethoxycarbonyl)

20 (methylcarbonylamino)methyl] -cyclopentanone (8.2 g, 24.1 mmol)
in methanol (100 mL) was added sodium borohydride (0.46 g,
12.1 mmol) in portions over a period of 5 min at room
temperature. The reaction mixture was further stirred for 10
min and then acetic acid (1 mlL) was added and mixture

25 concentrated. The residue was dissolved in ethyl acetate (100

mL) and washed with water (1 x 100 mL) and brine (1 x 100 mL)
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To a m xture of trans-3-azi do-4-[bis(ethoxycarbonyl) 20

(et hyl ca%ﬁw% no) net hyl ] -cycl opentanone (8.2 g, 24.1 nmﬁ(iTmS”’w?oﬁ

met hanol (100 nmL) was added sodi um borohydride (0.46 g, 12.1 mml) in
portions over a period of 5 mn at room tenperature. The reaction

m xture waad @ried MgEPed. f dfuer filtnphiend thenfiadéwriageamtas (1 nl) was
added and m xture 25 concentrated. The residue was dissolved in ethyl
acet ate (t@hcentratydahd @ayRed -R oh (A& (©f 3 PG id9-4md(bi hethoxy 100
m.) 62

SUBSTI TUTza3tlezly 1 RikELBO) carbonylamdfc) Methhdd cyclopentanol, a mixture

PCT/ US97/ 09309 and dried (MgSO4). After filtration, the filtrate was
concent r atosfd it ve, 8a8 g (168%-bebwd| erir]].- azi do-4a - [ bi s(et hoxy
carbonyl) (nmethyl carbonyl am no) met hyl ] cycl opentanol, a m xture of
isomers, as a light-brown oil. 5 Anal ysis: Cal cul ated for

derr]Herr]Nerr]Qerr]: C 49.12; H 6.48; N, 16.37

Found: Analysis: Calculgtedofog: QqH.gN®1: N, ¥ .112; H, 6.48; N, Al6.37
m xture of 3[err]-azido-4a-[bis(ethoxycarbonyl)(nmethyl 10

car bonyl ami no) met hyl FeyBfe- pentanol , a m xt ur €.0f49 sherks, (8.31; N, §6.23. 4
nmml ), and sodi um hydroxide (1 N, 72.0 nL, 72.0 nmol) was stirred for
16 h at roomtenperature. Acetic acid (glacial, 20 nL) was added and
heated at gentle reflux for The m xture was then extracted with

ethyl acetate (8 %ilgpre;8t %Ef?z*ﬂg-'éﬁﬁﬂi%%%%aqbﬁ@f%) {BeehAshed

wth water (2 x 100 m.) and brine (1 x 100 nL) and dried (MgSO err]).

Afterl0 cahidamataoinol methiyli cacd ovpendemeent raatreidktaumne tdie isomelne (8.0
g, 23.4 mmol), and sodium hydroxide (1 N, 72.0 mL, 72.0 mmol)
was stirred for 16 h at room temperature. Acetic acid
(glacial, 20 mlL) was added and heated at gentle reflux for 2
h. The mixture was then extracted with ethyl acetate (3 x 100

15 mL). The combined organic layers were washed with water (2 x

100 mL) and brine (1 x 100 mL) and dried (MgS0O,). After
filtration, the filtrate was concentrated and the residue
passed through a column of silica gel using ethyl acetate as

an eluent to give 4.0 g (63%) of 3B-azido-4a-[{ethoxycarbonyl)

20 (methylcarbonylamino)methyl] cyclopentanol, a mixture of

isomers, as a colorless syrup.

Analysis: Calculated for C;H,,NO,: C, 48.89; H, 6.71; N, 20,72
Found: C, 48.76; H, 6.72; N, 20.65

25
A mixture of the above alcohol, a mixture of isomers (3.8

g, 14.0 mmol), in ethyl acetate (120 ml) was hydrogenated in
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passed through a colum of silica gel using ethyl acetate as an el uent
to gi ve MOQ7471863% of 3[err]-azi do-4a-[(ethoxycarbonyl) FPEF/USIT09309

(et hyl car bonyl am no) et hyl | cycl opentanol, a m xture of i somers, as a
col orl ess syrup. Anal ysi s: Calculated for C[err]H[err]N[err]C{err]:
C, 48.8%hél pbeddncd o20PdZC (250 mg, 10% PadHAEdium content) at 40 ps€
48.76; H, 6.%2; N, 20.65 25 A m xture of the above al cohol, a
m xtur e aidi soomr seffefature §orld.60 hmolThe icatEhyst aeas atemé¥@8 bl) was
hydr ogenated in 63

SUBSTI TUTEL SEEEToNRaNE 2 filtrate worggmtrepsed to give 2.8 g (82%)

PCT/ US97/ 09309 the presence of Pd/C (250 ng, 10% Pal | adi um cont ent)
at 40 pspf 3B-ambdoréomlit{etporycardonyrl Y@t hylhea oy Yaninas-r enoved by
filtration and the filtrate concentrated to give 2.8 g (82% of

3[ er 5] - ané PRy Hhcitabbexyanchony & mstdug car bonyl anino)- 5

met hyl | cycl opent anol as a syrup. To a m xture of

3[ err]-am no-4a-[ (et hoxycarbonyl) (net hyl

car bonyl am no) net hyl ] cycl o-pentanol (2.8 g, 11.5 nmmmol) in

di net hyl f or maffode (2xtuire wifs 3fideed na-4et-hiylatrhavey ¢ driBénygl) (h8thgd. 02
nmmol). The m xture was cooled in an ice bath and bis- boct hi our ea

(3.17 g,cdidbSnyTahinsdmetdgad cysilid-phtiiolO(M & g, 11a8dmmeLGusn(! )
chloride (3.12 g, 11.5 mmol) added. The reaction m xture was stirred

at ice haihetRppELEMAmME Je0r(2E ML) was didddddmiétheldyinacesabe 100 nl),
and filtered through 15 Celite. The filtrate was washed with water (1 X
1001ml) 4ddo2 mmohii.ne The wmik@Wud Wwasnd-airiedtl DS ece] batAf aed bis-
filtration, the

bocthiourea {3.17 g, 11.5 mmol) was added, stirred for 10 min

and mercury(II) chloride (3.12 g, 11.5 mmol) added. The
reaction mixture was stirred at ice bath temperature for 1 h,
diluted with ethyl acetate (100 mL), and filtered through

15 Celite. The filtrate was washed with water (1 x 100 mL) and
brine (1 x 100 mL) and dried (MgSO,). &After filtration, the
filtrate was concentrated and the residue passed through a

column of silica gel (100 g) using ethyl acetate as an eluent

to give 5.0 g (89%) of 3B-{[{tert-butoxycarbonylamino) (tert-

20 butoxycarbonylimino)methyl]amino)}-4a- { {(ethoxycarbonyl) (methyl-

carbonylamino}methyllcyclopentanol, a mixture of isomers, as a
white foam. An analytical sample was prepared by

recrystallization from ethyl acetate/hexane.

25 Analysis: Calculated for C,;H,;NO,: C, 54.31; H, 7.87: N, 11.51

Found: C, 54.47; H, 7.85; N, 11.39
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filtrate was _concentrated and the resi due passed through a
silica gel ?26@"& using ethyl acetate as an el uent P§F0§5§ gﬂ%
(89% of 3[err]-{[(tert-butoxycarbonyl am no)(tert- 20

but oxycar bonyl i m no) net hyl ] am no) - 4a- [ (et hoxycar bonyl ) (et hyl -

car bonyl am no) net hyl ] cycl opentanol, a m xture of isoners, as a white
foam An anal ytical sanple was prepared by recrystalllzatlon from
ethyl acet at e/ Hexamemixtu2g ofnaPBy$i$ te€slbutatydtariionylamino) (tert-
Cerr]Herr]Nerr]derr]: C 54.31; H 7.87: N, 11.51

gzund: buﬁﬁ§¥ﬁa gagyl -$mind) Adthth ) dmIno INeallt @ hoxycarbonyl) (methyl
PCT/ US97/ 093

(L (tert- Zlﬁ 3c%¥30%‘ﬁ i S‘Y? Syfisbuheaglr®! ycé’]rzb&yl 8 37 W9kt ni P
} Ehlc% éﬁ%?ﬂ&ﬁ PRy %L F@%gyégded gyg%dlnﬁgm chlo%Pchromate

carbonylanln cycl opent ano

di chi or oneghaney ( 724 1) mile$) adHadsey AN bUM OGN e for {840

24.8 mmol ) and 3tirred at roomtenperature for ar €’ was
di | uted wittpe ehffuréhpaseactipadf whithr ether, tHehrx@ml@?Aléﬂtéfédt he

filtrate concentrated. The residue was passed through a col um of
silica geltHZ®igly) cebing, eahdll thdOf idcehakechexane rakel. asrid Lbseatet 0
gi ve: 1. 0.62 g (15% of isomer A, higher running spot on TLC in

et hyl acetwse, passedwbhteugbwdecolopn. d¥5sfidichCgeAn (@0 )i asding etBalpl e
of 3[err]- { [(tert-butoxycarbonyl-am no) (tert-butoxycarbonyl 15

i m no)fet Addtati athexang (éLhdkysar bonglpenst byl gearebonyl ani no)

nmet hyl ] cycl opent anone, isoner A, was prepared by recrystallization
from et hyl acet at e/ hexane.

1. 0.62 g (15%) of isomer A, higher running spot on TLC in

ethyl acetate, as a white powder, mp .175 °C. An analytical
sample of 3B-{ [(tert-butoxycarbonyl-amino) {tert-butoxycarbonyl

15 imino)methyllamino}-4a- [ (ethoxycarbonyl) (methyl-carbonylamino)

methyl) cyclopentanone, isomer A, was prepared by

recrystallization from ethyl acetate/hexane.

Analysis: Calculated for C,H,NO,: C, 54.53; H, 7.49; N, 11.56

20 Found: C, 54.50; H, 7.44; N, 11.43

2. 0.1 g {(2.5%) of isomer B lower running spot on TLC in

ethyl acetate, as a white powder, mp 139 °C. An analytical
sample of 3B-{[{tert-butoxycarbonyl-amino) (tert-butoxycarbonyl

25 imino)methyl]}amino}-4a- [ (ethoxycarbonyl) (methyl-carbonylamino)

65

SUBSTITUTE SHEET (RULE 26)



Anal ysis: Calculated for err]J]Herr]Nerr]derr]: C 54.53; H 7.49; N,

11.56 W 97/47194 Found: C, 54.50; PAT/USOHA930%, 11,43
2. 0.1 g (2.5% of isomer B lower running spot on TLC in et hyl
acetate, as a white powder, np 139 [err]C. An anal ytical sanpl e of

3[err] - mdtthyanteyulispeneahony - asome) @, erad Prepoasday! 25
i m no) met hyl ] am no} - 4a-[ (et hoxycar bonyl ) ( met hyl - car bonyl am no)

65 recrystallization fromSEBEYLTEHEe tSHeheEkd 26) WO

97/ 47194 PCT/ US97/ 09309

net hyl ] cycl opent anone, isoner B, was prepared by recrystallization
fromethyl acetate/hexane. Anal ysis: Cal cul ated for

d err] HPeyalieg v |GF kenlated BRr5Q,,HiN,P;49:C,N 541556 H, 57.49; N, 11.Béund:
C, 53.94; H 7.44; N, 11.26 To a m xture of

2-tr$ et hyl si |yl - TRt hi ane (0.67 g, B. 23t ) Hn TettahVdr dLurén (6
m) at O [err] C was added n- butyllithium (1.6 M 2.5 nL, 3.7 mol),
and the m xture 10 stirred at 0 [err]Cfor 0.75 h. After the m xture was
cooled to - err xt.ur

4lerr]-{[(ter2 but“& %‘é?% I&S‘)e%PéKPISllyl 1,3-dithiane (0.67 g,

car bony %"%'i&a&ﬁ%&%&‘mﬁaﬁ% 5l o0 e Ao n- g o

mrol ), in tetra%)?rofuran é4 was added and the _15 m xture further

sti rredoxtylds ghgym o} of h&8Myi %t Jr é““?)%?s and @ BLERRERd with

sat ur at ed aqueous amp | m chI or| de (2_nL and warned to the_room
t enpRr atiiiE s eFihea"or PRyRr 7 ha Aft@Ep&P&’t S XtNdee VA GRILBIdER to

the aqueous phase and
42 °C, a mixture of 4B-{[(tert-butoxycarbonyl-amino) (tert-

butoxycarbonylimino)methyl]lamino}-4a- [ (ethoxycarbonyl) (methyl

carbonylamino) -methyl] cyclopentanone, mixture of isomers (0.24

g, 0.5 mmol), in tetrahydrofuran (4 mL) was added and the

15 mixture further stirred at -42 °C for 2 L. The mixture was

then quenched with saturated agqueous ammonium chloride (2 mL)
and warmed to the room temperature. The organic layer was
separated, water (5 mL) added to the aqueous phase and
extracted with ethyl acetate (2 x 15 wmL). The combined

20 organic layers were washed with water (1 x 20 mL), brine (1 x
20 mL) and dried {MgSO,}. After filtration, the filtrate was
concentrated and the residue passed through a column of silica
gel (50 g) using ethyl acetate/hexane (1:2) as an eluent to
give:

25
1. 0.15 g (50%) of isomer A, the higher running spot on TLC

in ethyl acetate/hexane (1:2), as a white powder, mp 190-191
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extracted with ethyl acetate (2 x 15 nmL). The conbined 20 organic |ayers

wer e washeWOR418%ater (1 x 20 nm.), brine (1 x 20 nl) aRETAISI#EII09

(MgSg err]) . After filtration, the filtrate was concentrated and the

resi due passed through a colum of silica gel (50 g) using ethyl

acet at e/ hexane ' 2had I - Hye _ 509 f

i sonmer A, ?cﬁe hliﬂléhﬁ1 r?ﬁﬁ:&ﬁg s%%ﬁpltﬁ o'IgLC‘:? g {%(égﬁfllbgtééfcggg% é’)%éﬂnleam/lénoo)
1:2), as whi t owder, 90-191

236 ) ?tﬁﬁtgg}z%ﬂgaparb@ny]l 1miLno) methyl]amino}4a- [ (ethoxy-carbonyl)
PCT/ US97/ 09309 [err]C. An anal ytical sanple of

2- {3 er r] - {pet by carbonptiamioryretmw) ] cyclopentylidene} -1, 3-dithiane,

(tert-butoxycarbonylim no) et hyl ] am no}4a- (ethoxy-carbonyl)

(met hyl car bB8APEANPno MRS MAGRAKE DNt Ye¢Hentillization dmem ethyl somer A,

was prepared by recrystallization from et hyl 5 acet at e/ hexane.

Anal ysibs: acetagg/bexan&t for CJerr]Herr]Nerr]O[err]S[err]: C, 53.22;
H 7.21; N, 9.55 Found: C, 53.44; H 7.27; N,
9.31 10 2. 0.06 g (20%9 of isonmer B, the | ower running spot on TLC
in Qﬂﬁ%h gggtate/hexane (1:2), as a white powder, np 185-186 [err]C
An anal yti'ca ganpre of 2-{3[err]-{[(tert-butoxycarbonyl am no)

(tert-butq&gggPQgEgg;g%?ﬁ¥¥?¥kaJgnino)- -gge%?gfégcgrﬁﬁgﬁ . o 3s

(et hyl car bonyl amn ‘1-‘cyct opent yTi dene di't i somer
B, was prepshgd.by recrystallization frometdyl,,. 4 agg&qpe&pe§pqﬁt
10
2. 0.06 g (20%) of isomer B, the lower running spot on TLC in

ethyl acetate/hexane (1:2), as a white powder, mp 185-186 °C.
An analytical sample of 2—(3ﬁ-{[(tert-butoxycarbonylamino)
(tert-butoxycarbonylimino)methyl]amino}—4a-[(ethoxy-carbonyl)

15 (methylcarbonylamino)methyl]—l—cyclopentylidene}-l,3—dithiane,

isomer B, was prepared by recrystallization from ethyl

acetate/hexane.
Analysis:

20 cCalculated for GC,H,,N,0,S,: C, 53.22; H, 7.21; N, 9.55
Found: C, 53.19; H, 7.20; N, 9.52

To a solution of 2—{3ﬁ—{[(tert-butoxycarbonylamino)(tert—

butoxycarbonylimino)—methyl]amino}-4a—[(ethoxycarbonyl)(methyl

25 carbonylamino)methyl}cyclopentylidene}~1,3-dithiane, isomer A

(1.2 g, 2.0 mmol), in tetrahydrofuran (40 mL) was added

67

SUBSTITUTE SHEET (RULE 26)



Analysis: 20 Calculated for CJerr]Herr]Nerr]OS[err]: C, 53.22; H,
7.21; NWQ 9587194 Found: C, 53. 18CT{SITOPE? N,
9.52 To a sol ution of

2-{3[err]-{[(tert-butoxycarbonyl am no)(tert-

but oxycagpepuisai Gaferehiykbagnnalitdd unl Ridem)EaTRoONYA)drEERY | 2M25

car bonyl am no) net hyl ] cycl opentyl i dene}-1, 3-di thi ane, isoner A (1.2 g,
2.0 mol $olibibat Lahydtebhyadrofsdan,) 2was mgded 0 mmol) and lithium 9-

67 SUBSTI TUTE SHEET (RULE 26) WO

97/ 47194borabicyclo[3.3.1lnonane hydride (AldriRGl/ U 7HAD3OPon in

dropwi se under nitrogen lithium borohydride (Al drich, 2M solution in

t et r ahydretvabpdroforan, £.@ miwl P .2ndwaldhiand the reaction mixture

bor abi cycl o[ 3. 3. 1] nonane hydride (Al drich, 1IMsolution in__

t et r Bhy dWa$ usBhrrodoaf rogm tRMFeK akvde IRVerdidhton Mtadditienads stirred

at roomtenperature overnight, ,An additi onal three portions of lithium
bor ohydrFla‘éeFZHP§8P8P?oﬁI%i ithium g{qr Frods oM 2@ wiion Bl ) and
l'ithium 9- bor.abi cycl,0[ 3. 3. 1] ngnane .hydri (1 Msolution in

t et r ahy dr SFGRE¥ITBESTAP 6.'%’ | o P d@d“g\?“e‘rt Wer?od of 10 36 h.

e CScRL AR5 SATCHE ek DBl AV ROER R0 4y "L, 11 (10

m.) and STTFT € reaction was pH 4 using

| i al i i h 20 L t :
glaci al gget ﬁyagb@urshl,ero.(z Lo Wasimo1) Q‘ﬁ‘?ﬁ@% t e?é?gegg%h@()e?: was

separated. The  aqueous | ayer was extracte t he

orgami c 3aygrs wReerehet ieAaReueidR@ dronaendsdi e hparesiet Q10
obtai n crude. The crude was purified on a Chromatotron (50-100% et hyl

acet at e wn) hexgnap t(aof wini snd s B r of wid 3[ eTtid -fé4t€idbn was
but oxycar bonyl am no) (tert - but oxycar bonyl i m no) net hyl ] am no} -
acidified to pH 4 using glacial acetic acid, ether (20 mL) was
added and the agqueous layer was separated. The agueous layer

was extracted with ethexr (2 x 20 mL), the organic layers were

15 combined, dried and concentrated IiIn vacuo to obtain crude.

The crude was purified on a Chromatotron (50-100% ethyl

acetate in hexane) to furnish 0.34 g (31%) of 2-{3B-{[(tert-
butoxycarbonylamino) (tert-butoxycarbonylimino)methyl]aminoj-

4a- [ (2-hydroxy) (1-methylcarbonylaminc)ethyl]cyclopentylidene}-

20 1,3-dithiane, isomer A, recrystallized from ether as a white

solid, mp 209-210 °C.

Analysis:
Calculated for GC,H,N,0.S,: C, 52.92; H, 7.40; N, 10.29
25 Found: ¢, 53.03; H, 7.30; N, 10.19
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4a- [ 2-hydroxy) (1- et hyl car bonyl am no) et hyl ] cycl opentylidene}- 20

1, 3-dithi aW@9%W4IdMer A recrystallized fromether as a whitePCT/USI289308, np
209- 210 C Anal ysi s: Cal cul ated for '
Cerr]Herr]Nerr]O[err]Serr]: C, 52.92; H 7.40; N, 10.29 25 Found:
C, 53.03; H 7.3 aNschQti®n of 2-{3B-{[(tert- - 8 .
WO 97/ 47194 2 (3p-{ [(tert-butgxycarbonydanino) (Ere

To a solutjon of 2-{3[err]-{[(tert-butoxycarbonylan no)(tert-

but oxycar bBRYPF¥CA Pn[?é‘fltﬁ?l]{"gﬁ?i”ﬁ'éﬁtwl‘?‘(‘Qnﬁ dfexy){Rrhysnesy) (1-methly
car bonyl am no) et hyl ] cycl opent yl i dene}- 1, 3-di t hi ane, isoner A (0.23 g,
0.4 nmol ) , carbaaykaménq)ethl)cymkoreieyl sdaneift 1, 35dithistenl i sb@or naol )
and sti rreg at _room tenperature until all starting material had

di sappear et® ( #8Can&-jfsimnoldphyin methanel a6, 7-BLY WRS Rddesh|6/dhtHGRsS

renoved i n,vacuo (water ath tenperature ~40 [err]C) to furnish crude
3rerr]g{[(gﬁ1§g)@£niﬁof9 mmof% ané stirred at rook tehﬁgrature until all

t hyl i - 4a-[ ( 2-hydr. 1-neth b | am thyl]-1- 10
5 ey capy BT B3DE) REmeSia Mot [ AN mEa  ae (ThE_ PROIYFisessshyl [ 100%
(ML) ]}, T H}e ahove crude was added water. (1.4 nL) and conc
ammoni um HYSF bR F8e (32) ) and'§ FPTERY i YRS WRETSY PR 4B MECUP  (Maberat

roomtenperature. The solvent was renoved in vacuo to furnish 0.6 g of
the title kabbobripeinasdng t~40s4C) s toMBurnisH EStide 2¥%- 41 [40086) (Mhihb)

methyl]amino}—4a~[(2—hydroxy)(1—methycarbonylamino)ethyl]—1—

10 [ (3-mercaptopropyl) -thiocarbonyl] cyclopentane {MS (ES+1) 363.5
[100%, (M+1)1}.

To the above crude was added water (1.4 mL) and conc
ammonium hydroxide (1.4 mL) and the reaction was stirred for 3

15 h at room temperature. The solvent was removed in vacuo to

furnish 0.6 g of the title compound mixed with salts, MS

(ES+1) 272.4 [100%, (M+1)].
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69 WD 97/ 47194 PCT/ US97/ 09309

Exanpl e WO 97/47194 [err] 5 Sodium 3[err] PCT/US97/09309

-{[ (am no) (i m no) et hyl ] am no} - 4a-[ ( 2- hydr oxy) ( 1- met hyl car bonyl am no)
et hyl] -cycl opentan-r-carboxyl at e: di et hyl et her: hydrate (12:4:3).

I somer B To a solution 8kample 7

2-{3[err]-{[(tert-butoxycarbonylamnno)(tert- 10
but oxycar bonyl i m no) - met hyl i am no}-4a -[ (et hoxycarbonyl) (et hyl

car bonyl am no) net hyl ] cycl opentylidene}-1, 3-di thiane from Exanpl e 6,
isomer A( 6.74 g, 11.5 nOol), i anol (57.5 nL) and
tetrahydrofuran (115 n) s adge N sodi um hydr oxi de (23 m., 23
nmol ) and water (35 nl). he action was stirred
NH 0
ONa
HN 0.35C,4H,(0:0.25H,0
N NH
5 Sodium 3f0- amino)} (iminolmwethyllamino}-4a-[(2-hydrox 1-

methvlcarbonylaminolethvl] -cvclopentan-r-carboxyvlate:diethvl

ether:hydrate (12:4:3 isomer B

To a solution of 2-{3B-{((tert-butoxycarbonylamino) (tert-

10 butoxycarbonylimino)-methyliamino}-4a- [ (ethoxycarbonyl) (methyl

carbonylamino)methyl] cyclopentylidene}-1,3-dithiane from
Example 6, isomer A ( 6.74 g, 11.5 mmol), in ethanol (57.5 mL)
and tetrahydrofuran (115 mL) was added 1 N sodium hydroxide
(23 mL, 23 mmol) and watexr (35 mL). The reaction was stirred

15 at room temperature for 5 h. Tetrahydrofuran was removed in
vacuo and the aqueous layer was washed with ethyl acetate {2 x

10 mL) and acidified to pH 5 with glacial acetic acid. The

solid obtained was collected by filtration to furnish 5.95 g

(93%) of 2-{3P-{I[({tert-butoxycarbonylamino) (tert-butoxy

20 carbonylimino)methyl]amino}-4a- [ (carboxy) (methylcarbonyl-
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15 at roomuiFem ‘f’ Glure for 5 h. Tetrahydrofuran was renoved in vacuo
and the aqueous l'ayer was washed with ethyl acetate (2 x PGTYURP Y0930
acidified to pH5 with glacial acetic acid. The solid obtai ned was
collected by filtration to furnish 5.95 g (93% of 2-{3[err]-{ |
(tert-but ox3trddbNgthnildon mahonmwdmdéiﬂa}m;myihﬂ&ﬂ@)agﬁéhwh]lt@m no}
- 4a- [(carbox]\-/) (et hyl car bonyl -

PCT/ US97/ 09309

WD 97/ 471948011
am no) et hyl ] -1 -cycl opentylidene}-1,3-dithiane as a white solid.
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71 WD 97/ 47194

PCT/ USQWO9341194 Anal ysi s: Cal cul ated for PCT/US97/09309
CerrJHerr]Nerr]derr]Serr].0.5Cerr]Herr]O1Herr] O C, 50.07; H
7.23; N, 9.34 Found: C, 50.28; H,

6. 85; NArfalAsisb To a solution of the above acid (1.12 g, 2.0
nmmol ) in tetrahydrofuran (20 nL) cooled to O [err] C was added dropw se
with Cakxtulated foreCii, MO, -5CHOIHD:2 D) )5and7etHyl 7.23; N,
chloroformate (0.21 ni, 2.1 mmmol). The reaction m xture was 10 stirred

for 1 hatsfd [err]C.  The reaction was filtered through Celite and the
cake was washed with tetrahydrofuran (2 x 5 m.). The filtrate was

cool ed tmpuhderr]C, sodi um borohydride d.poswlezs ; OH2369856. &, Mol was
added and net hanol (1.3 nL) was t hen added dropwi se over a period of 1
h. The reaction 15 mxture was quenched with brine (10 nL) and acidified
wth glacial acetic acid to pH 5. Ether (10 nL) was added and the
organi c | ayerTowes sepuracedofThiea@bheorss daiydr (Ivweb2 extracbewmol) iwith
ether (2 x 10 nL). The organic | ayers were conbined, dried and

concent regtecehydyatusano (RQr pldh cpoleg (Ero0y)°Cowas added dropwise with

stirring triethylamine (0.32 mL, 2.2 mmol) and ethyl
chloroformate (0.21 mL, 2.1 mmol). The reaction mixture was

10 stirred for 1 h at 0 °C. The reaction was filtered through
Celite and the cake was washed with tetrahydrofuran (2 x 5
mL). The filtrate was cooled to 0 °C, sodium borohydride
(powder, 0.23 g, 6.0 mmol) was added and methanol (1.3 mL) was
then added dropwise over a period of 1 h. The reaction

15 mixture was quenched with brine (10 mL} and acidified with
glacial acetic acid to pH 5. Ether (10 mL) was added and the
organic layer was separated. The aqueous layer was extracted
with ether (2 x 10 mL). The organic layers were combined,

dried and concentrated in vacuo to furnish 1.1 g (100%) of 2-

20 {-3B{ [ (tert-butoxycarbonylamino) (tert-butoxycarbonylimino)
methyl] amino} -4a- [ (2-hydroxy) (1-methyl-carbonylamino)])-1-

cyclopentylidene}-1,3-dithiane.

To a solution of above solid (3.67 g, 6.75 mmol) in

25 dimethylformamide (16 mL) was added tert-butyldimethylchloro

silane (1.15 g, 7.4 mmol) and imidazole (0.92 g, 13.5 mmol).
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20 {-3[err tert-but oxycarbonyl am no) (tert-butoxycarbonyljmn
met hyl ] am‘ﬁé}{p%f M ( 2- hydr oxy) ( 1- met hyl - car bonyl ani no) ] - 1- 8883709309

cycl opentylidene}-1, 3-dithiane. To a solution of above solid
(3.67 g, 6.75 mmol) in 25 dinethylformam de (16 nL) was added
tert - but ylrheretdytchbormixture wabkaseiftretd a, roch mamperacureal dazol e

(0.92 g, 13.5 nmmol). 72 WO
97/ 47194 overnight, poured into water (20 mL) arRCEXISH¢09309ith ethéEhe
reaction mxture was stirred at roomtenperature over ni ght, poured

into water(3 20 29 )mbhd e')'k’bﬁa@ffgénm A agersr were qm@rmﬁmwashadewgrcgam c
| ayers were conbi ned, yva g \fﬁt (20. m.) and brine (25 nl),
dried, and¥atRr sbtQeRE) war ?rlF‘@mﬁer‘d“i wEEIEG 0 I ik gohvgngfwas
colorless oi | Purificati nof he crude yfI sh col um

chr oma? ogrefiMRVEd 51 Vacu?S@'oe HyPigtefated @ ORRSs oil. g

| soner A, 2.5 g (57% as a white solid, nmp 129- 130 [err]C (Rerr] = 10

0. 36, 25%mmiaaeiane0ifnthexamgﬂ,e by fAsseh 4ofignd Wosgmatography (15-

(Mtl)-tert-butyldimethylsilyl]. Anal ysi s: Cal cul ated for

C err] H erddnN ety aFeFster ipshexang) gaveg: H, 8.26; N, 8.50 15 Found:
C, 54.71; H 8.05; N, 8.61 2. lsomer B, 1.21 g (27% of
2-{3[err]-{[(tert-butoxycarbonyl am no) (tert-butoxy-carbonylim no)

met hyl ) am no}_-4a (2- tert- . _ o
but yl di nethyl s-'F"FW%’iyg"( 12net By darfondtaii MOLEEn A9 gp H29-130 °C (R, =
pentylidene}-1,3-dithiane, isonmer B, as a white solid np 94-96 [err]C,
(Rlertp = ©.38, 25% ethyl asstate i P?@%éﬁl@)) MS (BSH) a8t 49 [100%

(M+1) -tert-butyldimethylsilyl].

Analysis:
Calculated for C,,H,N,0.S,Si: C, 54.68; H, 8.26; N, 8.50
15 Found: C, 54.71; H, 8.05; N, 8.61

2. Isomer B, 1.21 g (27%) of 2-{3B-{[(tert-butoxycarbonyl
amino) { tert-butoxy-carbonylimino)methyl)amino}-4a-[(2-tert-

butyldimethylsilyloxy) (1-methycarbonylamino)ethyl]cyclo
20 pentylidene}-1,3-dithiane, isomer B, as a white solid mp 94-96

°C, (R, = 0.28, 25% ethyl acetate in hexane); MS (ES+) 659.4

(100%, (M+1)].

Analysis:
25 Calculated for C,H,N,0,S,Si: C, 54.68; H, B.26; N, 8.50
Found: C, 55.06; H, 8.18; N, 8.40
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[ 100% (NMl%kP Anal ysis: 25 Calculated for
érr]CIe

[ er r] VO rr]S[err]Si: C, 54.68; H, 8.26; NFPGUEIN9309 4 ng:
C, 55.06; H, N, 8.40 73

WD 97/ 47194 PCT/ US97/ 09309

To a solution of 1.21 g (27% of the above isonmer B (1.11 g, 1.68
nmol ), in nmethanol (50.4 nl), was added 6 N HC1 (4.2 m., 25.2 nmol)
and the ni xtGpeanaslatilonedtatl 12dog t @ifor afurthe sabave i LsahersBarii.Ag

mat eri al had di sap ear ed (TLC anal ysi s, ethyl acetate, ~30 h). The

sol vent9vad - 6 BnBned)i.n Ipadeshanol (A& ek h W%?rp%‘?‘é?@ré N3BCLelA]-@) to
furnish crude 3[e

r te
but oxyc‘&?-'boﬁ 54 ﬁ@%l(){[( G&FOM%WQ%W%?QWTaﬁPﬁE} temperature

pr o%yl )‘t‘ gaﬁgﬁ#%%:“&gar fr%‘a(%wé‘a(%ﬁi %/ %a%églmsrcagna Y?Rfﬁl)] 463.5

[80% (M tert-but oxycar nyI 363..4 [ 50%
(I\/Hrl(; dft %é}taﬁﬁf:?b?fcar ég g’ﬁ he solvent “'Ian% TeREed r leVagY¥odried in

vacuo to renove trace 15 armunts of water and then dissolved in
di chl or ¢wetbhanbaBs tempenatureli3d (6) oaoetfuerrdad rhid29 3 { l6t&rovol ) was
added and the m xture was stirred overnight at roomtenperature. The

sol ventb,?/gg g,@gg}sggyl%m\i%q éé}éiﬁdﬁcﬁg}?@aﬂ&éﬂﬁliﬁﬁgpﬁeﬁxyﬂ an":.l'xo} -

[ (am no) (i m ho) nmet hyl | am no}-4a-[(2-h oxy) ( 1I- met hyl car bony

am no)-eth 3- pto rapyl ) t.hi ocar bon pen
(Ese1) §83 42 Tugnempmis st Qrbonyla SRl eETL P RER 1 swaaé*%&so
di ssol ved in_tetrahydrofuran

10 propyl)thlocarbonyl]cyclopentane {Ms (ES+1) 563.5 [100%,

(M+1)], 463.5 [80%, (M+1l)-tert-butoxycarbonyl), 363.4 [50%,

(M+1) -di- tert-butoxycarbonyl] }.

The above crude was dried in vacuo to remove trace

15 amounts of water and then dissolved in dichloromethane (25
mL). Trifluorcacetic acid (1.29 mL, 16.8 mmol) was added and
the mixture was stirred overnight at room temperature. The

solvent was removed in vacuo to furnish a crude residue of 3p-

[ (amino) (imino)methyl)amino}-4a- [ (2-hydroxy) (1-methylcarbonyl

20 amino)-ethyl]-1-{(3-mercaptopropyl}thiocarbonyl]cyclopentane

{MS (Es+1) 363.4 [100%, (M+1)]}.

The above crude residue was dissolved in tetrahydrofuran

(8.5 mL), methanol (4.2 mL) and 1 N sodium hydroxide (8.4 mwL,

25 8.4 mmol) were added and the reaction mixture was stirred for
35 min at room temperature. Tetrahydrofuran and methanol were
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(8.5 nL), nethanol (4.2 nm.) and 1 N sodium hydroxide (8.4 nL, 25 8.4
mol ) wer eVRHEI%nd the reaction mixture was stirred for — PCTAISH0P09¢
roomtenperature. Tetrahydrofuran and met hanol were

74 SUBSTI TUTE SHEET ( RULE 26) WO

97/ 47194 removed in vacuo and the aqueous layeRCWadSHWESHADWith ethyl
renoved in vacuo and the aqueous |ayer was washed with ethyl acetate

(2 x 10 nL)cefhgeaquyequs d ) hé | Ad8LEdsa fd 1dar s .agidified
{6 pH 6.5 (SREEE ) 2 Tha Gl +1'od &aqggoggyﬁgygraémésll\?\é/ae;ed FTh et hyl

acetate (2rx14Pafk) wakd acuTOIEENts 3pBdsi 8 (RCHOHCY )f ur mish Jle B30 9L
crude. The above crude (1.0 g) was | oaded on a silica ge

col um aquébiisg)l agied elad athshdd whthrethRyln gekkare! :(ROREC 1MW Udkhd
hydroxi de (5:4:1) (1000 mL) to renove organic and inorganic 10

i mpur i 6i escondbrtraked imsvadien b uferninshhl 25%gwelfe o iuale?- pr opanol
to furnish 0.21 g (43% of an oil. The oil was triturated with

et hanol / ether and ether (5 x 10 nlL) to furnish the title conpound as a
white solid, np 65 [err]C (fuses) (Rerr] = 0.36, 25% water in

2-propanol , TLCOrpkat®calevelapgd W id AVYs 18a8BHAYMh a silica\HEYSESiumn
Calculated for CerrJ]Herr]Nerr] Na Of[err].0.35(err]Herr]O 0.25Herr| O
C, 45.86; t0 g) andléluted Wwitth M opohdimGCnedbahdl :Hdoné 2imdhidnd- 55
hydroxide (5:4:1) (1000 mL) to remove organic and inorganic
10 impurities. The column was then eluted with 25% water in 2-
propancl to furnish 0.21 g (43%) of an oil. The oil was
triturated with ethanol/ether and ether (5 x 10 mL) to furnish
the title compound as a white solid, mp 65 °C (fuses) (R, =
0.36, 25% water in 2-propanol, TLC plate developed with KMnO,

15 spray).

Analysis:
Calculated for C,;H,,N, Na O,-0.35C,H,,0-0.25H,0: C, 45.86; H,

7.14; N, 17.25

20 Found: C, 46.14; H, 7.50; N, 17.55
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75 SUBSTI TUTE SHEET (RULE 26) WO

97/ 4719%0 97/47194 PCT/ US97109309PCT/US97/09309

Exanpl e 8 [err] 5 t-3-Am no-t-1-hydroxy-c-4- |

(hydroxynet hyl ) (et hyl car bonyl am no) et hyl ] cycl opent an-r-car boxylic

acid trifluoroacetic aci d ammuEydnpld id | uoroacetate (1:1:0.5)

A m xture of trans-3-azido-4- [bis (ethoxycarbonyl)(nmethyl 10

car bonyl am no) net hyl ] - cycl opent anone (from Exanple 6, 0.50 g, 1.5

mmol ), di-tert-butyl dicarbonate (Aldrich, 0.39 g, 1.77 mmol ), and

Pd/ C, 10% (0.140 g) in ethy acet ate (25 m.) was hydr ogenated at 45
Iﬂ)y filtration and the filtrate

psi for 1 h. The catalyst S renp
was concentrated in vacuo 15 afford 0.69 g of crude. Purification by
fl ash col um chr omat 6gr &y acgght 75% et hyl acet at e/ hexanes)

h

c
gave a sem solid. Recrystall i e residue from
T ‘on
NH,
-CF3;CO,H.0.5CF;CO,NH,

5 t-3-Amino-t-1-hydroxy-c-4-[ (hyvdroxymethyl) {methylcarbonyl

amino)methvl] cyclopentan-r-carboxylic acid trifluorocacetic

acid ammonium trifluorcacetate (1:1:0.5)

A mixture of trans-3-azido-4-[bis(ethoxycarbonyl) (methyl

10 carbonylamino)methyl] -cyclopentanone (from Example 6, 0.50 g,

1.5 mmol)}, di-tert-butyl dicarbonate (Aldrich, 0.39 g, 1.77

mmol), and P4/C, 10% (0.140 g) in ethyl acetate (25 mL) was
hydrogenated at 45 psi for 1 h. The catalyst was removed by

filtration and the filtrate was concentrated in vacuo to

15 afford 0.69 g of crude. Purification by flash column
chromatography (silica gel, 75% ethyl acetate/hexanes) gave a
semisolid. Recrystallization of the residue from

ether/hexanes provided 0.275 g (45%) of trans-3-tert-
butyloxycarbonylamino-4- [bis(ethoxycarbonyl) (methylcarbonyl

20 amino)methyl] cyclo-pentanone as a white scolid, mp 135-136 °C.
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et her/ hexanes provided 0.275 g (45% of trans-3-tert-

but yl oxyc VO no- 4- [bis (et hoxycarbonyl) (methyl car bor§FT/USRy/ 09309

am no) et hyl ] cycl o- pent anone as a white solid, np 135-136 C.

76 SUBSTI TUTE SHEET (RULE 26) WO 97/ 47194

PCT/ US97/ 930Ssis: CahtydasedCabrulafng,Dor Chersitperr HN ar.3jQ evrle. &
55.06; H, 7.30; N, 6.76 Found: C, 54.63; H 7.17; N, 6.74
To a stirred sol uti onFofinBi:s- Cph&kyl6t3hi ¢3,net Hdhe N5 6. TAl drich, 1.12 g,
4.84 mmol ) tetrahydrofuran (10 nL) at O [err]C was added dropw se
n-butyllithium(1.6M 3.0 nL, 4. 84 mol ) . After 30 mn of stirring,

the reaction m xture was cooled [err]C a
trans- 3- tertlmﬁ%d%x@%h?%%ﬁy?ﬁﬁ?ﬁbpﬂ P§|?E@FH@bFnylthIO)mEthane
car bonyl ) (net hyl car bonyl am no) net hyl ] cycl opentanone (0.50 g, 10 1.2 mol)

in tetgahydnefxrem, (6. 12)gyas. addatiod) opwitsahydtdFuran (1BAGHL Prafl tus e
was stirred for 1 h then quenched with a sat ur at ed aqueous sol ution of

a”"Dn'U”‘W@é”&éﬁédjéka$&1sghﬁ butyli@@ﬁ&%h@Q1a%M¢0@§<JQM?r e, exhbapt ed
with ether (4 x 10 he conbi ned organic extracts were washed with

brine, dripgdterl30 rﬁMﬂS@Eegtlirlﬁ?I t ehed relAic@Ydh Galkthiire Al COHSEARr abed

in vacuo to provide 1.25 g of crude. Purification by flash colum

chr omat ogrgphy: GSid | 8Ll 3 - for 8- biZb) 6% &!arasﬁyaaﬁﬁhsxanqaa)ls(ethcgéwe 0.16
g (20% of c-3- (tert butoxycarbonylanlno -t-4- [ b

(pheny ! HEBY VR T %%%‘%?%ﬁ%ﬂ%“é‘ﬁ%g‘i‘“a@%a‘mlégvs%bopaentan%%e (0505,

[err]fb 1.2 mmol) in tetrahydrofuran (6 mL) was added dropwise. The
reaction mixture was stirred for 1 h then guenched with a
saturated aqueous solution of ammonium chloride (10 mL). The
separated aqueous layer was extracted with ether (4 x 10 mL).
The combined organic extracts were washed with brine, dried

15 (Mgso,), filtered through Celite, and concentrated in vacuo to

provide 1.25 g of crude. Purification by flash column
chromatography (silica gel, 75 g, 25% ethyl acetate/hexanes)

gave 0.16 g (20%) of c¢-3-(tert-butoxycarbonylamino)-t-4-
[bis(ethoxy-carbonyl) (methylcarbonylamino)methyl) -t-1-{bis-

20 (phenylthio)methyl] cyclopentan-r-1-0l as a white solid, mp 36-

37 °C

Analysis:

Calculated for C,,H,,N,0,S,: C, 59.42; H, 6.54; N, 4.33
25 Found: C, 59.64; H, 6.45; N, 3.94
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Anal ysi s: Cal cul ated for C[err]H[err]N[err]qerr]S[err .42;
H 6.54WQO747188 25 Found: §1T6‘2§9'”PP-"°% 45; N,
3.94 77 VD 97/ 47194

PCT/ US97/ 09309 A m xture of c-3-(tert-butoxycarbonyl am no)-t-4-

[ bi s( et hoxycar hadmtdyxersd fiyéenr boayt-hutosyretriinklamdird) se-4 -
(phenyl t hi o) met hyl ] cycl opentan-r-1-ol (0.63 g, 0.97 mvl) and .
pot assi Q?ﬂ%ﬁ@rt)%vﬁca(ﬂb% yB) fndtnyBcdrBBRL) - h&ﬁé%@@ﬂ}ﬁw@- 5 Irﬁe kution of

et hanol stirred at roomtenpef ature reaction

t nt,at d 't "
i ssol v ABBRRYIH O e ay b BT P Alan- =-4rpd (5RY @h”?ﬂ )rc?eilr'@‘l{‘g%livaﬁﬁﬁt ed

at reflux for 1 h and al |l owed to cool to roomtenperature. To this
react i opofESSi vk@sdrqield%dﬁbdl“gl Actamlacat-idc msild (i & 0% 3aquenvs) .
The separated ueous_l ayer was extracted with ethyl acetate (4 x 10

nL) .5 solvﬁéqarbrﬂﬁ ¥RQhni ¢4 eRb) a¥RE REASTRES IR XRQUh IRTRRYafRERd
(MySerr]), filtered through Celite, and concentrated in vacuo to
provi def8T542y ot  ThRIcFERGF PR CREXBHY By WASHICONIANE (a5 9] ch?  Y&cugepnd
25-50% et hyl acet at e/ hexanes) gave 0.35 g (63% of c-3-

(tert- bumeeaMMgmg@;due4w§\(sedhsssplm|dbdmyIgt(h}*dt detate (12 mL).
carbonyl am no)nethyl] -t-1- [bis- (phenylthio)nethyl]cyclopentan-

r-1-ol 3Zbig m%@:%@P|‘Glxﬁ‘¢r§8W5§ epEpe at rpflug, %Fél-"s h gpdupiledefor
C[err]HLerr]N[errgCierr]S err C, 60.60; H, 6.66;, N, 4.87

Found: t© cool t oom t rpe atgge Tg ﬁ@lqqugqg;on mixture wgg 5

i A Ceembiet sl doethb e%#‘%ﬁiﬁél 2RO S P11 T eparated

aqueous layer was extracted with ethyl acetate {4 x 10 mL).
The combined organic extracts were washed with brine, dried

(MgS0O,), filtered through Celite, and concentrated in vacuo to

provide 0.54 g of crude. Purification by radial PLC (silica

15 gel, 25-50% ethyl acetate/hexanes) gave 0.35 g (63%) of c-3-
(tert-butoxycarbonylamino) -t-4- [ {ethoxy-carbonyl) {methyl
carbonylamino)methyl] -t-1-[bis- (phenylthio)methyl)cyclopentan-

r-1-ol as a white solid, mp 58-59 °C.

