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COMPOUNDS AS CCR5 ANTAGONISTS Field of the Invention This

invention relates to compounds (pyrrolidine derivatives) useful as CCR5

receptor 5 antagonists, the preparation methods and the uses thereof

Background of the Invention Chemokines are a family of cytokines that

mediate directionaldggipiamayAbeREeSNTRSYORIRYT] Major role in

inflammatory responses, leucocyte exosmosis, tissue infiltration,

tumorigenesis and 10 embryonic development. Chemokines belong to a
Field ¢hthiylwfesdiofbted signal molecules, with molecular weights ranging from 8

KRistoidveikidn Cretaesatlyotheseysrenab Qi Adlidiaen kiers an iy faseflyl, WhiCICRS receptor
antagon M Gh N HABR hEMBIRGIRI $lGskEfapyain four position-conserved

cysteines. According to the presence of intervening amino acid(s)

between the two conserved cysteines near the N terminal, the chemokine
Backgiamild o tholpedtinto 4 categories: C-X-C, C-C, C-X3-C and C

ChenykHBE SreiM@REVEICR tokieE thE ehimRKINesHRISonaEheNAfIReShocytes. They
pla aa%dotqglecl_&n(ﬁ]erpn%lt(ci)nerseéacl)%gegsfg hc%E:n kiGI;I(%S)nggle tQSeSIEQ %lgftrrer&?onr? %rrr?rigenesis and
Y ]inhia function ofughemgﬁm S IS mediate % Chemokine receptors, w |cﬁ
embrygpic darglopnetiofdirtiebingsdeiasderaiamdy of spresirt aiglinlsgules, with molecular
weightshemgoig fiesn(fokI2 xanvpkd). iCiis dghntidse GrCabbembdlorenbsusfameifntig nwhich share
the cotiBFEOERIRIeIRRAAME L &ntaR) P EERRKINEHRERRIPES RRLS RIRISIARAIRD resence of

. receptors (GP , which haye seven conserved alpha heli . .

mter LA LRRRATRE 4 1 S S rASEN g R e ki chemokine

familyjpgrgraampgrhind® téreateeariesp S bidiadg tdayokisad thishepekbtss fampyecatich C-X-C

chemoképl@Itd € chenislimeanshinaeliate thensghiab ansputtonkiibhdratfifegbr members.
PG RAGN L GRERRAKINESEERIOES CAMMIMINCR A RERERALINIAGEHYa ccording to
signals and fEhangj the behavior O]E]f?ius’ S;Ch as inhibition of ad rlosln(em

the chatadeuglichg TR E SRkt & & |8t prétinchemokine
sub-fakitasiben ifdueecptt! idiramish@(iR)g fehimrokaine naerpieiss) ae daffetstitepupled receptors
(GPCREWEURARL ¥ RKIBaScARBAR hdSaharekingdRcRpEANIS RAVRIDEEH extracellular N

terminIa(li %QH feluelqt:lt%gelﬁh a%l' 8 g( %51%1_%5))8% gl%cﬁlr%jtg g%ogll:%sl ' %hrg(r:re] Otlc()lrnf%mil can couple to G
rece(gtors are regarded as Important mediators o inflammatory responses

protein, JpcaRstHAA S ehldansdyctierarty Buthe, alaet Aiisrrsonsito shegipbmg Tppeptors can
inducetheeeforef, titeacnlbdataigns] o fud elmokirtbe bebeptorst @aldiusinl @gomisteoarnd adenosine
cyclas@NAGARIRIShE AR MAHSedNNarpusdiseasgs aushrias BflammatiRiases, induce cell
di .allqu%/ aut0|£’nhmune disea e§ |r1fl€mmator}{ |r%test|p.e diseases,
1rection gratlon chemota sﬁ.an affect. the é(E)C{etIO Of cytokines. .
Scleroderma, éosinopniic myositis, umon% esisand metastasis etc.
S0rs 112 demekife gsetasiine reesaptsrsiigddGsRinlibdelbBd -ag8hiBtsand CX;CRI.
ChemakiadRANFES aM IRgtadad cis MnpBrthiR .rhediRbrexp intsamansiangitisesalid autoimmune