20 Analysis: Calculated for C,;H,;N,0O.S,: C, 60.60; H, 6.66; N, 4.87

Found: C, 60.76; H, 6.75; N, 4.88

To a stirred solution of c-3-(tert-butoxycarbonylamino) -
t-4- [ (ethoxycarbonyl} - (methylcarbonylamino)methyl}-t-1- [(bis-

25 (phenylthio)methyl)cyclopentan-r-1-ol (0.17 g, 0.29 mmol) in
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25 (pheny‘;vt hi 9 rr/e'\t hyl ] cycl opentan-r-1-ol (0.17 g, 0.29 mmll)alfﬂswmnm

78 47194
PCT/ US97/ 09309 tetrahydrofuran (7 nL) at roomtenperature was added
l'ithium borohydride (2 M 0.3 nL, 0.6 muvl). After 12 h of stirring,

t he reactitptykydrefuganhddt ad)amtsardgas emygerausrenwas Taddads Lithium
reaction mxture_was added 1 N HCL (6 nL). The separated 5 aqueous | ayer
was ext r act@CWER18enyR NeeCate ™y P - Mmel) .  ARtRr bdhned skaamiad.
extracts were washed with brine, dried (&querr]), filtered through
Celite, ardheoheaREiabeMixturscyas heated Rto\AYe D I ¢SoMmigtudeTo this
Purification by radial PLC (silica gel, 50% et hyl acet at e/ hexanes)
gave 0.08 xei6b¥pnoniztdre was added 1 N HCl (6 mL). The separated
(tert-butoxycarbonyl -am no)-t-4-[(2-hydroxy) (1-methyl carbonyl

am no) &t hydgqueoys {BV@FpH@ﬁyleN‘iiré Pitéy @trperacgtate - 6t x 5 mb)soner
A) as a white soljd, 66-67 [err] C Anal ysi s:, Cal cul ated for
Cerr] Het?§ NF‘éﬁ“?]L@ngP]rg[a&lﬂ exgragfsgyeng wpged \with Jaring, dried
Found: ) C,, 60. 95; .6.94; N, 5. .14 ) To a
stirred sofg$3n 'offlcl-%@r?‘fle??f‘Bﬁ?]Bxg}é?‘BSnyP&Hi fopcentrated in vacuo to
t-4-[bis(et hoxi/car bonyl ) - (et hyl car bonyl am no) net hyl ] -t - 1-

[ bi s- ( pherg¥evit@denet h¢l PBcpél epadean- Puridliqear izer gy xadimbl PLC20silnca

tetrahydrofuran (10 nli) at roomtenperature was added . | ithium
bor ohydri déet 0. B8%gethyd pgsrpte/hsxanesdt igaveari%iQf & (50%hagfheaBed at
reflux for 12 h and allowed to cool to room tenperature. To this

react aon ni géntebuasxgddetbohylll -Haincl0 t-4 - [ (A-)hydddey )sEpanet ledl agubousy 1
| ayer was extracted with ether (4 25 x 10 nlL). The conbi ned organic

extracts wepe,yAshg z]i?“été:h1~[bisq|bih%%yl@rﬂi%q IR By ddo - St £h 89 f hpqugh

Celite, and concent

(isomer A) as a white solid, mp 66-67 °C.

Analysis: Calculated for C,H,N,0,S,: C, 60.88; H, 6.62; N, 5.26

15 Found: C, 60.95; H, 6.94; N, 5.14

To a stirred solution of c¢-3-(tert-butoxycarbonylamino) -
t-4- [bis{ethoxycarbonyl) - (methylcarbonylamino)methyl}-¢t-1-
[bis- (phenylthio)methyl]cyclopentan-r-1-0l (0.76 g, 1.2 mmol)

20 in tetrahydrofuran (10 mL) at room temperature was added
lithium borochydride (0.03 g, 1.4 mmol). The reaction mixture
was heated at reflux for 12 h and allowed to cool to room
temperature. To this reaction mixture was added 1 N HC1l (10
mL) . The separated agueous layer was extracted with ether (4

25 x 10 mL). The combined organic extracts were washed with

brine, dried (MgSO,), filtered through Celite, and concentrated
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97/ 47194 WO 97/47194 PCT/ US97/ 09565"’59"’“93"? n
vacuo to provide 0.54 g of crude. Purification by radial . PLC (silica
gel, 70% et hyl acetat e/ hexanes) gave 0.15 g (21% of

c- 3- (t er inbwkoxypc &b prypvadend) -84 4 [(2-dyuteoxy) PdriEibgkion by radial
carbonyl am no)ethyl]-t-1-[bis- (phenylthio)-nethyl]cycl opentan- 5r-1-ol

i iat | i7ths g% hhA6- a icS cul at ed
§:)fog[ererr5]idﬁ?§rs?]l\£[&lgr ?]e%)elrr] S| erh}i?l %&6%@%';33%4?1“35) ga‘e‘@ byis g Qéyl,q

Found: of c-3- (tert-butdXyddbtnylRmind)2; M - 5(@3hydré9y) (1 me-E@lyQ
stirred solution of a mxture of isoners A and B of

Car bony| SAF Aoy ERITT D S s (Ao TEbet iyah pusiopencany o

(5.65 g, 10.6_mmol) in d| rrethylforrramde (100 nL) at - 23 [err] C was
added sodrnPhydi6emes EI5RS @ M5t SR‘-?Simfm)laﬁdUIST

tetrabutyl amoniumiodide (0.40 g, 1.1 nmol). After 30 mn of

stirring, benzyl bromde (2.0 n., 15.8 mml) was added dropwi se. The
reaction mxture was stirred at -23 [err]C for 3 h t hen quenched with
gl aci al Avellysisci FalzvEaned vt VatlENOLB0: C, 60Lp8;THe Separated ;A@EOUS
| ayer was extracted with ethyl 20 acetate (7 x 15 nL). The conbi ned
organic extracts w&eand: washed with brineG. d69e85¢ MjSCEeR2];) N, f isl.toer ed
through Celite, and concentrated in vacuo to provide 9.1 g of crude.
Purification by flash col umm chromat ography (silica gel, 210 g, 50-75%

eth acet at e[ hexanes) v 4 ﬁ c-3-(tert- 25

but >é%?ycar bonyfrgman(‘?)% rtr%lafi s[0(211 gtr?é?‘h&ié ULgi fb) tgomers A and B of
c-3- (tert-butoxycarbonylamino) -t-4- [ (2-hydroxy) (1-methyl
carbonylamino) ethyl) -t-1- [bis- (phenylthio)methyl) cyclopentan-

r-1-ol (5.65 g, 10.6 mmol) in dimethylformamide (100 mL) at -

23 °C was added sodium hydroxide (95%, 0.345 g, 13.8 mmol) and
15 tetrabutylammonium iodide (0.40 g, 1.1 mmol). After 30 min of
stirring, benzyl bromide (2.0 mL, 15.8 mmol) was added

dropwise. The reaction mixture was stirred at -23 °C for 3 h

then quenched with glacial acetic acid (2.5 mL) and water (100
mL) . The separated aqueous layer was extracted with ethyl

20 acetate (7 x 15 mL). The combined organic extracts were
washed with brine, dried (MgSO,), filtered through Celite, and

concentrated in vacuo to provide 9.1 g of crude. Purification

by flash column chromatography {silica gel, 210 g, 50-75%

ethyl acetate/hexanes) gave 2.98 g (45%) of c-3-(tert-

25 butoxycarbonylamino) -t-4-[(1-methylcarbonyl-amino) (2-

80

SUBSTITUTE SHEET (RULE 26)



WO 97/ 47194 PCT/ US97/ 0O
phenyl met RXJVEHRYI | -t-1- (bis- (phenyl thio)methyl ] cycl opentgia%gg”’o”?’ 1- ol

as a white solid, np 52-54 [err]C. Anal ysis: Cal cul ated for
CerrJHerr]Nerr]derr]Serr]: C 65.57; H 6.79; N, 4.49 5

Found: phenylmethoxy)ethﬁl]65-52{bHS EpBenyitic)methyl] cyclopAngaxt-ur e
of c-3-(tert- butoxycarbonyl am no)-t-4-](1-

net hyl car bopyl gmi LY, hoxy) et,hyl,] » 1[b|s-

(e Tt RSP b S T, g0 o,
oxi de g, nmo an oron trifluoride et herate : , 8.
mml) in a 15% aqueous sol ution of tetrahydrofuran (70 nL) was stirred

2 pad of CBRTYELY S Cafafiated fpr THEFEPEIh & v Cohban rat 68 Hovhchy
to gi 15 2.74 g é;urwe crude. To the abovect crstédes u}?retgaggl V\QSO gg)t;ed

was added iodine (1.9 9, 7.5 mmol) and the react'ion mxt
to 50 [err]C. To this mxture was added dropw se a sol ution of
pot assi um hydroxi de (0.71 M nethanol, 50 nL, 35.7 mmol). After 2 h

stirring at 50z efidtard f@fr@aﬁitearmﬁhub&ymb&gflatmr{&)rﬁe i b eugh
Celite. The filtrate was concentrated in vacuo and the resulting

{Siéfﬁem“?étgy SAnEhhia EShEN T e rhi A PR iyl

acetate (4 x 10 m_ The conbi ned organi c extracts were washed with
brine, dr KEHGHXQ-tf{WSG‘eTFY}])CYﬂ@P%ﬁeaanréu@H G4 %3 ganfd tomeehlrated in
vacuo to 81

10 mercuric oxide (1.90 g, 8.8 mmel), and boron trifluoride

etherate (1.1 mL, 8.9 mmel) in a 15% aqueous solution of
tetrahydrofuran (70 mL) was stirred at room temperature for 2
h. The reaction mixture was filtered through a pad of Celite
and Florisil. The filtrate was concentrated in vacuo to give
15 2.74 g of the crude. To the above crude in methanol (50 mL)
was added icdine (1.9 g, 7.5 mmol) and the reaction mixture

was heated to S50 °C. To this mixture was added dropwise a

solution of potassium hydroxide (0.71 M/methanol, S0 mL, 35.7

mmol). After 2 h stirring at 50 °C, the reaction mixture was

20 filtered through Celite. The filtrate was concentrated in
vacuo and the resulting residue was dissolved in ethyl acetate

(30 mL) and water (20 mL}). The layers were separated and the
agqueous layer was extracted with ethyl acetate (4 x 10 mi).
The combined organic extracts were washed with brine, dried

25 (MgsSO,), filtered through Celite, and concentrated in vacuo to
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provi de WOPTTHM crude. Purification by flash col um A BR8P aphy
(silica gel, 200 g, 50-100% et hyl acet at e/ hexanes) gave 0.224 g (14%
of the desi red hydr oxyaci d as a white solid. To a solution of
hydr oxyap¥dvide234 6gg @H&rude miyrifichtcivorioyef hasie ¢dbumh) was added
trifluoroacetic acid (0.86 nL, 11.2 mol ) and the reaction m xture was
stirred Chrom&flogé'@mhtyen‘ﬁér]dt% @glor 200 g, ﬁ\%’l‘é@t@ﬁbﬁ%’h xture was
concentrated in yacuo %ve crude. Purification by col um

Sael

chr omat T &hRY S ( SerARg SdelFavD °g2?c%|9>rblf%mch%t¢qlaﬁo¢¢smd hirdsaxyRcid

nyd[ iy 3 g%ﬁgﬁ%ﬁ@ T Dkt P gt Mvargiyagsg Gp.24d' g, 0 56
3 1- | h | . .

rret hoTy?gTﬁlél] L%‘ zir &%e%g{%pgnetl@)“&' cal B eny BRHRd JbF Hf Luogoaceticyy,

ajlelr(rj] H[err%N?gr rhjgcfrkfr]l%[%ermﬂoﬁf—)[errﬁlglﬁe % g‘i‘l—‘?err‘]"f—fe??f@éfﬂe‘i

40.84; at room temﬁer$ﬁﬁ%e Nor’ 128 h. The reaction hidfGreCwa40 86 H
5.08; N, 7.90 A m xture of

t-3-am n@oﬁcénheat@athwwmw@ }iR (rude. Purificat
phenyl met hoxy) et hyl]-t-1- hydroxyc;/gcl opent an- r-ca?%néxilcl:?cl?al%lgy flas{‘o. 09 g,

gyéfog?r)\%%e f @%J Oﬁgt%%ﬁf g)r(létsqeiﬁ(coa e of r eacsﬁ o‘ﬁhﬁ? g‘?ﬂ?ﬁm&éo g%%‘f’ﬁl?:d
t hr gygh Qﬁxhbﬁgua.nﬂyrd%ﬂdé f ddy1e0) R EWCENE 181SH d I NREHE (2, 9LYe

0.078 g of crude. “A m xt above crude ani hie an

trifluoreazeti Q‘r@@u@'a(tg.o% r&% thd yellow oil with eth ded 0. 82
SUBSTI TUTE SHEET (RULE 26) Y sther provide 185

g (51%) of t-3-amino-c-4-[(1-methylcarbonylamino) (2-phenyl
methoxy)ethyl] - t-1-hydroxycyclopentan-r-carboxylic acid as a

tan solid, mp 37-39 °C.

15
Analysis: Calculated for C,H,N,0,-C,HF,0-1.5C,H,F,NO,: C, 40.84;
H, 4.83; N, 7.58
Found: C, 40.86; H, 5.08; N, 7.90
20 A mixture of t-3-amino-c-4-{(1-methylcarbonylamino) (2-

phenylmethoxy)ethyl]-t-1—hydroxycyclopentan-r—carboxylic acid

(0.09 g, 0.14 mmol) and Palladium hydroxide (0.15 g) in
ethanol (20 mL) was hydrogenated at 40 psi overnight. The
reaction mixture was filtered through Celite and the filtrate

25 was concentrated in vacuo to give 0.078 g of crude. A mixture

of the above crude amine and trifluorocacetic acid (0.2 mL, 2.6
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Mol ) in WW4FA¥et hane (10 mL) was stirred overni ght. ThePCHURRUPRRNas
concentrated in vacuo to give 0.08 g of a brown solid which was triturated
with ether to provide 0.045 g (75% of the title conpound as a tan solid,
mp 83-85 debl) Cin dishdlopinssthated cll@tmid) fwas stirred overnight. The
CerrJHerr]Nerr]err].(err]HF[err]Jerr].0.5Cerr]Herr]Flerr]NdJerr]:
C, 36.67;mixture wald, coOr@enti¥at®Ed@2in vacuo to giveFouff: gCoLf38. AEows

5.15; N, 7.95

83 solid which was triturated with ether to provide 0.045 g (75%)

of the title compound as a tan solid, mp 83-85 °C.
Analysis: Calculated for C,H,,N,0,-C,HF,0,-0.5C,H,F;NO,: C, 36.67;

H, 4.97; N, 8.22

Found: C, 36.40; H, 5.15; N, 7.95
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Exanpl e WO 97/47194 [err] t-3-{ PCT/US97/09309

[ (Ami no) (i m no) net hyl ] am no}-t-1-hydroxy-c-4-[(2- 5

hydr oxynet hyl ) ( 1- met hyl car bonyl - am no) et hyl ] cycl opent an-r - car boxylic
acid trifluoroacetic acid diethyl etBampld:a5: 2] (isomer A at C6)

To tris(nethylthio)nmethane (21.27 g, 138 nmmmol) in 10 tetrahydrofuran (350
m.) at -78 [err]C was added drQpyO¥E over a period of 10 m n under
nitrogen n-butyllithi 1.6 Misol ution in hexane, 90 ni, 144 mmol)
and stirred at -78 [er;{ﬂ$. To the anion at -78 [err] C was

added a sol ution of 3[err] er
-[ (et hoxycar bonyl ) (et hyl car bon
Exanple 6 (isonmer A 8.34 g, 17.;

xycar bonyl am no) - 4a
uo) 15 nethyl] cycl opent anone from
in tetrahydrofuran (50 mi)

over a period of 10 mn and : the Hggbtlon m xture stirred at -78 [err]C
for 1.5 h. The reaction méﬂqquenched w th saturated amoni um chl ori de
(50 nmL) and warmed to roon1te er atargc ;Léﬁe added and the
20 organic |ayer was separat edy,f{he éﬁﬂeous I§ ‘$€cted Wi th

ether (2 x 50 nL), the organic Fayers wer e conblned,
84 WD 97/ 47194 PCT/ US97/ 09309
dried over MgSO err] and concentrated in vacuo to furnish an oil.

t-3—{[§§mino)Limino)methvl]amino}-t-l—hvdroxv—c—4—IL;;

5 hydroxymethyl} (1 -methylcarbonvl-amino)ethvl]lcvclopentan-r-

carboxylic acid trifluorcacetic acid diethyvl ether [20:15:2]

{(isomer A _at C-6)

To tris{methylthio)methane (21.27 g, 138 mmol) in

10 tetrahydrofuran (350 mL) at -78 °C was added dropwise over a
period of 10 min under nitrogen n-butyllithium (1.6 M solution

in hexane, 90 mL, 144 mmol) and stirred at -78 °C for 40 min.

To the anion at -78 °C was added a solution of 3f-(tert-

butoxycarbonylamino) -4a- [ {ethoxycarbonyl) (methylcarbonylamino)
15 methyl]-cyclopentanone from Example 6 (isomer A, 8.34 g, 17.23
mmol) in tetrahydrofuran (50 mL) over a period of 10 min and
the reaction mixture stirred at -78 °C for 1.5 h. The reaction
was quenched with saturated ammonium chloride (50 mL) and
warmed to room temperature, ether (50 mL), added and the
20 organic layer was separated The aqueous layer was extracted

with ether (2 x 50 mL), the organic layers were combined,
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The crude oil was dissolved in ethyl acetate (50 nL) and hexane (400

m.) and st\WPEH4B4rnight in a freezer. A crystal line sdAGHUSHI¥2pved
by filtration. The nmother 5 l|iquor was purified by flash col um
chromat ography (silica gel, 240 g, 30-45% ethyl acetate in hexane) to

obtain 2. Axied ovd?24%SOf and concentrated in vacuo to furnish an oil.
3[err]-{[(tert-but oxycar bonyl am no) (tert-but oxycar bonyl

i m no) net b‘[y‘JF]tr.s U 1[&5%*]&%&??9@&%(@%5{ %&%@ d‘%.) ;nd

met hyl ) -1 yt hi 0) net cycl opent ano m Xt ure of

| SOMers. nexane (4OOIRL? §ﬂhuét89e9fo@EQﬁQdﬂ@“ﬂﬂ*&(é%égééb 41£2 nol) in
tetrahydrofuran (42 nm.) was added dropw se dnder nitrogen I'ithium

bor ohydr i de-ydta¥1 the 380Y8dWRE) randveidt ByUMi9tration. The mother
bor abi cycl o[ 3. 3. 1] nonane hydride (1 Msolution in t et r ahydr of ur an,

0.84 ms, Qi%howobas amdribtedehgt fdashi xblen chroseaidapled adiloem

t énperature overni ght. The reaction was quenched with 1 N sodi um
hydr oxi de gell. ,M240 by n20¢28% nefhuhdacetatst iinr debxfagre )5 t robtlin r2att gon
was acidified to pH 4 using 20 glacial acetic acid. Ether (10 nL) was
added and {2 )aqueodB- { [ { teraybutvagcarpangiledinthd aqtedis dayes rvesy L
neutralized with sat ur at ed aqueous sodi um bi carbonate and extracted

‘VjML f Qdef Wingn >c"2§n%é>ﬁ %fléaéhﬁ%gtf?ﬁst%f%ﬂ 7 n“%lga‘*@t?im%*?&&? Aoy
T i i 1] 200
0 Sove eiesSinl L nt Eafar res e R AR RV G iR ¥nd % a m gl.2

85 ) SUBSTI TUTE SHEET ( RULE 26) WO
97/ 47194 of isomers. PCT/ US97/ 09309

To a solution of above mixture (2.69 g, 4.22 mmol) in
tetrahydrofuran (42 mlL) was added dropwise under nitrogen
lithium borohydride (0.74 g, 33.73 mmol} and lithium 9-

15 borabicyclo[3.3.1]lnonane hydride {1 M solution in
tetrahydrofuran, 0.84 mL, 0.84 mmol) and the reaction mixture
was stirred at room temperature overnight. The reaction was
quenched with 1 N sodium hydroxide (1 mL), brine (20 mL) and
stirred for 5 min. The reaction was acidified to pH 4 using

20 glacial acetic acid. Ether (10 mL) was added and the aqueous
layer was separated. The aqueous layer was neutralized with
saturated aqueous sodium bicarbonate and extracted witn ethyl
acetate (2 x 10 mL), the organic layers were combined, dried

and concentrated in vacuo to obtain 3.3 g of a yellow oil.

25 The oil was purified by flash column chromatography [silica

gel (200 g), 10% chloroform:methanol:conc ammonium hydroxide
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(80: 18: ZM%'%%{” oronet hane] to furnish 1.5 g (60% of t-3-

{[(tert bonyl am no) (tert - but oxycar bonyl i m no) met h§FTmS97’°93°9

am no) - c- 4-[ (2- hydroxy) (1- et hyl car bonyl am no) et hyl ] -t-1-
[tris(methylthio)methyl]cyclopentan-r-ol, a white solid [Rlerr] = 5 0.17,
20% chl ol 8Pedsi:Ret Hanslidumyremethrned Melrfuxroesh 1.5 ¢8Q608)2)pf ne-3-

di chl or onet hane] . To a m xture of above solid (1.2 g, 2.0

mmol ), MG iterE - but oxelarbcisy Y o )0 tgrtflfb caﬂgoﬁf?&iﬁﬁh%)% 0. 65
g, 3.02 10 mol) was added net hanol/vvater ) and the action

' d
Fi 1t or et TRrBlg 5 e SRS r.skrolz%ammo?afhyﬁé"téétéem“’?

washed with rret hanol_ (20 L) and the filtrate concentrated in vacuo to
furni sh 2t¥ig (gethpild lOﬂS"erskéfﬁ]s‘dfqlcPPeW'cﬁl@lé waswhikef sed idy [R.ash

col um chromat ography [silica gel (60 g); 75%ethyl acetate in hexane
and 0% oethAanabsi whdtdndf cavetwdtdiadal feomt sdnflohbug (HEUpxake met hyl
t-4- { [&tert but oxycar bonyl am no) (tert-butoxycarbonyl

i m no) met B9 L&nho e B ahlzuemitdheneet hyl ) (1- net hyl car bonyl 20

am no) et hyl]-t-1-hydroxycycl opentan-r-carboxylate as a white solid, np
94-96 [err]C To a solution of above solid (0.47 g, 0.93 muol)
in tetrahydrofuran 9.3 r;h% vvas added 1 N sodi um hydroxide (1.86 25
mL, 1.86 mol FPafd ™t P4 dRovVe 4 ebket? o n2xPuPBOWds mercusiiq r ed

g6 | OOM ERIBEIAE Y o) T i ‘f';rﬁélpf HEEICURLE FosEfle (0.65 g,ud.02
97/&619 mmol) was added methanol/water (46. 2/3PCT/U 97/393ge reaction

mixture was stirred at room temperature for 30 min. The
mixture was filtered through a pad of Celite and Florisil (20
g) . The cake was washed with methanol (20 mL) and the

filtrate concentrated in vacuo to furnish 2.1 g of white

15 semisolid. The crude was purified by flash column
chromatography [silica gel (60 g); 75% ethyl acetate in hexane
and 10% methanol in ethyl acetate] to furnish 0.55 g (55%) of
methyl t—4~{[(tert—butocharbonylamino)(tert-butoxycarbonyl |
imino)methyl]amino}—c—3—[(2—hydroxymethyl)(1—methylcarbonyl

20 amino)ethyl}—t—1—hydroxycyclopentan—r—carboxylate as a white

solid, mp 94-96 °C.

To a solution of above solid (0.47 g, 0.93 wmol) in
tetrahydrofuran (9.3 mL) was added 1 N sodium hydroxide (1.86
25 mL, 1.86 mmol) and water (7.4 mL). The reaction mixture was

stirred at room temperature for 1 h. Tetrahydrofuran was
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removed in vacuo and the aqueous |ayer was washed wi th ether
). The Y¥RE&YIE% ayer was made acidic with gl acial e'fq’guﬁyéoé:’@pH =
5), saturated with sodium chl ori de and extracted wt h et hyl acetate (3

x 15 mL). The organic |ayers 5 were conbi ned and concentrated in vacuo to
furni sh Or8soged in (VE3Qo cdndrible afjuebuwalatyeirt waat edhshddh witibr ébhsane
to furnish t-3-{ [(tert-butoxycarbonyl am no)(tert-butoxycarbonyl -

i m no) met hyl Larighedrt - 1- ‘ﬂi@ré)?( Yebud- iégeBYQQQXWﬂaﬁdllc with glacial

met hyl car bonyl am no) et hyl ] o-pentan-r-carboxylic acid 10 (iSoner A) as

a white sgbe@idcddB- @40 + eST] GaturatedARakhsissditat GHBdetaé osndg
Cerr]Herr]Nerr]Jerr]: C 51.63; H 7.43; N, 11.47 Found:

C, 51.31; ektrdct®d Mith .éohyl déetate (Joxalsoili)i.on THe organic layers
t-3-{[(tert-butoxycarbonyl am no) (tert-

but oxyecar Wemy! icumignerktdnd |coneeftratelydnovpauol-to (fydrisdy 0.33 g

met hyl ) (et hyl car bonyl ani no) net hyl ] cycl opent an-r - car boxyl i ¢ aci d,

i somer A (93%)0.0f0. c‘l‘lzdm}hcl'x nwszlg cbf%ﬁﬁﬁtaaneu(tw éﬂ-ﬂer/hexane to

trifluoroacetic acid . .2 mol) was added and the reaction

was stirr eqrﬁtl§rpo,m3tﬂqme&afarm@aﬁyeagiabnylammﬁido ééﬂ‘%uﬂdk{ré%@ﬁ??t' c
acid (0.32 n., 4.1 was added and the reaction was stirred at

of 65 tenpgmh%r)% t?‘{ylﬁr oaceﬁe At }a§8l:}5§9t iy [J%%CAU%%WZL?W e

of excess were“r enove d|st|II|ng

25 the resi due tWI ce with, dichl oropet hane (10 nlL). The resjdue
87 me t hyd agphpnpglamino) ethyl) cyclo- pentan r-carboxylic acid

PCT/ US97/ 09309 was dissolved in water (5 nL) and concentrated in
vacuad o (isomefrumi B an whitye resitlde mbi eBswa o rcturated with ether to

Analysis: Calculated for C,;H,NO,: C, 51.63; H, 7.43; N, 11.47

Found: C, 51.31; H, 7.48; N, 11.07

15 To a solution of t-3-{[(tert-butoxycarbonylamino) (tert-
butoxycarbonylimino) -methyl)}amino}-t-1-hydroxy-c-4- [ (hydroxy
methyl) (methylcarbonylamino)methyl] cyclopentan-r-carboxylic

acid, isomer A (0.2 g, 0.41 mmol), in dichloromethane {10 mlL),
trifluorcacetic acid (0.63 mL, 8.2 mmol) was added and the

20 reaction was stirred at room temperature overnight.
Additional trifluorcacetic acid (0.32 mL, 4.1 mmol) was added
and the reaction was stirred at room temperature for 1 h. The
solvent was removed In vacuo and traces of excess

trifluorocacetic acid were removed in vacuo by co-distilling

25 the residue twice with dichloromethane (10 mL). The residue
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obtain O 3% of the title conpound as a white solid
162- 166 f@??ﬁg& 5 Anal ysis: Cal cul ated for PCT/0S97/09309

Cerr]JHerr]F[err]Nerr]O[err].0.75Cerr]HF[err]O[err]0. IJerr]Herr]O C
40.64; H, 5.75; N, 14.70 10 Found: C, 40.77; H 5.80; N, 14.67
88 was dissolved in water (SUBSTI BUkE ShitFdn¢RtE&EI28) vacuo to WO

97/ 47194 PCT/ US97/ 09309

Exanpl e #Qrnish an oily residue which was triturated with ether to

obtain 0.13 g (83%) of the title compound as a white solid, mp

162-166 °C.
5
Analysis: Calculated for C,aH,4F3N,0,-0 . 75C,HF,0,-0.1C,H,,0: C,
40.64; H, 5.75; N, 14.70
10 Found: C, 40.77; H, 5.80; N, 14.67
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[err] é - am no- 4a-

[ (1- et hyI?’ Y& 4 no) (2, 3, 4-tri hydroxy) but yI | cycl opBFTAIEHPII Xy i c
acid trifluoroacetic acid (1:1) (isoner A at C6) To
2-trimethylsilyl-1,3-dithiane (Aldrich, 7.88 g, 41.5 10 nmol) in
tetrahydrofuran (100 nL) at O [err] C Bxarmgslcdedi@r opw se over a period
of 10 m n under nitrogen n-butyllithium (1.6 M sol ution in hexane,
28.6 nL, 45.7 mol) and stirred at O [err]C for 45 mn. The ani on was

cooled to -40 [err]C and a solution of 3[err]-

(tert-butoxycarbonyl am no) -4a- [bi sH(éet hoxygargepyl ) (met hyl 15

car bonyl - am no) net hyl ] cycl opent agpne Fxanple 8, 4.3 g, 10. 4
nmol ) in tetrahydrofuran (50 ni) s then atg dr opwi se over a period
of 15 m n. The reaction mxture i -40 [err]C for 5 h and
warnmed to -20 [err]C. The reaction ed W th saturated

amoni um chl oride (50 nL) and warned to COstenperature. Ether (20
m.) was added and the organic |ayer separated. The aqueous | ayer

was extracted with ether (2 X 25 rrLg] the organi c | ayers were
conbi ned, dried over MgS(Q err] -CF,CO,H : 89
SUBSTI TUTE SHEET ( RULE 26) WO 97147194 ’

PCT/ US97/ 09309

5 3B-amino—4a—[(l—methvlcarbonvlamino)(2,3,4-trihvdroxv)butv1]

cyclopentancarboxylic acid trifluorocacetic acid (1:1) {(isomer

A at C-6)

To 2-trimethylsilyl-1,3-dithiane (Aldrich, 7.88 g, 41.5
10 mmol) in tetrahydrofuran (100 mL) at 0 °C was added dropwise
over a period of 10 min under nitrogen n-butyllithium (1.6 M

solution in hexane, 28.6 mL, 45.7 mmol) and stirred at 0 °C for
45 min. The anion was cooled to -40 °C and a solution of 3B-
(tert—butoxycarbonylamino)-4a—[bis(ethoxycarbonyl)(methyl

15 carbonyl-amino)methyl] cyclopentanone (from Example 8, 4.3 g,
10.4 mmol) in tetrahydrofuran (50 mL) was then added dropwise

over a period of 15 min. The reaction mixture was stirred at

-40 °C for 5 h and warmed toc -20 °C. The reaction was guenched

with saturated ammonium chloride (50 mL) and warmed to room
20 temperature. Ether (20 mL) was added and the organic layer
was separated. The agueous layer was extracted with ether (2

X 25 mL), the organic layers were combined, dried over MgSo,
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and concentrated in vacuo to furnish crude. Purification qf crude
by fl asRYQ8T#H chr omat ography (silica gel, 320 g, cg‘g%y'g{)sf?nf
acetate in hexane) gave 3.16 g (59% of 2-{3[err]-
(tert-butoxycarbonyl am no)-4a- [bis (ethoxycarbonyl)(nethyl 5

car bonylzamd nepmedhytratedl dpemiadua diondurhiBdhdidihidme aBumificattohovfess
oil that solidified on drying in vacuo at acetone refl ux tenperature

t i j 6 f
8 e ey DB skl cpropaiplapty fpl g ed fom .

Found: 309-35% ethyl acetat® i?3he¥and) gd¥e Nie- §11(59 %) of 2- {3plo a
solution of 2-{3[err]-(tert-butoxycarbonyl am no) 4a- [b

ChEE AR R — N,

added 1 N SOdI um hydroxide (50.9 nlL, 50.9 nmpl) and water (25 nL) and
t he 5ea61418?9m’3@m§0\)v@§th¥ t](;fd’cétoﬂeélftl)’l}xldlne}fﬂr Y-ditlthane eagtfon was
cool ed, glacial acetic aci mmol ) was added, the m xture
heat ed a:tolg%%%Sr@f-ﬂu%hat Sorldﬁlflﬁdamil sqmrraj B YISO t *hpReatane
overnight. The solid 20 that separated was collected by filtration,
washed wdf1 Rt €émperatane dd edvien avaladt wplaenes refl ux tenperature to
furni sh 1.63 g (279% of solid. The filtrate was extracted with ethyl
acetate (3 x 100 m.), the organic |ayers conbined, dried and

concentrated in vacuo to furnish 3.5 g of residue. An 25 analytical

sanpl e wasapyepar edabyutaysidalidr al, il ef, st hec, 53.4¢ondj nedosel Nd &r.am
ethanol to furnish 5.1 g (85% of 2-{3[err]-

90 10 WO 97/ B31L94 : C, 53.50; H, 7.07; N, 5.41
PCT/ US97/ 09309

(tert-butoxycarbonyl am no) - 4a- [ ( car boxy) (et hyl car bonyl -

am no) et hyl ] cycl opentylidene}-1,3-dithiane as a white solid
To a solution of 2—{3B (tert-butoxycarbonylamino) -4a.-

{bis{ethoxycarbonyl) {(methyl-carbonylamino)methyl]cyclo

pentylidene}-1,3-dithiane (7.5 g, 14.53 mmol) in ethanol (75
15 mL}) was added 1 N sodium hydroxide (50.9 mL, 50.9 mmol) and
water (25 mL) and the reaction mixture was heated at reflux
for 2 h. The reaction was cooled, glacial acetic acid (4.6
mL, 76.3 mmol) was added, the mixture heated at gentle reflux
for 1 h and stirred at room temperature overnight. The solid
20 that separated was collected by filtration, washed with water

and dried in vacuo at toluene reflux temperature to furnish

1.63 g (27%) of solid. The filtrate was extracted with ethyl
acetate (3 x 100 mL), the organic layers combined, dried and

concentrated in vacuoc to furnish 3.5 g of residue. An

25 analytical sample was prepared by crystallization of the
combined solid from ethanol to furnish 5.1 g (85%) of 2-{3B-
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np 174-176 [err]C 5 Anal ysi s: Cal cul ated for

Clerr]H erWORPd7¥$ err] S[err].0.75H err]0: C, 50.27; H 6. PCT/HEI7HI30P
Found: C, 50.03; H, 6.54; N, 6.41 To a sol ution of
2-{3[err]-(tert-butoxycarbonyl am no)-4a- 10

[ (car boxy) y ! i h elcrolen I}gggg} -
di t hi ane (ggﬁgeg#&?gggaﬁﬁgﬁ$y?§hﬁggpa%?é?%?tran 8?2 L) Iéagbggg}ed to O
[err] C was_added nefh chl or of or nat.e - 13.5 mol) and .

o et hyl armeemthyl) 4818ty THae el T i chiiis las o whhSesephidy ar
O [err]C for 4 niﬁ an a cold solution of NJO 15 di net hyl hydr oxyl am ne
hydrochloﬂmﬂél?ﬁT% 64.18.5 mmol ) and triethylamne (3.5 nL, 24.6
mrol ) in tetrahydrofuran (5 nL) that had been stirred at O [err]C for
30 min was added. The reaction mxture was allowed to warmto room

t enper gt ure %ﬂg . stirred overnight. The reaction was filtered through
Celite® 2PR&hStfie cake washed with tetrahydrofuran (10 ni). To the
filtrate was, added g Eold solution of N C)dinegﬁflhydroxyl am ne

hydr ochl or$atkC ¥ 4283 §EOF g Cr aglhPySaahd7 $H406t Gyl &f 17 ( 35 6-91: i, 64586
mmol ) in tetrahydrofuran gS nmL) that had been stirred at 0 C for 30
mn and ad@undtir€edS0verni Yht 6ab4rodm 62%1 tenperature. The sol vent was
renoved in vacuo and to the resi due sodi um hydroxi de (0.1M 100 mi)
and et hyl acetate (100 91 WO
97/ 47194 , PCT/ US97/ 09309 m.)
were added. TheT®r@afPLuFipar ofia2 -43farl feed-BHg pRearbonyiasing) t4§er was

extracted with ethyl acetate (2 x 75 ). The organic | ayers were
conbi hed ahtcawistey) Wnehhipil caebEeh®Q - aminoiineg L hynliletyArbeaoneeidens pdij B-
vacuo to furnish 4.73 g crude
dithiane (5.13 g, 12.3 mmol) in tetrahydrofuran (120 mL)
cooled to 0 °C was added methyl chloroformate (1 mL, 13.5 mmol)
and triethylamine (2.2 mL, 15.4 mmol). The reaction mixture

was stirred at 0 °C for 40 min and a cold solution of N,O-

15 dimethylhydroxylamine hydrochloride (1.84 g, 18.5 mmol) and
triethylamine (3.5 mL, 24.6 mmol) in tetrahydrofuran (5 mL)
that had been stirred at 0 °C for 30 min was added. The
reaction mixture was allowed to warm to room temperature and
stirred overnight. The reaction was filtered through Celite

20 and the cake washed with tetrahydrofuran (10 mL). To the
filtrate was added a cold solution of N,O0-dimethylhydroxyl
amine hydrochloride (1.84 g, 18.5 mmol} and triethylamine (3.5

mL, 24.66 mmol) in tetrahydrofuran (5 mL) that had been

stirred at 0 °C for 30 min and again stirred overnight at room
25 temperature. The scolvent was removed in vacuo and to the

residue sodium hydroxide (0.1M, 100 mL) and ethyl acetate (100

S1
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5 amde as_a semisolid. Purification of the crude by flash col um
chr omat P AP 200 g silica gel, 90% ethyl acetate in PCHESHM3®nd 25%
chl or of or mf met hanol / anmoni um hydroxi de (80:18:2) in methylene
chloride] gave 4.2 g (74% of 2-{3[err]-

(t ert - butlox ypeewr & oagtiedi. noThéa ofgeetiley | leeredomad sansepafa € edt Aypkd) thi0

(met hoxy) am no] car bonyl } met hyl } cycl opent yl i dene} -1, 3-dit hi ane. An

anal yt i ceiuewp| bayap ¥as- eXETrpetEdCWikds givteparadetatea WRi ke 75 mL)solid by
recrystal lization from ether/hexane. Anal ysis: Cal cul ated for

[ er r ] HE?e |2 SrRi €] LRYEEPelere combirpgsl and waghed) wdthqbrise (100

Found: C, 52.34; H 7.20; N, 9.09 To a

sol ut i oflo¥. 23¥3edr Apd( F@P@eﬁﬁtr@w@ar%rmcafﬁ e -Barnish 4.73 g crude

{ (et hyl car bonyl am no) - {[ (et hyl ) ( met hoxy) am no] car bonyl }

met hl } amldpeasyhai demépol 18- di Plurdfa dak i26h gof Othd vl by fA@sh
tetrahydrofuran (2.5 nL) cooled to O [err]C was added dropw se l'ithium
tri -tertCCbLumthnﬁmﬁéhg@*apM ([Rlo@r iclsiliicr Mebl upPbnethyl moetate in

t et r ahydr of ur an, . The reaction m xture was stirred

at r oomhFpRe a%mieZ5vefih|1@ﬁf>f°m\meéaaanmomum hydnenédecareful |y
with 1 NHA (1.0 nmb, pH should not go 25 below 4.0) and stirred for 5
mn. EttRI:1802hijnamgthydene c 105(}[?@5u§3§(ﬂbﬁ}%ngo{7ébéh ofh Bot{afei um
tartrate salt (10 nL) was 92

SUBSTI TUTte Sttt 6RYcErB6hylamine) -4 G tdhiiDdarbonylamino) { [ (methyl)
PCT/ US97/ 09309 added and reaction m xture was stirred at room

te”D@““GHétﬁé&y)am1no§ga¥b6ngih%é%H¥¥?é&éfBﬁ%ﬁt%@%&eﬁ@ aﬁageﬁl%%1£§weous
| ayer was extracted with ether X 10 'mL) e organic layers were
An analytical sample, mp 122-126 °C, was prepared as a white

solid by recrystallization from ether/hexane.

Analysis: Calculated for C,H,,N,0.8,: C, 52.26; H, 7.24; N, 9.14

15 Found: C, 52.34; H, 7.20; N, 9.09

To a solution of 2-{3B-(tert-butoxycarbonylamino)-4a-

{(methylcarbonylamino)—{[(methyl)(methoxy)amino}carbonyl}
methyl}cyclopentylidene}-1,3-dithiane (0.26 g, 0.57 mmol) in

20 tetrahydrofuran (2.5 mL) cooled to 0 °C was added dropwise
lithium tri-tert-butoxyaluminohydride (Aldrich, 1.0 M solution

in tetrahydrofuran, 1.4 mL, 1.4 mmol). The reaction mixture
was stirred at room temperature overnight. The reaction was
quenched carefully with 1 N HCl (1.0 mL, pH should not go

25 Dbelow 4.0) and stirred for 5 min. Ether (20 mL) and 1.0 M

aqueous solution of sodium potassium tartrate salt (10 mL) was

92
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conbi ned, washed with brine (20 nlL) dried and concentrated in 5 wvacuo to
furni sh 0.WOP7471%4 white solid. Purification of the c PGEAISBYO93PN S h
col um chr omat ography (20 g silica gel, 50-80% et hyl acetate in
hexane) gave two isoners (at C-6) of 2-{3[err]-

(tert-but cxggadbanyl eeaat)iofanlician® w4 seidyreagbaly 8o Yemperatyre for
nmet hyl ] cycl opentyl i dene}-1, 3-dithiane: 10 1. 0.09 g (40% of 1soner A
at G- 6, a 3diménsol The opgkddclddyers jere|fepdeated and aqRIWSiBiyer
Calculated for CJerr]J]Herr]NerrJJerr]S[err]: C 53.97; H 7.05 N, 6.99
15 was extractgdn#ith ether (2 x 10 QnLB3. 93heHprgablc Nayers were
2. 0.08 g (35% of isoner Bat C-6, a white solid, np >180 [err]C

(dec) . opmbrpgfy syashes) witth bimg GemlH drigd end] ChacerSirertdd 1h
53.97; H 7.05; N, 6.99 Found: C,

54.03; 5H, ¥abho tb 6uPhish 0.3 g of alwEit®d|$b198.0f purification of the
2-{3[err]-(tert-butoxycarbonyl am no) - 4a-

f | | - am |, ] =1.3- 2 i thi
(ormt) il corbobi: el open vl tidy 3 G4 TUAS,
added dropyg 1;%?%%%8%”?5‘H@kghgm‘gng“éUAcihomers (at C-6) of 2-{3B-

93

PCT/ US97/ 09309 1.0 glsoéytton in tetrahydrofuran, 2.2 nL, 2.2 mol)
and st FeFEaPukoxygareppyéamino) wa-Thf oarl | dnethylgasheoned asdmasiiul | v
wi th saturated aqueous ammoni um chloride (5.0 nL). Ether (10 m.) and

brine (5 methelkcrdiengeanyliienedadt,idomitihdane: was 5 allowed to warmto
roon138nperature. The organic | ayers were

1. 0.09 g (40%) of isomer A at C-6, a white solid, mp 188-192

°C (dec).

Analysis: Calculated for C,gH,,N,0,S,: C, 53.97; H, 7.05; N, 6.99

15 Found: C, 53.93; H, 7.09; N, 6.93

2. 0.08 g (35%) of isomer B at C-6, a white solid, mp >180 °C

{dec) .

20 Analysis: Calculated for C,;H,N,0,S,: C, 53.97; H, 7.05; N, 6.99

Found: C, 54.03; H, 7.05; N, 6.97

To a solution of 2-{3B- (tert-butoxycarbonylamino) -4a-

[ (formyl) {(methylcarbonyl-amino)methyllcyclopentylidene}-1,3-
25 dithiane (0.17 g, 0.43 mmol) in tetrahydrofuran (S mL) cooled

to -78 °C was added dropwise vinylmagnesium bromide (Aldrich,
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separated and the aqueous |ayer was extracted with ether 0Onm).
The or gd¥WPE8"#W4rs were conbi ned, washed with brine ?’%ﬁﬁ?}’“’d’#’%}ed and
concentrated in vacuo to furnish 0.17 g crude as a white solid.
Purification of the crude by flash 10 colum chromatography (10 g silica
gel , 50-L0D% esdimt hent dnetetrahydrpduzms), @ave 06 ¢ (BB) oind
2-{3[err]-(tert-butoxycarbonyl

am no) - et ixvedyar oxy¥ ( IC nEehy2 dar boRye areaockignbweengupardied carefully
pentylidene)-1,3-dithiane (isonmer A at C6) as a white solid, np >210
[err] C (wixh sdburatedAagligsus: afimbadbai ethlforride (5.0 mL). Ether (10
Cerr]Herr]Nerr]Jerr]Serr]: C 56.05 H 7.53; N 6.54

Found: mL) and brine (5 mG) #8r&Sadded/an® tle Gebtction mixtureTwaa

sol ution of Z-éB[err]-(tert-butoxycarbonylanino)-4a-[(2- 20

hydr &xy)glhlevedyte ardshy LoaiPAB) femperatricy cl U midanfene)ayers were
1,3-dithiane (isomer A 0.55 g, 1.28 mml) in nmethanol (19.3 m.) was
added 6 $ERRAaLadrand thg 2gURRHFE) 1aWE Yt MesrsKtactRs with aghered2ak room

tenmperature uptil_all starting material had _, disappeared, (TLC, et hyl
acet at e Yhd"kE: anii§sPEIRBAChaYRRE wWeFe CORRIRGH ni iﬂ%ﬁv&%t%oﬁréaeto 0

[err] C apg sofl ug Dudr xde (1002, 2 eq B Fuchd 0L 185 89050 §ng L e

reacti on 994
SUBSTI TUTE SHEET (RULE 26 WD 97/ 47194

= 26) . D 971 4
PCT/ USOFDedeoas a whibgpepaidre FPyrifigatian qfgdthercxide geenEhaghwith
gl aci al acetic acid SO 8 qL, 12. 8%). and concentrated in vacuo to
furAPsh CPLmn, CRFQUBTOFEEPHY (&0 Gué H@Efda ethyt0%tetthyl acetptg n)
and water (10 nlL). The aqueaqus | ayer S S p?{ated 5 and extracted with
et hyl acb‘f‘a}t‘%x?ﬁe}( g8VRLY - 0T1Re (3 ] n}% 2—e{3 - { tert-butoxycarbonyl

amino) -4a- [ (2-hydroxy) (1-methylcarbonylamino) -3 -butenyllcyclo
penty_lidene}—1,3-dithiane (isomer A at C-6) as a white solid,
mp >210 °C ({dec).

15

Analysis: Calculated for C,H,,N,0,S,: C, 56.05; H, 7.53; N, 6.54

Found: C, 56.18; H, 7.50; N, 6.47

To a solution of 2-{3p- (tert-butoxycarbonylamino)-4a-[(2-

20 hydroxy) (1-methylcarbonyl-amino) -3-butenyl] cyclopentylidene]-
1,3-dithiane (isomer A, 0.55 g, 1.28 mmol) in methanol (19.3
mL) was added 6 N HCl (3.2 mL, 19.28 mmol) and the mixture was

stirred at room temperature until all starting material had

disappeared (TLC, ethyl acetate and MS analysis ~20 h). The

25 reaction mixture was cooled to 0 °C and sodium hydroxide (1.02

g, 25.7 mmol) was added and the reaction was sgtirred at room
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| ayers were conbi ned and concentrated in vacuo to furnish 0.4 f
crude. WO9747194  The apove crude was di ssolved in anhydrgﬁ:;ﬂf?g?’ﬂ%ﬂgl (20
10 nL) and cooled to O [err]C. A solution of dry HCL in ether

(Aldrich, 1.0 Msolution, 5 n) was added and the reaction m xt ure
was stirredmpesatiugtet .£SEhel riract The weschaenched wuenched wilkiN gbalcial
hydr oxi de in nmethanol to adjust the pH of the reaction to 6-7, and
concent r agegtie wedub (O Hrhi n123r8He am8 cevictmdraties rigsiREUMAEO

di ssolved in water (10 nlL) and extracted with dichloronethane (3 x 10

n). The pueadish crudd awessdwe! e Tombhaesesdbued valkl LRRGEHHIRF Btadd ¥BEUO
to obtain 0.2 g of crude. The crude was purified by flash col um

chr omat ographyL]) 1@t Wethdor 0 @rmL et hahel agueeuwdMiBRidimwad) sdpdiroxede
(80:18:2) in dichloronethane] to furnish 0.12 g (249 of nethyl

3[ err b (t and- buttomayptadb ot lmanetioy 1 dacef e (2 x hydmd¥y) The organic

('1- met hyl car bonyl ami no) -3-butenyl] cycl opent an- carboxyl ate (isoner A
at C-6) asamprsi Wwerwb (ESHNEY ladd| ¢ooPentrate@ViED |vaaup 358, BufriiDM8, 0. 4
(M) -Herr] Qg 25 95 WO

97/ 47194 g of crude. PCT/ US97/ 09309 The
above oil (0.1 g, 0.27 mol) was dissolved in

tetrahydrofuran/tert-butanol (2 nL, 1:1) and N nethyl nor phol i ne oxi de
(50 mg), osmumtetraoxide (0.05 wt%in tert- butanol, 0.2 nL) and
water (1 nL) was added. The reaction 5 mxture was stirred overnight at
room t enper at ufde Above arde dvad diasodvedolim iaghysfrassdimetlrandlt 6292

m.) was added
10 mL) and cooled to 0 °C. A solution of dry HCl in ether

(Aldrich, 1.0 M solution, 5 mL} was added and the reaction
mixture was stirred overnight. The reaction was quenched with
1 N sodium hydroxide in methanol to adjust the pH of the

reaction to 6-7, and concentrated in vacuo to obtain crude

15 residue. The residue was dissolved in water (10 mlL) and
extracted with dichloromethane (3 x 10 mL). The organic

layers were combined, dried and concentrated in vacuo to

obtain 0.2 g of crude. The crude was purified by flash column
chromatography [10-50% chloroform:methanol:conc ammonium

20  hydroxide (80:18:2) in dichloromethane] to furnish 0.12 g

(24%) of methyl 3B-{tert-butoxycarbonylamino)-4a-[(2-

hydroxy) (1-methylcarbonylamino) -3-butenyl] cyclopentan-
carboxylate (isomer A at C-6) as an oil, MS (ES+) 371.4 [100%,

{(M+1)) and 353.4 [100%, ({(M+1)-H,0].

25
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and stirred vigorously for 30 mn. Brine (2 nL) was added the aqueous
| ayer \/va‘go(?)?’l"?&ét ed with ethyl acetate (3 x 10 nlL). EEEOFTANR® | ayers
wer e conbi ned, dried and concentrated in 10 vacuo to obtain 0.1 g of
crude. The crude was purified by flash col um chromat ography [0, 5,
10, 50, 100%Teehahovei pil (0.4t gyl 0aSt atredl)t wdsirdd sdoDvdd 9n(59% of
triol as a semsolid, M5 (ES+) 405.4 [100% (M+l)) and 387.5 [60%
(M+1) - tetrapydrpEprany$extsbugeined di2 e dbodle aod iN-€tBglg, 0.16 nmol)
in 15 tetrahydrofuran (1.6 nL) was added 1 N sodi um hydroxide (1.0

i, 10 emphoBOesbiided (B kM LBRGAlE doEide 58 05 wryFLACELR M)
and water (1 nL) were added, and organic |ayers wer e separated. The

aqueous ﬂ@é’fﬂoi"?so‘!"ﬁs#ﬂﬁ‘? %Ehﬁ’gk%q (g_ E’Lﬁag‘%satfe%’gﬁz%i 5&%‘1?_25 The, aqueous

| ayer was then acidified fo : si ng SREH Rt h
sodi gm Gl rhHe @R stirr8¥l bIeked gt Q(}e&*aﬁim %ﬁﬁ{&@, 5 gL). The
ed an ntrated |

organi c |ayers wer e conbi ned, ~dri conc n ‘vacuo to
furni sh saturf:8a7aguédd) sofiudlion bt ERitmd WhopHEa ben YA HQi aégea [
(1- net hyl car bonyl am no) (2, 3, 4-tri hydroxy) butyl | cycl opentancarboxylic

25 aci cr(d seErrédatiGobpuasya feli 3@ waki.d, BVEAESH O ¥ad 53%8eq
96 WD 97/ 47194 PCT/US9%F89309
(M+l)], =B7Beu$ 4D&yemIpsHpatrpolteanahitGO %YL Fddditlsd - t®rk-10 mL) butyl ].
To a solution of above acid (0.027 g, 0.07 mmol) in 5 dichloronethane
(1.0 niL)Th@soxgieict LAYEYUST vazet combdingd,0.dkfied andrigoriceéntmated and t he
reaction was stirred at room t enperature overni ght. Additional

triibuonﬂﬁﬂﬂ&iﬁoaﬁbdaiﬁ.bll g of crude. The crude was purified by

flash .column chromatography [0, 5, 10, 50, 100% methanol in
ethyl acetate] to furnish 0.06 g (59%) of triol as a
serﬁisolid, MS (ES+) 405.4 [100%, (M+1)) and 387.5 (60%, (M+1)-
H,0}. " To a solution of the above solid (0.06 g, 0.16 mmol) in
15 tetrahydrofuran (1.6 mL) was added 1 N sodium hydroxide (1.0
mL, 1.0 mmol) and stirred at room temperature for 1.5 h.
Ether (5 mL) and water (1 mL) were added, and organic layers
were separated. The aqueous layer was washed with ethyl
acetate (2 x 5 mL). The aqueous layer was then acidified to
20 pH 5-4 using 1 N HCl, saturated with sodium chloride and
extracted with ethyl acetate (3 x 5 mL). The organic layers

were combined, dried and concentrated in vacuo to furnish
0.027 g (43%) of 3B—(tert—butoxycarbonylamino)—4a—((1—methy1

carbonylamino)(2,3,4-trihydroxy)butyl]cyclopentancarboxylic

25 acid (isomer A at C-6) as a white solid, MS (ES+) 391.4 {55%,
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m., 1.4 mmol) was added and the reaction was stirred at room

t enper at ur eWPDR747194. The sol vent was renoved in vacuo and 10PCHPSTAIYy
trifluoroacetic acid were renoved in vacuo by co- distilling the
residue twice with dichloronethane (10 ni). The resi due was di ssol ved

in water (O(a.+u}), 89BCENt[aakedM+1) -H,0) Vagdo1a0¢ dnized gt(Mcetopertef | ux
tenperature in vacuo to obtain 0.017 g (60% of the title conpound

(i somer A gé&ﬁ,%an 15 solid, M5 (ES+) 291.4 [100% (Mt1)].
97 $%7 47194 PCT/ US97/ 09309
Exampl e 11 [err]

To a solution of above acid (0.027 g, 0.07 mmol) in
S dichloromethane (1.0 mL) was added trifluoroacetic acid (0.11
mL, 1.4 mmol), and the reaction was stirred at room
temperature overnight. Additional trifluorocacetic acid (0.11
mL, 1.4 mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed in vacuo and
10 traces of trifluorocacetic acid were removed in vacuo by co-

distilling the residue twice with dichloromethane (10 mL).

The residue was dissolved in water (0.5 mL), concentrated in
vacuo and dried at acetone reflux temperature in vacuoc to

obtain 0.017 g (60%) of the title compound (isomer A) as a tan

15 solid, MS (ES+) 291.4 [100%, (M+1)].
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5 3[err]-amno-4a - [ (1-nethylcarbonylamno) (2,3,4-trih droxg_)but%l]
cycl opeMOTMoxylic acid trifluoroacetic acid (1:2) (isBREUSITIIE ;¢

C 6) To a solution of 2-{3[err]-(tert-butoxycarbonyl am no) - 4a-
10 [ (fornyl) (methyl carbonyl -am no) net hyl ] cycl opentyli dene}-1, 3-

dithiane (isoner B at C-6), from Exanple 10 (0.45 g, 1.13 mml ) in
tetrahydrofuran (20 nlL) cool ed to Ezx&npdre |10 was added dr opw se

vi nyl magnesi um brom de (Aldrich, 1.0 Msolution in t et rahydr of ur an,
5.6 nL, 5.6 nmol) and stirred at -78 [err]C for 1 15 h. The reaction was
guenched carefully with saturated agueous ammoni um chl oride (5.0 nli).
Ether (20 nmL.) and brine (5 nl) Ho VWere gaded and the reaction mxture was
allowed to warmto room tenper durg The organic | ayers were
separated and the aqueoud| | ayer fwas "gy¢fracted with ether (2 x 10 niL).
The 20 organic |layers were Lned\ washed with brine (20 nL), dried
and concentrated in vacuo to fur '

g of a white solid.
Purification by flash col um chromato K silica gel,
98 WO 97/ 47194 :

PCT/ US97/ 09309 60- 100% et hyl adetate in hexane) gave 0.21 g (44% of
2-{3[err]- (tert-but oxycar bonyl aMio) - 2£F:COM, dr oxy) ( 1- net hyl car bonyl
am no) - 3- but enyl ] cycl opentylidene}-1, 3-dithiane (isoner B at C-6) as a
white solid, nmp >210 [err]C (dec). 5 Anal ysi s: Cal cul ated for

Clerr]Herr]Nerr]Jerr]S[err].0.25Herr]O C, 55.46; H 7.56; N, 6.47
Fourgl: GB-amiZd-4lid- V(A/methybcdibonylamino) (2,3,4-trihydroxy)butyl

cyclopentancarboxyvlic acid trifluorcacetic acid (1:2 isomer

B at C-6)

To a solution of 2-{3B-(tert-butoxycarbonylamino)-4a-

10 [ (formyl) (methylcarbonyl-amino)methyl] cyclopentylidene}-1,3-
dithiane (isomer B at C-6), from Example 10 (0.45 g, 1.13

mmol) in tetrahydrofuran (20 mL) cocoled to -78 °C was added

dropwise vinylmagnesium bromide (Aldrich, 1.0 M solution in

tetrahydrofuran, 5.6 mL, 5.6 mmol) and stirred at -78 °C for 1

15 h. The reaction was quenched carefully with saturated aqueous
ammonium chloride (5.0 mL). Ether (20 mlL) and brine (5 mL)
were added and the reaction mixture was allowed to warm to
room temperature. The organic layers were separated and.the
agueous layer was extracted with ether (2 x 10 mL). The

20 organic layers were combined, washed with brine (20 mL), dried

and concentrated in vacuo to furnish 0.5 g of a white solid.

Purification by flash column chromatography (10 g silica gel,
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10 To a solution of 2-{3[err]-(tert-butoxycarbonyl am no)-4a-|[ (2-
hydr oxy) ( Wa@FMy19dar bony! - ani no) - 3- but enyl ] cycl opent yl i dene}PCT/US97/09309

1,3-dithiane (isomer B at C6) (0.58 g, 1.36 mml) in nethanol (21 )
was added 6 N HC1 (3.4 nL, 20.46 mmol) and the m xture was stirred at
room tenpexat e Uptialya tig [yal h i ar ~hh).
The reacti%ds]l #Q'Eug{éh lsla%ggfg‘é%% t:.gxg&{@a‘?{é)[ a}\f-% %hggsgdsg%@?}ygﬁgx‘f‘f d{?b( 1.1
g, 27.6 mml) was added agg the . reacé}oﬂgﬁas st&:red at room

t enper at ur EE€BF - RUROXYRETPonY lAmdnq) gif A ZURYEREYY Wil £ AMG YA TRtk
acid (0.83 n., 13.79 mmol ) and concentrated in vacuo. To the residue
obt ai ned wasin@b-3abdtenyilh¢lycdopentey (ideng ) - bnd-datbiape0 (dispmerTHe at
agueous | ayer was separated and extracted with ethyl acetate (2 x 10
m.). The ofgéhi gsl aywhdteeselddnbimped 24t ‘Concaatirated in vacuo to
furnish 0.41 g of residue. 99
WO 97/ 47194 PCT/ US97/ 09309

The above crude was dissolved i n anhydrous net hanol (20 m.) and cool ed
to O[err] Ganaé\lgsliati on of dry HCL in ether (Aldrich, 1.OMsolution, 5
m.) was added and the reaction m xture was stirred overnight. The
reacti on wvaslgqugactbddfonrt I€,,15,N,ONSSOdREH My dT pxEBHe4bn Het Madel; Ny aaljast pH
of the reaction to 6-7 and then concentrated in vacuo. The residue was
di ssol ved paumat er ¢( 18snkp;amd extarmgcted sddh di chl or omet hane (3 x 10
mL). The organic | ayers were conbined, dried and concentrated in vacuo

to obtain 0.17 g of crude. The crude 10 was purified by flash col um
chr omat ogr aphy [ 10- 50%
10 To a solution of 2-{3B- (tert-butoxycarbonylamino)-4a-[(2-

hydroxy) (1-methylcarbonyl-amino) -3-butenyll] cyclopentylidene}-
1,3-dithiane (isomer B at C-6) (0.58 g, 1.36 mmol) in methanol
{21 mlL) was added 6 N HCl (3.4 mL, 20.46 mmeol) and the mixture
was stirred at room temperature until all starting material

15 had disappeared (~20 h). The reaction mixture was cooled to 0
°C and sodium hydroxide (1.1 g, 27.6 mmol) was added and the

reaction was stirred at room temperature for 1 h. The

reaction was quenched with glacial acetic acid (0.83 wL, 13.79

mmeol) and concentrated in vacuo. To the residue obtained was

20 added ethyl acetate (10 mL) and water (10 mL). The aqueous
layer was separated and extracted with ethyl acetate (2 x 10

mL). The organic layers were combined and concentrated in

vacuo to furnish 0.41 g of residue.
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chl or of or m net hanol : conc ammoni um hydr oxi de (80:18:2) in

di chl or FROPH&H® to furnish 0.14 g (28% of methyl 3[err] PEXAISPT/09309

but oxycar bonyl am no) - 4a- [ ( 2- hydr oxy) ( 1- et hyl car bonyl am no) - 3-

but enyl ] cycl opent ancar boxyl ate (isomer B at C-6) as an oil, Ms 15 (ES+)
371.4 [90% (MWel)dbove crude wasTlésabdvedoiin EhhyArgus) dlamd) Was

di ssolved in tetrahydrofuran/tert-butanol (2 nL, 1:1) and N

met hyl marphdrndecexlied €¢5007M), dssolutiehradbxdede HA10Snwel¥hexr 20
tert-butanol, 0.2 nL) and water (1 nlL) was added. The reaction

m Xxture ma,stdy ) ed. eMesd1ghioal 5ORM t QERCHAIEE arfl the SHWALEd agueous
solution of sodiumsulfite (2 nL) was added and stirred vigorously for
30 min. Brsidierd 2vdid) st@sraddedesndght . tThe agueidr axsl BExéd astied
with ethyl acetate (3 x 10 25 nL). The organic |ayers were conbi ned,

dri ed and X awdhim ahedroxidei hnvaetibanololbaiak jiisk gibfoftrulte. rddet tonde

was purified by 100 WO

07/ 471940 6-7 and then concentrated in vacuo.PCHHESTEHLDIBEO was flash
col um chromat ography [0, 5, 10, 50, 100k methanol in et hyl acet at e]
to furnigiedbDBed {H20atet the #L)oknds extracte®Mitd idiciM>ARRYh4RSE. 2
[100% (M+1)]. 5 To a solution of above solid (0.08 g, 0.2 mmol)
in tetx ahydabf ur abhé2orbgandas lagded weltes adimbbdadlr axt ked (dn@ N,

1.2 mmol) and stirred at roomtenperature for 1.5 h. Ether (5 m.) and

wat er (Zordgenmerateddéd yvaapnd theobtgami @ .1&yer ofivermide. Hepacatadd. The
aqueous | ayer was washed with ethyl acetate (2 10 x 5 nlL). The aqueous

| ayeh WasafGheh{fedat ByPE1ash esingnl cNromatddehptaf Urad sshav th sodi um
chloride, and extracted wth ethyl
chloroform:methanol:conc ammonium hydroxide (80:18:2) in

dichloromethane]l to furnish 0.14 g (28%) of methyl 3B- (tert-

butoxycarbonylamino) -4a- [ (2-hydroxy) (1-methylcarbonylamino) -3~

butenyl] cyclopentancarboxylate (isomer B at C-6) as an oil, MS

15 ({ES+) 371.4 [90%, (M+1)].

The above o0il (0.12 g, 0.32 mmol) wag dissolved in

tetrahydrofuran/tert-butancl {2 mL, 1:1) and N-

methylmorpholine oxide (50 mg), osmium tetraoxide (0.05 wt% in

20 tert-butanocl, 0.2 mL) and water (1 mL) was added. The

reaction mixture was stirred overnight at room temperature. A
saturated aqueous solution of sodium sulfite (2 mL) was added
and stirred vigorously for 30 min. Brine (2 mL) was added and
the aqueous -layer was extracted with ethyl acetate (3 x 10

25 mL). The organic layers were combined, dried and concentrated

in vacuo to obtain 0.1 g of crude. The crude was purified by
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acetate (3 x 5 nL). The organic | ayers were conbi ned, dried and
concent r ansu9471%cuo to furnish 0.02 g (26% of 3[err] - (temCT/USITOIIN
but oxycar bonyl am no) - 4a-[ ( 1- met hyl car bonyl am no) (2, 3, 4- 15

tri hydroxy)butyl]cycl opent an-carboxylic acid (isoner B at C 6) as a
white sol fgasMSc(cﬁ%‘iﬂn 3 r4mbh28%rapil)ib ,and 33. G4 10096 methanol n
(Mr1)-Herr]OJ]. To a sol ution of above acid (0.02 g, 0% nmol )

in 20 diehyar emidians (doOfakhishs oadde t(rajé)uwpml@rféldaéoa%
m., 1.1 mmol) and the reaction was stirred at room tenperature

over ni ght seAddictliichalM$ r (ESwbr ¢aseli d1aoitd (01443 Inl, 1.1 mrol ) was
added and the reaction was stirred at room tenperature for 1 h. The
sol vent was renoved in vacuo and 25 traces of trifluoroacetic acid were
removed in vacuo by co- distilling the residue twice with

di chl &r omet han&q( B0 seution ofhabeye; §9é1\das(0d|0§’5(ﬂ.veﬂiz @t kerig0. 5 ni),
concentrated in WO 97/ 47194
PCT/ US97/ egsgghydroﬁ}m SAdMH} | WBsapddest dndl rsé?fdllUJB( fl)é‘#ffé’ﬁb@%ur €1i A wheuo

to obta|n0 /$ pof the title conpound as a tan SO|Id nB
58-62 [ertT€. mmcd tirrgd gf) ¥pPRk EFTRGTature for 1.5 ther (5

%3;{:’] H ef g.l}l\%éxc{ rr] (g%\ﬁg %gFLerad gder'r ]an & lr?’e? é)rsgan%c 41§3Zéry wgrgo
separated. The aqueous layer was washed with ethyl acetate (2
10 x 5 mL). The aqueocus layer was acidified to pH 5-4 using 1 N

HCl saturated with sodium chloride, and extracted with ethyl

acetate (3 x 5 mL). The organic layers were combined, dried

and concentrated in vacuo to furnish 0.02 g (26%) of 3P-(tert-

butoxycarbonylamino) -4a- [ {1-methylcarbonylamino) (2,3,4-
15 trihydroxy)butyllcyclopentan-carboxylic acid (isomer B at C-6)
as a white solid, MS (ES+) 391.4 ([20%, (M+1)] and 373.6 [100%,

(M+1) -H,0] .

To a solution of above acid (0.02 g, 0.05 mmol) in
20 dichloromethane (1.0 mL) was added trifluorocacetic acid (0.08
mL, 1.1 mmol) and the reaction was stirred at room temperature
overnight. Additional trifluorocacetic acid (0.08 mL, 1.1
mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed in vacuo and
25 traces of trifluorocacetic acid were removed Iin vacuo by co-

distilling the residue twice with dichloromethane (10 mL).

The residue was dissolved in watexr (0.5 mL), concentrated in
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102 97/ 47194 PCT/ US97/ 09309
Exanpl e ‘Y?”’“WB“ [err] 5 3[err]- {[(An no) PCT/US97/0930%

(i m no) net hyl ] am no}-4a- [ (1-nmethyl carbonyl am no)
(2,3,4-trihydroxy)butyl] -cyclopentancarboxylic acid trifluoroacetic
acid (1:v3acupsandrdaigd etlacetomer rafiuxCteémperature in vacuo to
obtain 0.2 g (77%) of the title compound as a tan solid, mp
58-62 °C.
Analysis:
5 Calculated for C,,H,N,0,2C,HF,0,: C, 37.08; H, 4.67; N, 5.40

Found: C, 37.50; H, 4.43; N, 5.28
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isoner B at C7) 10 To a sol ution of

2-{ 3[ er r] WQ ®¥471%ut oxycar bonyl ami no) - 4a- PCT/US97/09309

[ (fornyl) et hyl car bonyl am no) - met hyl ] cycl opentyl i dene}- 1, 3- di t hi ane
(isonmer A at G6), fromExanple 10 (1.75 g, 4.4 mmol ), in
tetrahydrofuran (100 nl) cooled to -Z&akplk] @2vas added dr opw se

vi nyl magnesi um brom de (Al drich, 1.0 M solutlon on 15 tetrahydrofuran,
m., 44 mmol) and stirred at -78 [err]C for 2 h. The reaction was
guenched carefully with saturated agueous ammoni um chl oride (20 nL),
ether (100 nL) and brine (20 nli) wagygadded and the reaction mxture
was allowed to warmto room Heperature. The organic |ayers were

separated and the 20 aqueous Qayer

O8tted with ether (3 x 50 niL)

and di chl or onet hane (100 ). e organic | ayers were conbi ned,

103 E_SHEET (RULE 26) WO

97/ 47194 H; PCT/ US97/ 09309 drie
and concentrated in vacuo to fur#ﬁsh 0 $O0Hwhi te solid.

To the above solid (2.0 g, 4.4 mvl )/ d<¥solved in 5 dinethylforman de (
nm) was added tert-butyldi methyl sijhyl chl ory 6 g, 5.5 mol),

i mdazole (0.6 g, 8.8 nmmmol) and 4- di et hyl @ni'nd dine (0.14 g, 0.1
mmol ). The reaction m xture mé%‘s ired at room tenperature

overni ght. The reaction was Henched with water (20 mL), and extract
with 10 ether (3 x 25 nL), dried and concentrated in vacuo to furnish

2.48 g of

crude. Purification of the crude by flash col um

chronatography (150 g silica gel, 10- 3096ethy| acetate in

10

15

20

3 2mino) {(imino meth llamino}-4a-{ (1-methvicarbonvlamino

2,3, 4-trihvdroxy)butvll -cyclopentancarboxylic acid
trifluoroacetic acid (1:2 isomer A at C-1, isomer A at C-6

isomer B at C-7)

To a solution of 2-{3B-(tert-butoxycarbonylamino)-4a-

[ (formyl)methylcarbonylamino) -methyl] cyclopentylidene}-1,3-
dithiane (isomer A at C-6), from Example 10 (1.75 g, 4.4

mmol), in tetrahydrofuran (100 wL) cooled to -78 °C was added

dropwise vinylmagnesium bromide (Aldrich, 1.0 M solution on

tetrahydrofuran, 44 mL, 44 mmol) and stirred at -78 °C for 2 h.

The reaction was quenched carefully with saturated aqueous
ammonium chloride (20 mL), ether (100 mL) and brine (20 mL)
was added and the reaction mixture was allowed to warm to room
temperature. The organic layers were separated and the
agueous layer was extracted with ether (3 x 50 mL) and

dichloromethane (100 mL}. The organic layers were combined,
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hexane) gave the follow ng isomers of 2-{3[err]-(tert-

but oxy cwsyisni no) -4a-{2- {[(tert-butyl) (dimethyl)si| §EraE)Y0930%5
3-butenyl }cycl opentylidene}-1, 3-di t hi ane: 1. 0.22 g (999 of isomer A
at G6, isoner Aat C7 as a white solid, nmp 72-76 [err]C (dec) 20

Anal ysi 8ried anealdaﬂ@éreﬂréeédcmr vholer thE@&ngherzr ]osager df S .Wwhbtderr]O:
C5659H859N5 Found: C, 56.61; H, 8.43: N 4.97 2.

0. 86 g? i soner A at C-6, isomer Bat CG7 as a 25 white solid, np
116-118 104

SUBSTI TUTE SHEET (RULE 26) WO 97/ 47194

PCT/ US97/ 09309 Anal ysi s Cal cul ated for

C[err] Herr] Pﬂ[oertfl'lé)[a%d\}ec'[ﬁéll& 12C0 §7- 234 MmdA)5HidNodd in Found:
C, 57.84; H 8.59; N, 5. To a solution of isoner A at C-6,

| songr Blaxfet@ylffdzeﬁamlde (abOMB)(Qa58aneJﬂ Geremdyr ra imeddiaposi {(¢6. 6 nl)
was added 6 HC1 (2.8 nL, 16.6 nmol) and the m xture mas stirred at

room chlo&q_fa%ereégs@ Gkt oo e heAGkAR Mol Wiy GaRLER L8a0

[err]C and so ydr oxi ‘was” a

reactiog \&%&tﬂﬁraﬁﬁa@épwemaem@r qnuge foornl n{?noﬂhe The F&LALEIQR was
quenched wth glracial acetic acid (0.6 nmol ) and

concent pak@chrd) wee USt i dpedhacr B&bd\uteﬁvbfe&ialﬁﬂ'é/\/&ﬁvernlght The
reaction was quenched with water (20 mL), and extracted with

10 ether (3 x 25 mL), dried and concentrated in vacuo to furnish

2.48 g of crude. Purification of the crude by flash column
chromatography (150 g silica gel, 10-30% ethyl acetate in

hexane) gave the following isomers of 2-{3B-(tert-

butoxycarbonylamino) -4a-{2-{ [(tert-butyl) (dimethyl)silylloxy}-

15 3-butenyl}cyclopentylidene}-1,3-dithiane:

1. 0.22 g (9%) of isomer A at C-6, isomer A at C-7 as a white

solid, mp 72-76 °C (dec}.

20 Analysis:
Calculated for C,H,N,0,S,Si-0.5H,0: C, 56.59; H, 8.59; N, 5.08

Found: C, 56.61; H, 8.43; N, 4.97

2. 0.86 g (36%) of isomer A at C-6, isomer B at C-7 as a

25 white solid, mp 116-118 °C.
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added 1 N HCL 14 m, 2.14 mmol), ethyl acetate (10 nlL) and wat er
(10 nL). Tﬁ’éoég’d@ﬁﬁs | ayer was separated, saturated 15 wit PGHESL]/9309
chl oride and extracted with ethyl acetate (2 x 10 m.). The organic

| ayers were conbi ned and concentrated in vacuo to furnish 0.33 g (85%
of crude. Analysis The above crude was dissol ved i n anhydrous net hano
(8 20 ) and cooled to 0 C. A solution of dry HCO in ether

(Al drich, Fadoukatedisar T:H.M.P. 584 :afdeS7ark® t e reediti an, 5.16m xture
was stlrred overnight at roomtenperature. The reaction m xture was
concent r at E#PYH vacto $habhitBnpBrBPur ¥, 5.2325 C) to obtain a crude
residue of nmethyl 3[err]-(tert-butoxy 25

cdr bonyl am no) - 4a- [ ( 2- hydr oxy) ( 1- met hyl car bonyl am no) - 3-

105 To a solution oSUBSIIIUTE SHEET (RULE 26) WO
97/ 47192 oL isomer A at Cpéy 3seregofet C-7 from

but eny1 ] cyelRRRD AN RVL 082, #8020 2h el BabEr) Tk %Iehmﬁ%%oq({%es(% 0
5 m) was agdediA g ﬁ'ﬁéntls 16. G877 g?&r LhLugsof eI wa%mscé'&&'g:?e?c} Cﬁ.ra'roonex

reactlon was stirre roomtenperature overnig

' b iR ﬂ%B'h%e%%m% e, PR AR % o

was stirre room't enper a efo

vacuo and f Hor o renmoved, i n. vacuo by
co-distill %E?gct éﬂrue“%sl %?w} % Bsmﬁt hilﬁ ghF‘B‘P r)ref”ﬁéné‘d@?quta)ndﬂfée
resi dugy Was o435V &fhd "stirred at room temperature for 1 h. The

reaction was quenched with glacial acetic acid (0.64 mL, 10.7

mmol} and concentrated in vacuo. To the residue obtained was

added 1 N HCl1 (2.14 mL, 2.14 mmol), ethyl acetate {10 mL) and
water (10 mL). The aqueous layer was separated, saturated
15 with sodium chloride and extracted with ethyl acetate (2 x 10

mL) . The organic layers were combined and concentrated in

vacuo to furnish 0.33 g (85%) of crude.

The above crude was dissolved in anhydrous methanol (8

20 mL) and cooled to 0 °C. A solution of dry HCl in ether

(Aldrich, 1.0 M solution, 1.6 mL) was added and the reaction
mixture was stirred overnight at room temperature. The

reaction mixture was concentrated in vacuo (bath temperature
25 °C) to obtain a crude residue of methyl 3fB- (tert-butoxy

25 carbonylamino) -4a- [ (2-hydroxy) (L-methylcarbonylamino) -3-
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di nret hyl formam de (5 nlL), triethylamne (0.58 nL, 4.1 mol),

1, 3- bi SW@PU4HB4 oxycar bonyl ) - 2- et hyl - 2- t hi opseudour ea (0PSE/USINN3Y o og
mol ), and nercuric chloride (0.27 g, 0.98 mmol) were 15 added, and the
reaction was stirred overnight at room tenperature. The reaction

i Xt ur e piRserfl 1Rl dbéiit fhdatboxylageehst an( 3@ 1N Meandkd4i) teyedsto renove
i norganic inpurities. The filtrate was washed with water (2 x 10 nlL)

and brineqoe, (M+1nl), dried and concentrated in vacuo to obtain 0.4 g of
crude. 20 The crude was purified by flash colum chromat ography [silica
gel (20 g), 40-50%ethyl acetate in hexane] to furnish the two C1
isoners of methyl 3[err] -{[(tert-butoxycarbonylamno) (tert-

but oxycar bonyT¢ rd ned ket hen | afi abPvaacprpoupdr dxy dirhloromethane (8.0

nethglcarbonylanlno) 3- butenyl]c¥clopentancarboxylate 25
106 mL) wag) a¥1 Qh 6 mmol) trifluorcacetic acid, and

PCT/U897/09309 é 7% isoner Aat CG1, as senlsolld VS
(Es) the xaperianobas SRATHS [%Frf@fmaﬁﬁmgfé'aé“[rfo%"eﬁ%lﬁ .

0. 07 1 L C ES 5 513 OOW
e A Bk B Bl o 2
L eyl e b 3Bt 608 Vol e 0B nEpE

IQ?JS??&%’E‘%E‘E%EOWY%' 5o, FHCLTLRA B CR A

sulfite was added
16 éc1 )were removed in vacuo by co-distilling the residue twice

with dichloromethane {5 mL). The residue was dissolved in
dimethylformamide (5 mL), triethylamine (0.58 mL, 4.1 mmol},

1,3-bis{tert-butoxycarbonyl)-2-methyl-2-thiopseudourea (0.29

g, 0.98 mmol), and mercuric chloride (0.27 g, 0.98 mmol) were
15 added, and the reaction was stirred overnight at room
temperature. The reaction mixture was diluted with ethyl
acetate (20 mL) and filteréd to remove inorganic impurities.
The filtrate was washed with water (2 x 10 mL) and brine (10

mL), dried and concentrated in vacuo to obtain 0.4 g of crude.

20 The crude was purified by flash column chromatography I[silica

gel (20 g), 40-50% ethyl acetate in hexanel] to furnish the two

C-1 isomers of methyl 3p-{[{tert-butoxycarbonylamino) {tert-
butoxycarbonylimino)methyl] amino}-4a- [ (2-hydroxy) (1-

methylcarbonylamino) -3-butenyl] cyclopentancarboxylate:

25

106

SUBSTITUTE SHEET (RULE 26)



and stirred vigorously for 30 mn. Brine (2 nL) was added and t he
aqueous | aWerdngasd4sat urated with sodiumchloride and 15 extecanissd/osaodh
ethyl acetate (3 x 10 nL). The organic |ayers wer e conbi ned, dried
and concentrated in vacuo to obtain 0.15 g (949 of pure nethyl
3[err]-{[(4ertgbyio ny, tgr

but oxycar b%nyl ngﬁo)@/ng(ﬁﬁq aén?nqo%%% g %tmet %yl car bonﬁmalnﬁonloj)d MS (ES+)
(2,3,4 trlbygrgxml@t@vsyl]mqpn@@qa&qﬁi@w@tglé;som f]@t G 20 1), M
(ES+) 529.4 [100% (Mf1)-Herr]’Q and 547.4 [50% Mrﬁ To a
solution of above solid (0.15 g, 0.27 mmol) in tetrahydrofuran (1.5
m.) was added 1 N sodium hydroxide (1.4 m., 1.4 mmol ), and stirred at
reom t enpe? at upeof’oy A1BH. ofR5isdmders (2t nt)1andswat eem(izoldd weme agddes
and organic Iayers were separated. The aqueous |ayer was washed wit h
ether f2 x513.5 F1Q0k, Te+lddueous | ayer was acidified to pH 4 using 1 N
HC1 107 WD 97/ 47194

PCT/ US97/ 09309 saturated with sodium chloride and extracted with

et hyl acetate (3 x 5 nm). The organic | ayers were conbi ned, dried

and concentrat ed Fna\%’é’@o isgPueK i sHP 013399 839 maplacMasasiissolvedhine

solid, M5 (ES+ 5. 0% (M+l)-Herr and 533.5 [30% 5 (M1l
To a sol uté%ﬁréPyéﬁgé‘L‘é‘%@%})%éﬁ?f%@%@b % Bl nhpily F‘lE?d N- in-'lh(}ﬁ]I o)r!)mat hane

(2.0 nm) was added trifluoroacetic acid (0.04 m., 0.48 mmol) and the
reacti on ieerghoiiog aJPClrdﬁorTGSOlOng)emmmimmetetzeanbcgﬂb (Addi tdronalals) and
trifluoroacetic acid (0.02 nm., 0.24 nmmol) was added and the reaction

was sﬂprréﬂaﬁ?rréémﬂ' weraddadir e The zeactine mékvome was rsdmowvesdin

vacuo and gces of excess trifluoroacetic acid were renoved in vacuo
by overnlg t at room temperature. A saturated, aqueous solution

of sodium sulfite (2 mL) and sodium sulfite (1 g) was added
and stirred vigorously for 30 min. Brine (2 mL) was added and
the agueous layer was saturated with sodium chloride and

15 extracted with ethyl acetate (3 x 10 mL). The organic layers

were combined, dried and concentrated in vacuo to obtain 0.15
g (924%) of pure methyl 3B-{[(tert-butoxycarbonylamino) (tert-

butoxycarbonyliminc)methyl]amino}-4a- [ {1-methylcarbonylamino) -

(2,3,4-trihydroxy)butyl] cyclopentancarboxylate (isomer A at C-

20 1), MS (ES+) 529.4 [100%, (M+1)-H,0] and 547.4 [50%, (M+1)].

To a solution of above solid (0.15 g, 0.27 mmol) in
tetrahydrofuran (1.5 mL) was added 1 N sodium hydroxide (1.4
mL, 1.4 mmol), and stirred at room temperature for 2.0 h.
25 Ether (2 mL) and water (2 mL) were added and organic layers
were separated. The aqueous layer was washed with ether (2 x

5 mL). The aqueous layer was acidified to pH 4 using 1 N HC1
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co-distilling the residue twice with dichloronethane (10 ni). 15 The

resi due Ww@97/¢m84ol ved in water (1.0 nL), concentrated i n PCT/USHHINI® and
dried at acetone reflux tenperature in vacuo to obtain 0.07 g (46% of
the title conmpound as a tan solid, np 76-80 C. 20 Anal ysi s:

Sale gul al\‘lts%cwxqtéé w%ﬂs&ai%e‘eﬂ@kﬁél aaﬁ[ %&E]r'é'c::[t%rdr Wil 'denya 3644, H,

108 acetate (3 x 5 mbL). ThSUBSEEEUEElsyﬁEE @B@bEdaﬁblned dried\O

97/ 47194 PCT/ US97/ 09309
Exanpl e ahdl concentrated in[eacho to5fuBhésh] Of 13 @ANBAd)) of acid as a
(i mno)nethyl]am no}-4a -[(1-nethylcarbonyl am no)

white solid, MS (ES+) 515.4 [80%, (M+1)-H,0] and 533.5 ([30%

5 (M+1)]

To a solution of the above acid (0.13 g, 0.24 mmol) in
dichloromethane (2.0 mL) was added trifluorcacetic acid (0.04
mL, 0.48 mmol) and the reaction was stirred at room
10 temperature overnight. Additional trifluorocacetic acid@ (0.02
mL, 0.24 mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed In vacuo and
traces of excess trifluoroacetic acid were removed in vacuo by

co-distilling the residue twice with dichloromethane (10 wmL).

15 The residue was dissolved in water (1.0 mL), concentrated in
vacuo and dried at acetone reflux temperature in vacuo to

obtain 0.07 g (46%) of the title compound as a tan solid, mp

76-80 °C.

20 Analysis:
Calculated for C,;H, N,O,2CHF,0,: C, 36.44; H, 4.67; N, 9.99

Found: €, 36.81; H, 4.24; N, 9.55
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(2,3,4-trihydroxy)butyl]-cycl opentancarboxylic acid trifluoroacetic
acid (1:2wopweries B at C 1, isoner A at C 6, i soner BPSI/USITNI0 10
Met hyl 3[err]- { [ (tert-butoxycarbonylam no) (tert- '

but oxycar bonyl i m no) nmethyl] am no} -4a- [ (2-hydroxy) (1-nethyl

car bonyl am no) - 3- but enyl ] cycl opent anggt| atse (isoner B at C 1, from
Exanple 12) (70 ng, 0.14 mmol), was dissolved in
tetrahydrofuran/tert-butanol (2 nL, 1:1) and N-methyl 15 norpholine oxide
(50 ng), osmumtetraoxide (few crystals) and water (1 mL) were added.
The reaction m xture was stirred o¥ygf ni ght at roomtenperature. A
sat ur at ed aqueous sol ution #HOsodi gm sul fite (2 nL) and sodiumsulfite
(1 g was added and stirred vi gpFonsly fior 30 mn. Brine (2 nL) was
added and 20 the aqueous | ayer ||was gﬁgmjth sodi um chl ori de and
extracted with ethyl acetate ( g The organic | ayers

109 WO 97/47194 H;C N
PCT/ US97/ 09309 were conbi neH,
obtain 0.07 g (86% of nethyl |
3[err]-{[(tert-butoxycarbonylanin Gert-

butoxycarbonylinino)nethyl]anino) (1 nethyléggbgﬁﬁﬁi an no)
(2,3,4-trihydroxy)butyl]cycl o- pentan;%Tﬂﬂ ylate (i somer 5 Bat CG1), M
(ES+) 547.4 [100% (M+1)]. To a solution of above solid (0.07
g, 0.13 mmol) in tetrahydrofuran (1.5 nL) was added 1 N sodi um

hydr oxi de (0. 64 m., 0.64 nmmol) and stirred at roomtenperature for 2
h. Ether 10 (2 nL) and water (2 nL) were added and organic | ayers were
separ a4 ed 38T j i eshwabaetng t haetierme2hy1Zzarbonyildmindhe
aqueous |l ayer was acidified to pH 4 using 1 N HC1,

2,3,4-trihvdroxy)butvl] —~cvclopentancarboxvlic acig

Og¢ldncentrated in vacuo to

trifluorocacetic acid {1:2 isomer B at C-1, isomer A at C-6

isomer B at C-7)

10 Methyl 3B-{[{tert-butoxycarbonylamino) (tert-
butoxycarbonylimino)methyl]amino}-4a- [ (2-hydroxy) (1-methyl

carbonylamino) -3-butenyl}cyclopentancarboxylate (isomer B at
C-1, from Example 12) (70 mg, 0.14 mmol), was dissolved in

tetrahydrofuran/tert-butanol (2 mL, 1:1} and N-methyl

15 morpholine oxide (50 mg), osmium tetraoxide (few crystals) and
water (1 mL) were added. The reaction mixture was stirred
overnight at room temperature. A saturated agqueous solution
of sodium sulfite (2 mL) and sodium sulfite (1 g) was added
and stirred vigorously for 30 min. Brine (2 mL}) was added and

20 the agueous layer was saturated with sodium chloride and

extracted with ethyl acetate (3 x 10 mL). The organic layers
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saturated with sodiumchloride, and extracted with ethyl acetate (3 x
5 n) . WXRIMAhic | ayers were conbined, dried 15 and c@cwarssrea3ee i n
vacuo to furnish 0.017 g (26% of acid as a white solid, M5 (ES+)
533.2 [60% (Mt1)]. To a solution of above acid (0.017 g, 0.03
mol ) i Nwere cnBirddEdRBEe 4Ra0cBhbeWREa2eEEd 4 ivfd MRS QaseliC, Agi gl §49. 06

20 nmL, 0.6 mol) and the reaction was stirred at roomtenperature

adac and (RE et ek 487 PTIGeRE-BibmyearbaiianinI 1701 b The

sol vent was renoved in vacuo and traces of excess trifluoroacetic acid
ver e r enbutexycarisgy bimi2s) et iyl ahlinn] -tbe [ @sinbtthyMidebdyh

di chl oronet hane (10 nL). The residue was dissolved in water (1.0 L)
Concentram&ﬁd)ﬂz,3,4—trihydroxy)buty1]cyclo-pentandﬁy%oxylate W QLA 7194
PCT/ US97/ 09309 vacuo and dried at acetone reflux tenperature 1 n vacuo
to 5 oBtatnd10l M 6(BG+bf54nesti[tbesconprungd .as a tan solid, np

124-128 [err]C 5 Analysis: Cal cul ated for

Clerr]Herr]Nerr]Qerr].2Cerr]HF[err]Jerr]: C 36.44;, H 4.67, N 10.00
Found: C, 35.84; H 4.24; N, 10.51
To a solution of above solid (0.07 g, 0.13 mmol) in
tetrahydrofuran (1.5 mL) was added 1 N sodium hydroxide (0.64
mL, 0.64 mmol) and stirred at room temperature for 2 h. Ether
10 (2 mL) and water (2 mL) were added and organic layers were
separated. The aqueous layer was washed with ether (2 x 5
mL) . The agueous layef was acidified to pH 4 using 1 N HC1,
saturated with sodium chloride, and extracted with ethyl

acetate (3 x 5 mL). The organic layers were combined, dried

15 and concentrated in vacuo to furnish 0.017 g (26%) of acid as

a white solid, MS (ES+) 533.2 [60%, (M+1)].

To a solution of above acid (0.017 g, 0.03 mmol) in
dichloromethane (2.0 mL) was added trifluoroacetic acid (0.06
20 mL, 0.6 mmol) and the reaction was stirred at room temperature
overnight. Additional trifluorocacetic acid (0.03 mL, 0.3
mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed in vacuo and

traces of excess trifluoroacetic acid were removed in vacuo by

25 co-distilling the residue twice with dichloromethane (10 mL) .

The residue was dissolved in water (1.0 mL} concentrated in
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111 WO 97/ 47194 RPCI/ USggI“}%gSOQ

Exanpl e 14¥0 97/47194 [err] 5 3[err]-( [(Am no) PCI/US
(i m no) net hyl I am no}-4a- [ (1-nethyl carbonyl am no)
(2,3,4-trihydroxy)butyl]cycl o- pentancar boxylic acid trifluoroacetic

acid (4:9)v4dsonandBiaied@- 6 asotreneAraif10xl temperature in vacuo to
obtain 0.01 g (60%) of the title compound as a tan solid, mp

124-128 °C.