diseaségof@épﬁ(pgf i@tﬂew;b}&%wll,lym%%t 0@5’,”%%@ tﬁglﬁodulators of chemokine
hages and immune cells and inflammatory cells m%%%a%:gg%ﬁate.l

macro .
recept?f?afﬁ‘[ HARE LSRG AN AR SR RS FHET dPoFRIENS gf intlammation,
allergyC @R@fumatiodissatd, redlalamathey redesfit ehiseab 35 Tleadidetmanfiapmophdry myositis,
tumorigiRSidMalingtistalidea Nnew treatment target for inflammation and
immune.. diseases,.For example R5.deficiency protect j

B e R RO SO B P10
MIP-lﬁ|%%afpfeiﬁs&b@@&%}t(%e%%)ﬁﬁrlm@m%vémHﬁ%%'ee\ﬁl&wh%%?ﬁsfnonmuclear
cells, ofaCQifRBgieshinite chooiiag enlincudedZminrition weite Béangretabtelur. aintenance of

long-teFMEAA AoR A3 28R Mb IRk iare (RS Bﬁc@i@(@&ﬁﬁ@ﬁ(‘%ﬁﬁ%% recruitment of
useg otrez%t asthma I(in(cal g:é%%jg% such as local d? ati
rthri

T cells to mflamma sites. raki w treatment targe
anap yII%.XISS)Wheumra&.][OI&I%. IS, atnerosc eI’OSIS,g SQI’ asls, sarcoid,

diseasesHegr fRvasaned (SeBSedeBrianarupsntsritsheigisBagel ussdsgHgptenflammation and
mucosaGiglies(\ndifta gt iynenieipniis b 38502 GBI calK T@datednall molecule antagonist

of CCRS inhibited collagen-induced arthritis in mice (Yang et al., Eur. J Immunol, 32,2124-32, (2002)).

Therefore, CCRS antagonists can be used to treat asthma, local disorder (such as local dermatitis, local

lig}i 1nH§1’nr(r)1ggcl)néand autoimmune
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to chronic obstructive pulmonary diseases (COPD) (Cosio et at, Chest,
121, 160S-165S, (2002)), therefore, CCR5 antagonists may be applied to
COPD treatment. 5 Besides its roles in inflammatory and immune
responses, chemokine receptors may also be important for some virus

anaphyddparasiteadpieRignitne aallSodcfi: &X@MRIRRYITYFEGaPIOhBICHIRISS diseases and

autoiniprrlléiluslgn 1gelgsgsn g %Oa%elgu?‘!é%gedsgﬁel{lgéig r}d anrgllr\rlllac‘gglgflfsanctjc%ggigst "Aqléa,ed%uﬁy cell 1s related
receptor are protected 1r Mmalaria. More importantly, some C emokiné

to chrepisephstidieike PAMMANT YIsPReasiEROBRRY dresthererbreChetted 3\ 60S-165S, (2002)),
therefo?e, (BCR PG g dOsHhmiebesipplieitd ORI idemolecule on the Th cells is

ﬁ&iﬁ?@%%i&f(ﬁ{ %Wafﬁ%@%ﬂﬂ agéljtln%gﬁéll%gﬁofﬁégo%ﬁ%@ﬁﬁt }chﬁ%q;aliﬁay also be
. the confluence of HIV with célls. Further stu%’l‘es revealed that, the other di
tmportgpt 8ﬁé8fpﬁv4ﬂ{§a§?€npé6@?§%seﬁ?o?§t8fréh&8 SkiRE F@‘@Q}ﬂ‘&rs[@é!ﬁé?"epwr mediates
plasm@MCRaYy ©CRM oGRS, ¢ RBIaddabrdhagiandcepherMHES; STHRIBIre protected from

malari Ribke GIPEAmaNcdsorie (RAORIRS adcdpteRtoake 237 th /BT0intdN)dnd are therefore

called EIRRc% -?ch (EXCR4 are the major HIV co-receptors in vivo for HIV

Invasion, \?\%ﬁres'CCRB may 15 partially take part in the WV entry érocess. .