5 Analysis:

Calculated for C,,H, N,O,2CHF,0,: C, 36.44; H, 4.67; N, 10.00

Found: C, 35.84; H, 4.24; N, 10.51
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C- 7 and/or C-8) 10 To a sol ution of

2- { 3[ er nWwo(9rar194but oxycar bonyl am no) - 4a- [ (fornyl) PCT/US97/09309
(et hyl car bonyl ami no) -nethyl] cycl opentylidene} -1, 3- di t hi ane
(isomer Bat C6) (2.58 g, 6.45 mmol) from Exanple 10 in

tetrahydrofuran (64 nL) cooled to -gﬁa&,ﬁié] gqawWas added dropw se
vi nyl magnesi um brom de (Al drich, 1.0 Msolution in 15 tetrahydrofuran,

64.5 nL, 64.5 mol) and the m xture stirred at -78 [err]C for 1 h. The
reacti on was quenched carefully with sat urat ed agueous amoni um
chloride (20 nmL). Ether (100 niL) éjd brine (20 n) were added and

reaction m xture was all owed Hoto
| ayers were 20 separated and®the agL

grmto roomtenperature. The organic
s _IGifer was extracted with ether (3
X 112 WO 97/ 47194

PCT/ US97/ 09309 50 a\gani c | ayers were conbi ned, dried and
concentrated in vacuo to Burni sfy 3. ¥ 0G\of a white solid. To the
above solid (2.0 g, 4.4 mol) di sso' COsHdi net hyl f or mami de (30 nlL) was
added tert-butyl di nethyl silyl Thoride (1.31 g, 8.44 mmol), imdazole

(0.92 g, 13.5 nmol) and di @g@"hyl am nopyri,gi_'gge;:#@oq_} g, 1.69 mol). The
reaction m xture was stirre }[__ m t enper at u e%)vernight. The

reacti on was quenched with water 0 2 and extracted with 10 ether (3 x
30 nL). The organic |ayers wer onbi ned and washed with water (30
m.) and brine (30 nL), dried and concentrated in vacuo to furnish 3.8
g of crude. Purification of the crude by flash colum chromat ography

(210 g silica gel, . 25%ethyl_acetate in hexane) gave 1.44 g (41% of
2_{3Ferr¥ﬁcgédgmlno!{1m1no)methxllam1no}—4a—lgl—methylcarbonylaminoz
2,3,4-trihydroxy)butyllcyclo-pentancarboxylic acid

trifluorocacetic acid (4:9) (isomer B at C-6, isomexr A at C-1,

C-7 and/or C-8)

10 To a solution of 2-{3B-(tert-butoxycarbonylamino) -4a-
[ (formyl) (methylcarbonylamino) -methyl) cyclopentylidene}-1,3-
dithiane (isomer B at C-6) (2.58 g, 6.45 mmol) from Example 10
in tetrahydrofuran (64 mL) cooled to -78 °C was added dropwise
vinylmagnesium bromide (Aldrich, 1.0 M solution in

15 tetrahydrofuran, 64.5 mL, 64.5 mmol) and the mixture stirred
at -78 °C for 1 h. The reaction was guenched carefully with
saturated agqueous ammonium chloride (20 mL). Ether (100 mL)
and brine (20 mL) were added and reaction mixture was allowed
to warm to room temperature. The organic layers were

20 separated and the agqueous layer was extracted with ether (3 x
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15 but oxycar bonyl am no)-4a -[ (1-net hyl carbonylam no) (2-{[( tert-
but yl ) (diWeSR#F194i | v ] oxy} - 3- but enyl ] cycl opent yl i dene} - 1, 3- PCT/USIYP3A? ane

(isomer B at C-6, 85:15 m xture of isoners at C7) as a white solid,
np 76-84 [err]C 20 Anal ysi s: Cal cul ated for

Cerr] H &0 Ider r 1 ther 61 Shatie] Saye®s Whbiad;cdhbindd; &ribdlénd Found: C,
57.29; H 8.52; N, 5.09 To a solution of

2-{3[ errledricsntbatedydar bacyoationdurta-§H 13.7 25 of a white solid.
met hyl car bonyl am no) (2-{[ (tert-butyl) (di nethyl)silyl]oxy}-3-

but enyl | cycl opentylidene}-1,3-dithiane (1.4 g, 2.58 muol) in

113 WD 97/ 47194

PCT/ US97/ 093091 the 8BbHANEL1G30.(@ .10 )g vas. Adged1 P & bed1(845im, 39.0

mol ) and the m xture was stirred at roomtenperature overnight. The

react 50n dindtkiel Fesmaaeted (80 QL) efasC adbgodb i Byeyosifethy1@i1yl 9,
51.7 mmol ) was added and the reaction was stirred at room 5 tenperature

for 1N Hileac! tonsyag agenghadothth Hasldlie (o 88k C18Ckd d§

27 nnnl)‘%nd)concen ra in vacuo. 1o t’he Tesidue obtainéd was ‘added

1 N HCl (gh@ dmePnylaMRhbpyridin@t M. ACcq} ate, £40,pb1) andryat ?%ﬁ%gd%é'

The aqueous | ayer was Separated, saturated with sodi um ch

extract egqi{drdM fhs eshYkragebal @coh Xekpdtadrurd gévgfg'%g/(i)aeé} aygles were

conmbi ned and concentrated in vacuo to furnish 0.68 g ( crude.

The aboverdddiponasadi gaehvhdd wiabhwdites 6 haopl afd9%extpackerd andrcool ed
to O [err]C. A solution of dry HCL in ether
10 ether (3 x 30 mL). The organic layers were combined and

washed with water (30 mL) and brine (30 mL), dried and

concentrated in vacuo to furnish 3.8 g of crude. Purification

of the crude by flash column chromatography (210 g silica gel,

25% ethyl acetate in hexane) gave 1.44 g (41%) of 2-{3P-(tert-
15 butoxycarbonylamino) -4a- [ (1-methylcarbonylamino) (2-{[({tert-

butyl) (dimethyl)silyl]oxy}-3-butenyl] cyclopentylidene}-1,3-
dithiane (isomer B at C-6, 85:15 mixture of isomers at C-7) as

a white solid, mp 76-84 °C.

20 Analysis:
Calculated for C,H,N,0,S,8i: C, 57.53; H, 8.54; N, 5.16

Found: C, 57.29; H, 8.52; N, 5.09

To a solution of 2-{3B- (tert-butoxycarbonylamino) -4o-{(1-
25 methylcarbonylamino) (2-{[(tert-butyl) (dimethyl)silylloxy}-3-
butenyl]cyclopentylidene}-1,3-dithiane (1.4 g, 2.58 mmol) in
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(Aldrich, 1.0 Msolution, 3.8 nL) was added and the reaction m xture
was stirwed7aymani ght at roomtenperature. The r eactHQINUSH7RPIP e was
concentrated in vacuo (bath tenperature 25 [err]C) to obtain nethyl
3[err]-(tert-butoxycarbonylam no)-4a-[(2- 20

Qﬁdgﬁ‘y)'&%ﬁ‘?ﬁsﬁ g@@b@nmh MAQ) -adtdad W Jrre! PPESAN, 39 0CARBYYYhake as

71.5 [1 0% (M+1)]. a sof ution of above
ester 'ntﬂécﬁiﬁﬁgﬁﬁthagesﬁlgﬁgﬁ at rodﬁﬁtéﬁ¥g¥bé@%@4oﬁérn§§h9 meh) of
trifluoroacetic acid and the reaction was stirred at room tenperature
over ni ghf-eact j on Rkt L@Bavalsr lcfddl@d)&fcﬁtd CcaGind (sbdi it hyldrdtiie \ﬂ@Soﬁdded
114 SUBSTI TUTE SHEET ( RULE 26)

97/47194 / 7 d the
react i ondtas sli FFey) al o an e ihs ¥ eacﬁfﬁ #{E@ AQ%QE‘?%' ‘\"/“énfc’%

remoyed !:Qmﬁéfﬁ?u%@dfbﬁra(ie% of qiyd fﬂé&&%tw& end Cﬁé w@ﬁﬁ @%\.{g@

vacuo by co-distilling the residue tw ce | or onet hane

(Tge4r§il Qesw@saéaasqhvgdmm 2 ddrdmnhyalrt&rm@@tféeeatknaogchbl et hyl am ne

ol ). S(%ﬁr?@?%%?.u “BRranred tEE e Dt dRe) tRus 6 O S el e
react | ONckRg) SLLEEEdOUShgN! fHa WA (20 LRIPS! SHHLCagBOBuLNTaLRICL oD

m xture was ute with e 10 aceta e ( m.) “‘and tere 0 renove
i nor ganlﬁag@a{oh&beéd satumefd hiita & @SuashESy Yaé NaM@t 8kcbictedl M)
and brine (10 ), dried and concentrated in vacuo to obtain 0.78 g of

crude Th@tﬁrééﬁgwa&clélt@tfd a¢ by ffd agl) colThe SHGNBEOUAPRRY were [Silica
gel (40 g), 40-50% ethyl acetate in hexane] to furnish 15 two isoners of
met hyl 3gembinefl hhtieonawinmosaardaty |edume)td tutnish 0.68 g (74%) of

crude.

The above crude was dissolved in anhydrous methanol (19

15 wmlL) and cooled to 0 °C. A solution of dry HCl in etherx

(Aldrich, 1.0 M solution, 3.8 mL) was added and the reaction
mixture was stirred overnight at room temperature. The

reaction mixture was concentrated in vacuo (bath temperature

25 °C) to obtain methyl 3B- (tert-butoxycarbonylamino) -4a-[(2-

20 hydroxy) (1-methylcarbonylamino) -3-butenyl] cyclopentan

carboxylate as an oil, MS (ES+) 371.5 [100%, (M+1)].

To a solution of above ester in dichloromethane (19 mL)
was added (2.94 wmlL, 38.0 mmol) of trifluorcacetic acid and the
25 reaction was stirred at room temperature overnight.

Additional trifluorocacetic acid (1.5 wmlL, 17 mmol) was added
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but oxycar bonyl i m no) nethyl] am no} -4a- [ (2-hydroxy) (1- net

car bonyl arW@@y/4784put eny| | cycl opent ancar boxyl at e: cé"§%7"83‘(916%
of isomer A as a semsolid, M5 (ESt+) 495.5 20 [ 100% (N%l) H err]0] and
513.6 [30% (Mr1)]. 2. 0.12 g (13% of isoner B as a semsolid, M
(ES+) 513.@nd the[#08%ribktipls sti¥ed at rdde wdeperasaser fAr(Q. k3 gThe
0.25 mmol ) was dissolved in tetrahydrofuran/tert-butanol (2 nL, 1:1)
and N- solvent was removed in vacuo and tid&ces of trifDuérbaceER4c

PCT/ US97/ 09309 met hyl nor phol i ne oxide (50 ng), osmumtetraoxide (few
crystal s) andy Wedfe Qém@%&&“@ﬁaﬁggﬁﬁjbﬂTEbf&¥§%iPﬂlﬂ§XEHéere51duWa%w1ce

stirred overnight at roomtenperature. A saturated aqueous sol ution of
sodi um sul fit.e odi um sul.fite dded. an stlrred
v gor ousl it SbeRihrBRgERRRL F= e mT% %%h%%%amstﬁéssaazs Hayer
was s r o r jhye | Jacet at 3
x 10 yiﬁﬁﬁkgﬁ§ff89%§ﬁg?elé&grgh&ekgﬁ%o Ihed @?ﬂ%mgnd c%ﬂ%e%@rgb % (

vacuo 3 tp pbtaip,Q. ia%t%xg,%%@pan&sﬂet@s%érﬂﬂ] O% éﬁﬁ&ﬁf%xiaaaeé%%b%%y'

10 anlno) ‘(tert-Dbutoxycarborylimn
Rgt?égi?rgﬁgylanlnoéé%wilén%rlhydroxx%b%g&%% gc%gpga&g? érgﬁéﬁgx%ggég
192,501 UB0 9! MBXE R L0ES e Q2 ol e o LEbRANSITOTUran (1
temperature, and the reaction mixture was diluted with ethyl
10 acetate (30 mL) and filtered to remove inorganic impurities.
The filtrate was washed with water (2 x 10 mL) and brine (10
mL), dried and concentrated in vacuo to obtain 0.78 g of
crude. The crude was purified by flash column chromatography
[silica gel (40 g), 40-50% ethyl acetate in hexane] to furnish

15 two isomers of methyl 3B-{[(tert-butoxycarbonylamino) {tert-

butoxycarbonylimino)methyl]amino}-4a- [ {2-hydroxy) (1-methyl-

carbonylamino) -3-butenyl]cyclopentancarboxylate:

1. 0.15 g {(16%) of isomer A as a semisolid, MS (ES+) 495.5

20 {(100%, (M+1)-H,0] and 513.6 [30%, (M+1)].

2. 0.12 g {(13%) of isomer B as a semisolid, MS (ES+) 513.5

[100%, (M+1)1.

25 The above isomer A (0.13 g, 0.25 mmol) was dissolved in

tetrahydrofuran/tert-butanol (2 mL, 1:1) and N-
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1.1 mmol ) and the mxture stirred at roomtenperature for 2.0 h. Et her
(2 nL) awmdowatws (2 nL) were added, the | ayers were PETAIWOB0ANd t he
aqueous | ayer was saturated with sodium 20 <chloride and extracted with

ethyl acetate (3 x 5 nL). The organi c | ayers were conbi ned, dried and

concent ralgd, Ib MY Pine oxifel UED #)0. @3RiGinf FR0r LixRfd % fsya wite
solid, Ms (ESt) 515.4 [25% (M+I)-Herr]Q and 533. 4[ % (Mr1)].

25 criBta B9 Wihanwateabqrenasi det. Q3Aed. 010 FEIItidn mixture
di chl ororrethane (2.0 nL) was added trifluoroacetic acid (0.1 m., 1.2

mol ) anGgd hetiesedi onevasighti acedoan temperaparst ur?e saturated
116 WO 97/ 47194
PCT/ USOQHA830%s solutderr afgbbdinddistildile t(2 mldoraoat etodiaei sulDivs ni,
0.6 mol ) was added and the reaction was stirred at room
t enper atir e9)f ovad &addFheandl sEArrRds vigmywaslivn fioae B amich.  Brimecé? of
excess trifluoroacetic acid were renoved in vacuo by 5 co-distilling the
resi due Mivi ceasi 2%AedcAnEr Rt RANECUFO LayPr was spiaatmduel Wassedsvel ved
in water (1. OJrFErL) oncentrated i,n acuo and d{l ed at acetone reflux
terrperatcmllsp SRS pEtractegppith Gtéw C(e@%e 3 thet® ithk- cofPBund as
a tan sa 135 al ysi s: Cal cul ated for
G er 1) BTN 1 IUPER, 1e50,e0RPER, Jraed ol Caiisiicnated 30 YalyS5,
Found: C, 36.02; H, 4.19; N, 9.58

to obtain 0.12 g (92%) of methyl 3B-{ { (tert-butoxycarbonyl

10 amino) (tert-butoxycarbonylimino)methyl]amino}-4a-1[(1-

methylcarbonylamino) (2,3, 4-trihydroxy)butyl] -cyclopentan
carboxylate, MS (ES+) 547.4 [20%, M+1)] and 529.4 [100%,

(M+1) -H,0] .

15 To a solution of above solid (0.12 g, 0.23 mmol) in
tetrahydrofuran (1 mL) was added 1 N sodium hydroxide (1.1 mL,
1.1 mmel) and the mixture stirred at room temperature for 2.0
h. Ether (2 mL) and water (2 mL}) were added, the layers were
separated and the agqueous layer was saturated with sodium

20 chloride and extracted with ethyl acetate (3 x 5 mL). The

organic layers were combined, dried and concentrated in vacuo

to furnish 0.033 g (25%) of acid as a white solid, MS (ES+)

515.4 ([25%, (M+1)-H,0] and 533.4 [5%, (M+1)].

25 To a solution of above acid (0.033 g, 0.06 mmol) in
dichloromethane (2.0 mL) was added trifluorocacetic acid (0.1
mL, 1.2 mmol) and the reaction was stirred at room temperature
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97/ 47194 WO97/4T194 oCT LSSy 06300, PCTUsodiss
Exanpl e 15 [err] 5 3[err]-{]

(Am no) (i m no) net hyl ] am no} - 4a- [ (1-nethyl carbonyl am no)

(2. 3. 4- t r bredmaghtbut VAddicienpentaittnbosgteciacadid (0.105 fluordaget i c
acid (5:13) (isonmer B at_C-6, isonmer B at C1, . CG7 and/or C8) 10
Vet hyl  3[ 8mell){ Maseraddsd G2 dHR e 2@t HOp (Yast Shirsssl at room

car bonyl i m no) met hyl ] am no} - 4a- [ (.2- hydy ox 1- met hyl car_baon
y temp)eratuyre] for J} h. ['l(he golvegg (was re%oved iny vacuo and

traces of excess trifluorcacetic acid were removed in vacuo by

5 co-distilling the residue twice with dichloromethane (10 mL).

The residue was dissolved in water (1.0 ml), concentrated in
vacuo and dried at acetone reflux temperature in vacuo to
obtain 0.018 g (49%) of the title compound as a tan solid, mp
125-135 °C.

10
Analysis:
Calculated for C,,H,N,0.,-2.25C,HF,0,: C, 35.69; H, 4.49; N, 9.51

Found: €, 36.02; H, 4.19; N, 9.58
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am no) - 3- but enyl ] cycl opent ancar boxyl ate (i somer B at C 6, i soner B at

C .1 anwo®7@T194 om Exanpl e 14) (0.12 g, 0.24 mmol) WRETAISEFMAINLd i n
tetrahydrofuran/tert-butanol (2 nL, 1:1) and 15 N-nethyl norphol i ne oxi de
(60 nmg), osmumtetraoxide (few crystals) and water (1 nL) was added.
The reaction m xture was stir Ee@dnMed nigght at room tenperature. A
saturat ed aqueous sol ution of sodlunlsulflte (2 mL) and sodiumsulfite
(1 g were added and the reaction stirred vigorously for 30 20 mn. Brine
(2 nL) was added, the aqueous |ayer was saturated wi th sodi um chl ori de
and extracted mnth ethyl acetate (3 xof0

118 WO 97/ 47194 HO

PCT/ US97/ 09309 m.). The or gdwi ay wer e conbi ned, dried and
concentrat ed in vacuo td} obtafn 0.Y Ei%ﬁ(870/c) of methyl 3[err]-{[(tert-
butoxycarbonylanino)(terkge ; bonyllnlno)nethyl]anlno}

4a-[ (1- met hyl car bonyl am droxy) butyl]cyclo 5

pent ancar boxyl ate, M5 (ESt+) 547.5 | UeLH . To a solution
of the above solid (0.11 g, 0.2 mmp tetrahydrofuran (1 nL) was
added 1 N sodlun1hydrOX|de (1. 165} 1 reeffls the mixture stirred
at roomtenperature for :;__gh{(z m.) and water (2 nL) were added
and organic | ayers mere segﬁi The aqueous | ayer was washed with
ether (2 x 5 nmL). The aque | ayer was acidified to pH 4 using 1 N
HC1, saturated wth sodiumchloride and extracted wth ethyl

acetate (3 x 5 nL). The organic | ayers were conbined, dried 15 and
concentrated in vacuo to furnlsh 0. 013 ¢ g12@6 of aC|d as a mhlte

acid (0. 013 g, of24 nnDI)rln
2,3,4-trihvdroxy)butvl]lcvclo-pentancarboxylic acid

trifluorcaceric acid (5:13) {isomer B at C-6, isomer B at C-1,

C-7 and/or C-8)

10 Methyl 3B-{[(tert-butoxycarbonylamino) {tert-butoxy

carbonylimino)methyl]amino}-4a- [ (2-hydroxy) (1-methylcarbonyl

amino) -3-butenyl]cyclopentancarboxylate {isomer B at C-6,
isomer B at C-1 and C-7, from Example 14) (0.12 g, 0.24 mmol)

was dissolved in tetrahydrofuran/tert-butanol (2 mL, 1:1) and

15 N-methylmorpholine oxide (60 mg), osmium tetraoxide (few
crystals) and water (1 mL) was added. The reaction mixture
was stirred overnight at room temperature. A saturated
agueous solution of sodium sulfite (2 mL) and sodium sulfite
(1 g} were added and the reaction stirred vigorously for 30

20 min. Brine (2 mL) was added, the agueous layer was saturated

with sodium chloride and extracted with ethyl acetate (3 x 10
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di chl oror‘rg{,‘gg.;}g.ngg. 0 nmL) was added trifluoroacetic aci d (0. 0P4C,%,§%9I7é%9 0. 48

nmol ) and e reaction was stirred at room t enper at ure ov

Addi tional trifluoroacetic acid (0.02 m., 0.24 mmol) was added and the
reaction was stirred at room tenperature for 1 h. The sol vent was
renoved | B acudPehPrIaniq LRyer gt wexee§ombainad ordriced i%n%ccwl%n@rated
renmoved in vacuo b 25 co-distilling the residue twice wt

di chl oroné'Phé{ﬁé?L(qéqrﬁbtam 01hd 9e2fia‘éé wés metdnol - § hiversr (1.0 ni),
concentrated in 119 WO 97/ 47194

PCT/ US97/ bage&ycarbarpclamans) (itérd-bitogetat®orafl g ieifet 8y LT 8miAcYacuo
to obtain 0.01 g of the title conpound, np 140-145[err]C

Anal ysis: ,.5 | ; - -txi
O or 1) H PP BB e T HER L7 (Popetom Y SEP0 oWV 9%5IR 5. o1
Found:5 C 33 3% catboky i dy s fess) 547.5 (1008, (Me1)].

To a solution of the above solid (0.11 g, 0.2 mmol) in
tetrahydrofuran (1 mL) was added 1 N sodium hydroxide (1.1 mL,
1.1 mmol) and the mixture stirred at room temperature for 2 h.
10 Ether (2 mL) and water (2 mL) were added and organic layers

were separated. The agqueous layer was washed with ether (2 x
5 mL). The aqueous layer was acidified to pH 4 using 1 N HC1,
saturated with sodium chloride and extracted with ethyl
acetate (3 x 5 mL). The organic layers were combined, dried

15 and concentrated in vacuo to furnish 0.013 g (12%) of acid as

a white solid, MS (ES+) 533.5 [100%, (M+1)].

To a solution of the above acid (0.013 g, 0.24 mmol) in
dichloromethane (2.0 mL) was added trifluoroacetic acid (0.04
20 mL, 0.48 mmol}) and the reaction was stirred at room
temperature overnight. Additional trifluorocacetic acid (0.02
mL, 0.24 mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed in vacuo and
traces of excess trifluoroacetic acid were removed in vacuo by

25 co-distilling the residue twice with dichloromethane (10 mL).

The residue was dissolved ip water (1.0 mlL), concentrated in
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97/ 4719AV0 97/47194 PCT/ US97/ 09308CT/US97/09309
Exanpl e 16 [err] 5 c¢-3-{[ (Am no)

(i m no) met hyl ] am no}-t-1-hydroxy-t-4- [(1-

et hyl cavkenyl apianayriad aitf bderems Beries engeratidyid vacuo to

cycl opentan-r-carboxylic acid trifluoroacetic acid (4:1) (i sonmer A at
C 6) re.qf ,tris | thiaq e (1.08 g, 7.0
oty i ro9seiangaPls & B EHe” sl ) ma%r@&&%

butyllithium (1.6 M 4.4 nL, 7.0 mmol) under nitrogen over a period of

2 mn. The m xture was further stirred for 0.5 h at

Analysis:
5 Calculated for C,H,N,0.,2.6CHF,0,: C, 34.76; H, 4.26; N, B.91

Found: C, 34.52; H, 4.20; N, 9.16
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this tenpﬁéiéﬁ%ﬁggnd to this was added a m xture of 3[err]- pé?ﬁsémwmm

[(tert-bu nyl am no) (tert-but oxycarbonyl i m no) net hyl ] no}
-4a- [ (ethoxy-carbonyl) (nethyl carbonyl am no) net hyl ] cycl o pentanone
(isomer A from Exanple 6, 0.49 g, 1.0 nmol) in tetrahydrofuran (5 ni).
The reaction m xture was quenched wi tBxagugihe ak€ed ammoni um chl ori de
solution (5 nL) after 20 stirring for 1 h at -78 [err]C. The m xture was
allowed to warmto roomtenperature and the organic | ayer was
separated. The 121

SUBSTI TUTE SHEET (RULE 26) O WTH/0e

PCT/ US97/ 09309 aqueous | gyer further 'extracted with ether (10
m.). The conbi ned or gani were dried (MgSO err]), filtered and
t he filtrate concentrated to gi syOlp, which was purified by
passi ng through a colum of silica g ~g) using 5 ether/hexane (3:1)
as an eluent to give 0.42 g (66% of; 'CO,H

([ (tert-butoxycarbonylam no)(tert-b xycarbonyllnlno)nethyl]

am no}-c-4-[ (et hoxycarbonyl) (et hyl 2 rbonqupi A @él] t-1-
at?

[tris(methylthio)nmethyl]cyclopentan-r: somer 6) as a white
solid. An analytical sanple was pﬂﬁ@bred y 10 recrystallization from

et her/ hexane, np 155 [err] C (dec). Anal ysis: Cal cul ated for
CerrJHerr]Nerr]derr]Serr]: C, 48.88; H 7.26; N, 8.77

Found: C, 49.00; H 7.34; N, 8.64 15 To a solution of the above
conpo’nd : Ahidran) hama i

dr opwi se unqer:nlfrogen I|th|un1borohydrldeJ(AIdrlch 0 22 g, 9.6
ol ) andpbthPie@r$onylamino) (2-trifluoromethyl -carbonyloxy)ethyl]

cyclopentan-r-carboxylic acid trifluoroacetic acid (4:1)

(isomer A at C-6)

10 To a mixture of tris-(methylthio)methane (1.08 g, 7.0

mmol) in tetrahydrofuran (15 mL) at -78 °C was added n-

butyllithium (1.6 M, 4.4 mL, 7.0 mmol) under nitrogen over a

period of 2 min. The mixture was further stirred for 0.5 h at

this temperature and to this was added a mixture of 3fB-

15 { [{tert-butoxycarbonylamino) (tert-butoxycarbonylimino)methyl}

amino}-4o0- [ (ethoxy-carbonyl) (methylcarbonylamino)methyl] cyclo
pentanone (isomer A from Example 6, 0.49 g, 1.0 mmel) in
tetrahydrofuran (5 mL). The reaction mixture was guenched
with saturated ammonium chloride solution (5 mL) after

20 stirring for 1 h at -78 °C. The mixture was allowed to warm to

room temperature and the organic layer was separated. The
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bor abi cycl o[ 3. 3. 1] nonane hydride (Aldrich, 1 Msolution in

t et rahyowof9aMzn®d 0. 24 ni, 0.24 mol) and the reacti on ni xtREFEUSHHIRas
stirred at roomtenperature overnight. More |ithium bor ohydri de (0. 16
g, 7.2 mmol) and lithium 9-borabicyclo [ 3. 3. 1] nonane hydride (Al drich,

1 M sol Yhtbohd layert fhbalpuetaby @5t @ctbdivith 2wl |1 9espddegnand the
reaction was stirred at roomtenperature for 4 h. The 25 reaction was

quenchett b indd Noggdhiltn hpgeesi dexr3 ddied biMgsD,) , £ilt2rdd andl whdrred

for 5 mn. The reaction was acidified to pH 4 using glacial acetic
acid. Etfiertfdfentpnveatadded aodgive a syrup, which was purified by 122
SUBSTI TUTE SHEET (RULE 26) WO 97/ 47194

PCT/ US9 B09308g througheaagedomn [odyedlicen ggdar B2%d3) Theimgueous | ayer was
neutralized with saturated agqueous sodi um bi car bonate and extracted

wi t hSet letrhegpn/Rexanai {3 : The asr ganied uenferte e 0.42 conbf ded, ofir ited-and
concentrated in vacuo to obtain 1.55 g of 5 a yellow oil. The oil was

purified pycéteasbueokyoarbonylaionnt (giaphutbiesibenpl ohihaphkanglconc
anmmoni um hydr oxi de (80:18:2) in dichloronmethane]. The oil was

tallj t ' _ 420 .
ot A TS TR A S Sl Sl e -2
(tr1 ek bk e RS AP e PO AR (e L AL LEORES) Ragt C-6) qahi ¢
solid, nmp 108-112 [err]C Anal ysis: Cal cul ated for
d err] Hervhhcer spdidrr | SpearialyCicpd 3mmple Wals: prepdred bys

Found: C, 48.37; H, 7.49; N, 9.25
10 recrystallization from ether/hexane, mp 155 °C (dec).

Analysis: Calculated for C,H,NO,S;,: C, 48.88; H, 7.26; N, 8.77

Found: C, 49.00; H, 7.34; N, 8.64

15 To a solution of the above compound (1.5 g, 2.4 mmol) in
tetrahydrofuran (25 mL} was added dropwise under nitrogen
lithium borohydride (Aldrich, 0.22 g, 9.6 mmol) and lithium 9-
borabicycle[3.3.1]nonane hydride (Aldrich, 1 M solution in
tetrahydrofuran, 0.24 mL, 0.24 mmol) and the reaction mixture

20 was stirred at room temperature overnight. More lithium
borohydride (0.16 g, 7.2 mmol) and lithium 9-borabicyclo
[3.3.1)nonane hydride (Aldrich, 1 M solution in
tetrahydrofuran, 0.24 mL, 0.24 mmol) was added and the
reaction was stirred at room temperature for 4 h. The

25 reaction was quenched with 1 N sodium hydroxide (3 mL), brine
(3 mL) and stirred for 5 min. The reaction was acidified to
PH 4 using glacial acetic a&id. Ether (10 mL) was added and
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To a m xt f e above conpound (1.0 g, 1.69 mmol), P G445/08309
chl ori de %6'6’84"“]6 23 mmol ) and nercuric oxide (0.48 g, 2.53 mol)

was added net hanol /water (40/3 nL) and the 20 reaction mxture was
stirred at roomtenperature for 30 mn. The m xture was filtered
t hrough atp&d asfuecals tkaygmw ¥3orseparated. (1¥7hg) aapuesusalavass Waghed with
nmet hanol (20 rrL) and_t he f||tr%te concentrated in vacuo to furnish 1.8

g of a whigatral 1z§é5m"§otF}FcFaﬁ*ﬁ’éaE‘? dRIRBSUFL FPALYE By careanat& i 25

chr omat ogr a Si .gel 7 yl etate in hexane and 10%
met hanol Fgaé'{q‘éﬂ cii té E%rﬁ‘si mg;} ?g rganic layers were

123 71 47.

PCT/ US97/ Gggﬁvg.nedq cflr:. c?]?nd concentrated in vacuo to obtain 1.55 g of

c-3-{[(tert-butoxycar bonyl am no{(tert but oxycar bon

i M no)hret By Yeddiaw)ekl 1- h twas [ PorhdedxPy( fﬁﬁﬁﬂlh;ﬂolumn

Whi te. ol FEaS CRRHAP T er ?e”t%p%”?é?%%@% e oA G i D e e
52 56: 1 bydgexide Tte 57 £ &1 R0 %0met RS T Y T o, o
tet rahydré"rar?saﬁ%l%&' %f’m*“ee%%%%iyﬁ %ﬁé%&?é%%%ﬁgifﬁ@ B4 gf ey
mol ) and wat er The reaction m xture stirred at room

t enper at urld (ftzﬁrtl wtqwqm %ff‘hﬂc’?/\/é§ert buF@WF@&hWWOJﬁ%?’%M

aqueous | ayer was nmade acidic with 15 glacial acetic acid (pH = 5). The
aqueols | ayeEmofasc-sht (it atkegdroxy) Wi thheshgtil oaebooyildeimed epityldct e wi t h
ethyl acetate (5 x 10 m.). The organic |ayers were conbi ned and

concentratgd-idymethylthio)methyllcyclopentan-r-ol (isomer A at C-6) as

a white solid, mp 108-112 °C.

Analysis: Calculated for C,)H,N,O,S,: C, 48.30; H, 7.43; N, 9.39

15 Found: C, 48.37; H, 7.49; N, 9.25

To a mixture of the above compound (1.0 g, 1.69 mmol),
mercuric chloride (1.69 g, 6.23 mmol) and mercuric oxide (0.48
g, 2.53 mmol) was added methanol/water (40/3 mL) and the
20 reaction mixture was stirred at room temperature for 30 min.
The mixture was filtered through a pad of Celite and Florisil
{17 g). The cake was washed with methanol (20 mL) and the

filtrate concentrated in vacuo to furnish 1.8 g of a white

semisolid. The crude was purified by flash column
25 chromatography [silica gel (33 g); 75% ethyl acetate in hexane

and 10% methanol in ethyl acetate] to furnish 0.57 g (68%) of
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vacuo to furnish 0.43 g (88% of c-3-{[(tert-butoxycarbonyl

ami no) ( twWoIMIK9xycar bonyl i m no) net hyl ] ami no} -t - 1- hydr oxy-PCHUSIT§309

[ (2- hydroxy) ( 1- net hyl car bonyl am no) et hyl ] - cycl opentan- r- carboxylic
acid (isomer A at C6, as a white solid, M5 (ES+) 489.5 [50% (M+l)].
The abovg. gg 1l 5032?&::&@1%&&;; fpﬁyﬁ@) ueerESbuébs‘c%%wm}hane (12

m), trlfluoroacetlc acid (0.91 nmol ) was added and the

5@?;;}2“ 30 Eﬁyg]amlngsmt 1- hydroxy t-4-[(2- hydﬁ@foé&?Fﬁ§§@é?4

t enperature overnlght Addi tional_ trifluoroacetic acid (0.45 m, 5.9

mol ) weeR syl ananehe thydd ricyic \eRenaR rercarbespinte (isemear & @te Gor 1

h. The solvent was renoved in vacuo and traces of excess )

trifluor®acdsie Whigewsedifendred 3 WdaludRy= 8 -4do- Gi*smauyhanpek Hen r esi due

twice with dichloronethane (10 ni). The residue was triturated with

et heb t cetioyhi actaged .(56% of the title conpound as a white solid,

np 148-160 [err]C Anal ysis: Cal cul ated for

C[err] Herr]Flerr]Nerr]Of[err]. 0 25C err]HF[err]dJerr]: C 39.28; H 10

4.70; N, 13.57 Found: C, 39.34; H _5.00; N 13. 26

Analysis: Calculated for C,,H,,N,0,: C, 52.58; H, 7.62; N, 11.15

Found: C, 52.85; H, 7.82; N, 10.93

10 To a solution of the above ester (0.5 g, 1.0 mmol) in
tetrahydrofuran (10 mL) was added 1 N sodium hydroxide (2.0
mL, 2.0 mmol) and water (3 mL). The reaction mixture was
stirred at room temperature for 1 h, tetrahydrcfuran was

removed in vacuco and the aqueous layer was made acidic with

15 glacial acetic acid (pH = 5). The agueous layer was saturated
with sodium chloride and extracted with ethyl acetate (5 x 10

mL). The organic layers were combined and concentrated in

vacuo to furnish 0.43 g (88%) of c-3-{[(tert-butoxycarbonyl

amino) (tert-butoxycarbonylimino)methyl}amino}-t-1-hydroxy-t-4-
20 [ (2-hydroxy) (1-methylcarbonylamino) ethyl} -cyclopentan-r-

carboxylic acid (isomer A at C-6, as a white solid, MS (ES+)

489.5 [50%, (M+1)].

The above acid (0.29 g, 0.6 mmol) was dissolved in
25 dichloromethane (12 mL), trifluorocacetic acid (0.91 mL, 11.8

mmol) was added and the reaction was stirred at room
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07/ 47194 WO 874194 PeT/ Uso7/ 0030h FCTUSYIesit
Exanpl e 17 [err] 5 c¢-3-{

[ (Ami no) (i m no) met hyl ] am no}-t-1-hydroxy-t-4-[(l- i .

met hyl car benpexaichs R 2veniigsy omAdgi t Eanabnyrdkyporprgetic acid (0.45
cycl opentan-r-carboxylic acid trfluoroacetic acid (4:3) (i soner B at
C 6) 101, 5.9 1ol HakdRAeth et PhankepraF dPPcHas1§td rHed Bl TRRM)
in tetrahgdrofuran 250 L) .at -78 [er Jc:mas added drgpwﬁse over a
period of “@BPRFALYFGL O th W%Lﬁ?/:lt FRENFAF FEMBNPSor G (VGFue and

hexane, 98 nL, 156 mmol) and stirred at -78 [err]C for 40 m n.
: traces of excess trifluorocacetic acid were removed in vacuo by

5 co-distilling the residue twice with dichloromethane (10 mL).
The residue was triturated with ether to obtain 0.14 g (56%)

of the title compound as a white solid, mp 148-160 °C.

Analysis: Calculated for C,,H,,F,N,0,0.25C,HF,0,: C, 39.28; H,

10 4.70; N, 13.57

Found: C, 39.34; H, 5.00; N, 13.26
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To the anion at -78 [err]C was added a solution of 3[err]- tert- 15

but oxycaWPMMIEi no) (t-but oxycarbonylimno) methyl) amn 7109309
[ (et hoxycar bonyl ) (et hyl car bonyl am no) net hyl ] cycl opent anone, i soner B
fromExanple 6 (8.58 g, 17.7 mmol ), in tetrahydrofuran (85 i)

dropwi se over a period of 10 m n amgkampletim® reaction mxture stirred at
-78 Cfor 1.5 h. The reaction 20 was quenched with saturated amoni um

chloride (50 nL) and armed to roomtenperature. Ether (50 nL) was
added and the 126

SUBSTI TUTE SHEET (RULE 26) 194

PCT/ US97/ 09309 organi c fl ayer ng?gzgéﬁbined, dried over MgSJ err] and
concentrat ed in vacuo ta\furmsh crude. Purification of the crude by
flash col um chr omat ogf apMH ( s\ , 660 g, 30-50% ethyl acetate

in hexane) gave 3.8 g (34% of t-3-

T.J - but oxycar bonyl 5
am no) (tert-but oxycarbonyl i m no) rret f

am%@} c-4- [(et hoxy

car bonyl ) (net hyl car bonyl am no) rret h t-1-[tri SI%AQ | t hi 0)

met hyl | cycl opentan-r-ol (isoner C— 6) =#573CIyh soI id, np 94- 96
[err] C 10 Analysis: Calculat eg])

Cerr]Herr] N err] N[err]CIerr]S[tHrz NH18.88; H, 7.26; N, 8.77

Found: C, 49.08; H, 7. 05; N, 8.75 To a
solution of the above conpound (1.4 g, 2.2 mmol) in t et rahydr of ur an
(22 nL) was added dropw se under nitrogen 15 |I|ithium borohydride

(Al drsi chg-8-38 (@mitd) A3 roinod ))mestridy 1 Ji i) - £-1 - Wydossedpt eyet 0 3-3. | ] nonane
hydride (Aldrich, 1 Msolution in tetrahydrofuran, 0.44 nm., 0.44

nol ), aﬂgthgﬁcﬁ%ﬁaﬂilkdﬂﬁgﬂwéitrifluoromethyl-carbonyloxy)ethxll

cyclopentan-r-carboxylic acid trifluorocacetic acid (4:3)

(isomexr B at C-6)

10 To tris{methylthio)methane (Aldrich, 18.9 mL, 142 mmol)

in tetrahydrofuran (250 mL) at -78 °C was added dropwise over a
period of 10 min under nitrogen n-butyl lithium (1.6M solution
in hexane, 98 mL, 156 mmol)} and stirred at -78 °C for 40 min.
To the anion at -78 °C was added a solution of 3B-{[(tert-

15 Dbutoxycarbonylamino) (t-butoxycarbonylimino)methyl)amino}-4a-

[ (ethoxycarbonyl) (methylcarbonylamino)methyl] cyclopentanone,

isomer B from Example 6 (8.58 g, 17.7 mmol), in

tetrahydrofuran (85 mL) dropwise over a period of 10 min and

the reaction mixture stirred at -78 °C for 1.5 h. The reaction
20 was quenched with saturated ammonium chloride (50 mL) and

'armed to room temperature. Ether (50 mL) was added and the
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was sti rr%d@,}"hﬁom t enperature overnight. The reaction was pcr/usesigsseshed
um

with 1 N so ydroxide (3 nm.), brine (3 nL) and 20 stirred for 5 mn.
The reaction was acidified to pH 4 using gl acial acetic acid, ether
(10 nmL) was added and t he aqueous | ayer was separated. The aqueous

| ayer wasOREanisl 1AYELA tfere corbinpd cHraghe VS S I BRch CemaanE: Eaferd
extracted wth ether (%?x 10.nL). The orggnic | gyer.s were conbiEYd,
dri ed andiR2¥acUeh&EShiFUtER rc¥48%0 t BUSBEACAREEOM oF dhey SeidewPyi Flashy,

oil was purified by flash colum chromatography [20%

127 columpnOchziomatgagraphy (silica gel, 660 g, 30-50% ethyl acetate
PCT/ US97/ 09309 chl or of or m net hanol : conc amoni um hydr oxi de (80: 18: 2)
in dizhheramsdhgaye Irht @i (34#s efy&t3r{i Adert-dmtdrednesayid

to furnish 0.47 g (36% of t-3-{[(tert-butoxycarbonyl am no)

(-t ert sbut gy aan e d -Bue)optdybdayl DRine) de thiyd-1ydredy) ¢l - { Bethoxy
nmet hyl car bonyl am no) ethyl) - t-1- [tris (nmethylthio) nethyl] cyclo

pent an-r - i r 5 qf 4,7 . 110811 :

Anal ysi s: 8%5%’3’] at e(g%f%}y%%}? g?éﬁ?fﬁ{)g}nréfg&gr]r ]r%[legﬁlg%,r&%ﬁ%gt;hh?) 7.43;
N, 9.39 Found: . , 48.58; H 7.51; .N
9.20 10 Methyll cyCleRenaR e b %ﬁamaﬁo@ea&or?gcﬁfncﬁcﬁ Fhife 1?%%1%01“?,
mercuric chloride (1.34 g, 4.9 nmmol) and nercuric oxide (0.43 g, 1.97
mmol ) wasgaddad°get hanol /water (29.5/2.5 nL) and the reacti on m xture
was stirred at roomtenperature for 30 mn. 15 The mxture was filtered
through a pad of Celite and Flori sil (13 g). The cake was washed with
met hanol (20 nlL) and the filtrate concentrated in vacuo to furnish
1.1 goof Aaneliiysds: Calsemsedi for TAgHeMNdgS wa< ,purs faged by flash Nol anm7

Found: C, 49.08; H, 7.05; N, 8.75

To a solution of the above compound (1.4 g, 2.2 mmol) in

tetrahydrofuran (22 mlL) was added dropwise under nitrogen

15 1lithium borohydride (Aldrich, 0.38 g, 16.43 mmol) and lithium
9-borabicyclo[3.3.1]lnonane hydride (Aldrich, 1 M solution in
tetrahydrofuran, 0.44 mL, 0.44 mmol), and the reaction mixture
was stirred at room temperature overnight. The reaction was
quenched with 1 N sodium hydroxide (3 mL), brine (3 mL) and

20 stirred for 5 min. The reaction was acidified to pH 4 using
glacial acetic acid, ether (10 mL) was added and the aqueous
layer was separated. The aqueous layer was neutralized with
saturated agueous sodium bicarbonate and extracted with ether
(2 x 10 mL). The organic layers were combined, dried and

25 concentrated in vacuo to obtain 1.44 g of a yellow oil. The

0il was purified by flash column chromatography ({20%
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chromat ography [silica gel (30 g); 75%ethyl acetate in hexane 20 and 10%
met hanolWPR74{¥¢| acetate] to furnish 0.42 g (63% of PORPSRI093993 _ (]
(tert-butoxycarbonyl am no) (tert-butoxycarbonyl

i m no) net hyl ] am no}-t- 1-hydroxy-t-4-[(2-hydroxy) (1-nethyl

car bony| ¢l opd Ebhml: nethanoie miose rameorbiony atdrdxsdee(8®: 28: 2) in 6) as a
white solid, np 194-198 [err]C. 25 Anal ysi s:

128 dichlofosethaned . The oil was crystallized from ether/hexane

PCT/ US97/ 09309 Cal cul ated for quéWeH]MeH]quJ.QSWeH]Q C,
51.65; Ho7fesnish 004953 (36%onfd:tG- Bl B tiputospeanbonplegino)

To a solution of the above ester (0.38 g, 0.76 nmol) in 5 tetrahydrofuran

(7.5 nl) ( pestaBdedxichrdpesivliniyd)metls 1antino } - oM. [ 12 Shpabbxyand -wat er
(2.25 nmL). The reaction m xture was stirred at roomtenperature for 1

h. Tetr : I dinyv S made
nci doc. v pry 2B anno eI £ 0 PEHES BRELAVELRESPRUE R Y By ol
saturated 10 with_sodium chloride and extracted with ethyl acetate (5 x 10
nL). ThePoRrEaRr&-Paydisamere B @iGrdd & ottt reedidi nip 108y3dQo Fo
furnish 0.325 g (87% of acid. This was triturated with ethyl acetate
in hexane to furnish 0.18 g of c-3-{[(tert-

but oxycar bonyl am no) (tert - but oxycarbonyl -i m no) net hyl ] am no}- 15

t - 1- hydramglysas): ( 2alyirlabed Eamethyllcheny| @ni 48) 20hyH} - 7.43; N, 9.39
cycl opentan-r-carboxylic acid (isoner B at C-6) as a white solid, M5
(ES+) 489.4 [100% FowmB . The abfevet@ch8: (B, 18-§1/0N319m@d )
maslgissolved in 20 dichloronethane (6 nlL), trifluoroacetic acid (0.48
m., -6.3

To a mixture of the above compound (0.78 g, 1.32 mmol),
mercuric chloride (1.34 g, 4.9 mmol} and mercuric oxide (0.43
g, 1.97 mmol) was added methanol/water (29.5/2.5 mL) and the
reaction mixture was stirred at rocom temperature for 30 min.
15 The mixture was filtered through a pad of Celite and Florisil
(13 g). The cake was washed with methanol (20 mL) and the

filtrate concentrated in vacuo to furnish 1.1 g of a white

semisolid. The crude was purified by flash column

chromatography ([silica gel (30 g); 75% ethyl acetate in hexane

20 and 10% methanol in ethyl acetate] to furnish 0.42 g (63%) of

methyl c-3-{[({tert-butoxycarbonylamino) (tert-butoxycarbonyl
imino)methyl]amino}-t-1-hydroxy-t-4-[(2-hydroxy) (1-methyl
carbonylamino)ethyl] -cyclopentan-r-carboxylate (isomer B at C-

6) as a white solid, mp 194-198 °C.

25
Analysis:
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ol ) was 3 ﬁgg f3d the reaction was stirred at room t SPPRTSI oS0
overni ght. ditional trifluoroacetic acid (0.24 m., 3.2 mmol) was

added and the reaction was stirred at room tenperature for 1 h. The
sol vent was renoved in vacuo and 25 traces of excess trifluoroacetic acid
wer e renpedardatgliE ey CooH.aNg@s @i BHiQ 4 CngSBhéSriedl.de &8n e W@ h95

di chl oronet hane (10 nl). 129

WO 97/ 471%pund: C, 51.37; H, 7.50; N, 10.93 PCT/ US97/ 09309
The residue was triturated with ethanol/ether to obtain 0.125 g (86%
of the title conpound as a mhite solid, np 210-220 [err]C. 5

Anal ysi s: Cal cul ated fo

c[ err]H err] F[ &2 ]arxl[%ﬂlm@mr?f OtITSC?EPVFHFFéleF] d[Cer38 9.C0.F% omoH #n24;

N, 11.93 Fou C  37. H 4.4 12. 22
] 5 " tetrahydro ghran (7.5 mL) was agded 1 N sodium hydroxide (1.5

mL, 1.5 mmol) and water (2.25 mL). The reaction mixture was
stirred at room temperature for 1 h. Tetrahydrofuran was

removed in vacuo and the aqueous layer was made acidic with

glacial acetic acid (pH = 5). The aqueous layer was saturated

10 with sodium chloride and extracted with ethyl acetate (5 x 10

mL). The organic layers were combined and concentrated in
vacuo to furnish 0.325 g (87%) of acid. This was triturated
with ethyl acetate in hexane to furnish 0.18 g of c-3-{[(tert-
butoxycarbonylamino) (tert-butoxycarbonyl-imino)methyl]amino}-
15 t-1-hydroxy-t-4-[(2-hydroxy) (1-methylcarbonylamino)ethyl] -
cyclopentan-r-carboxylic acid (isomer B at C-6) as a white

solid, MS (ES+) 489.4 [100%, (M+1)].

The above acid (0.15 g, 0.31 mmol) was dissolved in
20 dichloromethane (6 mL), trifluorcacetic acid (0.48 mL, 6.3
mmol) was added and the reaction was stirred at room
temperature overnight. Additional trifluorcacetic acid (0.24
mL, 3.2 mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed in vacuo and
25 traces of excess trifluoroacetic acid were removed in vacuo by

co~-distilling the residue twice with dichloromethane (10 mL).
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130 WD 97/ 47194 PCT/ US97/ 09309

Exanpl e W& 97474, | 5 t-3-Amno-c-4- | PCT/US97/09309
(1- net hyl car bonyl am no) (2-phenyl nmet hoxy) et hyl ] -
t-1-hydroxvcycl opentan-r-carboxylic acid trifluoroacetic acid anmoni um

trifluorbaeeraséd(2: #a3) triturated withi &tHaRo2Ye€hdr to obtain 0.125
(tert-butoxycarbonylamno) - t-4- [ (1- 10 nmethylcarbonylam no )

(2- phenyg meebivkypLfethyl kitlle ongiund enylwhite solid, mp 210-220 °C
t hi o) met hyl ] cycl opentan-r-1-ol from Exanple 8 (2.53 g, 4.1 mmq ),

mercuric oxide (1.90 g, 8.8 mml ), and boron trifluoride etherate (1.1
m., 8.9 mmol) in a 15% aqueous solution of tetrahydrofuran (70 nlL) was
stirred at room 15 tenperature for 2 h. The reaction m xture was filtered
through a pad of Celite and Florisil. The filtrate was concentrated in

vacub t AnrplesPs74 g of the crude. To the

Calculated for C,;H,,F,N,0,-0.75C,HF,0,: C, 37.07; H, 4.24; N

!

11.83

Found: C, 37.33; H, 4.45; N, 12.22
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above crude_in thanol (50 nL) was added iodine (1.9 g, ) and
o bR

the react VR4 e was heated to 50 [err]C. To this added
dropwi se a sol ution of potassium hydroxide (0.71 anethanol, 50 nmi,
35.7 mml ). After 2 h stirring at 50 131
WO 97/ 47194 Example 18 PCT/ US97/ 09309

[err]C, the reaction mxture was filtered through Celite. The filtrate
was concentrated in vacuo and the resulting residue was di ssolved in
ethyl acetate (30 nL) and water (20 ni). The | ayers were separated and

the aqueous layer was extracted WEHCdset hyl acetate (4 x 10 nl). The
conbi ned organic extractqgmere washed with brine, dried (MgSQerr]),
filtered through Celite, concentrated in vacuo to provide 3.6 g of
crude. Purification h&£: h col um chronmat ography (silica gel, 200 g,
50-100% et hyl acetate/ ang aveolu224 g (14% of the de5|red 10
hydr oxyacid as a white solid. To puti 6n of hydroxyacid (0.244 g,
g added trifluoroacetic acid

0.56 mmol ) in dichloronethane (1L

(0.86 nmL, 11.2 nmol) and the Hacti on m xture was stirred at room
tenperature for 12 h. The reaction m xture was concentrated in vacuo
to give crude. 15 Purification by flash qgﬁmny, msmeCg?nghy (silica ge
60 g, chIoroforninethanol/annonlun1hydrOX|He 80/'18/'2) gave 0.241 g
of a thick, yellowoil. Trituration of the yellow oil wth et her
provided 0.185 g (51% of the title conpound as a tan solid, nmp 37-39
[er]C.5 2Q_3_am ¥ShS1 (1-mefRLEHLBHEH VL O 2o (2- h me eth
Cerr]Herr err errj.gerr err G,
40. 84; H,

4 83; ) ) . . .
- 5%2£%oxvcvc10pentan—r—carboxvllc acid trifluorcacetic acid

ammonium trifluorcacetate (2:2:3)

A mixture of c-3-(tert-butoxycarbonylamino)-t-4-[(1-
10 methylcarbonylamino) (2-phenylmethoxy)ethyl] -t-1- [bis(phenyl
thio)methyl)cyclopentan-r-1-ol from Example 8 (2.53 g, 4.1

mmol), mercuric oxide (1.30 g, 8.8 mmol), and boron
trifluoride etherate (1.1 mL, 8.9 mmol) in a 15% aqQueous
solution of tetrahydrofuran (70 mL) was stirred at room
15 temperature for 2 h. The reaction mixture was filtered
through a pad of Celite and Florisil. The filtrate was

concentrated in vacuo to give 2.74 g of the crude. To the

above crude in methanol (50 mL) was added iodine (1.9 g, 7.5
mmol) and the reaction mixture was heated to 50 °C. To this

20 mixture was added dropwise a solution of potassium hydroxide

(0.71 M/methanol, 50 mL, 35.7 mmol). After 2 h stirring at S0
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Found: C, 40.86; H 5.08;, N, 7.90

132 WO 97/47194 SUBSTI TUTE SHEET (RULE 26) FPCT/USITA93QRn
97/ 47194 PCT/ US97/ 09309

Exanple 19 [err] 5 ¢-3-{ [(AmM no)

(i m no) net hyl H@n-889¢t L oh- RYHEQ¥¥- rad{ fﬁmateméh thrOLFng bemyd @drl NoFhe
{{(met hyl) - (nmet hoxy) am nol car bonyl } net hyl } cycl opent an-r-carboxylic

aci d tr'%kg?%&%%eRh% etk ed 1n vac%?1§h@'§ﬂgu£éggleing residue

Lu?oi[ f:;regon H (r)nxycar o e et hoxycar

(et hyl cz{?ﬁoﬁwﬁﬁﬁﬁ)ﬁ?ﬁe\f%%ﬁhﬁ C}e[tﬁﬁes G Y Rt ﬁ%ﬂ (20 mL) . The

o et nonbropEE, Pprs, 38R, Al erd (TP Sy wde "eftracred wdatim
Qtyﬂ%éhdg%ﬁ?%o%@l%ﬁgeer BRI R Fhd Cdfidindd SAGRhleE LRRELCRL Detla' ©
vacuo ang, %ﬁ@%he gguifl%éer MBBd (Mgssh di Fiy Q@e%@@ﬁo%dﬁ'é@lﬂg0|§£d

acetic aci
concentrated in vacuo to provide 3.6 g of crude. Purification

by flash column chromatography (silica gel, 200 g, S50-100%
ethyl acetate/hexanes) gave 0.224 g (14%) of the desired

10 hydroxyacid as a white solid. To a solution of hydroxyacid
(0.244 g, 0.56 mmol) in dichloromethane (15 mL) was added
trifluorocacetic acid (0.86 mL, 11.2 mmol} and the reaction
mixture was stirred at room temperature for 12 h. The

reaction mixture was concentrated in vacuo to give crude.

15 Purification by flash column chromatography (silica gel, 60 g,
chloroform/methanol/ammonium hydroxide: 80/18/2) gave 0.241 g
of a thick, yellow cil. Trituration of'the yellow o0il with
ether provided 0.185 g (51%) of the title compound as a tan
solid, mp 37-39 °C.

20
Analysis
Calculated for C,,H,N,0.-C,HF,0-1.5C,H,F,NO,: C, 40.84; H, 4.83; N,
7.58

Found: C, 40.86; H, 5.08; N, 7.90
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obt ai ned cted by filtration and dried in vacuo at e
refl ux teﬁ@i?’gﬂﬁ% to furnish 1.78 g (87% of t-3- 20 PCTméﬁ}oUﬁQ

{[(tert-butoxycarbonyl am no) (tert-but oxycarbonylim no) net hyl ]

133 WD 97/ 47194

PCT/ US97/ 09309 am no- c-4- [ (E#¥aF®4 19 (net hyl car bonyl ani no)

methyl) -t-1- [tris(methylthio)nmethyl]cyclopentan-r-ol as a white
solid, Ms (ES+) 611.5. 5 To a solution of the above acid
(0.92 g, 1.5 mol) in di chl or onet hane/ t et rahydrofuran (12/3 nL) cool ed
to O [err] C was added net hyl chlqjoforrﬂﬁg (0.13 nL, 1.58 mmol) and
triethylamne (0.25 nL, 1.8 mml)o TheXgeadli on m xture was stirred at

O [err]C for 30 min and a cold pr pared sol u\t).oa;}gf N, O 10
hl orJ
) |

di met hyl hydr oxyl am ne hydroc Q2 g, 2.25mmvol) and
triethylamne (0.42 nL, 3.0 i gDHane (5 i) t hat had
been stirred at O[err]Cfor 30 m n was /. The reaction m xture
was allowed to warmto roomtenperature "cobirred overnight. Ether
(20 mL), tetrahydrofuran (5 mL) and 15 i0.5 N sodium hydroxi de (20 ni)

wer e added and the organic | ayer mbmse;@pg;@gq The organic | ayer was
washed with brine (20 nm.), dried and oncentrated in vacuo to furnish
crude am de as an oil. Purificati OTSNjge crude by flash col um

chromat ography (60 g silica gel, 50-10 %et hyl acetate in 20 hexane) gave
0.63 g (649 of t-3-{[(tert-butoxycarbonylam no)
(tert-butoxycarbonylim no)nethyl]am no}-c-4-{ (nmet hyI car bonyl am no)

{[ (mathoxy _Q
[tris(met

y
Z?ﬁgytlcal S%”Ryﬁamlnoi{ffMeé%ﬁiﬁ”l%giﬁgxg}amlnolc %%%fofuéﬁ§&[ om

cvclopentan-r-carboxvlic acid triflucroacetic acid (1:1

To a solution of t-3-{[{tert-butoxycarbonylamino) (tert-
10 butoxycarbonylimino)methyl]) -amino}-c-4-[{ethoxycarbonyl)
(methylcarbonylamino)methyl] -t-1-[tris(methylthio)methyl]
cyclo-pentan-r-ol {(isomer B at C-6) (from Example 17, 2.1 g,

3.3 mmol) in ethanol (4 mL) and tetrahydrofuran (16.5 mL) was
added 1 N sodium hydroxide (6.6'mL, 6.6 mmol) and water (4 mL)
15 and the reaction mixture stirred at room temperature for 2 h.

Tetrahydrofuran was removed in vacuo and the agqueous layer was

acidified to pH 5-4 using glacial acetic acid. The solid

obtained was collected by filtration and dried in vacuo at
toluene reflux temperature to furnish 1.78 g (87%) of t-3-

20 { [ (tert-butoxycarbonylamino) ( tert-butoxycarbonylimino)methyl]

133

SUBSTITUTE SHEET (RULE 26)



134 SUBSTI TUTE SHEET (RULE 26)

97/ 471940 97/47194 PCT/ US97/ 0 PSTHUSI7/09309
Anal ysi s: Cal cul ated for C[err]H[err]N[err]C{err]S[err]. C, 47.76; H
7.25; N, 10.71 Found: C, 47.96; H, 7.28; N, 10.63 To a

m xture aeﬁlﬁcbecabowcsggesmd (ﬁ\@t@l}&ca(}*bézxgrﬂ'ﬂ?r{ﬁno)methylgﬂ gufic chloride

(0.78 g, 2.8 mmmol mer curi c oxi de mol ) mas added

nethanol mate reaction n1 re st

r oom t enpEr AT L‘P%é?%?éébé%%)chﬁlﬁz%)}fg‘%ﬁe 5 wagl f‘_ﬁter %ird dlﬂgd of
Celite and Florisil (7 g). The cake was washed wi th net hanol (20 m)
and the (ES+) §11tPate concentrated in vacuo to furnish 1.8 g of a white

sem solid. The crude was purified by flash col um chr omat ogr aphy
[silica gel (20 g); 75% et hyI acetate in hexane 15 and 10% net hanol in

t hy| tate to_f 82 f
c- 3y%[?52r? gﬁ?gﬁy%éiﬂgﬁﬁpaﬁin f%ﬁ °V%u€5§§kaﬂ§ |9. 1.5 mmol) in
h th | bonyl a
i "g% héic‘g/%/l} mﬂgg}'g ﬁ%grrgﬁﬂr}oﬁf&%e Y r Ony qqeng to Q:arcbd‘lﬁﬁ ate as

n
[ (
white SO|Id ng Rerr] = 29 and015 ggl acetate]; M
ES+) 5@Hded me hyl Chlo‘mf&r&ﬂt@tl%@f Whove %Q)IW“QPJ()O g, O. 63 mol )
n

| tetr rof uran ( s added 1 N sodi um hydroxi de (
m., 1. BW&éﬁﬂmﬁﬁ?epo(g FEdact i BiF rﬁ%&‘iﬁ’eg/ 1x"2‘5res‘t’??r ed at
room tenperature for l.h Tetrah}/ldrofuran was

tirred at C for 30 min and cold prepared solution of N,O-

|
{
a
(

10 dimethylhydroxylamine hydrochloride (0.22 g, 2.25 mmol) and
triethylamine (0.42 mL, 3.0 mmol) in dichloromethane (5 mL)

that had been stirred at 0 °C for 30 min was added. The

reaction mixture was allowed to warm to room temperature and

stirred overnight. Ether (20 mL), tetrahydrofuran (5 mL) and
15 0.5 N sodium hydroxide (20 mL) were added and the organic

layer was separated. The organic layer was washed with brine

(20 mL), dried and concentrated in vacuo to furnish crude

amide as an oil. Purification of the crude by flash column
chromatography (60 g silica gel, 50-100% ethyl acetate in

20 hexane) gave 0.63 g (64%) of t-3-{[{tert-butoxycarbonylamino)
(tert-butoxycarbonylimino)methyl] amino}-c-4-{ (methyl-
carbonylamino) { [ (methoxy) (methyl)amino] carbonyl}methyl}-t-1-
[tris(methylthio)methyl] -cyclopentan-r-ol as a white solid.

An analytical sample, mp 200 °C, was prepared by

25 crystallization from ether. .
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removed i Rygagyeeand t he aqueous | ayer was washed with et her,,c.l.,USg."O?/\:89

135 SUBSTI TUTE SHEET (RULE 26)

97/ 47194 PCT/ US97/ 09309 (2 x 10
m.). The aqueous | ayer was acidified to pH 5-4 using gl acial acetic
acid, and saturated wi th sodium chloride and extracted wth ethyl
acetate (?7;4—)1( J’_Losgrlg).. The conbi ned organic | ayer was dried and

concent rat'8tf Th°vEéuo to furnish 5 0.23 g (67% of

c-4-{[(terds r y?' (terts _ .
but oxycar b%angﬁ?né%%?rrgggyl ‘alﬂrﬁq‘?fo ézt 1C-’hy4d7r'oz< '-tli'zl-?(%%t h§t-1°'71

car bony! angiendi [ (8t hoxyk( Mgt hyl ham Rel cay be,%gy' ymet hyl }cycl pen
tan-r-carboxylic acid as g white sal ?}3 C'll\/S S+) 546. 6. 10 To a
sol utign of above acid (0.18 g, 0.33 mmol) in di chl oronet hane (6.6 ni)
was added trifluoroacetic acid (0.51 m., 6.6 mmol) and the reaction
was stirred at TOOM heRpaEat BECthe abRM& HcHPourfddidional §ri4l cetic
acid (0.25 nm., 3.3 nmol ) was added ancéﬂ'mﬁleureacti or:@vvas stiwgejg?ét
room 15 weanperiatuckldédpidé 0. 78he,sel.\eemimalas rMNSEhPi ¥ agHP38Ndo . o5
traces of excess trifluoroacetic acid were renoved in vacuo by

co-di stillgng the mesituvaswaddedi tnettianillowartdhaimes (301 M )mL), andN€he

residue was dissolved in water (5 nL) and concentrated in vacuo to
obtain a WHaC ot i W1I¥RRER @hsrredt ataredmitiempederure?fot c3®bhinmn OTA4 0
(92% _of the title conpound as a white solid, np 160-162 [err] C

Ana|ngS:m1xture was riltered through a pad of Celite and Florisil (7
g). The cake was washed with methanol (20 mL) and the
filtrate concentrated in vacuo to furnish 1.8 g of a white
semisolid. The crude was purified by flash column
chromatography [silica gel (20 g); 75% ethyl acetate in hexane

15 and 10% methanol in ethyl acetate to furnish 0.35 g (82%) of
methyl c—3—{[(tert—butoxycarbonylamino)(tert—butoxycarbonyl
imino)methyl]amino}-t—l—hydroxy—t—4~{(methylcarbonylamino)-
{[(methoxy)(methyl)amino]carbonyl}methyl}cyclopentan—r-
carboxylate as a white solid, mp 72-74 °C [R, = 0.29 and 0.15,

20 ethyl acetate]; MS (ES+) 560.6.

To a solution of above solid (0.352 g, 0.63 mmol) in
tetrahydrofuran (6.3 mL) was added 1 N sodium hydroxide (1.3
mL, 1.3 mmol) and water (5 mL) and the reaction mixture was

25 stirred at room temperature for 1 h. Tetrahydrofuran was

removed in vacuo and the agqueous layer was washed with ether
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Calculated for err]J]Herr]Nerr]O[err].CHF[err]Jerr]: C, 39.22; H,
5.26; NWwW@374HW9425 Found: C, 39.09; H 5.29; N 14.95 PCT/US97/09309

136 WD 97/ 47194 PCT/ US97/ 09309
Exanpl e 20 _ [err] 5 3[err]-{]

(A no) ({grip0) oehhyl | arheohghachs{ M4ledmidxyd{aBEIWE) to pH 5-4 using
am no] - | - (nmet hyl car bonyl am no) - 2- oxo} but yl } cycl opent an carboxylic acid

trifluorgpgeiat aceti€lat)id, and saturated wdthWtsodiah 2hidkede] ahd

[ (tert-butoxycarbonyl am no) (tert- 10

but oxy casbryttedneitrht kyhydnacetata [ (e tbhoxy ael bonyThé mreohplined

car bonyl am no) net hyl ] - 1-cycl opentyl i dene)-1, 3-di thi ane from Exanple 6
(6. 74 g,ondasianbayernwashdrdled nd anncentrated fnt vabydr bbufannisls nl)
was added 1 N sodi um hydroxide (23 m., 23 mmol) and water (35 nL) and

the geaciipp & xyse We&S c-15 {JU(iderad it SR ISSRPL ahUAS) feer-h.
Tet rahydr of uran was renmoved i n vacuo and the aqueous | ayer was

extracted wit hyl. t (G2 % m). T ueous l.gyer S

acidifi %%xyhcarbgﬁgg-l ﬁllggﬁﬁlge%&%&éi%gf& %Og}eg% cl a%?‘g.rg%ﬁe%sgl i{g Sﬁth’:g'ﬁ‘ned was

collected by filtration and dried in vacuo at acetone refl ux
carbonylamino)q[(methoxy)(methyl)amlno]carbonyl}methyl}cyclpen

tan-r-carboxylic acid as a white solid, MS (ES+) 546.6.

10 To a solution of above acid (0.18 g, 0.33 mmol) in
dichloromethane (6.6 mL) was added trifluorocacetic acid (0.51
mL, 6.6 mmol) and the reaction was stirred at room temperature
overnight. Additional trifluorocacetic acid (0.25 mL, 3.3
mmol) was added and the reaction was stirred at room

15 temperature for 1 h. The solvent was removed in vacuo and
traces of excess trifluorocacetic acid were removed in vacuo by

co-distilling the residue twice with dichloromethane (10 mL).

The residue was dissolved in water (5 mL) and concentrated in
vacuo to obtain a white so0lid which was triturated with ether

20 to obtain 0.14 g (92%) of the title compound as a white solid,

mp 160-162 °C.

Analysis:
Calculated for C,,H,,N.0,-C,HF,0,: C, 39.22; H, 5.26; N, 15.25

25 Found: C, 39.09; H, 5.29; N, 14.95
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20 tenpergig,fu7igd furnish 5.95 g (93% of 2-{3[err]-{ [(tergcrrus9ro93es
137 SUBSTITUTE SHEET ( RULE 26) WO

97/ 47194 PCT/ US97/ 09309

but oxycar bonyl am no) (tert-but oxycarbonyl i m no) net hyl ] am no} -

4a-[ (car boxy) (et hyl - car bonyl ami no) rreFﬁ?!“P ¢ éfPcl o

pentylidene}-1,3-dithiane as a white solid. An anal ytical sanple, np

158 [err] C, was prepared by crystallization from 5 ethanol.

Anal ysi s: Cal cul ated for

C[err]H[err]N[err]qerr]S[err] 0. 750[@rr]H[
9.44 FoundC5170H7216N

the above acid (0.63 g, 1.13 mol di chI@Hgmat hane/ t et r ahydr of ur an

(B/2 m.) cooled to O [err]C was ,-‘\ met hyl chloroformate (0.1 ni,

1.24 mmol) and triethyl ani ne (’3. 19 ¥ H

mxture was 15 stirred at O [err]C for

di met hyl hydr oxyl am ne hydrochloride (0.17~g/ 1.7 @bl ) and

triethylamne (0.32 nL, 2.26 muol) in ehl oregeéagﬂe (5 nL t hat had

been stirred at 0 [err]C for 30 m n was"“ddded reactlon m xture

was allowed to warmto roomtenperature a@d_ O stirred overnight. Brine

(5 m), water (5 nmL) and saturated H;N “Sodi carbonate (5 nL) were added

2 r];9—§H51 63; H, 7.22; N,
To a sol utlon of

and the organic | ayer was separated. The organic | ayer was dried and
concentrated in vacuo to furnish an oil. Purification of the crude by
flash

5 3B- Amino) (imino)methyl]lamino}-4a-{{4~[{(methox methyl

aminol -1- {methvlcarbonyvlamino) -2-oxolbutvl lcyvclopentan

carboxvlic acid trifluorcacetic acid (1:1

To a solution of 2-{3B-{[(tert-butoxycarbonylamino) (tert-

10 butoxycarbonylimino)methyl]amino}-4a- [ (ethoxycarbonyl) (methyl

carbonylamino) methyll -1-cyclopentylidene}-1,3-dithiane from
Example 6 (6.74 g, 11.5 mmol) in ethanol (57.5 mL) and
tetrahydrofuran (115 mL} was added 1 N sodium hydroxide (23
mL, 23 mmol} and water (35 mlL) and the reaction mixture was
15 stirred at room temperature for 5 h. Tetrahydrofuran was

removed in vacuo and the agqueous layer was extracted with

ethyl acetate (2 x 10 mL). The aqueous layer was acidified to
pH 5-4 using glacial acetic acid. The solid obtained was

collected by filtration and dried in vacuo at acetone reflux

20 temperature to furnish 5.95 g (93%) of 2-{3PB-{[(tert-
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col unm chromat ography (34 g silica gel, 50-75%ethyl acetate 25
hexane) WQAIMNMWE g (63% of 2-{3[err]-{[(tert-butoxycar bo\’"E/T’US”’o””
138 WO 97/ 47194

PCT/ US97/ 09309

ani no) ( t putolycaxyeaniiemirial (n) ety dardabodal { il Hornbekyl ] amlno} -
(et hyl )am no] car bonyl } net hyl } cycl opentyl i dene} -1, 3-di t hi ane.

ana v ol SO A RREATE ST RS Bl Y, pycncvst a1 2aton

Cerr]Herr N[er qerr]S[ . C 51.89,. H 7.2 N, 11.64 FqQund: C
52.32; HPe‘PL detf%}ané as 1 “épls%?uf?gﬁdof fRe B&\y 1(,:é(ril'pound
(3.49, 5.7 r I |n t et rahydrof uran (50 m‘%ahl s added W se

vi nyl magfegPds- mP ¥H&nCde YeR FreRRref Ihyscﬂ’afsf Wf 3%t?3h H? furan,

33.94 ni, 33. 94 mol ) over a period of 10 min. The reaction m xture
was 5 ethapodd at roomtenperature for 10 min and quenched with 15
saturated amoni um chl oride solution and brine (1:1, 30 ni). Et her (25
nm) was added and the organic |ayer was separated. The aqueous | ayer
was washed with ether (25 nlL). The organic | ayers were conbi ned, dried
and concéﬁ‘f=l é(tsé‘(f | n vacuo to furnish an oil. Purification of the crude

b flashc r 8 i 20-.,70% et hyl acetate
n HIPCS R o e ar T8 v {FEe B3¢ Hur xgcir oy 4 no)
(tert- but oxycar bonyl i m no) met hyl ) am no} - 4a- {{4 [ (et hoxy)

(et hyl )ﬁ'ﬁhuﬁ@] £ Rt Wi cdfbohy$€ am noY - 8 oxo} but yl } cycl o

pentlyol i dene}-1,3-dithiane as a white solid, np 99-101 [err]C 25

To a solution of the above acid (0.63 g, 1.13 mmol) in
dichloromethane/tetrahydrofuran (8/2 mL) cooled to 0 °C was

added methyl chloroformate (0.1 mL, 1.24 mmol) and
triethylamine (0.19 mL, 1.36 mmol). The reaction mixture was
15 stirred at 0 °C for 30 min and a cold solution of N,O-
dimethylhydroxylamine hydrochloride (0.17 g, 1.7 mmol) and
triethylamine (0.32 wmL, 2.26 mmol) in dichloromethane (5 mL)

that had been stirred at 0 °C for 30 min was added. The

reaction mixture was allowed to warm to room temperature and
20 stirred overnight. Brine (5 mL), water (5 mL) and saturated
sodium carbonate (5 mL) were added and the organic layer was

separated. The organic layer was dried and concentrated in
vacuo to furnish an oil. Purification of the crude by flash

column chromatography (34 g silica gel, 50-75% ethyl acetate

25 in hexane) gave 0.48 g (63%) of 2-{3B-{[(tert-butoxycarbonyl
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Anal ysi s: 139 4
PCT/ USQ?/W&%?@““ Calculated for Cerr]JHerr]Nerr]Q err]Pégerr] ;3]39
53.40; H 7.52; N, 11.12; S, 10. 18 Found: C, 53.81; H, 48 N,
10.96; S, 10.25 5 To a solution of the above conpound (0 55 g, 0.9
mol ) i n aminonditeroibytscycarhonpsinddedme tNyfidlaninc} Mo - {LB[ metbbkxyand
the m xture was stirred at roomtenperature until all starting

materi al  hadtay3appEHIE{MSh D phychel } eibY bpeethatiders30 1)3-dithidhe.
reaction ﬁlXtU?% was cooled to O [err] C and sodlu%?hydrOX|de 10 (0.72 g,

18 mmol ) Wasaadded jdd thengBactheNLYasS18bi PEE0wal prepak@@Myenperat ure
for 1 h. The reaction was quenched with gIaC|aF acetic acid (0.5 nl)

and concep QQEQQYf}éﬁﬁaﬁ’ffbm ?théfyﬁéign@ residue. To the residue was
.

added et hyl “acetate (10 and water (10 nmL). The aqueous | ayer was
separated and 15 extracted with ethyl acetate (10 nL). The organic

| ayers were conbi ned and concentrated in vacuo to furnish crude. The
above cruflgaWgsigurified by flash colum chromatography (50- 80% et hyl
acetate in hexane) to furnish 0.29 g (56% of nethyl

3[ err] -{[ ¢ChacullaticaX ear oy, B0,99) (Cer 61bsboxysarha@uy; iNg oy . 640

nmet hyl ] am no) -4a-{ (4- [(nmethoxy)-(nethyl)am no]-1-(nethyl

car bonyl aFpnog-:2-MOx&br3/d 1y cl opentldncatbd8yl ate as an oil. The oi
was crystallized fromether as a white solid. Anal ysis: 25
Calculated for CJerr]J]H [err]Nerr](err]: C 54.63; H 7.93; N, 12.25

Found C, 54.66; H 7.87; N 11.94
To a solution of the above compound (3.4 g, 5.7 mmol) in

tetrahydrofuran (50 mL) was added dropwise vinylmagnesium
bromide (Aldrich, 1 M solution in tetrahydrofuran, 33.94 mL,
33.94 mmol) over a period of 10 min. The reaction mixture was
stirred at room temperature for 10 min and quenched with

15 saturated ammonium chloride solution and brine (1:1, 30 mL).
Ether (25 mL) was added and the organic layer was separated.
The aqueous layer was washed with ether (25 mL). The organic

layers were combined, dried and concentrated in vacuo to

furnish an o0il. Purification of the crude by flash column
20 chromatography (180 g silica gel, 20-70% ethyl acetate in
| hexane) gave 2.0 g (56%) of 2-{3B-{[(tert-butoxycarbonylaminoc)
{tert-butoxycarbonylimino)methyl}amino}-40-{{4- [ (methoxy)
(methyl)amino] -1- (methylcarbonyl-amino) -2-oxo}butyl}cyclo
pentylidene}-1,3-dithiane as a white solid, mp 99-101 °C.

25

Analysis:
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PCT/ USQ AVOP340194 To a solution of the above est ePISP7H9309 35
nol ) in tetrahydrofuran (3.5 nL) was added 1 N sodi um hydroxide (0.88
m., 0.88 mmol) and water (2 nL) and the reaction m xture was stirred
at roomc¢gIPelatade fober CZ,H),NOesy:alty,drsaf wogh mas7 . 52 ; repoyedi2n gacuo and
water (5 nL) was added. The aqueous | ayer was washed with ether (2 x
5 nL) antoat8dified to pH 5-4 using glacial acetic acid. The aqueous
| ayer was sat urat ed wi th sodium chloride and extracted with ethyl

acet at e FGurdi0C, 53.81). Hfh€ -d8rbithed lortfanis, |y e2® were dried and
concentrated 10 in vacuo to furnish 0.18 g of the correspondi ng

cycl opent ancarboxylic acid as a white solid, M5 (ES+) 558.3 [ 100%
(MFL) ] . To g solution of the above acid (0.18 g, 0.33 pnol) in
15 dPchl or oneT Rafe SPEUE 1D O\Lﬁ/a§?’§d@él?vteriq‘?‘?ﬁﬁ?‘{f’a‘§e?‘?cs%c9d bposumol) “ipy
6. 6 nmol d the reacti was stjrr 0 e ature ver ni ght.
Addi t | oﬁg?gﬁ?f’? LoPBadelid MRy eiﬁ%n%} f@a%-fpﬁmﬁ%&smaaﬁgdaaﬁd t he
reaction_was_stirred at roQm t ture for 1 h. The solvept S
Femoved THEVBLTERER A Ridess gt SRel ¥ eieatThria T ot 2Tk RErE i BRoved
in vacu . dis§td b P1G§8i jce W di methgne, (10
R IR A R G Lo R i AR R e

wi th net o] b x4t ed JAls tddieng v efd t . ' . ajacuo
to obt ai'ﬁﬁtghgé?%:??gnc%oun as Sa tan soltlrcg, ?53 fg-gp%giﬂg@ %ﬂirondg

14110 (0.72 g, 18 mmol) was added and the reaction was stirred at

room temperature for 1 h. The reaction was guenched with

glacial acetic acid (0.5 mL) and concentrated in vacuo to

furnish a residue. To the residue was added ethyl acetate (10
mL) and water (10 mL). The agqueous layer was separated and
15 extracted with ethyl acetate (10 mL). The organic layers were

combined and concentrated in vacuo te furnish crude. The

above crude was purified by flash column chromatography (50-
80% ethyl acetate in hexane) to furnish 0.29 g (56%) of methyl
3B-{ [ (tert-butoxycarbonylamino) (tert-butoxycarbonylimino)

20 methyl]lamino}-4a-{{4-[(methoxy) - (methyl)amino]-1- (methyl

carbonylamino) -2-oxo}butyl}cyclopentancarboxylate as an oil.

The o0il was crystallized from ether as a white solid.
Analysis:
25 Calculated for C,H,N.O,: C, 54.63; H, 7.93; N, 12.25

Found: C, 54.66; H, 7.87; N, 11.94
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Analysis:aﬂ%%ygﬂ %Ied for JerrJHerr]Nerr]Qerr]Cerr]HF[err]derr]: C,

43.31; H, 5.99; N, 14.85 Found: C 43.38; H 5.74; N, 14.42

142 .
To a solution of the above ester (0.2 g, 0.35 mmol) in

tetrahydrofuran (3.5 mL) was added 1 N sodium hydroxide (0.88
mL, 0.88 mmol} and water (2 mL) and the reaction mixture was
stirred at room temperature for 2 h. Tetrahydrofuran was

5 removed in vacuo and water (5 mL) was added. The aqueous

layer was washed with ether (2 x 5 mL) and acidified to pH 5-4
using glacial acetic acid. The agqueous layer was saturated

with sodium chloride and extracted with ethyl acetate (3 x 10
mL). The combined organic layers were dried and concentrated

10 in vacuo to furnish 0.18 g of the corresponding

cyclopentancarboxylic acid as a white solid, MS (ES+) S558.3

[100%, (M+1)].

To a solution of the above acid (0.18 g, 0.33 mmol) in
15 dichloromethane (6.6 mL) was added trifluoroacetic acid (0.51
mL, 6.6 mmol) and the reaction was stirred at room temperature
overnight. Additional trifluorocacetic acid (0.25 mL, 3.3
mmol) was added and the reaction was stirred at room

temperature for 1 h. The solvent was removed in vacuo and
20 traces of excess trifluoroacetic acid were removed in vacuo by

co-distilling the residue twice with dichloromethane (10 mL).
The residue was washed with ether (2 x 10 mL), precipitated

with methanol/ether and dried at toluene reflux temperature in
vacuo to obtain the title compound as a tan solid, mp 189-192

25 °C.
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PCT/ US97 M3 %Héy194 Exanpl e 21  PLC&MUSP7/09309

5 t-3-{[(Am no) (i m no)net hyl]am no}-c-4-[(di ethyl am nocar bonyl)

(et hyl car bonyl am no) net hyl ] -t-1-hydr oxycycl opent an-r - carboxylic acid
trifluor@psdtysisacid (3:5) To a stirred sol ution of

tris(nmethylthio)nmethane (1.6 nL, 10 12 mmol) in tetrahydrofuran (20 nlL) at
- 78 [err0@lwasl st dfor C, HL.MpOI-SAMohPUty| 43t HiLyN( 2550 ;553 rﬂ,ﬁels’ss
mmol ). After 30 mn of stirring, 3[err]- tert-butoxycarbonylam no-4a-
[bi s (et lrdd: c,c&gp@@ylﬁ(nggthcgrbg@ykgnino)nethyl]-cyclopentanone from
Exanple 8 (1.0 g, 2.4 nmml) in tefrahydrofuran (15 nL) was 15 added

dropwi se. The reaction mxture was stirred at -78 [err]C for 3 h then
guenched with a saturated aqueous sol ution of ammoni um chl ori de (15
m.). The separated aqueous | ayer was extracted with ether (4 x 10 nL).
The conbi ned organic extracts were washed with brine, dried
(MgSg err]), filtered 20 through Celite, and concentrated in vacuo to
provi de crude. Purification by radial PLC (silica gel, 25-35% ethyl
143

142

SUBSTITUTE SHEET (RULE 26)



WO 97/ 471 PCT/ US97/ Gir3#8s97/09309
acetate/hgégﬁg?7ﬁgve 0.48 g (35% of c-3-(tert-

but oxycar bonyl am no) -t - 4- [bis-(ethoxycarbonyl)(nethylcarbonyl

am no)nmethyl]-t-1-[tris(nethylthio) @g opentan r -ol as a white
solid, np 98-100 [err]C. 5 Angﬁ%§¥ tul ated for
CerrJ]Herr]Nerr]Jerr]S[err]: C, 48.57; H 7.09; N, 4.93

Found: C 48.74; H 7.00; N, 4.91 To a

m xture of the above conpound (1.71 g,

was added 1 N sodi um hydroxide (15 ni) S (C ted at reflux for 2 h.

The m xture was acidified wi HHCOCHNaeg{t i C aC|d and heated at reflux again

for 1 h and concentrated. To the rgskque 0@OHadded water (50 nlL) and
EL;

mmol)_ in 10 ethanol (15 nl)

t he m xture extracted with dichlorg¢ ~.ne (3 x 50 nL). The 15
canbi ned organic extracts were dried (Mj
concentrated to give c-3- (tert- butoxycarbonylanlno) t-4-

[ (car boxy) (et hyl car bonyl ami no) et hyl ) NH-1 - (j@ihyl
t hi o) net hyl ] cycl opentan-r-ol (1. 2H%Q ﬁgi%q Lé%tﬁﬁc 2To a nmixture of the
above acid (1.2 g, 2.56 mol) in IAhydrofuran (15 nmL) at -5 [err]C

was added triethylamne (0.29 g 2.8 mol) and ethyl chlorofornmate
(0.31 g, 2.8 mvl) and stirred for 0.5 h. To this mxture was then
added .

1 h and
25 at 3r ookrdempe ethy v fasLeHA8E bog
acetate (100 nL) and mater (75 nmL). The organic | ayer
144 {methylcarbonvylaminolmethyl] -t-1-hvdroxycyclopentan-x-

carboxvlic acid trifluoroacetic acid (3:5

To a stirred solution of tris{methylthio)methane (1.6 mL,
10 12 mmol) in tetrahydrofuran (20 mL) at -78 °C was added
dropwise n-butyl lithium (2.5M, 5.3 mL, 13.3 mmol). After 30
min of stirring, 3B-tert-butoxycarbonylamino-4oa- [bis(ethoxy

carbonyl) (methylcarbonylamino)methyl] -cyclopentanone from
Example 8 (1.0 g, 2.4 mmol) in tetrahydrofuran (15 mL) was

15 added dropwise. The reaction mixture was stirred at -78 °C for
3 h then gquenched with a saturated agueous solution of
ammonium chloride (15 mL). The separated aqueous layer was
extracted with ether (4 x 10 mL). The combined organic
extracts were washed with brine, dried (MgSO,), filtered

. 20 through Celite, and concentrated in vacuo to provide crude.

Purification by radial PLC (silica gel, 25-35% ethyl
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WO 97/ 47194 PCT/ US97/.09309 was
separ at SHOHATWEd with water (100 nL) and brine (100 ni), PCT/USSZAOY, i o

(MgSO err]). After filtration, the filtrate was concentrated to give
1.1 g (82% of crude c-3-(tert-

but oxycaideryt @fhegane) 4ghtdi ot.agl ani(3csar kehyd )l netdyt- 5

carbonyl am no)nethyl ]-t-1-[tris(nethylthio)nethyl]cycl opentan- r-ol.

-rlr_%t ﬁaﬁgﬁ%%%?é??ﬁ?ﬁ%"%‘ﬁ? AR S e T eyl cpPpPrv |
[ . 10 7.{5 (1] [ 0.69g, 3.18
and st e bpdenkL Tea e gl s (Reey Lohd D s el (v ) ope Rt RO o

Celite and washed with di chl oronet hane (100 nlL). To the filtrate was
added wed ewhite s6184,nhp A8d100e °Grgani c | ayer separated. The aqueous

| ayer 15 was further extracted with dichloronmethane (2 x 80 nL). The
conbgned organic |layers were dried (MySOerr]), filtered and the

filtrate concentrated to give 0.9 g (100% of a syrup of crude met hyl
t - 3- (t erAndlyoxycachanyllaredo foo 4, [H, il & By! amj d8.57; H, 7.09; N, 4.93
car bonyl ) (et hyl car bonyl am no) net hyl ] -t - 1- hydr oxycycl opentan- 20

r-car boxyl at e. Found: A m xture of the &bovs8 cT4deHes7ef0(ON9 @).9i1n

di chl oronet hane (50 nL) was stirred with trifluoroacetic acid (5.0 nl)
for 16 h. The reaction m xture was concentrated and 25 dried in vacuo to
give 0.93 g (100% of the carrespondi ng crude net hyl

t - 3- ani no- c- 4TP( &i BEMFFNEH Rdc FSoMRIVEtaRgound (1.71 g, 3.0 mmol) in
145 M? %1/47{34 . .
PCTFBSQ??%@%B@ 5'm was added 1 N sodium hydroxide (15 mL) and

heated at reflux for 2 h. The mixture was acidified with
acetic acid and heated at reflux again for 1 h and
concentrated. To the residue was added water (50 mL) and the
mixture extracted with dichloromethane (3 x 50 mL). The

15 combined organic extracts were dried (MgSO,), filtered and

concentrated to give c-3- (tert-butoxycarbonylamino)-t-4-
[ (carboxy) {(methylcarbonylamino)methyl]) - t-1- [tris(methyl

thio)methyl]cyclopentan-r-ol (1.2 g, 85%).

20 To a mixture of the above acid (1.2 g, 2.56 mmol) in
tetrahydrofuran (15 mL) at -5 °C was added triethylamine (0.29

g 2.8 mmol) and ethyl chloroformate (0.31 g, 2.8 mmol} and

stirred for 0.5 h. To this mixture was then added

diethylamine (0.38 g, 5.2 mmol) and stirred at 0 °C for 1 h and

25 at room temperature for 3 h. The mixture was diluted with

ethyl acetate (100 mL) and water (75 mL). The organic layer
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car bonyl atu,ﬁg% ARyl ] -t-1-hydroxycycl opentan-r- carboxyl at e. pcrrusoddososas
used as suc or the next step. To a m xture of above am ne

(0.93 g, 221 mol) in 5 dlnethylfornanide (20 L) mere added triethyl am ne

1.06 g, 10. 5 L), N, t - but b t hyl i sot hi

(0,61 g a8 m7r5‘€°a) P mlltﬁhe&mto%%é’él‘%?@f@r? ng BELRE |G g
th t t .2_h. t
il uted watS HFyFoa USPel ( LObERES Bhatr élpaftmqw%?hexcﬁ%ﬁ“me
filtrat hed t 100, L), 1 100 L
TLe g?ggnrgs “@§$Pat$h Eo“%SSe 3 l(ﬁb5§§ r%]?f }??%Pgdggk%eg ncéntrated)to
give a syrup mhl was purified by passing through_a colum of
silica gel l(%xwarbonylawﬁ@)5%-#m[h(mthw-@m@ca’é)e?ayé)t(megﬂwé 0. 65

(54% of 15 nethyl t-3-{[(tert-butoxycarbonylam no)(tert- butoxycarbonyl
I M no) fet ydtonybamind) nedheldytam-ndearbmt hy ehby) nathody byclopentan-

am no) net hyl ] -t-1I-hydroxycycl opentan-r-carboxylate as a white powder ,

mp >120 [egrd{ (dec). 20 Anal ysi s: Cal cul ated for

C[err]H[err]N err]derr]: C 54.63; H 7.93; N, 12.25 Found: C, 54.56;
H 7.97; N, 12.04 A m xture of the above ester (0.88 g, 0.66

nmmol) in 0.1 N 25 sodium hydroxide (13.0 nL, water-1, tetrahydrofuran-1,

ethanol -1 1 xt Ugg) Vbl 8¢, el AMJLINALAL U407 (2 Ho g, 2.1q gmo)

97/47194 15 a methanol (12) :water (1) mixture (51PCTAIPR529308eq mercury

i0 (II1) chloride (2.10 g, 7.75 mmol) and mercury (II) oxide
(0.69g, 3.18 mmol) and stirred for 2 h. The solids were
removed by filtration through Celite and washed with
dichloromethane (100 mL). To the filtrate was added water
(100 mL) and the organic layer separated. The aqueous layer

15 was further extracted with dichloromethane (2 x 80 mL). The
combined organic layers were dried (MgSO,), filtered and the
filcrate concentrated to give 0.9 g (100%) of a syrup of crude

methyl t-3-(tert-butoxycarbonylamino) -c-4-[{diethylamino
carbonyl) (methylcarbonylamino)methyl] - t-1-hydroxycyclopentan-

20 r-carboxylate.

A mixture of the above crude estexr (0.9 g) in
dichloromethane (50 ml) was stirred with trifluorocacetic acid
(5.0 mL) for 16 h. The reaction mixture was concentrated and

25 dried in vacuo to give 0.93 g (100%) of the corresponding

' crude methyl t-3-amino-c-4-[(diethylaminocarbonyl) (methyl
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It was neutralized with acetic acid after filtration thro cotton
pl ug andVOAR Y at roomtenperature for 16 h. The %{fﬁ?“"gﬂ%

obtai ned was collected by filtration, washed with water and dried in
vacuo to give 0.33 g (90% of t-3- {[ ( tert- 5

but oxycacapbphgiamdnot eetthiyll oxr-daibysindxyoyml) ot iyt ant ca¥boxylate.

4-[ (di et hyl am nocar bonyl ) (et hyl car bonyl am no) met hyl]-t-1-

hydroxycxe'aagnhaew G2 ERONY Ifich atied s e e solid, np >235 [err]C
(dec). Anal ysi s: Cal cul ated for C[err]H[err]N[err]O[err] C,
53.85; H, 7.77 N, 12.56 Found: C, 53.74; H 7.83; N, 12.56

A m xture of t-3-{[(tert-butoxycarbonyl am no)(tert- 15

but oxycar bonyiromanmlisshiryel jofmiaehrec adnifn(edi € J93 anj npcarwesy) ) in

(et hyl car bonyl am no) et hyl ] -t - 1- hydr oxycycl opent an-r - carboxylic

aci d5( 0. @igetByl6ommaimiden (@0childr orestehadlgd. tr hephylamineadlsoérged with
trifluoroacetic acid (0.5 nL) for 48 h. It was then concentrated and
dried i nlgasuembd)gi We NO-18i g~ £€0% But @Ry taebonylle Scoveuduyid. sas: ai daroman
powder, np 99-103 [err] C (dec). Anal ysi s: Cal cul ated for

C[err] Hl eor B e, r bCheminold. 6E<Hdemre]xldlﬂqurdﬁ)eréﬂloﬁdéO(BstHg 52214 N,
Found: C, 40.38; H, 5.28; N~ 12.38

147 mmol) and the mixture éﬂﬂﬁfﬂdﬂiﬂfﬁﬁdﬂf&éﬁﬁ&fﬁﬁﬁie for 2 h\O
97/ 47194 PCT/ US97/ 09309
The mixture was diluted with ethyl acetate (100 mL) and
10 filtered through Celite. The filtrate was washed with water
(2 x 100 mL), and brine (1 x 100 mL). The organic layer was
dried (MgSO,), filtered and concentrated to give a syrup, which
was purified by passing through a column of silica gel (50 gq)

using 5% methanol in ethyl acetate to give 0.65 g (54%) of

15 methyl t-3-{[(tert-butoxycarbonylamino} (tert-butoxycarbonyl
imino)methyl]amino}-c-4- [ {diethylaminocarbonyl) (methylcarbonyl
amino)methyll - t-1-hydroxycyclopentan-r-carboxylate as a white

powder, mp >120 °C {(dec).