Stedies rhense Bk s tRbrr e o e b cellsrisdegitnetithle xR, pyasion, but
CD4 atheeTsoelt tndPice(T trapidiatdl thel coofheneptoff HTVergforell CERGds tudaiakevealed that,
the oth@'sbLRAIILEAABMISSI08n 209 HRR MOdHIaImE AR LB tE RBECX CR4, CCR2b, CCR3,

transmijssion of M icHIV-1 1 m in ontro| t isease
RS R RS Veonsd Shia R Ur e e GE MBI 108 235, 175:,
(1997 Hethokand S RERArEsthrmer AR ¢ vioep(@ v Bio &x HEVaRvapign il CCR3 may
partiallﬂttél@&t&ﬁ dhthHS\Inditeit ﬂﬂ@:é’s@ EMﬁﬁeeﬁQﬁoﬁml h@mlﬁ@ulecqﬂugsﬂhat co-receptor
while EXTRINGA IR CF R AR R RA0RILHR YNGHRRLRT 2152, SHECHE% 'ﬁhi!mtzial for HIV

IJIy.ent%in vitro. As described abgve, there is an urgent need tq develop a

ransTySHRT S o oI USEHASS POt HPREHE Urith Jo gy HEY-! i fhuman beings
and cDIBELOSURROFITHE |RVENTIGN Oneidbjedttef theinuemtidntistto CCRS  binding

chemoRIQMIEAATES VOPCOMPRUIHS. USefH RS CERR@NIAVSISnANDENSAd thus inhibit the

v 98I5E OGNSR I8 10.PIoYIds e RTRdeion BIBSERRSR 8" MSuncrion can also

,compounajs arlllaotﬁe usesof the compounds. In the first a§pect, the
effectiyshe hdHt SOV WMBBUNd of formula | or pharmaceutically acceptable

36 dadtsithé réwfydR RN Ra R 'dekll RY ddRI6Ra (Iwwtlereiof Rbispounds useful as
potent R&NTY ayl, cyclohexanecarbonyl, cyclopentanecarbonyl,

phenylsulfonyl or naphthylcarbonyl, the groups are optionally substituted

with 1-3 substituents independently selected from the group consisting of
DISCHARYRE, CH X HikyNYENTIONIkoxy; 35 wherein R2 is hydroxyl,

Oheoljearbtny ioxyntidiei axphothiphamgd ot cshn@aide hesylsaslOORE antagonists.

WhSEEIN e RERERRAIRER RIS ARALRS PHE LRGN BHICSUBSHIMIRD WilBounds and the

-3 substituents independently “selected from the group consisting of

Uses O%tgﬁ)%ﬁp&%d&i_4 alkyl; 2 wherein R3 is hydrogen, C1-4 alkyl, phenyl or

e thee firso [a]ie ] ditsxokshydn wierdsn aprepound of formula I or pharmaceutically acceptable

salts thereof’

s SPeN
R5\Y'4X\)R7 N
e S

wherein R; is benzyl, benzoyl, cyclohexanecarbonyl, cyclopentanecarbonyl, phenylsulfonyl or
naphthylcarbonyl, the groups are optionally substituted with 1-3 substituents independently selected
from the group consisting of halogen, C;.4 alkyl and C;. alkoxy;

wherein R, is hydroxyl, phenylcarbonyloxy, phenoxyl, thiophenyl, anilino or phenylsulfonyl,
wherein the benzene rings of the groups are optionally substituted with 1-3 substituents independently
selected from the group consisting of halogen and C;4 alkyl;

2
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benzene rings of the groups are optionally substituted with 1-3
substituents independently selected from the group consisting of halogen
and CI-4 alkyl; wherein R4 is hydrogen, hydroxyl or is absent; 5 wherein
R7 is hydrogen, C,-6 alkyl or phenyl; wherein X is oxygen or carbon or is
absent; provided that when Xis oxygen or |sent, R4, R5, R6 or Y are