20 Analysis:
Calculated for C,H,N.;O,: C, 54.63; H, 7.93; N, 12.25

Found: C, 54.56; H, 7.87; N, 12.04

A mixture of the above ester (0.88 g, 0.66 mmol) in 0.1 N
25 sodium hydroxide (13.0 mL, water-1, tetrahydrofuran-1,

ethanol-1 mixture) was stirred at room temperature for 2 h.
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Exanpl € 23y0 ob@%1ok 5 1-3-Amno-c-4- [ PCT/US97105309
(di - n-propyl am nocar bonyl ) (nethyl carbonyl am no) net hyl | -

t-1- hydroxy cyclopentan r-carboxyllc acid trifluoroacetic acid (1:1)
(isomer A._a m xt.ure of

C- 3- (tertq&n%ﬁic%?BBﬁﬁiaﬁFﬁoylph4acgﬂ}c ac1i}a€:erlflltratlon through a
[ U7 S( ot YIS0 FEtAyFpoy P GRERER #t?”ﬂa”o" 5 : t‘l“éizﬁofl.lieh- Thg 2.6
nyar bxi de F(H0 Tt ¢ 40° roBF SRl LY Srsefa brtetacion Wigbeilliuge
was concenj: 1edax‘1@ ihad s aﬁdva@u@ el e%lvvetm d%? Ogek%&J Ll ﬁcgt gc @3

nm, 17.5 nnD concentrate was a acet ) and

heat e flux he | ayers were separated and t he aqueous
Iayerqﬂa %%?OHYTam}PH)éFﬁgF' EFP%MF%H_°nﬂ1kﬂ%ﬁﬁ&mﬂ§bYéﬂgmgho}
extracts mere washed with brine, dried (MgSQerr]), filtered through
Celite, aﬁd[Cﬁﬁethmb@minacedbbnyﬁadm@uhyhmanbdhylaﬁﬁiéEmétbynpx¢canbony
148 WO 97/ 47194

PCT/ US97/ 08 bxycycl8pefifhnt rdchir®asiasy (al?_eltdwal%{ w&@@am?t Ryl Lozl
[tris(nmethyl-thio)nmethyl]cyclopentan-i-ol (0.98 g,

°C (dec).

10 Analysis:
Calculated for C,H,,N.O,: C, 53.85; H, 7.77; N, 12.56

Found: C, 53.74; H, 7.83; N, 12.56

A mixture of t-3-{[(tert-butoxycarbonylamino) (tert-
15 butoxycarbonylimino)methyl]amino}—c-4-[(diethylaminocarbonyl)
(methylcarbonylamino)methyl] - t-1-hydroxycyclopentan-zr-

carboxylic acid (0.9 g, 0.16 mmol) in dichloromethane (5.0 mL)
was stirred with trifluorocacetic acid (0.5 mL) for 48 h. It

was then concentrated and dried in vacuo to give 0.8 g (90%)

20 the title compound as a brown powder, mp 99-103 °C (dec).

Analysis:
Calculated for C,(H,,N,O,-1.67C,HF,0,: C, 40.23; H, 5.27; N, 12.79

Found: C, 40.38; H, 5.28; N, 12.38

25
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To a stirred m xture of the above acid (0.97 g, 2.0 mol) _5.in
t et r ahydWOI43P4(25 nL) at O [err]C was added et hyl cPEEPSY Pt e (2.1
m., 2.2 mmol) and triethylam ne (0.35 ni, 2.5 mol ). After stirring
for 20 min, the reaction m xture was allowed to warmto room
tenperature, stirred for an adBkamphel 220 min, and filtered through
Celite. The filtrate 10 was concentrated in vacuo to give 0.85 g (100%
of crude m xed anhydri de. To a m xture of the above m xed
anhydride (0.84 g, 1.56 mmol) in tetrahydrofuran (20 nL) at 0 [err]C
was added di-n- 15 propylam neQ(0.6 ré@NgCgHWml)' The reaction m xture
n t

was stirred at O [err]C for|[30 ma a foomterrperature for 3 h.
The m xture was diluted with wa % m.) and | ayers were separ at ed.
The aqueous | ayer was extracte wi NH et

(€593 (4 x 10 nL). The
conbi ned organic extracts were washed 20 Dbrine, dried (MgSO err]),
filtered through Celite, and concentratg % H’n vacuo to afford 1.0 g of
the crude. Purification by radial PhC (sp ca gel, 35-50% et hyl
acet at e/ hexane) gave 0.23 g (27% N,

c- 3-(tert-butoxycarbonyl am no) -t -4-[ (di-Gi5CO,H  propyl am nocar bonyl )
(met hyl car bonyl am no) nethyl]-t-1- 25 [tris(nmethylthio)nethyl]

cycl opentan-r-ol (isoner A at C-6) as a single isoner.
149 SUBSTI TUTE SHEET (RULE 26) WO
97/ 48194¢t-3-Amino-c-4-[ (di-n-propylaminocarbo R th92389bonyl

amino)lmethyll -t-1-hvdroxy-cvclopentan-r-carboxvlic acid

trifluorcacetic acid (1:1} {isomer A at C-6)

To a mixture of c¢-3-(tert-butoxycarbonylamino)-t-4-
10 [bis{ethoxycarbonyl) - (methylcarbonylamino)methyl] -t-1-
[tris(methylthio)methyl] cyclopentan-r-ol from Example 21 (1.46

g, 2.6 mmol) in ethanol (20 mL) and water (10 mL) was added 1
N sodium hydroxide (10 mL, 10 mmol)} and heated at reflux for 2

h. The mixture was concentrated in vacuo and acidified with

15 glacial acetic acid (1.0 mL, 17.5 mmol). To the concentrate
was added ethyl acetate (20 mL}) and heated at reflux for 1 h.
The layers were separated and the aqueous layer was extracted
with ether (4 x 10 mL). The combined organic extracts were
washed with brine, dried (MgSO,), filtered through Celite, and

20 concentrated in vacuo to provide c-3-({tert-butoxycarbonyl
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To a m xt e above amde (0.17 g, 0.31 nmmol) in 16.5
m.) and %@g;&%?SQ m.) at roomtenperature was added nercﬂgﬁgﬂg§?de
(0.10 g, 0.47 mmol) and mercuric chloride 5 (0.31 g, 1.2 mmol). After
stirring for 2 h, the reaction m xture was filtered through a pad of
Florisil camtim@e) i te4- [ (carPboeyli(metdid csdbapnicontnalrethylVatud-t o gi ve
0.26 g of crude. Purification by radial PLC (silica gel, 50-75% et hyl

acet at e/ hegapey (het Ay3hed i) ke tty(19e%c 1paridty! rioB- (4 eg@ g,les-s)
but oxycar bonyl am no) -c-4-[ (di - n- propylanlnocarbonyl)(net yl

car bonyl am no) -net hyl ] -t -1 - hydroxycycl opent an-r - car boxyl at e. To
a mxture of the above ester (0.13 g, 0.29 mol) in tetrahydrofuran

(3.5 nl) and wakgr 4( ggér@ea) it o5 L THI L&&ewa?oawegl Lo losados

hydr oxi de (0.6 The reaction mxture was s

and Coscen{r][naﬁggrhﬂggfogu\f%UQQST%)C%C%‘EE‘&M%}]V‘%[%#%% Udypgd to pH 5 Y

mnth glhacia acld and extracted e (5 x 10 nm).
t h d d 0
(NSOl er r[FLPFPEBPBA B Gugn el P HE o TN ST .

afford O. o] r

c-3-[(di-n- p?oé&ggZ?no%ggbon F?{%é%ﬁﬁﬁ%ﬁ?%%ﬁ aniﬁe§ Pﬁé€€i?n mixture

L-hydr oxycygh oRgnbaaar ALY bl Al cempeature, 4 MLar opf aphe above
crude acid (0.13 g, 0.29 mmol) di chioromet hane (10 nL) wth

trlfluoroaggaiglgﬁhq @@ ﬁ§nﬂLand filtered through Celite. The filt?8rte
WO 97/ 47194 PCT/ US97/ 09309

5.8 mmpl ) was sbheeadratedodn eitiey aldiigd el Neghy . (168%) ofr eaaBeomixed
m xture was concentrated in vacuo to give 0.16 g of a thick oil which

was triturgﬁﬁgd¥&hg.ether to provide 0.083 g

To a mixture of the above mixed anhydride (0.84 g, 1.56
mmol) in tetrahydrofuran (20 mL) at 0 °C was added di-n-
15 propylamine (0.6 mL, 4.4 mmol). The reaction mixture was
stirred at 0 °C for 30 min and at room temperature for 3 h.

The mixture was diluted with water (10 mL) and layers were

separated. The aqueous layer was extracted with ethyl acetate

(4 x 10 mL). The combined organic extracts were'washed with
20 brine, dried (MgsSO,), filtered through Celite, and concentrated

in vacuo to afford 1.0 g of the crude. Purification by radial

PLC (silica gel, 35-50% ethyl acetate/hexane) gave 0.23 g

(27%) of c-3-(tert-butoxycarbonylamino)-t-4-{{(di-n-
propylaminocarbonyl) (methylcarbonylamino)methyl]-t-1-
25 [tris({methylthio)methyl] cyclopentan-r-ol (isomer A at C-6) as

a single isomer.
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(63% of the title conpound as a tan solid, np 168-170 [err%C. 5
Anal ysi sw0 9747t cul ated for CJerr]Herr]Nerr]err].d erPFHEPEVOPW err] :
C, 47.26; H, 6.61; N, 9.19 Found: C, 47.47; H 6.83; N, 9.33

151 W97/ 47194 PCT/ US97/ 09309
Exanpl e 23 [err]

To a mixture of the above amide (0.17 g, 0.31 mmol) in
methanol (16.5 mL) and water (1.5 mL) at room temperature was
added mercuric oxide (0.10 g, 0.47 mmol) and mercuric chloride

5 (0.31 g, 1.2 mmol). After stirring for 2 h, the reaction
mixture was filtered through a pad of Florisil and Celite.

The filtrate was concentrated in vacuo to give 0.26 g of

crude. Purification by radial PLC (silica gel, 50-75% ethyl

acetate/hexane) furnished 0.14 g (96%) of methyl t-3-(tert-
10 butoxycarbonylamino) -c-4-{(di-n-propylaminocarbonyl) (methyl

carbonylamino) -methyl] - t-1-hydroxycyclopentan-r-carboxylate.

To a mixture of the above ester (0.13 g, 0.29 mmol) in
tetrahydrofuran (3.5 mL) and water (2.5 mL) at room
15 temperature was added 1 N sodium hydroxide (0.6 mL, 0.6 mmol).

The reaction mixture was stirred for 1 h and concentrated in
vacuo. The concentrate was acidified to pH 5-4 with glacial

acetic acid and extracted with ethyl acetate (5 x 10 mL). The
combined organic extracts were washed with brine, dried

20 (Mgso,), filtered through Celite, and concentrated in vacuo to
afford 0.13 g (100%) of crude t-3-(tert-butoxycarbonylamino) -

c-3-[({di-n-propylaminocarbonyl) {methylcarbonylamino)methyl] -t-

1-hydroxycyclopentan-r-carboxylic acid.

25 A mixture of the above crude acid (0.13 g, 0.29 mmol) in

dichloromethane (10 mL) with trifluorocacetic acid (0.45 mL,
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t-3- {{vré%n&) (i m no) nmet hyl ] am no} -c-4- (di-n- propyl a%Q‘RJSQWO%M

car bonyl ) 12ar bonyl am no) - met hyl | - t - hydr oxycycl pent an- 1 -
carboxylic acid trifluoroacetic acid (4:5) To a m xture of
c-3-(tert-butoxycarbonyl am no)-t-4- 10

[ bi s( et ho%yBamperhy)l )Waet iy reed bahyrannnbpmpempture lovernight. The

[tris(methylthio)methyl]cyclopentan-r-ol from Exanple 21 (1.46 g, 2.6
mol ) i n SEREFSION UL RIYL @ R SaERRCERbTALPANAR ARRMP tO give Qolfueh of a
hydroxi de (10 nlL, 10 nmol) and heated at reflux for 2 h. The m xture
was concembiatkedi wiaielo was aeitutaeddwwilth £bhed! ae graaeedé coaosd 1.0
m., 17.5 nmmol). To the concentrate was added et hyl acetate (20 nl)
and heat ed 63tz )r efff whd oritdld. compoudtieabagetanweicd isEpaiatiess ango t he.
aqueous | ayer was extracted with ether (4 x 10 nL). The conbi ned
organig extracts were washed with brine, dried (MgSO err]), filtered
through Celite, and 20 concentrated in vacuo to provide
c- 3- (tert abanggsceas bonyl 152
SUBSTI TUTE SHEET (RULE 26) WO 97/ 47194
PCT/ US97/ @33Q%%hlated f@mm,qmz,ndo éHE[ogcaa:bow)zs H, 6.61; N, 9.19
(et hyl car bonyl am no) net hyl ] -
[tris(met kshidd O)mtmldﬁquop@négn fq 0b, fs@ 98 g, 76%. To a
stirred nmixture of above solid (0.97 g, 2.0 nmol) in

151

SUBSTITUTE SHEET (RULE 26)



5 tetrahydrofuran (25 nL) at O [err]C was added ethyl chl orofornate
(0.21 mWOSTM4p| ) and triethyl amine (0.35 nL, 2.5 nmol ) PCT/USITORO0P o

stirring for 20 mn, the reaction mxture was allowed to warmto room
tenperature, stirred for an additional 30 mn, and filtered through
Celite. The filtrate was concentr attechmpile 123 vacuo to give 0.85 g (100%

of the crude m xed anhydri de. To a m xture of above m xed
anhydride (0.84 g, 1.56 mmuol) in tetrahydrofuran (20 nm.) at O [err]C
was added di - n-propyl am ne (0.6 nL, 4.4 mol ). The reaction m xture
was stirred at O [err]C 15 foiO30 mq 3pg‘vzroomterrperature for 3 h.
The m xture was diluted with water (1 rrL3 and the | ayers were

separated. The aqueous |l a ag\extracted with ethyl acetate (4 x 10
m) . The conbi ned organic” ex®™NHct ¥ e Hed with brine, dried
(MgSg err]), filtered through Celite, ,_ncentrated in vacuo to 20
afford 1.0 g. of crude. Purification By~adi"gy PLC (silica gel ,
35-50% et hyl acet at e/ hexane) gave 0.58:g,(68% of c-3-

(tert-butoxycarbonyl am no)-t-3-[(di- n;ﬂbpyl am nocar bonyl )

(et hyl carbonyl am no)- t-1- [ tris(metlylthio)mnmethyl]cycl opentan-

r-ol. 25 H;N NH 153
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PCT/ US97/ 09309 To a m xt u&?%?%t@%ggbove am de (0.34 g, 0.63
mol) in met hanol (16.5 nL) and water (1.5 nL) at roomtenperature was
added nercuric oxide (0.210 g, 0.97 mml) and nercuric chloride (0.64

9, 254 M0l ) ¢ [ PhhEho? Y it hBYmERhyE ) At

lamino

carbonvl) {(methvlcarbonylamingc) -methvl] - t-hvdroxvcyclpentan-1r-

carboxvlic acid trifluorocacetic acid (4:5

To a mixture of c-3-(tert-butoxycarbonylamino)-t-4-
10 [bis(ethoxycarbonyl) (methyl-carbonylamino)methyl] -t-1-
[tris(methylthio)methyl}cyclopentan-r-ol from Example 21 (1.46

g, 2.6 mmol) in ethanol (20 mL) and water (10 mL) was added 1
N sodium hydroxide (10 mL, 10 mmol}) and heated at reflux for 2

h. The mixture was concentrated in vacuo and acidified with

15 glacial acetic acid (1.0 wmL, 17.5 mmol). To the concentrate
was added ethyl acetate (20 mL) and heated at reflux for 1 h.
The layers were separated and the aqueous layer was extracted
with ether (4 x 10 mL). The combined organic extracts were
washed with brine, dried {(MgSO,}, filtered through Celite, and

20 concentrated iIn vacuo to provide c-3- (tert-butoxycarbonyl
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5 reactio was filtered through a pad of Florisil |te
The filtra e mas concentrated in vacuo to give 0.44 g n&cgpﬁﬁ@)
Purification by radial PLC (S|I|ca gel, 50% et hyl acet at e/ hexane)
furnished 0.27 g (94% ) of methyl t-3- (tert- but oxycar bonyl am no)
-C- 4- [(dﬁmﬁnﬁﬁopgr%n{ﬁgegpggm}Nyetpylcarbonylamlno)methyl] t-1-

(met hyl car bonyl am no) met hyl ] - t - 1- hydr oxycycl opent an-r - car boxyl ate.
A mi xt ur e [dirishnetiigrt Bsomet Byl cyclopdhtam! 3-a1 (0. 98 dgchhgspmet hane
(10 nL) with trifluoroacetic acid (0.5 nL, 6.6 15 nnDI was stlrred at
room tenperature overnight. The reaction m xture mas concentrated in
vacuo to give 0.16 g of nethyl t-

3- ani no- c- 4- [ ( dic nx EOPYEEdT REKALRANYE) @W'MW% aén,g%) 2.0 mﬁ%ﬁg

-t-1- hydroxycycl opent an-r-carboxylate as a thick orl

m xture oteahets@BMmerdf. 1959mLy. 88 WMOL) whB addeddTRLAY I SErdmg de (3 m_)
was added N, N -bis-tert-butoxy carbonyl S?nefhylgﬁéhthlourea‘i%h{

0. 37 mol triget e rcurlc chlorlde
(0. 10 )(og? o™y rrzﬁ‘o?y'l"ﬂ%p ?égctgfg%’t%%lt%mrle’%go gﬁdrﬁd %15 r'BBRt) 25
tenper at uperber =¥ ifkri f8£5251%5HretW@sfa¥g§1W@éﬁxé&%énaas allgggdtgg

| ayers were separated. The organic [ayer was wash

154 warm to room temperat§k5$TbIQ}§e§HE%E'QBPQ%&%@lo?ﬁ} 30 mMP

97/ 47194 PCT/ US97/ 093
brine, drard ENMJSErexd |Yhrdudhecelithr ougheCaliinitdatanN§as coﬁé@ﬁ@?ﬁﬁ?&eg in
vacuo to afford 0.22 g of a yellow solid. Purlflcatlon by radi a P

(s pR 08houd0rBPYRIdN 85 g £6b8) CROYALTL AL o Lub/dRs 8L, et !

To a mixture of above mixed anhydride (0.84 g, 1.56 mmol)
in tetrahydrofuran (20 mL) at 0 °C was added di-n-propylamine
(0.6 mL, 4.4 mmol). The reaction mixture was stirred at 0 °C

15 for 30 min and at room temperature for 3 h. The mixture was
diluted with water (10 mL) and the layers were separated. The
agueous layer was extracted with ethyl acetate (4 x 10 mL).
The combined organic extracts were washed with brine, dried

(MgsO,), filtered through Celite, and concentrated in vacuo to

20 afford 1.0 g of crude. Purification by radial PLC (silica

gel, 35-50% ethyl acetate/hexane) gave 0.58 g (68%) of c-3-
(tert—butoxycarbonylamino}—t-3—[(di—n—propylaminocarbonyl)
(methylcarbonylamino)-t—l—[tris(methylthio)methyl]cyclopentan—
r-ol.

25
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5 butoxycarbonyl ani no) (tert-butoyxcarbonylim no) nethyl] J

4-[ (di - "Wer{4719%ni nocar bonyl ) (et hyl car bonyl ami no) - net hyl ]PCE'WUS9 109305

1- hydr oxycycl opent an-r - car boxyl at e. To a m xture of the above

conmpound (0.13 g, 0.22 mml) in 10 tetrahydrofuran (4 nL) and water (2

mL) at room tgsper anikture ofiasheackiseivd dmbdei (o By dgoxodes( Ambinl ind. 5

nmmol ). The reaction mxture was stirred for 2 h and concentrated in

vacuo. Thetbanoént(l&t.& wis aridlifatrict bl pH ®EY att hoghateaperaturacedaisc

acid and extracted with ethyl acetate (5 x 10 nLi The 15 conbined

or gani ¢ asidedcmermurd Wa R ige, 0 d?7 eomol) an@wgscperip) filtered

through Celite, and concentrated in vacuo to afford 13 g (100% of

crude t- Gh}?F%éﬁt(@uﬁéxﬁbaﬁbdhyWHﬁiho) After %FéFFlBGtéﬁycarb@nyﬁﬁnlno)

nethl] am no p

carb nyI5?%@?%VPC&Hﬁﬁgf%uWQﬁ»gﬁﬁgl r% t?rﬂgﬁgd?oR§éy8f05éﬁFéﬁll agd
above acid

- b 22
ot Pordel £68%) e iaerace dadSottEntrat §8, 3004885 Hal GiiE adhare

(10 m.) was stirred at roomtenperature overnight. The reaction 25
m xt ur e ¥hscrvAeent PASE GREERUPY crfiRl OPRCq (6ilima grlideS0% ethyl

155 SUBSTI TUTE SHEET ( RULE 26)
97/ 47194acetate/hexane) furnished 0.27 g (94%) of metpmt/@3§7ﬂggggg

Trituration with ether afforded 0.08 g (74% of the title conmpound as

a tan sobutoxyparboniAmdiaio)] -4 - [ (di-Amarysyiamiboc&abenlyated f or
Cerr]Herr]Nerr]gerr].1.25Cerr]HFerr]Jerr]: C, 44.36; H 6.16; N,

13. 36 (methylcarbonylamino)methyl] - t-1-hydroxycyclopentan-r-

carboxylate.

A mixture of the above ester (0.15 g, 0.32 mmol) in
dichloromethane {10 mL) with trifluorocacetic acid (0.5 mL, 6.6
15 wmwmol) was stirred at room temperature overnight. The reaction

mixture was concentrated in vacuo to give 0.16 g of methyl t-
3-amino-c-4-[ (di-n-propylaminocarbonyl) (methylcarbonylamino)

methyl] -t-1-hydroxycyclopentan-r-carboxylate as a thick oil.

20 To a mixture of above amine (0.16 g, 0.33 mmol) in
dimethylformamide (3 mL) was added N,N'-bis-tert-butoxy
carbonyl-S-methyl isothiourea (0.11 g, 0.37 mmol),
triethylamine (0.3 mL, 2.2 mmol), and mercuric chloride (0.10
g, 0.37 mmol). The reaction mixture was stirred at room

25 temperature for 3 h. To this mixture was added water (5 mL)

and the layers were separated. The organic layer was washed
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Tognd & Wosggned, O 0h N 1849 BCTOREP 8300

Exanpl e 24

10

15

20

25

with brine, dried (MgSO,}, filtered through Celite, and

concentrated in vacuo to afford 0.22 g of a yellow solid.

Purification by radial PLC (silica gel, 50-75% ethyl

acetate/hexane) gave 0.13 g (67%) of methyl t-3{[(tert-
butoxycarbonylamino)(tert—butoyxcarbonylimino)methyl]amino}—c-
4-[(di-n-propylaminocarbonyl)(methylcarbonylamino)-methyl]—t—

1-hydroxycyclopentan-r-carboxylate.

To a mixture of the above compound (0.13 g, 0.22 mmol) in
tetrahydrofuran {4 mL) and water (2 mL) at room temperature
was added 1 N sodium hydroxide (0.5 mL, 0.5 mmol). The

reaction mixture was stirred for 2 h and concentrated in
vacuo. The concentrate was acidified to pH 5-4 with glacial

acetic acid and extracted with ethyl acetate (5 x 10 mL). The
combined organic extracts were washed with brine, dried

(MgsO,), filtered through Celite, and concentrated in vacuo to
afford 0.13 g (100%) of crude t-3-{((tert-butoxycarbonylamino)
(tert-butoxycarbonylimino)methyl) amino}-c-4-[{di-n-propylamino
carbonyl) (methylcarbonylamino) -methyl] - t-1-hydroxycyclopentan-

r-carboxylic acid.

A mixture of the above acid (0.13 g, 0.22 mmel) and
trifluorocacetic acid (0.5 mL, 6.6 mmol) in dichloromethane (10
mL) was stirred at room temperature overnight. The reaction

mixture was concentrated in vacuo to give 0.2 g of the crude.

i55
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[err] @ng% C(Am no) (i m no)methyl ] ami no}-t-4- [ (di-n-propylan no

car bonyl ar bonyl am no) - met hyl ] -t - 1- hydr oxvcycl openP&EUSI7/09309
r-carboxylic acid trifluoroacetic acid (1:1) (isoner A at C 6)

To a mxture of t-3-{[(tert-butoxycarbonylam no)(tert- 10

but oxycaFpbhypranioo) methy lejtter rfaerded (@ 09XYCATAGIYLE the title

(met hl ycar bonyl am no) nethyl]-t-1- [tris(nmethylthio)nethyl]

cycl o- pepompound| agi soan Acdtids- Gp fxssm fIzxente 16 (2.55 g, 4.0 mmol)
in tetrahydrofuran (20 nlL) and ethanol (10 nlL) was added 1 N aqueous
sodi um hydroxide (7.0 nL, 7.0 mml) and 15 stirred at roomtenperature for
4 h. After neutralization with acetic acid, the m xture was

concent ratatlysie:t he resi due was added water (50 nmL) and stirred for 4
h. The white precipitate obtained was collected by filtration, washed

W t hSwat@xlantiatdededorn Cyan N oat .@8RFIG.G fOf 24. 86t oygi ge 185109 130 56
(8699 of t-3-{[(tert-butoxycarbonyl am no) (tert butoxycarbonyl

157 Found: C, 44.34; H, eSYBSTNTURR SHFET (RULE 26) WO
97/ 47194 PCT/ US97/ 09309
i m no) met hyl ) am no}-c-4-[ (carboxy) (et hyl - car bonyl am no) met hyl ] -
t-1-[ tris (methylthio)nethyl]cyclopentan-r-ol (m xture of isoners) as
a white solid, np 228-230 [err]C (dec). 5 Anal ysi s:
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Cal cul ated_f or err|Herr]Nerr]Jerr]S[err]Herr]G C, 45.84.: 5; N
8.91 W&?H@%’é 45.31; H 6.64; N, 9.05 To TS

t he above acid (0.61 g, 1 nmmol) in 10 tetrahydrofuran (5 nL) at -5 [err]C
was added triethylamne (0.1 g, 1 mmol) and ethyl chloroformate (0. 11
g, 1 mol) and stirred for 0.5 hExdmpldéi84m xture was then added

di - n- propyl am ne (0.1 g, 1 nmol), the mxture was stirred at 0 [err]C
for 1 h and at roomtenperature for 1 h. The mxture was diluted with
ethyl 15 acetate (40 nL) and water (40 nL). The organic |ayer was

separated, washed with water (50 nmQgan ] m.), and dried
(MgSA err]) . After filtration the fi ?ggg:&gég%gﬂéentrated and the

resi due passed through a coli@Eph@insLEica gel (25 g) usi ng ethy
acet at e/ hexane (1:1) as an el’uent to g*»- O~37 o1 20 (53% of t-3- {
I

[ (tert-butoxycarbonyl am no) (tert-butoxyd O

i m no) met hyl | ami no} - c- 4- [ (di - n- propyl am naz gar baoyH) (et hyl
carbonyl ami no)met hyl] -t-1- [tris(nmethyl thio)nethyl]cycl opentan- r-ol
(isomer A at C6) as a white solid, np 88190 C 25 Anal ysis:

Cal cul ated for C[err]H[err]N[err]CIerr]S[Err]: C, 51.92; H 7.99; N, 10.09
158 WD 97/ 47194 P

PCT/ US97/ 09309 Found: ¢ 52. 158 g % N C§:68:H To a

m xture of the above amde (0.6 g, 0.9 muvol) in met hanol (12) : wat er (1)

5 chloride (0.91 g, 3.35 mmol)
and stirred f .5 h. The

m xture (22.0 nL) was added nercury
and nercury
sol i ds >were-3ohbiln
di chl or onet hane (50

carbonvl) (methylcarbonylamino} -methvl] -£-1-hvdroxycyclopentan-

r-carboxylic acid trifluorcacetic acid (1:1) (isomer A at C-6)

To a mixture of t-3-{[(tert-butoxycarbonylamino) (tert-
10 butoxycarbonylimino)methyl]-amino}-c-4- [ (ethoxycarbonyl)
(methlycarbonylamino})methyl] -t-1-[tris(methylthio)methyl]
cyclo-pentan-r-ol (isomer A at C-6) from Example 16 (2.55 g,

4.0 mmol}) in tetrahydrofuran (20 mL) and ethanol (10 mL) was
added 1 N agqueous sodium hydroxide (7.0 mL, 7.0 mmol) and

15 stirred at room temperature for 4 h. After neutralization
with acetic acid, the mixture was concentrated. To the
residue was added water (50 mL) and stirred for 4 h. The

white precipitate obtained was collected by filtration, washed

with water and dried in vacuo at 60 °C for 24 h to give 2.1 g

20 (86%) of t-3-{[{tert-butoxycarbonylamino) {(tert-butoxycarbonyl
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m). To the filtrate was added water (50 nL) and an organic | ayer
separ at swo 9WH9aqueous | ayer was further extracted with RET/USIT09309

di chl oronet hane (2 x 40 nL). The conbined organic | ayers were dried
(MySJerr]), filtered and the filtrate concentrated to gi ve a syrup,
whi ch Wes i RY)) ifelt® 10YaPass] Ne-4 h[@@sbbaxw(h\am}-ﬁ carbo'si (50 g)

usi ng et hyl acet ate as an eluent to give /() of rret hyl c-3-{

but oxy BPE B a0 L et R te e EEhio eppyi) ﬁys&asﬁn&m-or-ol (mixture

car bonyl ) (et hyl car bonyl am no) nmet hyl ] -t - 1- hydr oxycycl opent an-

r- car bow§| dAsenersdnss A& avhi:6)satid, wapt 828cRi3d, °Gp (4283130 C (dec).
20 Analysis: Calculated for err]Herr]Nerr]Jerr]: C 56.08; H 8.23;

N, 11.68 Found: C, 56.20; H, 8.10; N, 11.84 A

m xture of the above ester (0.13 g, 0.22 mmol) in tetrahydrofuran (2.0
m.) sandastbhgmdls: (1.0 nL) was stirred with 25 1 N sodium hydroxide (0.5
m., 0.5 mmol) for 1 h. It was neutralized with acetic acid and the
preci pi Cateuvditad dibnas, H,,N,O0481H,0¢ct €d kp .Bidl;t tht iTo)s washetl. st h wat er
and dried in vacuo 159

SUBSTI TEEERSHERT, (51 26), 6.64; N,WD.88/ 47194

PCT/ US97/ 09309 to give 0.08 g (67% of

c-3-{[(tert-butoxycarbonyl anm no)(tert-

but oxycar bonyl i m no) net hyl ] am no}-t-4-[(di - n-propyl am no

car bonyl ) ( netly lac andogryt @and hof heeshpike- acidhydr.&Ay gy.cllopemtlan-in
r-carboxylic acid (isoner A at C-6) as an off-white solid, np 5 225-230
[ errd C tdeerrhydrofuran (5 mL) at -5 °C was added triethylamine (0.1 g,

1 mmol) and ethyl chloroformate (0.11 g, 1 mmol) and stirred
for 0.5 h. To this mixture was then added di-n-propylamine
(0.1 g, 1 mmol), the mixture was stirred at 0 °C for 1 h and at
room temperature for 1 h. The mixture was diluted with ethyl
15 acetate (40 mL) and water (40 mL). The organic layer was

separated, washed with water (50 mL) and brine (50 mL), and
dried (MgSO,). After filtration the filtrate was concentrated
and the residue passed through a column of silica gel (25 g)
using ethyl acetate/hexane (1:1) as an eluent to give 0.37 g

20 (53%) of t-3-{[{tert-butoxycarbonylamino) (tert-butoxycarbonyl
imino)methyl]amino}-c-4-[(di-n-propylamino-carbonyl) (methyl
carbonylamino)methyl]l -t-1-[tris(methylthio)methyl]lcyclopentan-

r-ol (isomer A at C-6) as a white solid, mp 88-90 °C.

25 Analysis:

Calculated for C,,H,N,0,S,: C, 51.92; H, 7.99; N, 10.09
158
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Anal ysi s: Cal culated for CJerr]l]Herr]Nerr] qerr] 0. 5H ?grr}é}gw&m§4 53;

H 8. 13; WO%47# Found: C, 54.25; H, 7.90; N, 11.48

m xture of the above acid (0.66 g, 0.10 nmol) in di chl or onet hane (4.0
m.) was stirred with trifluoroacetic acid (1.0 nL) for 16 h. It was

t hen condsnindt edCanB2diSedH/n 8.04; Micud- 95 give 0.04 g (80% of the title
conpound as a white 15 solid, np 128-130 [err]C (dec) Anal ysi s:
Calculated for Jerr]JHerr]NerrJQerr]Cerr]HF[err]Jerr]: C, 45.69; H,
6.46; N, 14.02 Found: C 46.37;. H 6.69; N, 14.13

160 To a mixture of @@?WS‘#EETO( RUBE 96)9 mmol) inwp
g;gﬁ;%g4ﬂFthT%?}flz) :watexr (1) mixture (22 H§93é29§ ded mercury (II)

5 chloride (0.91 g, 3.35 mmol) and mercury (II) oxide (0.3 g,
1.40 mmol) and stirred for 0.5 h. The solids were removed by
filtration through Celite and washed with dichloromethane (50
mL). To the filtrate was added water (50 mL) and an organic
layer separated. The agqueous layer was further extracted with

10 dichloromethane (2 x 40 mL). The combined organic layers were
dried (MgSO,}, filtered and the filtrate concentrated to give a
syrup, which was purified by passing through a coclumn of
silica gel (50 g) using ethyl acetate as an eluent to give

0.07 g (13%) of methyl c-3-{[{tert-butoxycarbonylamino) (tert-
15 butoxycarbonylamino)-methyl]amino}-t-4-[(di-n-propylamino

carbonyl) (methylcarbonylamino)methyl] - t-1-hydroxycyclopentan-

r-carboxylate (isomer A at C-6) as a white solid, mp 128-130 °C

(dec) .

20 Analysis: Calculated for C,H,,NO,: C, 56.08; H, 8.23; N, 11.68

Found: C, 56.20; H, 8.10; N, 11.84

A mixture of the above ester {(0.13 g, 0.22 mmol} in
tetrahydrofuran (2.0 mL) and ethanol (1.0 mL) was stirred with
25 1 N sodium hydroxide (0.5 mL, 0.5 mmol) for 1 h. It was
neutralized with acetic acid and the precipitate obtained was

collected by filtration, washed with water and dried in wvacuo
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(%P{é‘Am no) (imno)nethyl]am no}-t-4- [ (di-n-propyl am no
car bonyIW #H¥ car bonyl ani no) - net hyl ] -t - 1- hydr oxycycl opeRCAAIS97/09309

r-carboxylic acid trifluoroacetic acid (1:1) (isoner B at C 6)

To a mxture of t-3-{[(tert-butoxycarbonylam no) (tert- 10

but oxyceebghyki 0i.108) ret t6/1%)- afi noi3 cf B¢ f€dt-buporpyhabbnglamino) (tert-
car bonyl ) (et hyl car bonyl am no) -nethyl ] -t-21-(tris(nmethylthio)-

met hyl lﬁﬁeb?%amﬂqumﬁﬂ@mhﬁﬁm&éy pbach (H@SnLﬁgb%Eﬂle as a

by- product ffomthe preparatlon of isomer Ain (0.51 g,

7% TBLL A S A8 P (19,0, o s S

g, 1.12 mmol) and stlrred for 2 h. The solids were renoved by
filtratresarbosydhicCaidie eigpmer Avash@dshi & adhchfdreimtieasel[i®l my . To
the filtrate was added water (50 nL) and an organic | ayer separated.
The g 2033guegus °kaygecwas further extracted with dichloronmethane (2 x

40 mL). The conbi ned organic |layers were dried (MgSO err]),

161 WD 97/ 47194

PCT/U897/09309 filtered and the filtrate concentrated to gi ve a white
solid, Gh was recrystallized fromether/hexane to give 0.35 ¢

(80% o? me?’hyl c-3-{[(tert-butoxycarbonylan no) (tert-

but oxyclaéa? 0y 't@aﬂ%@t@yﬂ{,l,ﬁra 0055, oA [dd'5'4”§33r99¥' NN, N 11.78

car bony net hyl car bonyl affi hd) net Kyl'] - 't - 1-hydr oxycyc opent an-

r- carbo%g,ghgiae @s%r]iersz at C,6Q0asNa¥\@ ¥ solid, np 170-172 [err]C
(dec . .25 H, 7907, .

10
A mixture of the above acid (0.66 g, 0.10 mmol) in
dichloromethane (4.0 mL) was stirred with trifluoroacetic acid

(1.0 mL) for 16 h. It was then concentrated and dried in
vacuo to give 0.04 g (80%) of the title compound as a white

15 solid, mp 128-130 °C (dec).
Analysis:

Calculated for C,,H,N,0,C,HF,0,: C, 45.69; H, 6.46; N, 14.02

Found: C, 46.37; H, 6.69; N, 14.13
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Anal ysi s: | cul ated for C[err]H[err]N[err]CIerr] C X 23,
N, 11.68 W°97fi‘g€°ﬁd C, 55.96; H, 8.29; N, 11. Spqgé?n”af’ﬁ"r%e of

t he above ester (0.25 g, 0.42 nmmol) in tetrahydrofuran (3.0 nL) and
ethanol (1.3 nL) was stirred with 15 1 N sodium hydroxide (1.0 m, 1.0
mml) for 2 h. The sol vent was Bxemmieit2% and the resi due was

di ssolved in water (1 nlL) and neutralized with acetic acid. The

preci pitate obtained was col |l ected by filtration, washed with water
and dried in vacuo to give 0.20 g (79% of the corresponding acid. 20

was stirred wth trifluoroacetic aci for 16 h. It was then
concentrated and drled in 0.&g give 0.11 g (859% of the title
conmpound as a white soFlg np 202- er g (dec). Anal ysi s:
162 WO 97/ 47194

PCT/ US97/ 09309 Cal cul ated for
Cerr]JHerr]Nerr]derr]. C[err]HF[err]C{err
Found: C, 45.84; H, 6.51; N, 13.82 bQ{

A m xture of above acid (0.15 g, ORE ngﬂtﬂkgﬂgcﬁk di chl oronet hane (10 nL)

“CO,H
C, 45.69; H, 6.46; N, 14.02

C
H,N” SNH -CF;COH

carbonvyl) {(methylcarbonvlamino) -methyl] - t-1-hydroxyvcyclopentan-

r-carboxvlic acid trifluorcacetic acid (1:1 isomer B at C-6

To a mixture of t-3-{[(tert-butoxycarbonylamino) (tert-
10 butoxycarbonylimino)methyl]-amino}-c-4-{(di-n-propylamino
carbonyl)(méthyléarbonylamino)—methyl]—t—l—[tris(methylthio)—
methyl]cyclopentan-r-ol {isomer B at C-6) which was isolated

as a by-product from the preparation of isomer A in Example 24
(0.51 g, 0.73 mmol) in methanol(12) :water(l) mixture {(18.0 mL)

15 was added mercury (II) chloride (0.75 g, 2.75 mmol) and
mercury (II) oxide (0.24 g, 1.12 mmol) and stirred for 2 h.
The solids were removed by filtration through Celite and
washed with dichloromethane (50 mL). To the filtrate was
added water (50 mL) and an organic layer separated. The

20 aqueous layer was further extracted with dichloromethane (2 x

- 40 mL). The combined organic layers were dried (MgSO,),

161l
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163 SUBSTI TUTE SHEET ( RULE 26) WO
97/ 47192W0 97/47194 PCT/ US97/ 0930 &CTUSIT/09309
Exanpl e 26

10

15

20

25

filtered and the filtrate concentrated to give a white solid,
which was recrystallized from ether/hexane to give 0.35 g

(80%) of methyl c-3-{[(tert-butoxycarbonylamino) (tert-
butoxycarbonylimino)methyl]amino}-t-4- [ (di-n-propylamino
carbonyl) - (methylcarbonylamino)methyl] - t-1-hydroxycyclopentan-
r-carboxylate (isomer B at C-6) as a white solid, mp 170-172 °C

(dec) .

Analysis:
Calculated for C,H,N,0,: C, 56.08; H, 8.23; N, 11.68

Found: C, 55.96; H, 8.29; N, 11.70

To mixture of the above ester (0.25 g, 0.42 mmol) in
tetrahydrofuran (3.0 mL) and ethanol (1.3 mlL) was stirred with
1 N sodium hydroxide (1.0 mL, 1.0 mmol) for 2 h. The solvent
was evaporated and the residue was dissolved in water (1 mL)
and neutralized with acetic acid. The precipitate obtained

was collected by filtration, washed with water and dried in

vacuo to give 0.20 g (79%) of the corresponding acid.

A mixture of above acid (0.15 g, 0.26 mmol) in
dichloromethane (10 mL) was stirred with trifluorocacetic acid

(L.2 mL) for 16 h. It was then concentrated and dried in
vacuo to give 0.11 g (85%) of the title compound as a white

solid, mp 202-205 °C (dec).
Analysis:
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[err] -{ [(Am no) (i m no)nethyl]am no)-4a-
[ (di et hyl am gb[gcz onyl ) PCT/US97/09309

(et hyl car bonyl am no) nmet hyl ] - cycl opent ancar boxyl i ¢ aci d (i somer A at

C 6) To a mixture of 2-{3[err]-{[(tert-butoxycarbonyl am no)
(tert- 1CalautleadyshrimnyC,, N -OBMPL] cAMB0g9; 4R, - 6[ 46GaND0%Y). dret hyl
car bonyl am no) net hyl ] - 1-cycl opentyl i dene}-1, 3-dit hi ane from Exanpl e 20
(0.56 g, Found) an 4=eigahydy of usap ﬂb).ggt 0 [err]C was added
triethylamne (0.11 g, 1.1 mmol) and net hyl chloroformate (0.1 g, 1.1
mml ) and stirred for 0.5 h. To 15 this mxture was then added
diethylamne (0.11 g, 1.5 mmol) and stirred at O [err]C for 1 h and at
roomtenperature for 1 h. The m xture was diluted with ethyl acetate
(40 nmL) and water (40 nmL). The organic |ayer was separated, washed

W th water (50 nL) and brine (50 nL), and dried (MgSO err]). After
20 filtration, the filtrate was concentrated and the residue passed

t hrough a colum of silica gel (50 g) using ethyl acet at e/ hexane (1:1)
as an eluent to give 0.21 g (34% of the

164 SUBSTI TUTE SHEET (RULE 26) WO

97/ 47194 PCT/ US97/ 09309

desired 2-{3[err]-{[(tert-butoxycarbonyl am no)(tert-butoxycarbonyl

i m no) met hyl ] am no) - 4a-[ (di et hyl am nocar bonyl ) - ( met hyl car bony!l

am no) net hyl ] - 1-cycl opentylidene)-1, 3-dithiane as a white solid.
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5 A m xture of the above amde (0.1 g, 0.016 nmmol) in 0.5 N

HCl1 in YE@BHAYP4(5.0 nmL, 2.5 mMmvl) was stirred for 24 h atPCTUSITOHRIR,
tenperature and 2 h at 45 [err]C. To the m xture was added 6.0 N HC1
(0.2 m, 1.2 mol) and heated at 45 [err]C for another 2 10 h. The
reaction mxture was then concentr &xthplel 2de resi due stirred with
0.1 N sodi um hydroxide (5.0 nL, 0.5 mmpl) for 1 h, concentrated, and
again stirred with 1 N sodi um hydr oxi de (2.0 nm., 1.0 mol) for 0.5 h.
It was then filtered through a cotton plug and neutralized with dilute
hydrochloric acid to 15 give the titl ecomqeag)yd m xed with sodi um
chloride, Ms (ES+) 342. §1,EMEHN A .

165 WO 97/ 47194
Exanpl e 27

PCT/ US97/ 09309

5 33- Amino) (imino)methvl]aminoj-4a-[(diethvlaminocarbonyl

(methylcarbonylamino)lmethyll-cvclopentancarboxylic acid

{isomer A _at C-6)

To a mixture of 2-{3B-{[(tert-butoxycarbonylamino) (tert-

10 butoxycarbonylimino)methyl] -amino}-4a- [ (carboxy) (methyl
carboéylamino)methyl}—1—cyclopentylidene}—1,3—dithiane from
Example 20 (0.56 g, 1 mmol) in tetrahydrocfuran (8 mL) at 0 °C
was added triethylamine (0.11 g, 1.1 mmol) and methyl

chloroformate (0.1 g, 1.1 mmol) and stirred for 0.5 h. To

15 this mixture was then added diethylamine (0.11 g, 1.5 mmol)
and stirred at 0 °C for 1 h and at room temperature for 1 h.
The mixture was diluted with ethyl acetate (40 mL) and water
(40 mL). The organic layer was separated, washed with water
(50 mL) and brine (50 mL), and dried (MgSO,). After

20 filtration, the filtrate was concentrated and the residue
passed through a column of silica gel (50 g) using ethyl

acetate/hexane (1:1) as an eluent to give 0.21 g (34%) of the
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[err] f%i*ﬁ%ﬁ%gréo[ (Am no) (i m no)nethyl]am no}-4a- qknﬂﬁgg@gébanlno

car bonyl) nyl am no) - nethyl]cyclopentancarboxyl|c

(isomer A at C6) To a m xture of
2-{3[err]-{[(tert-butoxycarbonyl am no)(tert-

but oxycar §ogy kb Q@{@%—Wﬂdteﬁ%ﬂﬁ}t &a{fﬁéagmn&%t; h)ﬂerc butoxycarbon

car bonyl am no) net hyl") -1 cyclopentyl ene) di t hi ane (i somner ¥ron1
Exampl e 20 (0.56 % in tetrahydrofuran (8 niL) at Ozﬁﬁgr]c was
added trub@hppéme ZW(ld amrty}-rlq hei§thrdamtnpyrrbony1gH (et keaebonyl
g, 1.1 mmol) and stirred for 0.5 h. To 15 this mxture was then added

di - n- pr opghanbnamethyld 9.- cdyA opentyhbi¢nahdisti-diettianel deerd hftos 1 h

and at roomtenperature for 1 h. The m xture was diluted with ethyl
acetate (46lm) and water (40 nlL). The organic | ayer was separat ed,
washed with water (50 nL) and brine (50 nL), and dried (MgS( err]).

After5 20 filtration, the filtrate was concentrated and the residue

passed t hrough a col um of silica gel (50_g) using ethyl
acet at e/ hexane®( Pixfuze af dhembee gruede. £0.4 9349 036 mmol) in 0.5 N

166 WD 97/ 47194
PCT/ US97/8G303n methanol (5.0 mL, 2.5 mmol) was stirred for 24 h at

{3[err]-{[(tert-butoxycarbonyl am no) (tert-butoxycarbonylin no)

met hyl ] anf A8 B&MPEHEMES A anithdarbdn ) - (TRt BYe cCBrBEHYE wWas added
am no) net hyl ] - 1-cycl opentyli dene}-1, 3-dithiane (isoner A) as a white
solid, npé6l@5N1B€E1[ di0r.]2CmL,5 1.2 momhkl yangd: heated at 45 °C for another 2

10 h. The reaction mixture was then concentrated and the residue
stirred with 0.1 N sodium hydroxide (5.0 mL, 0.5 mmol) for 1
h, concentrated, and again stirred with 1 N sodium hydroxide
(1.0 mL, 1.0 mmol) for 0.5 h. It was then filtered through a
cotton plug and neutralized with dilute hydrochloric acid to

15 give the title compound mixed with sodium chloride, MS (ES+)

342.3 (M+1, 100%).
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Cal cul ated for C[err]H[err]N[err]CIerr]S[err] C, 56.14; H, 01; N, 10.91

Found: WOSB&9$; H 8.05; N, 10. 10 A ot ur o RETTUSEIONNR o
conmpound (0.11 g, 0.016 mMmol) in 0.5 NHCL in nethanol (5.0 nL, 2.5
mmol) was stirred for 24 h at roomtenperature and 2 h at 45 [err]C
To the m xture was further ad#edmpl@ M- hydrochloric acid (0.2 m., 1.2
nmol ) and heated at 45 [err]C for another 2 h. The reaction m xture
was then 15 concentrated and the residue stirred with 0.1 N sodium
hydroxide (5.0 mL, 0.5 mml) for 1 h, concentrated, and again stirred
with 1 N sodi um hydroxi de (1 0 n, 1. OCG‘NI@Ht‘HzCﬂ{;? . It was then
filtered through a cotton 5 % d||ute hydr ochl ori c

acid and concentrated to glfe ¥%e 28 title conmpound m xed with sodi um

chloride, M5 (ES+) 370.4 (M1, [00% .
167 WO 97/ 47194 ' COOH PCT/ US97/ 09309
Exanpl e 28 [err] ng
\
H,N—C=NH
5 3B- Amino) (imino)methyllamino}-4a-[(di-n-propylamino

carbonvl) {(methvlcarbonvlamino) -methvllicvclopentancarboxylic

acid (isomer A at C-6)

To a mixture of 2-{3B-{[(tert-butoxycarbonylamino) (tert-

10 butoxycarbonylimino)methyl] -amino}-4u«- [ (carboxy) (methyl
carbonylamino)methyl) -1-cyclopentylidene}-1,3-dithiane {(isomer
A) from Example 20 (0.56 é, 1 mmol) in tetrahydrofuran (8 mL)
at 0 °C was added triethylamine (0.11 g, 1.1 mmol) and methyl
chloroformate (0.1 g, 1.1 mmol) and stirred for 0.5 h. To

15 this mixture was then added di-n-propylamine (0.15 g, 1.5
mmol) and stirred at 0 °C for 1 h and at room temperature for 1
h. The mixture was diluted with ethyl acetate (40 mL) and
water (40 mL). The organic layer was separated, washed with
water (50 mL) and brine (50 mL), and dried (MgSO,). After

20 filtraticn, the filtrate was concentrated and the residue
passed through a column of silica gel (50 g) using ethyl

acetate/hexane (1:1) as an eluent to give 0.22 g (34%) of 2-

166

SUBSTITUTE SHEET (RULE 26)



5 3[err]g 1 no) (i m no) net hyl ] am no} - 4a-[ (met hyl car bonyl.am -
pentylaniN%%%&@ﬁ%€l)nethyl]-cyclopentancarboxylic acid (iso#gghﬁg%ﬁiﬁgat
C 6) To a m xture of
2-{3[err]-{[(tert-butoxycarbonylam no)(tert- 10

but oxycar 8y {i{rite) trénindtyrariodndahival eyt bettiorycadimmyr limino)

am no) net hyl ) - 1-cycl opentyl -idine)-1, 3-dithiane (isoner A from

Exanpl e 2 . mpl)ri R tet at was
nddod tri Betopad e The g 141 1R PRBKVAAER b lly) % (perhyEea bbnin ']
g, 1.1 mmmol). and stir for 0.5 h 0. 15,thi I xture was, t hen added
3-pentyl a émtﬁﬁ}Q¥£é} ?%E#%pentyIéﬂangéFHV?GQ%QQﬁ%ﬂ%] ﬁ?ﬂeﬁqﬁpaﬂﬁ At
roomtenpetature for.1 h, e xture was diluted with ethyl acetate
(40 ni) aW&#ﬁ%e§°1ld' 9K9%&5?Jghég%rganic | ayer was separated, washed

w th water (50 mL) and brine (50 m.), and dried (MygSO err]). After

20 filkration, the filtrate was concentrated and the residue passed

t hrough a_col.um of silica gel (50 g) using ethyl acet at e/ hexane (1:1)
as an el uBRRWSIfive 0.28 g (45% of 2-

ég% US97/ 86%6\51\95‘%73/‘517 S C,oHeN:OeS,: C, 56.14; H, 8.01; N, 10.91

{3[err] {E.%g%rdtabﬁ’%%/iyé)p | agn 8§2(ke2§ppu}t60xycar bonyl i m no)

met hyl ] am 4 carbonyl ani noY pent yl ami nocar bonyl )
met hyl ] -1-cycl opentylidene}-1,3-dithiane (isonmer A at C6) as a white
solid, np >230 [err] C (dec). 5 Anal ysi s: Cal cul ated for

Cerrddierr] N & iiGeird Sherthe &obs. 48mpbund 8& .1 gl1.00%16 mméDunga C
55.96; H 7.92; N, 10.99
0.5 N HC1l in methanol (5.0 mL, 2.5 mmol) was stirred for 24 h

at room temperature and 2 h at 45 °C. To the mixture was

further added 6.0 N hydrochloric acid (0.2 mL, 1.2 mmol) and

heated at 45 °C for another 2 h. The reaction mixture was then

15 concentrated and the residue stirred with 0.1 N sodium
hydroxide (5.0 mL, 0.5 mmol) for 1 h, concentrated, and again
stirred with 1 N sodium hydroxide (1.0 mL, 1.0 mmol} for 0.5
h. It was then filtered through a cotton plug, neutralized
with dilute hydrochloric acid and concentrated to give the

20 title compound mixed with sodium chloride, MS (ES+) 370.4

(M+1, 100%).
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10 A m xture of the above compound (0,1 g, 0.016 mmlé I n 0.5 N
HO in mMOYIR4 5.0 L, 2.5 nmol) was stirred for 24 h  PCTHPYHAGR

tenperature and 2 h at 45 [err]C. To the m xture was further added 6.0
N hydrochloric acid (0.2 nm, 1.2 nmol) and heated at 45 [err]C for
another 2 h. The reaction m xture vEgampes 285 concentrated and the
residue stirred with 0.1 N sodium hydroxide (5.0 nL, 0.5 mmol) for 1
h, concentrated, and again stirred with 1 N sodium hydroxide (1.0 ni,
1.0 mol) for 0.5 h. It was then filtered through a cotton plug,
neutralized wi th dilute hydrochl OOONHcmC{;gdﬂzgncent rated to give the
20 title conmpound m xed vm'm'cgg m«hl ori de, (ES+) 356.5 (M1,
100%) . 169
SUBSTI TUTE SHEET (RULE 26) ééﬁ)H
PCT/ US97/ 09309 anpl e 29 [err]
HN'
c
H,N” SNH
5 3B- Amino) {(imino)methyllamino}-4a- [ (methylcarbonylamino) (3~

entylaminocarbonvllimethvll] ~cyclopentancarboxylic acid {(isomer

A at C-6)

To a mixture of 2-{3B-{[(tert-butoxycarbonylamino) (tert-

10 butoxycarbonylimino)methyllamino}-4a- [ (carboxy) (methylcarbonyl
amino)methyl] -1-cyclopentyl-idine}-1,3-dithiane (isomer A)
from Example 20 (0.56 g, 1 mmol) in tetrahydrofuran (8 mL) at
0 °C was added triethylamine (0.11 g, 1.1 mmol) and methyl
chloroformate (0.1 g, 1.1 mmol) and stirred for 0.5 h. To

15 this mixture was then added 3-pentylamine (0.2 g, 2.3 mmol)

and stirred at 0°C for 1 h and at room temperature for 1 h.

The mixture was diluted with ethyl acetate (40 mL) and water
(40 mL). The organic layer was separated, washed with water
(50 mL) and brine (50 mL), and dried (MgSO,). After

20 filtration, the filtrate was concentrated and the residue
passed through a column of silica gel (50 g) using ethyl

acetate/hexane (1:1) as an eluent to give 0.28 g {45%) of 2-
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5 3[err]- gAm' no) (i m no) met hyl ] am no} - 4a-[ (et hyl car bonyl am ncg);S-

pentyl am n BHI) - met hyl ] cycl opent ancar boxyl i c acid (i sonBFT/USI0930%

C 6) To a m xture of

2-{3[err]-{[(tert-butoxycarbonylam no)(tert- 10

but oxycar b@apL if ittt dxyE risBnyParh { $&Y b@éi‘):(ﬁﬁi‘_@ﬂrc_arbon?rlimino&) ‘rom

car bonyl am no) net hyl ] -1 -cycl opentylidene}-1, 3-dithiane” (1 sone

Exanpl e 20 ) ol in tetrahydrofuran, (8 ) at 0 [err] C was
cden ©r i oPRy R dmite T { e B FECavaRkoe) 5 pentyatbr sosmtq

g, 1.1 mol) and stirred for 0.5 h. To 15 this mxture was then added

3- pent yl anPREDYd ]2 lgcyelpngpnylidene bl 31dithiane (ipemerCAf et TH6)aras at

roomtenperature for 1 h. The m xture was diluted with ethyl acetate
(40 nL) an8 WRiEEe solidqu@m»230rh€ ddgsii-c | ayer was separated, washed

w th water (50 mL) and brine (50 m.), and dried (MygSO err]). After
20 filtoration, the filtrate was concentrated and the residue passed

t hrough a colum of silica gel (50 g) using ethyl acet at e/ hexane (1:1)
as an el uehnadysdisve 0.06 g (10% of 2-

170

WD_97/ 47194
PCT/ US97/ 0§38gulated fon CupHusNO:f: {tCr t3But dxyBar BoRGL aMi nd)-15
(tert-butoxycar.bonyli_m no thyl] am no} -4a- [(methyl carbonyl am no)
(3 -pentyl éé?ﬁgda%oﬁ%';bg; H, r?eT%ﬂ N1-38c¥dpent yl i dene}-i, 3-dithi ane
(isomer B at C-6) as a white solid, np >200 [err] C (dec) 5
Anal ysi s: Calculated for CerrJ]Herr]Nerr]Qerr]Serr]: C 55.48; H,

7.86; 3 11.15 p mif@%ygioé;tﬁgiégévéicghﬁgﬁngl(&}108, 0.016 mmol) in
0.5 N HCl in methanocl (5.0 mL, 2.5 mmol) was stirred for 24 h
at room temperature and 2 h at 45 °C. To the mixture was
further added 6.0 N hydrochloric acid (0.2 mL, 1.2 mmol) and
heated at 45 °C for another 2 h. The reaction mixture was then

15 concentrated and the residue stirred with 0.1 N sodium
hydroxide (5.0 mL, 0.5 mmol) for 1 h, concentrated, and again
stirred with 1 N sodium hydroxide (1.0 mL, 1.0 mmol) for 0.5
h. It was then filtered through a cotton plug, neutralized
with dilute hydrochloric acid and concentrated to give the

20 title compound mixed with sodium chloride, MS (ES+) 356.5

(M+1, 100%).
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10 To a m xture of the above conpound (isoner B, 0.035 g, 0. 005
mol ) | WO.9MRIMCL in nethanol (3.0 nL, 1.5 mml) was P‘§'E’V$9r7@83°Por 24 h
at roomtenperature and 2 h at 45 [err]C. To the m xture was further
added 6.0 N hydrochloric acid (0.2 nL, 1.2 mmol ) and heated at 45
[err]C for another 2 h. The reacti cExamMplenksture was then concentrated and
stirred with 1 N sodium hydroxide (0.4 nL, 0.4 mmol) for 4 h. It was
then filtered through a cotton plug, neutralized with dilute
hydr ochl ori c acid and concentrated to give the title conmpound m xed
W th sodi um chl oride, M5 (ESt) 3560NK H%QHO{%
171 H3CO§ UTE SHEET (RULCE 26) WO
97/ 47194 PCT/ US97/ 09309
Exanple 30 [err] COOH -
HN'
%3
H,N” “NH
5 3B- Amino) (imino)methyl}amino}-4a-{ (methylcarbonylamino) (3-

entvlaminocarbonvl) -methyllcyvclopentancarboxvlic acid {isomer

B at C-6)

To a mixture of 2-{3B-{[(tert-butoxycarbonylamino) (tert-

10 butoxycaxbonylimino)methyl]—amino}-4a—[(carboxy)(methyl
carbonylamino)methyl] -1-cyclopentylidene}-1,3-dithiane {isomer
A) from Example 20 (0.56 g, 1 mmol) in tetrahydrofuran (8 mL)
at 0 °C was added triethylamiﬁe {0.11 g, 1.1 mmol}) and methyl
chloroformate (O.l.g, 1.1 mmel) and stirred for 0.5 h. To

15 this mixture was then added 3-pentylamine (0.2 g, 2.3 mmol)
and stirred at 0 °C for 1 h and at room temperature for 1 h.
The mixture was diluted with ethyl acetate {40 mL) and water
(40 mL). The organic layer was separated, washed with water
(50 mL) and brine (50 mL), and dried (MgSO,). After

20 filtration, the filtrate was concentrated and the residue

passed through a column of silica gel (50 g) using ethyl

acetate/hexane (1:1) as an eluent to give 0.06 g (10%) of 2-
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3[err]- { [Ami no) (i m no)nethyl]am no}-4a- [ (diethylam nocarbonyl 5
(nethylcargﬁ%§Vﬁﬁ$ﬁo)-nethyl]cyclopentancarboxylic acid PC&#%%N§W9A at
C-6, isomer A at C1) To a m xture of
2-{3[err]-(tert-butoxycarbonyl am no) - 4a-

[ (car boxy) (ABLOV (e that A& A y b ks ;

di t hi ane (g?gnﬁééanple 10) f%gggﬁggydﬁ%¥%{$egﬁk bli€e ef%§ﬁ§5ﬂ%§ﬁ&%ﬁ’(1so
m.) was added _triethyl am ne (3.03 30.0 . mmol ), and net hyl

chl or of or nBe&RYZ Igarigo I3tk gy §h rbonylamipedd 3gPerdarharinesarbesylbr
1 h. To this mxture was added diethylanmne (4.4 g, 60.0 nmol) and
the ni xt ur Beshiylded -cyslogentyilsidene frhk, 3 edéthdanei ¥tisomam$B dit uCe6) wakh
et-hyl acetate (200 nL) and washed with water (200 nmL). The organic

| ayer a whdsesesdrigt.edp dra®d ‘OWSgxrr]), filtered and concentrated to
gi ve 9.1 g (81 %9 of a mxture of isoners at C6 as residue. This
resi dues was recrystallized fromethyl acetate to give 1.9 g of 20
2-{3[err]-(tert-butoxycarbonyl am no) - 4a-

[ (di et hyl adnadysdsonyl ) (net hyl car bonyl ami no) net hyl ] cycl opent yl
idine-1,3-dithiane (isoner B at C6). To the above solid (1.88
g, 4.0 mmofrleadagededor CpH(N:O(S,: C, 55.48; H, 7.86; N, I7R.15

SUBSTI TUTE_SHEET %BULE 26) WD 97/ 47194

PCT/ US97/ 088894 T, Seetddandlsi & MR dEnlibki®6acid (100 nL, 0.5 N) and
stirred for 16 h at 50 [err]C. The mi xture was then neutralized with
nmet hanol i ¢ sodi um hydroxide and stirred for 0.5 h at room

ik M R R S
0.005 mmol) in 0.5 N HCl in methanocl (3.0 mL, 1.5 mmol) was
stirred for 24 h at room temperature and 2 h at 45 °C. To the
mixture was further added 6.0 N hydrochloric acid (0.2 mL, 1.2
mmol) and heated at 45 °C for another 2 h. The reaction

15 mixture was then concentrated and stirred with 1 N sodium
hydroxide (0.4 mL,.0.4 mmol) for 4 h. It was then filtered
through a cotton plug, neutralized with dilute hydrochloric

acid and concentrated to give the title compound mixed with

sodium chloride, MS (ES+) 356.4 (M+1, 100%).
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(90): methanol (9): ammoni um hydroxide (1) mixture as an eluent to
give 0. W@ X431%) of nethyl 3[err]-anino-4a- PCT/US97/09309

[ (di et hyl am nocar bonyl ) ( net hyl car bonyl am no) -

met hyl ] cycl opent ancar boxyl ate (i s@mampdet3@-6) as an off- 10 white

solid, nmp 95 [err]C. : Anal ysis: Cal cul ated for
Cerr]Herr]Nerr]err]: C 57.49; 4, 8. 68gylpyl3. 41
Found: C 67.381 H8.637 N 13.33 15 To a

m xture of the above am ne (0 3 mﬂﬂdHﬂdya di et hyl f or mam de
(13 m.) were added triethylam pe (O. co.y8- 01 mol), S-nethyl

N, N - bi s-tert-butoxycarbonylisothi oure 6714 ng, 2.46 nmmol) and
mercury chloride (665 ng, 2.46 nmol) and the m xture stirred at room

tenperature for 16 h. The 20 reéﬂ!ion m xture was diluted with ethyl

acetate (100 nm), filtere hr Celite and the filtrate washed

with water (2 x 100 nlL) an brrﬁé 1 x 100 nL). The organic |ayer

was dried (MgS™), filtered and the filtrate concentrated. The

resi due was passed through a colum of silica gel (100 g) using

ethyl 25 acetate as_an el uent. . T e de5|red fractlons wer e conbi ned and

concent3 2 ¥ LJAMLE ot s bonyl) The

nkgturegxﬁa ﬁcr¥§talélzed é g}ﬁtqﬁr- Xa@%ééﬂéé} éé’llc ac ,glve 0.16 g

173 S E SHEET (RULE 26) WD
+ -

ov] a7igdsomer A at -6, isomer aSHESE-LYT PCT/ US97/ 09309

but oxyl car bonyl am no) (tert- tritoxycarbonylimno) nethyl] am no) -
c-4-[(diethyl am no- car bonyl)
(met hyl car bopy | 2D GRENKE] 0¥ (hBRAHAN ARV BBy 1 amino) -4~

[ (carboxy) (methyl-carbonylamino)methyl] cyclopentylidene}-1,3-
10 dithiane (from Example 10) (10 g, 24.0 mmol) in
tetrahydrofuran (150 mL) was added triethylamine (3.03 g, 30.0
mmol), and methyl chloroformate (2.84 g, 30.0 mmol) and
stirred at room temperature for 1 h. To this mixture was
added diethylamine (4.4 g, 60.0 mmol) and the mixture stirred
15 for 16 h. The reaction mixture was diluted with ethyl acetate
(200 mL) and washed with water (200 mL). The organic layer
was separated, dried (MgSO,), filtered and concentrated to give
9.1 g (81 %) of a mixture of isomers at C-6 as residue. This
residue was recrystallized from ethyl acetate to give 1.9 g of
20 2-{38- (tert-butoxycarbonylamino) -4«a-
[{diethylaminocarbonyl) {methylcarbonylamino)methyl) cyclopentyl

idine-1,3-dithiane (isomer B at C-6).

To the above solid (1.88 g, 4.0 mmol) was added
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(isomer A at C6 and C-1) as a white solid, np 140 [err]C 5
Anal ysi s: WaPUdT Rt ed for C[err]H[err]N[err]CIerr] C, 56.20;PGTUEPgI0

12. 60 Found: _ C, 55.50; H 8.16; N, 12.48
A i xt ureethanipd igh by raglekoxic 1acyd 6108 mel P. BnN) 1 @nd ﬂtétﬂmﬂ/cﬁ@ uran
(5 nL) was stlrred W|th sodi um hydroxi de (1 1.5 nm) at room

t enper at YP ehf 8t 50 °Crhe ?ﬁ@(t‘ﬁﬂ"éﬁ%\ﬁ% was theBoﬁ@é‘ﬁ{rlaétléd’d YHEY esi due

di ssol ved i er (2 g.of cotton and the

i1 trat CMabhaPeias wadidn B 3r%k3?caaéi ﬁtlafﬁ&%p&é’&”i 8- 200 Ao ETd as

collected b 1 1 atlo washed W|th n [ dt |ve01lg

(81 % geméeq%iqﬁg (#b 5 Q%chonce até% ﬂﬁ' i he

abo 0 [ r n tirred
trlkgu%rgoa%e iC caci dr@%dmﬁ E 81%11115:g %Q éq ggr glos(nﬁ errpelr C’ufrsoe"lr{

The reacty 9? nwétt@fa@ml (9) : vmn&qnﬁﬁnhpa}sshaad he aisthdue Mg pashed

with ether m.). The residue was dissolved in nethanol and

et her adément to gﬂh.e cmextglresuvas)lef fabang1i B g-Rminef-uagerator for 24 h.

The sol vent was decanted and the residue washed two tinmes with 25
et her and (dieethylanginscdrifitng) pimebRyLeatboagtaadno) -aci d salt of
the title conpound as a white powder, np >110 [err]C (dec).

174 m#OhY )£ A%pentancarboxylate (isomer B at C-6) as an off-

PCT/ US97/ 09309 Analysis: Calculated for CJerr]Herr][Nerr](ferr]
CFLerr] Cofiite sa@idy4 m@3;9H,°®. 20; N, 15.38 Found:
C, 44.71; H 6.37; N, 14.77

Analysis: Calculated for C;H,;N,0,: C, 57.49; H, 8.68; N, 13.41

Found: Cc, 57.38; H, 8.63; N, 13.33

15 To a mixture of the above amine (0.7 g, 2.23 mmol) in
dimethylformamide (13 mL) were added triethylamine (0.81 g,
8.01 mmol), S-methyl N,N’'-bis-tert-butoxycarbonylisocthiourea
{714 mg, 2.46 mmol) and mercury chloride (665 mg, 2.46 mmol)
and the mixture stirred at room temperature for 16 h. The

20 reaction mixture was diluted with ethyl acetate (100 mL),
filtered through Celite and the filtrate washed with water (2
X 100 mL) and brine (1 x 100 mL). The organic layer was dried
(MgsSO,), filtered and the filtrate concentrated. The residue
was passed through a column of silica gel (100 g) using ethyl

25 acetate as an eluent. The desired fractions were combined and
concentrated to give 0.7 g (56 %) of a mixture of isomers.
The mixture was recrystallized from ether-hexane thrice to

give 0.16 g (13 %) of methyl t-38-{[(tert-
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175

WD 97/ 47194

PCT/ USQAWVOP34T194 PCT/US97/09309

10

15

20

25

butoxylcarbonylamino) {tert-tritoxycarbonylimino)methyl]amino}-
c-4-[(diethylamino-~
carbonyl) (methylcarbonylamino)methyl] cyclopentan-x-carboxylate

(isomer A at C-6 and C-1) as a white solid, mp 140 °C.

Analysis: Calculated for C,;H,N;Os: C, 56.20; H, B8.16; N, 12.60

Found: C, 55.50; H, 8.16; N, 12.48

A mixture of the above ester (0.14 g, 0.25 mmol) in
tetrahydrofuran (5 mlL) was stirred with sodium hydroxide (1 N,
1.5 mL) at room temperature for 4 h. The mixture was
concentrated, the residue dissolved in water (2 mL), filtered
through a plug of cotton and the filtrate acidified with
acetic acid. The precipitate obtained was collected by
filtration, washed with water and dried to give 0.11 g (81 %)

of the corresponding acid.

A mixture of the above acid (0.08 g, 0.15 mmol) in
dichloromethane (5 mL} was stirred with trifluorcacetic acid
(1.0 mL) for 16 h at room temperature. The reaction mixture
was concentrated and the residue was washed with ether (2 x 20
mL). The residue was dissolved in methanol and ether added.
The mixture was let stand in the refrigerator for 24 h. The
solvent was decanted and the residue washed two times with
ether and dried to give 0.06 g of the trifluorocacetic acid
salt of the title compound as a white powder, mp >110 °C

{dec) .

174

SUBSTITUTE SHEET (RULE 26)



BmmﬂeBlWyg 3[err]-{ [
( Ami no) (i mi no)gr’rlllg?l‘glyl ]amino}-4a-{ [(ethyl)(propyl)amino 5  FPCT/USI7/09309

car bonyl ] &Eyl-carbonylanlno)nethyl} cycl opent ancar boxyl i c acid
(i soner ARBR To a mixture of 2-{3[err]-{

tert-b t-
L&tg;ycar%§§§ %l%%f%ﬁiqg-é rqfo}:’ﬁ'élﬁo?l(lcarbo§y)‘('$n‘3??\ylH 16-20; N, 15.38

car bonyl a nethyl] 1-cycl opentyl -idene}-1, dlthlane (fron1 Exanpl e
7) (0.5 g?bgﬁé nmol ) in tetrahydrofuran (15 HE) fcddda N, 14.77
triethylamne (0.12 g, 1.15 nmmol), and nethyl chlorofornate (0.11 g,
1.15 mmol ) and stirred at room tenperature for 1 h. To this mxture
was added 15 et hyl propylamne (0.32 g, 3.6 mml) and stirred for 3 h at
roomtenperature. The reaction m xture was diluted with ethyl acetate
(70 m.) and washed with water (75 nmL) and brine (75 m.). The organic
| ayer was separated, dried (MgSO err]), filtered and concentrat ed.
The resi due was passed through a colum of 20 silica gel (50 g) using

et hyl acetate: hexane (1:1) m xture as an eluent to give 0.17 g (30

% of 2-{3[err]-{ [(tert-

but oxycar bonyl am no) (t ert - but oxycar bonyl i m no) net hyl ] am no} -
4a- [ (et hyl propyl am nocar bonyl ) (et hyl car bonyl - am no) net hyl ] - 1-
cycl opentylidene}-1,3-dithiane (isonmer A at CG6) as a white
176 SUBSTI TUTE SHEET (RULE 26)

175

SUBSTITUTE SHEET (RULE 26)



WD 97/ 47194 PCT/ US97/ 09309

solid, npwows4Ia[err]C. Anal ysi s: Cal cul at ed f drCT/US97/09309
CerrJHerr]Nerr]O[err]: C, 55.48; H 7.87; N, 11.15

Found: C, 55.60pxdmpAe841 N, 11.23 5 A
0.24 g (43 %9 sanple of isomer B at C—é)mas al so isolated as a

white solid, rrp122-123[err]C aﬁ&?ﬁgﬁ{ Calculatedfor
Cerr]JHerr]Nerr]derr]: C, ; -\ 315

Found: - % . HNC 11. 21 A

m xture of the above |sorrer g ) and hydr ochl ori c
acid in nethanol (0.75 N, 6. 0 ) was roomtenperature
for 24 h. The nmixture was then neutral } 15 with 1 N sodium

hydr oxi de and 2 drops of additional gi"N sodi um hydr oxi de added and
m xture stirred for 2 h. After O(’I‘ﬂg\b_n_r[_'neutraI|zat|on with 1 N hydrochloric
acid, the m xture was NBd, salts were renoved by

filtration and the filtrate concentrated. The residue was passed

t hrough a 20 colum of silica gel (20 g) using ethyl acetate: hexane
(3:1) as_an eluent to glve0059(39°/c) of rrethyl 3[err] {[(tert-
but oxycais 3 \ mi hohme gion = 5 171

4a- [ (et hyl propyl am nocar bon I )(rret hyI car bonyI am no) rret hyl ] -I -

cyd opergamee A , hyds 1 gtige of

t he above ester (0 04 , 0. 07 rrrml) and sodi um hydrOX| de (1 N, 0.5
nm) was %MréHSQWEFoﬁnﬁFeﬁ:péﬁature for 2 h. The reaction mixture
was diluted with water (2 ni) 177

To a mixture of 2-{38-{[({tert-butoxycarbonylamino) (tert-

butoxycarbonyl-imino)methyl]lamino}-4a- [ (carboxy) (methyl

10 carbonylamino)methyl] -1-cyclopentyl-idene}-1,3-dithiane (from
Example 7) (0.5 g, 0.9 mmol) in tetrahydrofuran (15 mL) was
added triethylamine (0.12 g, 1.15 mmol), and methyl
chloroformate (0.11 g, 1.15 mmol) and stirred at room
temperature for 1 h. To this mixture was added

15 ethylpropylamine (0.32 g, 3.6 mmol) and stirred for 3 h at
room temperature. The reaction mixture was diluted with ethyl
acetate (70 mL) and washed with water (75 mL) and brine (75
mL). The organic layer was separated, dried (MgSO,), filtered
and concentrated. The residue was passed through a column of

20 silica gel (50 g) using ethyl acetate: hexane (1:1) mixture as
an eluent to give 0.17 g (30 %) of 2-{38-{[(tert-
butoxycarbonylamino) (tert-butoxycarbonylimino)methyl]amino}-
40- [ (ethylpropylaminocarbonyl) (methylcarbonyl-amino) methyl] -1-

cyclopentylidene}-1,3-dithiane (isomer A at C-6) as a white
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PCT/USQ?/O%%&%, and
filtered gﬁ?gﬁﬁﬂgﬁ cotton plug. The filtrate was neutra |£%Hm§f?h

acetic acid. The precipitate which forned was col |l ected by
filtrati 8atidasmed WX 3fate- and dried to give 0.03 g (77 % of
3[err]-{[(tert-butoxycarbonylam no)(tert- 5

but oxy- car bonyl i m no) net hyl ] am no} - 4a-

ot hy! | COBPUBAEn G BRI ST CPUOREYe a Gl ES6fS/ Ho 7-87; N, 3.15

m xture of the abo*gnﬁﬁiﬁ (0.012 g, 0.02 nnn&? gg(8$g #tdqudqrjﬂﬁtgfpfé(z

m.) was stirred with tr1Tluoroacetic acid ) for ‘2 room
tenperature. The reaction m xture was concentrated and evapor at ed
twice with dichloronethane to give the title conpound as residue [ M

g$§+)3 356.4] 5 0.24 g (43 %) sample of isomer B at C-6 was also

isolated as a white solid, wmp 122-123 °C.

Analysis: Calculated for C,H,;N:Os: C, 55.48; H, 7.87; N, 11.15

10 Found: : C, 55.57; H, 7.8%9; N, 11.21

A mixture of the above isomer A (0.14 g, 0.226 mmol) and
hydrochloric acid in methanol (0.75 N, 6.0 mL) was stirred at
room temperature for 24 h. The mixture was then neutralized

15 with 1 N sodium hydroxide and 2 drops of additional 1 N sodium
hydroxide added and mixture stirred for 2 h. After
neutralization with 1 N hydrochloric acid, the mixture was
concentrated, salts were removed by filtration and the
filtrate concentrated. The residue was passed through a

20 column of silica gel (20 g) using ethyl acetate: hexane (3:1)
as an eluent to give 0.05 g (39 %) of methyl 38-{[(tert-
butoxycarbonylamino) (tert-butoxycarbonylimino)methyl]amino}-
4a- [ (ethylpropyl-aminocarbonyl) (methylcarbonylamino)methyl) -1-
cyclopentancarboxylate (isomer A at C-6).

25

A mixture of the above ester (0.04 g, 0.07 mmol) and
sodium hydroxide (1 N, 0.5 mlL) was stirred at room temperature

. for 2 h. The reaction mixture was diluted with water (2 mL)
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Exanpl e WD 97147194 3[err]-{ [ (Am no)(im no)net RET{USHTABP2 4a- {
[ (ethyl) (propyl)am no 5

car bonyddd net iwbrear bagpughi 2o)cwritod EMed openhantfl bpxybi was aci d
(isomer B at C6) - A mxture of

2- {3[eméut(félézedbwuohy@a:eltawla'mﬂdlo) (Thesr tprecipitate which formed
but oxycar bonyl -i m no) met hyl ] am no}-4a -[ (ethyl propylamno_ 10

car bonywag neehyechedolyl &ilioptrdcyd |wasksd | wpeht yateenandidgied to

dithiane (isoner B at G- 6) (from Exanple 31) (0.18 g, 0.288 nmol )
and hydrioeal orP8 dcild7i r’f)mé’tfhék‘l{ kbt%tt@u :@yqa,@;quglamlno) (&eirtred at
roomtenperature for §4 he r}’q urevva}sjthen neutralized with 1 N
s umBHP % T R RRTY MHENYYs amineiHT4¥onal 1 N sodi um hydr oxi de

t he mxtu neu ralization with 1 N

dded ti

ﬁyd?ocﬁrg??layﬁefap %gslnocar °rﬂY>&’u$‘%e§%aé12%%’ﬁ‘8%ﬂ¥fa‘P sal ts were renoved
by filt d id d
DY AP B cpencag Ml T S ORCRILERLECh Tpect gl due ues pacse

(3:1) 20 as an eluent to give 0.06 g (36 % of rrethyl 3[err]-{[(tert-

but oxycar bonyl am no) (tert-butoxycarbonylimno) nmethyl] -am no} -

4a- [ (et hyl pr gpyk aplReC YUK )a(HBiIé‘YA@?db@@Ybﬁﬁ‘ §9) 5ebBYhhoh) in
cycl opent ancar boxyl ate (i soner B at C-6).

P dichloromethane (2 mL) wasSUBSRAdH EwSHEEdr{ RULErd8retic acid
(0.2 mL) for 24 h at room temperature. The reaction mixture
was concentrated and evaporated twice with dichloromethane to

give the title compound as residue [MS (ES+): 356.4].
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A m xt ure%glpggﬁg”é'bove ester (0.06 g, 0.1 mvol) and soHFEmsﬁWﬂs?B(i de
(1N, 0.5 nm) were stirred at room tenperature for 2 h. The reaction
m xture was diluted with wat erEX@wple 3aRd filtered through a cotton
plug. The filtrate 5 was neutralized with acetic acid. The precipitate
whi ch formed was collected by fpltratigg,c %@é gd with water and

dried to give 0.045 g (80 %)opf 3ferr ﬁ(er? t oxycar bonyl am no)
(tert-butoxy-carbonylim no)net N - 3y t hyl

propyl am nocar bonyl ) (nethyl car ponyl a
carboxylic acid (isoner A at C60).

cycl opentan 10
m xture of the above

(3

acid (0.03 g, 0.05 mmol) in di chl met hane (2 nmL) was stirred with
trifluoroacetic acid (0.3 nL)Iﬂbr 24 h at roomtenperature. The
reaction mxture 15 was concelg2 ated d evaporated twice with
di chl oronet hane to give th ItTe Cconpound as residue [ M5 (ES+):
356.3 (100 %]
180
38- Amino) (imino)methyllamino] -4~ ethyl ropyl)amino
5 carbonyl] (methyl-carbonylamino)methvl }cyclopentancarboxyvlic

acid (isomer B at C-6)

A mixture of 2-{38-{[(tert-butoxycarbonylamino) (tert-

butoxycarbonyl-imino)methyl) amino}-4c- [ (ethylpropylamino

10 carbonyl) (methylcarbonylamino)methyl] -1-cyclopentylidene}-1,3-
dithiane (isomer B at C-6) (from Example 31) (0.18 g, 0.288
mmol) and hydrochloric acid in methanol (0.75 N, 6.0 mL) was
stirred at room temperature for 24 h. The mixture was then
neutralized with 1 N sodium hydroxide and 2 drops of

15 additiocnal 1 N sodium hydroxide added and the mixture stirred
for 2 h. After neutralization with 1 N hydrochloric acid, the
mixture was concentrated, salts were removed by filtration and
the filtrate concentrated. The residue was passed through a
column of silica gel (20 g) using ethyl acetate: hexane (3:1)

20 as an eluent to give 0.06 g (36 %) of methyl 38-{[(tert-
butoxycarbonylamino) (tert-butoxycarbonylimino)methyl] -amino}-
4ca- [ (ethylpropylaminocarbonyl) (methylcarbonylamino)methyl] -1-

cyclopentancarboxylate (isomer B at C-6).
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PCT/ US97Ws$D%iity194 Exanpl es 33- 64PCT/USITN0930% o (|
General preparation of am des through parallel synthesis 5 resulting in
a mxture ofai pefeugeabiCtheanthoiebester (0.06 g, T0. 1 umod Ur&ndf 2-{3[err]
-{[(tert-butoxycarbonyl am no) (tert-

but oxy casdbay| hiydiroa)idet Hyl Naniong} mla- Weger EhxiyXerktsy | room

car bonyl am no) net hyl ] - 1- cycl opentyl -idene}-1, 3-dithiane_(from 10 Exanpl e
7) (0. 09smpgeratugemfor) 2i i tetTrf%moéh n(nactomﬁL)was diluygedaddith
triethylamne (35 gerr]L 25 nmmol ), and net hyl chl orof ormate (20

[err] L, wates fromf) apdd fd ltered &hsoudhe@ sotton pluspm tBapefaltiFateor 1

h. To this m xture was added the ppr.opri ate am ne ) and
st?rred‘"?%rnﬁt}tﬁ'aﬁ?ﬁg PR ARt ATHEL I S ARAAE i PRLEEhy| acet at e

éégagz% £48hed wasyfD 33:%@&@“’?‘5?%% Sl SR 28
T o 3o m, 0.75
N st FERT P B3V SL TR (ML B et Qe Fe Mlhonasboldi s i

hydroxi gde: aa¢ (gt tr—% tfogfg-‘&ar}kﬁatnﬁlqmno)met %ﬁd;f];] aJPee E‘h jure was

again neut ralize concent rat ess and | rred with

di chl orﬁﬂsﬁpaaﬁlh%carbonym)<n@tdntlrdarxlwfﬂ%ﬁ@itﬂ&) Bfdchyl] é%légénéah The

m Xt ure was
10 carboxylic acid (isomer A at C-6).

A mixture of the above acid (0.03 g, 0.05 mmol) in
dichloromethane (2 mL) was stirred with trifluorocacetic acid
(0.3 mL) for 24 h at room temperature. The reaction mixture
15 was concentrated and evaporated twice with dichloromethane to

give the title compound as residue [MS (ES+): 356.3 (100 %)]
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PCT/ US97/ (¥8E8%47194 then concentrated to dryness and the F&JyRIg09309

characterized by mass spectrum anal ysis. By this nmethod the
foll owi ng am des wer e isol Bkaslples 35-64 Exanpl e

Rl err] R err] M5 (ESt) 33

CH err] (CH err]Ph 34

CH err] (CH err]CH ]H CON%éﬁélﬁ 35
Cerr]Herr] CH err 404 4 36

CH err] (CHerr]CH erlr] 4 37
pyrrolidino 340. 38

(CHerr]CHerr] CHerr]- cycloprgﬁyl 382. 4 39
Cerr]Herr] (CH err]CH 358.5 40
Cerr]Herr] (CH err] &4 NH 370. 4 41
CH err] (CH err]OH 344.2 15 42

azetidino 326. 4 43 H
CH(CH err]) (Cerr]Herr]) 342.3 44

Cerr]Herr] general pre ﬂfd&&ﬁ[@ﬁ&aes throu 8: -
CH err] er 45p 15;1{ 1 hrough p§§cﬁigrlr ]s taia'[selrsr]
34053 resultn‘@6 in a mixture of Ci'ﬁ@ﬁéi-s at C-1 an@H(:CbI[err]

342.3 20 CH err] (CHerr]CH err]
342. 3 48 C[err]H[err] (CHerr]CH err]
356. 4 49 CHCerr]Herr]
356. 3 To a) mixture of 2- {3@[’ {_::Et]:Hperb\]J.toxycarbonylepeno])H[tezrzrq-
342. 3

H CH(CH err
328. 4 25butoxycagj>onyl imino)methyjlamino}-4a- [(CarbeHQ/Q}‘l[“@ %“]Y)1
&SHE (Callr-l{]e q%]%qﬂ@%%ﬁ?}é}}]}‘%%entyl’ldengi"1 3-|€1|1th1ane (fl;.ffom

%l%ﬁ% g%?%onf% err]%'ﬁﬁ;%) 0. f’%ﬂﬁ%l) in tetraggdrofuran {3.0 mLH

CH (CH eyy 3%) M"%{#é‘émaﬂ# e 6(35 gp ©0.25 mmol), and meghyl

(CH err]
(CH err] QM dddrmat S°8; dl._'u, 0. 25 mlﬁgl) %nd the mlxtgﬁe stirred at

CH(C[err]Herr]) (CH[err]O [ err] H
CH ( CH et (tenpfddddere | for 1 1356 'ﬁo thls mixt@®e was added the H
CH(C[err]H[err]) (C[err]H[err]) 384.0 61
pi peri di appropriate amine (0.8 mm3b}. nd5stirred G2r 16 h. The
3, 4- di dehydr opi peri di no 352.0 63
2- &6t hyl me@eqhndqrnonlxture was diluted3@8th ethyl acetgge (20 mL) and
2- et hyl pi peridi no 382.0
washed with water (20 mL). The organic layer was separated,

dried (MgsSO,), filtered and concentrated.

To this residue was added methanolic hydrochloric acid
20 (4.5 mL, 0.75 N}, stirred for 20 h at room temperature, made
basic with sodium hydroxide and stirred for 4 h at room
temperature. The mixture was again neutralized with HCI],
concentrated to dryness and stirred with dichloromethane (5

mL) and trifluorocacetic acid . {1 mL) for 4 h. The mixture was
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WO 97/ 4 WGA7/47194
Exanpl e 65 [err]

tetrahydrofuran (10 nL) at -78 [err] C was
(tri neWeyesiisplahfdre

After stirring for

SUBSTI TUTE SHEET (RULE. 26
PCT/ US97/ F&3He897/09309

{[ (Am thef concemitatddtiacryimgd anfd - niee hyésadbengharmagberized by
pent - 2-enyl ] cycl o- pent ancar boxyl i c acid _ )
pr opy| meephePEgOsp RS ANE BT oniBle this methogdgthe OHo¥Bowwpy) amides

3[err]

10 mn, the

allowed to warmto O [err]C, stirred for

dr opwi se.
[err]C. T
(?ert-bugt.;f'Q
am no) et
(from Exag
was Stirrg
i par at e
e conbi
(MgSd err
give 0.1649 of
et hy| ' 41
15 42
43
44
45
) 46
20 47
’ 48
49
50
51
25 52
53
54
55
56
30 57
58
59
60
61
35 62
63
64

g4

| I cycl opentyl i

le 10) in tetrglydrofuran (6
for 1 h. Wategz¢10 nL) was a

The aqueous | ayer

d organic
" filtered 2qiCH

CH,

H
C.Hyg

fooffs silic vite SRR« ol o e o« s e e o]

this mxture was added 2-{3[eLr]-

gene] - 1, 3-di thi

1idino . .
tract 3 werrg S i ne,
re ey o el o)
crugey Purification by fe

hrolgh Celi

To a suspensi on of

added sodi um bi s
(1 Mtetrahydrofuran, 10 0.73 m, 0.73 mmol)
reaction m xture was

20 mn, and cooled to -78

-
anat

chanyvl

MS

(ES+)

)

hﬁﬁa{lt he r

%%h and the |

akidh with et her

(CH,) ,OH

azetidino

CH (CH,) (C,H,)
CH2c=CH2
1

]

CH,CH=CH,

CH (CH,) ,

(CH,) ,CH,

{CH,) ,CH,

CH (C,H;),

C,H;

CH(CH,)},

CH (CH,) (CH,CH,Ph)
CH (CH,) [CH,CH (CH,),]
CH (CH,0H) (C,H,)

CH (CH,) (C,H,)

CH (CH,} [ (CH,) ,C (OH)
(CH,) ,]

CH (CH,) (CH,0CH,)
CH(C,H,) (CH,OCH,)
CH (CH,) (C,H,)
CH(C,H) (C,H,)

piperidine
3,4-didehydropiperidino

2-methylpiperidino

2-ethylpiperidino
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342.
342.
356.
356.
342.
328.
418.
370.
372.
370.
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368.
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acet at e/ hexan urnished 0.093 g (91 %9 of 2-{3[err] -(te
B’é’rﬁff%‘{] bETruserr0930

but oxycar -4a- [1- (1-nethylcarbonyl am no) pent - 2-
enyl]cyclopentyl-|dene}-1,3-d|th|ane as a white solid, np 175-

183 WO 97/ 47194 Example 65

PCT/ US97/ 09309 177 [err] C Anal ysi s: Cal cul at ed
for C[err]H[err]N[err]C{err]S[err] 2; H 8.03; N, 6.57 5

Found: 8 04; N, 6.51 To
a stirred solution of the above\ ? 1.5 mol ) in methano
(44 nmL) at room tenperature was c Cl (3.8 nL, 22.8 muol)

and the reaction m xture was stlrred 1 r h. The reaction m xture

was cooled to O [err]C and sodi um roxide (1.0 g, 25 mml) was

added. After stirring for 50 nﬂn“at roomtenperature, the reaction
m xture was quenched W th gbac ﬁ acetic acid (0.41 m, 7.0 mmuol)
and concentrated i n vacuo a residue. To thls resi due was
added 15 et hyl acetate (15 nL) and mater (10 nmL) and the | ayers were
separated. The aqueous |ayer was extracted with ethyl acetate (4 x
15 m). The conblned organi c extracts mere extracts wer e washed with
brine, d2 30 1. bl -me $ ed
in vacuo to glve 0. 37 g_(66 @6 of nethyl 3[err] 20

(test bukeRUcar BON eSO - P U s > 3B y| am no)pent_

2-enyl ] -cyclopentancarbonylate A m xture of the above ester

(0.28 g, 0.66 nnDI) and trifluoroacetic acid (1.0 nmi, 13 0 nnDI) in

reaction 28 g pures RRET A S Th AR e Grvs B, B3oR 6800 % of

(0.28 g, 0.73 mmol) in tetrahydrofuran (10 mL) at -78 °C was
added sodium bis(trimethylsilyl)amide (1 M/tetrahydrofuran,

10 0.73 mL, 0.73 mmol) dropwise. After stirring for 10 min, the
reaction mixture was allowed to warm to 0 °C, stirred for 20
min, and coocled to -78 °C. To this mixture was added 2-{383-
(tert-butoxycarbonylamino} -4c- [ (formyl) (methylcarbonyl-
amino)methyl] cyclopentylidene}-1,3-dithiane (0.097 g, 0.24

15 mmol) (from Example 10) in tetrahydrofuran (6 mL) and the
reaction mixture was stirred for 1 h. Water (10 mL) was added
and the layers were separated. The aqueocus layer was
extracted with ether (4 x 10 mL). The combined organic
extracts were washed with brine, dried (MgSO,), filtered

20 through Celite, and concentrated in vacuo to give 0.16 g of
crude. Purification by radial PLC (SiO,, 50-75 % ethyl
acetate/hexanes) furnished 0.093 g (91 %) of 2-{38- (tert-
butoxycarbonylamino) -4a- [1- {1-methylcarbonylamino)} pent-2-

enyl)cyclopentyl-idene}-1,3-dithiane as a white solid, mp 175-
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met hyl 3[err]-am no-4a-[1-(1-nethyl carbonyl am no) pent - 2-enyl ] cycl o

pent ancarW&&7{421%. 1BQT/US97/09309

WD 97/ 47194 PCT/ US97/ 09309

To the mixt wree, of the above amine (0.29 g, 0.66 nmmol) in

di ret hyl formam de (7 nL) was added N, N -bis-tert-butoxy

carbonyl - S-net hyl isothiourea (0.24 g, 0.81 nmol), triethylamne (3.0
m., 21.5 mmol), and nercuric chloride (0.22 5 g, 0.81 mml). The

reacti oAnalpak®: was stirred at room tenperature overnight. To this
m xture was added et hyl acetate (20 nL) and water (15 nL) and the

| ayers WaleculatedsEanr 86:.8d.N.P%: :or ganiCe 158.6r2 mads, viasTied Ni té. B7i ne, dried
( SC{err]) filtered through Celite, and concentrated in vacuo to 10
provi de F®WHly of crude. PurificationChy S%dilel HLG (&8 Or r§ ; 550-

75 % ethyl acetate/ hexanes) gave 0.214 g (64 % of nethyl 3[err]-
{[(tert-butoxycarbonyl am no) (tert- butoxycarbonylinino)nethyl]

pent ahcar boxyi S5, ég%%‘f‘éﬁbg%%ﬁ"?% Ao ANE GO Wt Ssthr5 (0. 116

?énge?gﬂﬁggp if methano% (3§hX§P g}??ﬁ&gé%ﬁggf%¥5¥e & 1éé?$% %$$ room

mxturegel (3.888L5tREN 8dmieN ) 2 a2 R6eC YRGRIN I 3@:&6{}19’@%@3 ex %C{ied

concentrate was acidified with gl acial acetic acl

wiph et Br aetial e theXrélcilibn TA&te@EbWARA cooled B RN E SxXd r SSHSuNES €
washed with brine, dried (MgSQerr]), filtered through Celite, and

concent hatdembxideracloot g, aRbomtiol) was @diefl.g @A EAstofirring for 50
3[err]-{[(tert-butoxycarbonylam no)(tert- 25
butoxycéﬂﬁb@ﬂ|¥@%@)ﬁ%@h?¢F&#¥ﬁo}£¢@-Fﬁappmnﬁtnmxture was cgréxalyédni no)

pent - enyl]cyclopentancarboxyl|c aci d.
th glacial acetic acid (0.41 mL, 7.0 mmol) and concentrated

in vacuo to furnish a residue. To this residue was added

15 ethyl acetate (15 mL) and water (10 mL) and the layers were
separated. The aqueous layer was extracted with ethyl acetate
(4 x 15 mL). The combined organic extracts were extracts were
washed with brine, dried {(MgSQO,), filtered through Celite, and
concentrated in vacuo to give 0.37 g (66 %) of methyl 38-

20 (tert-butoxycarbonylamino) -4a-[1- (1-methylcarbonylamino) pent-

2-enyl] -cyclopentancarbonylate.