FRSEROoYSed vhen o sorkan, v I8 WHSOER 54 CRRAIM ), whercin the

benzeng ’Hﬁ%ﬁ 9& t%?ii}?s %eé%%&wegﬁ% 3601*?355” ThrRBR)SaidsRgndaly selected
nzel5el2§to r ¥ e
from the: gretseppEmnebLylesancnd 4yl benzyloxycarbonyl,
whierifluBrosiettrpicbeipyloxytarlroshdent:amino benzyloxycarbonyl;
vieran R [k 3jdimeeh eyl meindopyasibonyl, phenylsulfonyl, 4-methyl
‘pmgﬁlmgwgeg th@gp%ygicgtyﬂ@gg phenylcarbamyl. Or R5, R6 and Y
RSB TARRYLOT, agbgsl\%htvmef@' s St
ormula

are.compauni hert
o e Y PPt o e
group m@ﬁffﬁ@@weﬁ;ﬂ BFfﬁa]aﬁt raa%?mymésna&éﬂ»@@%@ cérhﬂ@aﬁwﬁfzyloxycarbonyl
4-mettforyn bknividrereihdRelisthpdiasly beprenyisarbomdl odyrifhermephyl benzyloxycarbonyl,
4-amirthibphsiyty emtondr pheytifdlybxsliseyp refahréckaceroamp qiedg i fonyl, 4-methyl
pheny ERABAA 10MRIRIGR3HS ANEreB&aR GitdmikyloPhen Yk 400 MRE MNP hheny! or
-Rg-phegyF &91%%1‘?@ ;@])é [léexé) 20 Also preferred are compounds of

|, wherein X |s oxy, [ is absent gnd R
sen?,&fs preqerrd e 1oerir{]nulgaﬁé ereln gq bénsh aek)%?n benzoyl,

are compounds O

cyclohfgx ‘Hl-‘/h8Y%1Q§GI§W%?“3§HPP8W&SF@€%VE%‘1@é@&‘?ﬂﬁ'f‘ﬁbﬂ% group
Piica R SRPP Py K EaHsdriyheain Rl ckpsphphenyisatbeproxy, phenoxyl,
thiOphbongldxyoapbonwulfqméthoxyl benzyloxycarbonyl, 4-methyl
ANed pyboxyetsbotythpdardid bf daremet il hein B axycareny C A-ami@henyl, 4-halogen
benzylox bonyl; benzo[d][l 3]dioxo|-5-yl methyloxycarbonyl,
nyl(i;;ei 4-m yl, 2-phenoxyacetyl and
phen yggenyl arb )(/lf nf)e[igﬁ Ej] gether form phenyl or
RDEISE eﬁﬁ&W%S fmﬂ%ﬁ HRSEBb SRRSO orifieed! and R, Rs, Reand
Y are ghpRéYein R7 is hydrogen, Cl---, alkyl or phenyl. Also preferred are
Alsmpretendd afeformpiandls F3orh@H BeRe K, i rankioarding Ririsgbmisyk Ci-s alkyl or
allyl ab@mzaylseRdialdgan benzovh cyalahiaxafecahotghayetopabiank daibgtydycarbonyl,
4- halogapnmmcxlc%eanhthxlﬁ@mwl théngy &%&19ptlonal%§m b%@h&%xycarbonyl
4-trifl }%%@FU%HHPEQQC lgRENdently; ﬁS'eCB% éQl%&{ﬁUp %%H?#?Igﬁ@ Hhioxol-5-y1

4 alko lk
methysxyag%we@% S R A eBhe it o%ﬂqshen%cafbamyl
Or Rs EH’SPQ%QtﬂhT i Qtlorbeyubstituents independently
@m@@rlﬁé e Sotheoynds pfcfoﬁ@lﬂarihngwqm@genhadwgﬁm(hrkylkﬂ@ﬁ@henyl
Ateptefdrfedrar¢ergpourplcofifisting dil 4-nitro benzyl oxycarbonyl,

benzyloxycarbonyl, Rs
= N/ﬁOH
=T
' |
Re R,

(I
wherein,
R; is benzyl, benzoyl, m-halogen benzoyl, cyclohexanecarbonyl, cyclopentanecarbonyl,
phenylsulfonyl or naphthylcarbonyl, the groups are optionally substituted with 1-3 substituents
independently selected from the group consisting of halogen, C;.4 alkyl and C;.4 alkoxy;