A mixture of the above ester (0.28 g, 0.66 mmol) and
trifluorcacetic acid (1.0 mL, 13.0 mmol) in dichloromethane
25 was stirred at room temperature for 5.5 h. The reaction
mixture was concentrated in vacuo to give 0.29 g (100 %) of
methyl 3f8-amino-4a-[1-(l-methylcarbonylamino)pent-2-enyl]cyclo

pentancarboxylate.
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A m xture bove acid (0.114 g, 0.23 nmmol) and
185 0@ 5'2/?’29‘5}94 PCIA8¥P 09309

trifluoroacetic acid (0.35 nm, 4.5 mmol) in dichloronethane (8 nlL) was
stirred at rodm tegpadiagtyre f the mbave agiBvei df -28 Gvude 6fagumol) in

concentrated in vacuo to give crude. Trituration wth ether afforded 0.064
g (59 WaypeER¥lEPEMaTigolihdiys vas (agded| Nal¥' npigs tex q-dutaxy

Al ST S aubabo A s dhgn SR ErIINEr £l 0her ol o1 GREhgTr1 OLerrlH C
5.84; N

’tézeggylamine (3.0 mL, 21.5 mmol), and mercuric chloride (0.22

5 g, 0.81 mmol). The reaction mixture was stirred at room
temperature overnight. To this mixture was added ethyl
acetate (20 mL) and water (15 mL) and the layers were
separated. The organic layer was washed with brine, dried
(MgS0,), filtered through Celite, and concentrated in vacuo to

10 provide 0.35 g of crude. Purification by radial PLC (Si0,, 50-
75 % ethyl acetate/hexanes) gave 0.214 g (64 %) of methyl 38-
{ [ (tert-butoxycarbonylamino) ( tert-butoxycarbonylimino)methyl]
amino}—4a—[1—(1—methylcarbdnylamino)pent—z—enyl]cyclo-
pentancarboxylate.

15

To a mixture of the above ester (0.116 g, 0.23 mmol) in

tetrahydrofuran (3.5 mL) and water (2 mL) at room temperature
was added 1 N NaOH (0.6 mL, 0.6 mmol). The reaction mixture
was stirred for 2 h and concentrated in vacuo. The

20 concentrate was acidified with glacial acetic acid and
extracted with ethyl acetate (4 x 10 mL}). The combined
organic extracts were washed with brine, dried (MgSO,),
filtered through Celite, and concentrated in vacuo to afford
0.114 g {100 %) of 3B8-{[(tert-butoxycarbonylamino) (tert-

25 butcxycarbonylimino)methyl]lamino}-4c- {1- (1-methyl-

carbonylamino) pent-2-enyl)cyclopentancarboxylic acid.

. A mixture of the above acid (0.114 g, 0.23 mmol) and
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186 WO 97/ 47194
PCT/ US97 M9 8097194 Exanpl e 66 perniss?/09309
[err]- { [ (Amno) (imno)nethyl]am no]-4a - [1- (1-nethylcarbonyl 5

ami no) PHL%E%Q%QER%”% RAGAr 0%y 'ng1 24 % mmol) in Oaaogﬁ%é&.& at @éa”P' e

65 (0.0 and at1 num oxi'de Th- &t hanol

m) wasmﬂvdﬁageaeaeéeat at room@eRiferdRrl ¥Y¥r D! eaphd OpeALXiHhe Was
filtered through 10 Celite and the filtrate was concentrated 1 n vacuo to

give mixtafredeasTeohdentirated tih atdwio afd aries Or@2d. 9 T8 Y8 aelohhe

title conpound as a tan solid, np 65-67 [err]C Anal ysis: 15
Cal cul awethf et h€rernffidreled N.@6d] @ 59 %)l of5GHert 1€IE edsthbbuhd 48. 80; H,
5.91; N, 11.95 Found: C, 43.63; H, 6.16;

N, 512. 20an solid, mp 62~64 °C.

Analysis:

Calculated for C,H,,NO,-1.5CF,CO,H C, 43.68; H, 5.50; N, 11.99

Found: C, 43.48; H, 5.84; N, 12.03

i86
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57 47104 WOITHTISH ST T S T Uo7/ obatCTrussmosses O
Bi ochem stry The in vitro assay is based on the nethod
reported by von ltzstein et alBEx3mPlepebicati on 92309634.6). The 5
neur am ni dase fromthe H N9 strain of influenza was obtai ned by the
nmet hod descri bed by Laver et al. Virolog , 137, p. 314-323.

Val ues for the ICJerr] were ne&ured vijfa a spectrofl uoronetric

t echni que which uses the fl uoroggr+dl substrate

2' -(4-methylunbel liferyl)-a-D acqtyl neury
cl eaved by neuram nidase to yield a

aiagb,H 10  This substrate is
uorescent product which can be

quantified. The assay m xture congarns inhibitors at various
concentrations (four to six poiffs) and enzynme in 32.5 nmM MES

[ (2- (N-nor phol i no) et hanesukf,qni ¢-—agyd] buffer, 4 MM CaCl[err] at pH
=6.5 (total 15 vol unme = 80 [errfL). The reaction is started by the
addi ti on of 20 [err]L of the substrate to a final concentration of
75 [err]M After 10 min at 37[err] C 2.4 nL of 0.1Mglycine/ NaCH
WH=1Q§ '5 @%@g&&i J1 hM'c'o LSt UL kv erm nate

t he .
with no engye) peRkyanesfaNEedr 4 Ly @M A nco- Bownan
fluoresc XCl T on: nm and em ssion: 450
nm and substrate bl anks were subtracted from t he readi ngs. The
IC[err] is calculated by plotting percent

A mixture of Example 65 (0.021 g, 0.045 mmol) and

on 20

platinum oxide (0.05 g) in ethanol (6 mL) was hydrogenated at

50 psi overnight. The reaction mixture was filtered through
10 Celite and the filtrate was concentrated in vacuo to give

crude. Trituration with ether afforded 0.020 g {95 %) of the

title compound as a tan solid, mp 65-67 °C.

Analysis:
15 Calculated for C,;H,N,0,'1.5CF,CO,H C, 43.50; H, 5.91; N, 11.95
Found: C, 43.63; H, 6.16; N, 12.20
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i nhi bition versus the inhibitor concentration, and 25 det erm nati on of
each poiWO%747i9dr f or ned i n duplicate. PCT/US97/09309

188 WO 97/ 47194

PCT/ US97/ 09309

o Biochemist Crystal | ography
Conpl exes bet ween neur ami ni dase and i nhibrtor nol ecul es wer e
prepared by transferring H N9 neuram ni dase crystals into 5 2 nmL of the

phosphat e buffer solution in which the inhibitor has been di ssol ved.
The concent reie ofinofritlre asbapi tter based onc tineo med haesls regjorstest] by wen2 mM
The crystal was allowed to equilibrate in the buffer solution for

about ditzstgiangttadn (EP Applimstaéant P@8A08HE84s@)ut i GlReand nounted in a
gl ass capillary for 10 X-ray diffraction data collection. Al X-ray
i rit ensinguraminidagasiremefits HANE FEE8ide@twiln lalegzanmas ebiooinedti wire

o 100 b et BOEROUANB T ABERePYARBHET Fhe A 3& 3&%‘%@9 P gatleor
di stance s 16 %&t he .det gf‘tor‘[ was of fset to collect 2.4 A

dat a. :h%l g?’datga P8 hREshFEd 16ee (ofe measur ’r‘-’faﬁl on franes at
240 s °f eeé‘tPPé 1§ PS&eg%%Ete'éﬁﬁEque which Y5k clﬂee'fci%%rﬁqﬁ 5705’ frames of

data beidre ra ration the crystals preve ¥urther data

col | ectd @t racOa’ - (4- metﬁmuwﬂ&%&y&i@ 4Ry S ATRAR | A1 4 he

XENGEN package of prograns. The integrate scal ed
afgl Werﬂeﬂstguﬁéeéuﬁe asf icnabveat dyseueaRtidide ¢y »yltelcgtge

refl ections. The final data sets were conplete to 2.5 A
fluorescent product which can be quantified. The assay
mixture contains inhibitors at various concentrations (four to
six points) and enzyme in 32.5 mM MES [{(2- (N-morpholino)
ethanesulfonic acid] buffer, 4 mM CaCl, at pH = 6.5 (total

15 volume = 80 uL). The reaction is started by the addition of
20 uL of the substrate to a final concentration of 75 uM.
After 10 min at 37°C, 2.4 mL of 0.1M glycine/NaOH {(pH = 10.2)
is added to 0.1 mL of the reaction mixture to terminate the
reaction. A blank is run with the same substrate solution

20 with no enzyme. Fluorescence is read using an Aminco-Bowman
fluorescence spectrophotometer (excitation: 360 nm and
emission: 450 nm) and substrate blanks were subtracted from
the readings. The IC,;, is calculated by plotting percent

inhibition wversus the inhibitor concentration, and

25 determination of each point is performed in duplicate.

188

SUBSTITUTE SHEET (RULE 26)



resolutio finenment was carried out using the progra OR
The startpwaAhﬁﬂéf for refinenent was the 2.0 A refi%gaﬁﬁgPP€§LN9
structure. Difference Fourier maps to 2.5 A wer e cal cul at ed using
the cal cul ated phases from the r S&vg&@llographidel . Analysis of the

el ectron density maps was perforned on

189 SUBSTI TUTE SHEET (RULE- 26) WO

97/ 47194 S97/ 09309 .a Si.licon

. PCT/
G aphi cs IndlSBWE%ﬁﬁﬁﬁaQ?HﬂﬁﬁﬂnQﬁ“ﬁﬁQﬁﬂﬁQ%§eviﬁéjé% %BﬁtaglﬂalFﬁ€J§¥%phlcs

[
P ed 18oFRePrarrrarhats ARy i oy HdtafniRaSE L oRstEns TS Y
later 'nﬁlHﬂegf'@Hé“%ﬁgﬂﬂggﬂéﬂﬂd¥¥g¥“so1ut1on in which the inhibitor

. has been dissolved. The concentration of the inhibitor

compound was adjusted to be 2 mM. The crystal was allowed to
equilibrate in the buffer solution for about one day and then
removed from the scolution and mounted in a glass capillary for

10 X-ray diffraction data collection. All X-ray intensity
measurements were recorded with a Siemens X-100 multiwire area
detector on a Rigaku RU-300 rotating anode generator operating
at 100 mA and 50 kV and a copper anode. The crystal to
detector distance was 160 mm and the detector was offset to

15 collect 2.4 A data. Intensity data were measured on 0.1°
oscillation frames at 240 s of exposure per frame. Each
crystal yielded 600-700 frames of data before radiation damage

to the crystals prevented further data collection.

20 The intensity data were processed using the XENGEN
package of programs. The integrated intensities were scaled
and merged to produce a final data set containing only unique
reflections. The final data sets were complete to 2.5 A
resolution. All refinement was carried out using the program

25 XPLOR. The starting model for refinement was the 2.0 A
refined native N9 structure. Difference Fourier maps to 2.5 A
were calculated using the calculated phases from the refined

model. Analysis of the electron density maps was performed on
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190 SUBSTI TUTE SHEET (RULE 26) WO

97/ 4719MV0 97/47194 PCT/ USQ PORIISHF/09309
Bi ol ogi cal Data Exanpl e No. I nhi bition of HLN9 Influenza
Neur anmynis43$@on Graphics Indigo Extreme 2 computer graphicd Cerr]
([err]m 3 115 5
5 workstation using the grapB868s program QUANTA.6 Idealized
90 7 3800 9
600 models for tHé inhibitor molecules were manuadQy fikted to the 12
7.5 13 4.3 14
40 difference dbectron density. These inhibitor5todels were 16
70 15 17 2000 19
18 later includeqd) in the XPLOR refinement. 8 21
1.6 23 0.47 20 24
4.9 25 2300 26
0. 041
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WO 97/ 4719WO 97/47194
Dosage and Fornul ati on

i nventi on can be

any neans
with the
ot her ani

viral neuram nidase in the body of a human,
mal . They can be adm nistered by an

avail abl e f?%gﬂﬁglénNsonlUncﬁhﬁﬂbﬁtien of Hﬂwyﬂfﬁffﬂgﬁfﬁjﬁeuf&ﬁﬁﬁ&dﬁ%e

SUBSTI TUTE SHEET (RULE 26

PCT/ US97/ 09§63’US9'”°”"9
The antiviral compounds of this
i nfections by
5 that produces contact of the active agent's site of action

adm ni st erRilohogfiradf Patia for viral

t herapeutic

manmal |, bird,
conventi onal neans

al one, ~ but general ly adm ni stered

i ndi vi dual eutic agents or in 10 a cofB]namon of
agents. They can be adm ni stered
wi.t h a pharmaceut3cal carrier selected on thé basis
roue of adgi ni stration and standard pharnggguti cal
The dosage adninigtered will, of course, vary de%ﬁ?ding
7 3800
9 600
10 €00
10 12 7.5
13 4.3
14 40
15 50
16 70
15 17 2000
19 16
20 8
21 1.6
23 0.47
20 24 4.9
25 2300
26 0.041
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of the chosen
practi ce.
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or



upon known factors, such as the pharmcodynan c characteristics of
t he par WQT4M94gent and its node and route of adni MGHYSKTION? t he
age, health and wei ght of the reci pient; the nature and extent of the

synptons, the kind of 20 pegage aed Fdreaildiient he frequency of

treatnent; and the effect desired. A dally dosage of active

I ngredi ent can be expected to be about 0.001 to 1000 m | !ligram (ng)
per kil ogram (kg) of body weight, with the preferred dose being 0.1

to afwet B infikal c@fpounds of thiBodagenitdoms qazoiEositi ons
suitable for adm nistration) contain fromabout 1 ng to about 100 ng

of act rdminigtetieshtas treathent yfPr. vinathdod estrdomsc &t iart m@m953|t|ons
the active 192

9%/ 471hat produces contact of the active agep@fﬁugg$ﬁg@§xyctlon
I ngr edi ari | resent in, an anmount_ of _about 0. 5-95%

|1 di
by vio! ijﬁ?%?@@d *%{r%ﬂen%i‘aw G8RE OF the body of " ol dremmal. 5
Th t d t II | d
B I o L L e iy (ISR Leied By an i 4 oo ge
forms, amé&%o%la 1S ?éywmaﬁmg %B?p%%%' qps conjuéxctallén GAL @l so be

adn1n|stere parentera sterile e forns. The

acti veghaghelieant; a0k al éser_ﬁsraém mha&%aa@allf&hef a/nwOég f'ﬁops)
or by |nhalat|on Ot her dosage forms are p entlally possi bl e suc

as adnmanichidliatlion of thépApdetiel hgentisd aTRRLE A W HEM P sObREFENT .
Cel atin capsul es contain the active ingredient and 15 powdered carriers,
such aalloaet, 0t Haiehaltel bdhdaéstered with a pharmaceutical

carrier selected on the basis of the chosen route of

administration and standard pharmaceutical practice.

15 The dosage administered will, of course, vary depending
upon known factors, such as the pharmacodynamic
characteristics of the particular agent and its mode and route
of administration; the age, health and weight of the
recipient; the nature and extent of the symptoms, the kind of

20 concurrent treatment; the frequency of treatment; and the
effect desired. A daily dosage of active ingredient can be
expected to be about 0.001 to 1000 milligram {(mg) per kilogram
{(kg) of body weight, with the preferred dose being 0.1 to
about 30 mg/kg.

25

Dosage forms (compositions suitable for administration}
contain from about 1 mg to about 100 mg of active ingredient

per unit. In these pharmaceutical compositions, the active
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derivati vesyo 994fie$i um stearate, stearic acid, and the |ike. i | ar
di luents can be used to nmake conpressed tablets. Both P{:gﬁsgglg@g%

capsul es can be, manuf g¢tured. as sustai ned rel ease products to
provi de f’o‘?gEGﬁf-FHGoﬂ@ DL e e RTFeRV ein 20 amounpepfodbelithour s.

Conmpressed taplets can.be sygar-coat or filmcoated to mask any
unpl easan(?'%aglt.’é %de&;& é-‘c#%ishee‘f & Fhe tr et ‘f"?bﬂ%"ﬁ h‘égaFPrBsphere, or
enteric ¢ . sel ective di sintegration in the gastrointestinal
tract. &g@ﬁgsi?ioﬁ.u qui d dosage fornms for oral adm nistration can

contain coloring and flavoring to increase patient acceptance.
In general, water, a suitable oil, saline, aqueous

193 5 The V8 1A%/ % redient can be administered i :
PCT/ US97/ 09309 de%;br ose (glucose), anITl r%le aetalé%l s%lé%]r'lgof’ﬂt F’S%sldand

glycol s dosage foumb,asuatopy e =ailen] tHbRotyet Hyd 8bys0l sracg
sui tabl e carriers for parenteral solutions. Solutions for

parent er aliquid dosagenifoirsts,atsuarh preefedriabiys coaynips 2 afd esuspbHbiensgal t
of the 5 active ingredient, suitable stabilizing agents, and, if
necessar it bERRerl5gbbeancesnistened dazentepehly, sichsterile liqusddi um
bisulfite, sodiumsulfite, or ascorbic acid, either al one or

conbi ned, 325398 FPEBFe RS [ECHiYS dgemesdiontcanelso be admimistered

acid and jts salts.and sodium EDTA. In _addition, . 10 parenteral
sol Ut i onsl’b'é’ﬁa‘%ﬁ?ﬁ?{ press: \;DEHP\? s O%s yh Iphalation. pdhghgkodpemgehl ori de,

nmet hyl - pyl.paraben, .a ., -.chlorqbutanol., . Suitable
phar naceﬁf{?lgg% %ﬁgf}}g?gngﬁgﬂﬁé’sgﬁsﬁé‘&%% s“f%‘ as F?e‘#ﬂ”rfb’t%‘hr%tmr nmaceut i cal
SC'ences1té§ﬁ§dé¥§£i§pkngigpgp%gith mechanism or ointment.

Gelatin capsules contain the active ingredient and

15 powdered carriers, such as lactose, starch, cellulose
derivatives, magnesium stearate, stearic acid, and the like.
Similar diluents can be used to make compressed tablets. Both
tablets and capsules can be manufactured as sustained release
products to provide for continuous release of medication over

20 a period of hours. Compressed tablets can be sugar-coated or
film-coated to mask any unpleasant taste and protect the
tablet from the atmosphere, or enteric coated for selective

disintegration in the gastrointestinal tract.

25 Ligquid dosage forms for oral administration can contain

coloring and flavoring to increase patient acceptance.

- In general, water, a suitable oil, saline, agueous
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a standard reference text in this field. Usef ul
phar maceM 2471M¥osage forns for administration of KU (08¥Wands
according to the present invention can be 20 illustrated as foll ows:

Capsul egextrose (glucose‘)\,' ange YRl Sugwdl lsPARRSURS AE %I}ﬁ‘cﬁ@I@d by
filling 25 standard two-pi ece hard gelatin capsules each wth 100 ng

of suchpawlpregydehiey & liykgne dre fol yethylend d1aaicise ard s@iedble
cellul ose, and 6 ng of nagnesi um stearate.
194 carriers for parenteral solSUBSHSTUTBSHEEDnsRUdY 2renteral WO
97/ 47194 _ _ PCT/ US97/ 09309
Soft Geadwinichpation preferably contmiint @ eradferacdlublenggali cvf thea
di gestible oil such as soybean oil, cottonseed oil, or olive oil is
prepar edchhye Sngredieddy.e U $tePid izd41q iagentissplagsbmekf punp into
gelatin to formsoft gelatin capsules containing 100 mu of the active
i ngr edi BRESSPRE Ye ap¥itites éﬁ%ﬁﬁé@ﬁ@@'an@”&ﬁ95idlzlng agents such as
Tabl et s 0 . .. Alarge nu .,of tablets are prepared,
convent PEAGR™ Pisulfife.qFRst Ul ShAt Yo °d’o§agé:é"§?ﬁ°t "’W&sil(fbl Bf active
I ngr edi 0, f. | Qj.dal_. si.lihgan di_qxi ) f ragnesi um
stearatg?&§75°%ﬁquﬁﬁf%¥%c%ﬁé214%H%§¥éﬂ%ﬁﬁ¥;£§%¥ﬁpIg%éhts' AlsoFused
are citric acid and its salts and sodium EDTA. In addition,
10 parenteral solutions can contain preservatives, such as
benzalkonium chloride, methyl- or propylparaben, and

chlorobutanol.

Suitable pharmaceutical carriers are described in
15 Remington‘’s Pharmaceutical Sciences, Mack Publishing Company,

a standard reference text in this field.
Useful pharmaceutical dosage forms for administration of

the compounds according to the present invention can be

20 illustrated as follows:

Capsules
A large number of unit capsules are prepared by f£illing
25 standard two-piece hard gelatin capsules each with 100 mg of

powdered active ingredient, 150 mg of lactose, 50 mg of

cellulose, and 6 mg of magnesium stearate.
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15 ng of starch, and 98.8 ng of |actose. Appropriate coat ma
be appli ed¥P"Mease pal atability or delay absorpti on. pciBsomossos ™Y

Mor eover, the conpounds of the present invention can be adm ni st ered
in the formof nose drops or FfokisdfelatinCapseles Vari ous

nodi fications of the invention in addition to t hose shown and
dﬁsc;lbed herein will be apparent to those skilled in the art from
t he foregoing description, Such npdi fications are Iso i.ntended to
fall within tﬁewerﬂér%fofzﬁcm?h%n%ﬁ%aﬁa tPaf lges“ 1’03l “1‘?3%

PTG L1 AT SR o o B

195 7/ 47194

practice W@‘%%ﬁ 88 TERR%: PHn %Sc%ltﬁ%\éetﬁlsgl?eﬁmeapp TR ons ﬁl?pér)%\%?ge

L;f ﬁ 2]‘?; gtr?g‘;é’qqﬁ t”%é’# Qaéégglt%}étr?éﬁsufééerH’E&%&ﬂbs 166%‘&6 bEOXEH U PRt ed
ingredient. The capsules are washed and dried.

Tablets
10
A large number of tablets are prepared by conventional
procedures so that the dosage unit was 100 mg of active
ingredient, 0.2 mg of colloidal silicon dioxide, 5 mg of
magnesium stearate, 275 mg of microcrystalline cellulose, 11
15 mg of starch, and 98.8 mg of lactose. Appropriate coatings

may be applied to increase palatability or delay absorption.

Moreover, the compounds of the present invention can be
administered in the form of nose drops or a nasal inhaler.
20
Various modifications of the invention in addition to
those shown and described herein will be apparent to those
skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of

25 the appended claims.

The foregoing disclosure includes all the information

deemed essential to enable those skilled in the art to
195
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196 WD 97/ 47194

PCT/ USOWO09287194 SUBSTI TUTED CYCLRGHASIANE309
COVPOUNDS _ _ USEFUL AS NEURAM NI DASE | NHI BI TORS
dai M.pracrice the clfgled InYe®tiRM .| SBecause the citedl. A conpound
represé%ted by the formul a [err]

applications may provide further useful information, these
cited materials are hereby incorporated by reference in their

entirety.
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3 4 wherein 5 Xis CHerr Oor S 6 err] is r
or OR[errWO97/47194 prerr] s [CCIe]rr] H SOerr]H, E[Qer]r] H[er T%Rd}@%ﬁ ]
esters thereof, or salts thereof;
0 OSUBSTITUTED QYCRLOPENTHNE rcdMPOUNRDS [ er r] [er r]
err err [err] SO err]NHR err], [err] or [err] 9 each of
%‘ ml Wl@dlﬂl i ndi VUSBEDLY ABs NEURABENSDASE) WNHIFL TORS
X CON(R[err], (CHerr]N(R err], CHRerr],
rr](Rlerr], CH[err]CH(CR[err])CH[err]CR[err], 11

(
CH CH CH
CHOR e i}gCHESFEfLLk[eEEir]Cﬁgerr]CHngééégiifggl r])CH err]NHR[ err],
CH CH NH N =N N 13
o ovi tod 1 hat WERY A TaEed N br 1 R ot 1] and RLert] s biher than H 14

Rlerr] is H (CHerr]OH (CHerr]NHerr], (CHerr]C(=NH)NH err],
(CH[err]NHC( =NR[err])NH err], 15 (CHerr]CNor (CHerr]Nerr]; 16
Rletr] is H, Iovver Kk | kyl or

1975‘ %&Xﬁou&&@&ﬂ?&s&ﬂ@éﬁ Bg ébﬁ W%ET (RULE 26)

WD 97/ 47194 PCT/ US97/ 09309 17 CFlerr];
18 Rlerr] is H OH CN NHerr] or NOerr]; 19 Rlerr] is H |ower

al kyl, I ower al kyl ene, branched al k cyclic 20 al kyl, substituted
cyclic alkyl, (CHerr] aromatic, rrlj.- 21 substituted aromati c,
and_when mis 2 both R err] groupskRgan be interconnected to
forfman N heterocyclic ring;, 23 | oner al kyl, branched al kyl,
or (CHerr] aromatic; 24 mis 1 or Ri his 0-4; 26 and

—_

4 wherein

5 X is CH,, O oxr S

6 R, is H, OH, NH,, or OR,;
7 Ry, is CO,H, SO,H, PO,H,, NO,, esters thereof, or salts thereof;
(0] O
8 Rz is H, NHéle,, NH'JJIRs, NHSO2Rs, C!N-HRS, SO2NHRy, CH: le, or CHzgRs;
g
9 each of R, and R, individually is H, (CH,),CO,R,,, (CH.).ORy,,
10 CON(R,o)m, (CH,) . N(Rio)m» CH(Ryo)ms (CH,),(Ryp)n, CH,CH(OR,q) CH,OR,,,
11 CH(OR,,) CH (OR,,) CH,0R,,, CH,OR,,, CH(OR,,) CH,NHR,,,
12 CH,CH (OR,,) CH,NHR,,, CH(OR,,) CH(OR,,) CH,NHR,,, or NR;(C{=NR,()N(R;q);
13 provided that at least one of R,, R, and R, is other than H;
14 R, is H, (CH,),OH, (CH,),NH,, (CH,),C(=NH)NH,, (CH,),NHC (=NR,)NH,,
.15 (CH,),CN or (CH,).N,;
"16 R, is H, lower alkyl, branched chain alkyl, cyclic alkyl or
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27 than CH (ORlerr]) CH err CHerr]OR[err]; 28 and
phar nacequGaM'vw4acce¢i| ﬁli ﬁlli &ﬂlleof. 1 2. POHESHORMund of
claiml, wherein said!'l® 1PN group contains 1 to about 8 carbon
at, ons; qﬁﬁ,said | ower 3 al kyl ene group contains 2 to about 8 carbon

: ! 3. The conpound of claim1, wherein said | ower alkyl
218 gr%’pigog\;t,aidms, o 0 o Jaar bon atons; and said lower 3
al kyl ene 'group contains 2 to 3 carbon atons. 1 4. The conpound
ofycl ai m, ], i whgy elbweai alklylyl lgvep dxkylene, setanckedf adkylhecycdis
consisting of nethyl, ethyl, propyl, 3 | sopropyl, t-butyl, cyclopentyl,
arb cyclaiiexy) , sthetataonatli cycdic adialp | €Hydlhearedatiom {6Hyr oup
consi sting of phenyl and 5 al kyl substituted aromatic groups; .the

swast i t iBwEstichvafkgromatdc, agdomhatbiit dihs? PHR RboFrarBis PR BHEX i ng

and are 7 substituted with 1 or 2 al kyl groups having 1-6 carbon
ata®s, be interconnected to form an N-heterocyaq. ring; WO 97/ 47194

PCT/ US97/ 09309_ 8 hydr.ox ro r_bhoth; and alkyl ene group is
s@%ct edibir dfh 1oWert R ué%d?é‘f‘)%‘? i%’% 'v?ﬁyﬁ,Eﬁz’-infé |1,°q'a| lyl,

I sopropeny|, _10 _2-net hyl - 2-propenyl and cycl opentenyl . 1 .
TH%PconﬂBuh% bfOFI 4 m 1, wherein said salt is froman 2 acid selected
fr t he grou ggnsisting of hydrochloric, 3 hydr obr om ¢, sul phuric,

. . n s -4, . . . : .
nitric, pe+ch orfc, fumaric, maleic, 4 phosphoric, glycollic, lactic,
SaiéhCyCl éﬂ?d ?HQEhEkarb@i‘c'fe@a'tha:t wikksr$ Uk PIOND Cort 81 LAl idnd a€LtisC ottidy i C,
nmet hanesul phonic, 6 formc, benzoic, nalonic, naph%halene-z-sulphonlc,

27 than CH(OR,,) CH({OR,,) CH,OR,,;

28 and pharmaceutically acceptable salts thereof.

1 2. The compound of claim 1, wherein said lower alkyl

2 group contains 1 to about 8 carbon atoms; and said lower

3 alkylene group contains 2 to about 8 carbon atoms.

1 3. The compound of claim 1, wherein said lower alkyl

2 group contains 1 to about 3 carbon atoms; and said lower

3 alkylene group contains 2 to 3 carbon atoms.

1 4. The compound of claim 1, wherein said alkyl group is
2 selected from the group consisting of methyl, ethyl, propyl,
3 isopropyl, t-butyl, cyclopentyl, and cyclohexyl, the aromatic
4 group is selected from the group consisting of phenyl and

5 alkyl substituted aromatic groups; the substituted cycloalkyl
6 group contains 3-8 carbon atoms in the ring and are

7 substituted with 1 or 2 alkyl groups having 1-6 carbon atoms,
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7 trifluoroacetic and benzenesul phor‘“ﬂuiH"@“l" ”!EJJ I“L} 6. The
conpound YOST4TME1 wherein said salt , i or BB ®a ¢ .
1 7. The conmpound of claim1 being cis-3-[(nethylcarbonyl 2

ani go) mehipPAdsne gf)m;baaecabbnxyhna &ﬁbdany&%hte @&@u@pfls sellected fro®.
The conpound of claim 1l being trans-3-am no-c-4-

(nephylcahb0@wduprmbﬂeihyhng oﬁcbmpgmnanep&bb@nwh<:ammy1(ledbropsmyl

thereof 9. The conpound of claim 1l being trans-3-{[(am no)
10 (|nﬂﬁmhuhyﬁHafmmﬂp¢n¥l4an§(RV?ﬁ?Peamb@W}Ian1no)nethyl]cyclo 3
pentan r-carboxylic acid or salt thereof. 10. The conpound of

claim1 being 4[err] {[(am no) (i mno) 2

Te Ayt damno) 2o L2, Py Spetnd BF XLSA 0 VhATAD <3 Wi cimobrom an
cyclopentaneca oxyl i I d t her eof. 1 .__.The conpound
of Elalnlf ﬁé}%ﬁkﬁ%n?ﬁf@rgf {Fﬁﬁ?ﬁofonflstlng of hydroé%&orlc,

no) ?&_ am nol -4 gro % ar, I t hyl ]
cyc opegﬁg J§£” §y|§¥iﬁﬁuQX ﬁX%Q}C’llagﬁ%éggg%p§$d¥?ﬁctﬂ@?%ﬁﬁ?be|ng
traps- 3 % gyd IS B y
1y€o11iBYdR QY5 6l S Jio!
carbonyl Wé%§ﬂ55$€y|? Y5e Fopeﬁténsr-l box ic 5%*‘ &?%ereof
5 p-sulphonic, tartarlc, acetic, citric, methanesulphonlc,
6 formic, benzoic, malonic, naphthalene-2-sulphonic,
7 trifluoroacetic and benzenesulphonic acid.
1 6. The compound of claim 1, wherein said salt is a
2 sodium or ammonium salt.
1 7. The compound of claim 1 being cis-3-[(methylcarbonyl
2 amino)methyl)] cyclopentanecarboxylic acid or salt thereof.
1 8. The compound of claim 1 being trans-3-amino-c-4-
2 (methylcarbonylamino)methyl-r-cyclopentanecarboxylic acid or
3 salt thereof.
1 9. The compound of claim 1 being trans-3-{[(amino)
2 (imino)methyl]lamino}-c-4- [ (methylcarbonylamino)methyllcyclo
3 pentan-r-carboxylic acid or salt thereof.
Tl 10. The compound of claim 1 being 48-{[({amino) (imino)
_2 methyl] amino}-3a- [ (2-hydroxy-1-methylcarbonylamino)ethyl] -1-
199
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(ll m no) nﬂﬁwrﬁwﬁofﬂmunﬂﬂu“w Iltﬂmgl l;)eiéln?(tzr ﬁgzr gx%ré?hm}gkﬂgmﬁw

(1- nethylcarbonylan1no)ethyf]cyclopentan r-carboxylic acid or 4 salt

th@r90fcyclﬁ?entanecaiﬂoxYIE@ gempoypdsaficckakmedsbei ng 3[err]

-am no-4a- [ ( met hyl car bonyl am no)

(2 3,4-trihydroxy)butyl)cycl opentan 3 carboxylic acid or salt thereof.
15. The conpound of claim1 being 3[err]-{[(am no)(imno) 2

neuhyl]an1no}1na [ The neohpbuadbofiytdaimo)l béing, éoﬂnuhydﬁe%ﬁhmiho)

butyl ]-cycl opent ancar boxylic acid or salt thereof. The

co®pound(isdind ket hybkangnel s48- ﬁ(thmﬁno¥yQK&rmeﬁhy2carb0nYlam1no)

met hyl ] am no}-trans- 1- hydroxy-trans-4-[ (1-net hyl carbonyl ami no) 3

(2-&r|fIQRh Y51 OoRaRbaRyF0RFFEPRYLRESc| opent an-r-carboxylic 4 acid or

salt thereof. 200
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F /gﬁ?ZQOSSQP i Thﬁ comp%&hd g?ecigggogngegggck%ggglBbEHH o-trans-1-

pertan & %@%?gléﬁg{lﬁ%kgﬁ{eéﬁﬁ!} Iyt A B ARG Sty mound of
Cl@'”‘1é%ﬂiﬁbéh@aﬁLfagb996kglﬂe)acgd or Ealt thereof.

met hyl ] am no}-t-1-hydroxy-t (et hyl car bonyl am no 3
{[ (et hyl) - (nethoxy)an1no]carbonyl}nethyl}cyclopentan-r- 4 carboxylic
acid or salt thereof.
1 13. The compound of claim 1 being trans-3-{[(amino)
2 (imino)methyl]amino}—trans-l-hydroxy—cis—4~[(2—hydroxymethyl)
3 (1-methylcarbonylamino)ethyll]l cyclopentan-r-carboxylic acid or
4 salt thereof.
1 14. The compound of claim 1 being 38-amino-4w-[(1-
2 methylcarbonylamino)} (2,3, 4-trihydroxy)butyl]) cyclopentan
3 carboxylic acid or salt thereof.
1 15. The compound of claim 1 being 38-{[(amino) (imino)
2 methyl]amino}-4a-[(1-methylcarbonylamino) (2,3,4-trihydroxy)
3 butyl] -cyclopentancarboxylic acid or salt thereof.
1 16. The compound of claim 1 being cis-3-{[{amino) (imino)
2 methyl]amino}-trans-1-hydroxy-trans-4-[(1-methylcarbonylamino)
3 (2-trifluoromethyl-carbonyloxy)ethyl]cyclopentan-r-carboxylic
4 acid or salt thereof.
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1 ) conmpound of claim %ﬂﬂ ! rmmm amn LI 2

met hyl ] ani%%}”ﬂg{}?{ 4-[ (et hoxy) (et hyIJ‘U I jl !i"(l I 3 B AsSb30s

car bonyl am no- 2- oxo} but yl } cycl opent ancarboxylic acid or salt 4 t her eof .
1 1 20. 17he Trepeemecwtd cpli mlaibelnheing- L-Gammig)(-iar4ro) (12

met hyl ] am no}-c-4-[ (di et hyl am nocar bonyl %( met hyl carbonyl am no) 3

net Ryl | - MetHRAgarkrcl ypERe hA2 rPRapBoR Fhexye g hyd ) s&i- - hwdroxyryebs .

1 21. The cqnpound of ¢claim1l gein t-3-amno-c-4-[(di-n- 2

or ofyl anEESEREOAT (T Yy € A BRy PANPALS nELRFEPEL - 1- hydr oxy- 3

cycl opentan-r-carboxylic acid or salt thereof. 1 22.
conpound of claim1 being t-3-{[(am no)(imno) 2

met Ryl ] am no} -.G; 4- [& 5 N- L po ny| t hyl carhonyl. 3, .

am Eo) met hyl ] ]’[CB hya#%?y%%’éﬁ%%%%&ﬁ-?i‘%g@b%x%gggaé'g —({P[O(éaé\llno Ymingher eof .
201 ; —t-T- Th T :

WD 471§ TRy amino} -1 %%r%’ggggu%d%&%ﬁ#@é?&éﬁhw

c- 3 [ (ani n@nedrgne (m@thox?ﬁérﬂi&&] 88B6hy1 Y mér hhi gy 1RpRR /i nocar bonyl )
(et hyl car bonyl = 3 am no) et hyl | -t - 1- hydr oxycycl opent an-r-car boxylic
aci d or sairboxylic tdwi®odr salt thereof.

The

1 19. The compound of claim 1 being 38-{[(amino) (imino)
2 methyl]amino}-4a-{{4- [ (methoxy) (methyl)amino] -1- {methyl
3 carbonylamino-2-oxo}butyl}cyclopentancarboxylic acid or salt
4 thereof.
1 20. The compound of claim 1 being t-3-{[(amino) (imino)
2 methyl] amino}-c-4- [ (diethylaminocarbonyl) {(methylcarbonylamino)
3 methyl] -t-1-hydroxycyclopentan~-r-carboxylic acid or salt
4 thereof.
1 21. The compound of claim 1 being t-3-amino-c-4-[(di-n-
2 propylaminocarbonyl) (methylcarbonylamino)methyl] -t -1-hydroxy-
3 cyclopentan-r-carboxylic acid or salt thereof.
1 22. The compound of claim 1 being t-3-{[{amino) (imino)
2 methyl]lamino}-c-4- [di-n-propylaminocarbonyl) (methylcarbonyl
3 amino)methyl] -t -hydroxycyclopentan-r-carboxylic acid or salt
4 thereof.
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1 24. Th ' 1 bei 3 - ' i m 2

nmet hyl ] wmm-nmz- Cﬂ)ﬂﬂm"ﬂ” muwrui“nnoc:lr Bgnyl[ )er E ]mei L(y?{:na?g%s}d,sg/%%s

1 25.
2 o : . € . - 04 . : |
mEnoy an B ot corihiin B (1ot 1 (6AG) ¢ Y Timi o) (1RERRY!

mej hyl 1@;5119@?%@@&@@/1 [ Fdﬁ%dp%pﬁﬁé&iﬁ&@é??&ngl) (hethylcarbé®yl The

ami no) -nethyl]cycl opént &ncar bbxyli ¢ acid or salt thereof.

conmpound of "¢

aim1 being 3[err]-{[Am no) (i m no nmet hyl ]

am no} -4a-

[ (8l et hyhaab) edHIANY § - TEiPIt 6oy EpoYbpshba) - ¥ -c3rboxylic acid or salt

met hyl ] cycl opent ancar boxylic acid or salt thereof. 1

27. The

cogrpountghefreoifai m 1 being 3[err]-{[ (Am no) (i m no) 2 met hyl] am no} -4a-

{ [(ethyl) (propyl) am nocarbonyl] (nmethyl- 3
car bonyl am no) net hyl } cycl opent ancar boxylic acid or salt 4
28. The conpound of claim1 being 3[err] -{[(Am no)

t her eof .

i m no 2 net hyl
|[f(' ). yl]

ankno) -4a- RR(et IBhY qRRRNAT afi FbaiRbenheingndfhyll{amino) (imino)

car bonyl am nQ) net hyl } ¢ Clﬁf ntancarboiélic acid or_salt
292 ThBeEBNFd @) td %1 b4t TRpPESRN

her eof .

4 t
BiBYCERBOPY] Mimg L hylcarbonyl

%g%lUsggpéggyg&g%ﬁyyfggg%bpentancarboxylic afégrfr salt thereof.

1 25. The compound of claim 1 being 38-{{(amino) (imino)

2 methyll amino}-4«a- [ (methylcarbonylamino) (3-pentylaminocarbonyl}

3 methyl]l cyclopentancarboxylic acid or salt thereof.

1 26. The compound of claim 1 being 38-{[Amino) (imino)

2 methyl] amino}-4a- [ (diethylaminocarbonyl)methylcarbonylamino) -

3 methyl] cyclopentancarboxylic acid or salt thereof.

1 27. The compound of claim 1 being 3%-{[{(Aminoc) (imino)

2 methyl] amino}-4a-{{(ethyl) (propyl)aminocarbonyl] (methyl-

3 carbonylamino)methyl}cyclopentancarboxylic acid or salt

4 thereof.

1 28. The compound of claim 1 being 38-{{(Amino) (imino)

2 methyl]amino}-4a-{[{ethyl) (propyl)aminocarbonyl] (methyl-

3 carbonylamino)methyl}cyclopentancarboxylic acid or salt

4 thereof.

1 29. The compound of claim 1 represented by the formula:
202
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conpound of claim1 bei 0)

rret hyl ] am cﬂ”&(ﬁf 1- (1- met hyl car bonyl am nﬂmﬂﬂm”!"“[ﬂﬂﬂm @c@gﬁ@)m%%

pent ancar boxylic acid or salt thereof M * The conpound

claiml being 3[err]- {[(Anlno)(lnlno) 2

met hyl ] am no} - 4a-[ 1- ( 1- net hyl ron¥Ian&gpﬁpgqul]cyclopentan- 3

carboxylic acid or salt thereo N 1 conp05|t|on for
r

i nhibiting influenza virus
pharjraceutical Iy acceptable car and
|rﬂu%nt|ng i nfluenza virus neruanlnldase

conprisin a
nB effectlve for
a 5 conmpound according to

claim1. 1 33. A nethod fgﬁ |nh|b|t|ng i nfluenza virus 2
ner uam ni dase, conprising the step of: I adm nistering to a
patient in need thereof a conpositH NHconpri sing a pharnmaceutically

acceptable carrier and an anount 5 effective for inhibiting influenza
vi rus neruam ni dase of a 6 conpound according to claim 1.

34. A nethod of treating influenza virus infection,

2031 coIpr i sThg thepsued off claim ndeingtBRHNY(ARifopdtimenb)i n
need thereof a conposition conprising a pharnmaceutically acceptable
carrd er awetlgnl bamino } -ébf-ddt-i (Me wfedrhy Iitte thanykgmnifio Lpeat- 2+ euyl] cyclo-
neruam ni dase of a conpound according to claim 1.

3 pentancarboxylic acid or salt thereof.
1 31. The compound of claim 1 being 3#-{[(Amino) (imino)
2 methyl]amino}-4o-[1- (1-methylcarbonylamino)pentyl] cyclopentan-
3 carboxylic acid or salt thereof.
1 32. A composition for inhibiting influenza virus
2 neruaminidase, comprising:
3 a pharmaceutically acceptable carrier and an amount
4 effective for inhibiting influenza virus neruaminidase of a
5 compound according to claim 1.
1 33. A method for inhibiting influenza virus
2 neruaminidase, comprising the step of:
3 administering to a patient in need thereof a composition
4 comprising a pharmaceutically acceptable carrier and an amount
5 effective for inhibiting influenza virus neruaminidase of a
6 compound according to claim 1.

34. A method of treating influenza virus infection,
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comprising the step of:

administering to a patient in need thereof a composition
comprising a pharmaceutically acceptable carrier and an amount
effective for inhibiting influenza virus neruaminidase of a

compound according to claim 1.
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