Rj3 is hydrogen, C,.4 alkyl, phenyl or C (benzo[d][1,3]dioxol-5-yl), wherein the benzene
groups of the groups are optionally substituted with 1, 2 or 3 substituents independently selected from

3
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4-halogen benzyloxycarbonyl, 4-methoxyl benzyloxycarbonyl, 4-methyl
benzyloxycarbonyl, 4-trifluoromethyl benzyloxycarbonyl, 4-amino
benzyloxycarbonyl; benzo[d][l,3]dioxol-5-y1 5 methyloxycarbonyl,
phenylsulfonyl, 4-methyl phenylsulfonyl, 2-phenoxyacetyl and

the gr&g%xgqgfwmmr erggg,lcompounds are listed |n Table 1. In
ﬂ”‘s’thgfeg%&’ %%mtht% Ny or?s%}ﬁlldegfa 4= ?ron.@%%%lt\{ gariép&?/?ltt) enzyloxycarbonyl,

comprlsm oun ula 1 Inati

|
4-halog,  hEA IR PRRY ptéfﬂ& St TR Wéﬁfﬁgsga o gpaomvoatbony,
4-triflyorgieibixlinebaae Iorsiigtihd otHeRiRRIla berrrRaBamstion Rmgolddl 1.3 1dioxol-5-y1
methyleredishongh plenplesfiony Hivnietod ibandsttiony L rBehenatortetvirandghenylcarbamyl.
Mutoprefistiod dispased arwlistbini T ablediructive pulmonary diseases

GRGTRY- dpanathanashrRetptba dsy e phanHateViReB AmpAentediaif9he compound of
formulP PG bSEA &Qtﬂﬁelﬁﬁ%a%gﬁﬂ% en@g@%i@‘élﬁr O HOR HOR3 R7

P S I VA T B L h e DS bR s pppastion of

medlc%%mrfany%legthﬁ%éalprnesgu%tm?@m@t%é@'@ﬁeﬁeﬁﬂ&?l@@}@%él#@?ﬁs and chronic
obstruthiee gubupnenndiisting (CORIDYen, C14 alkyl; R7 is hydrogen, C1-6 alkyl or
AeRhe P ADET AlER VRS BIBAHNP intdrife NYENTIN MG useful to prepare
inten %/ rld extensive study, the inventors designed and synthesized a
Ompogfégsg fidine derivatives based on CCRS' structural features. The
results of all tests demonstrated that these compounds were potent
CCRS5 antagonists. The inventors|compjeted the present invention based

having 1-8, preferredly 1-6 carbo XAlkenyl" is intended to include
straight or branched hydrocarb&i grogps haglng at least one
carbon-carbon double bond and 30 2-8 (preferredly 2-6) carbon atoms.
"Alkynyl" is intended to include stralgrﬁrﬂ)r bran¢ited hydrocarbon groups
having at least one carbon-carbon triple bond and 2-8 (preferredly 2-6)
WESF8Nn atoms. As used herein, the term "aryl" used herein refers to

aromatic system and may be m m@;? or polycyclic aryl group fused
%ﬁ;frhﬁf eh %‘i%ﬁﬁfl PRGNS : \ NG&LIGaR %%AR{;E&% 1f Ux%?@rélh the benzene
mingco a
rings o%‘%%‘ ef fl% %Buéﬂ%l QJE{'&&‘ ?gi RN éci%)(r%?)%t% RPRIER RS ¥¥hted from the

rou re mited to, pheny yl or
grouP 8&% Bélftéﬁ%ﬁ% As used herein, the term "heterocycle” or
Hl%f*'é‘h sydferhoi@hgidhded to mean a stable 4, 5, 6, 7-membered
monocycllc or multicyclic heterocyclic ring which is saturated, partially

DETAURFDUDESARIPTION OF THE INVENTION

After intensive and extensive study, the inventors designed and synthesized a class of pyrrolidine
derivatives based on CCRS’ structural features. The results of all tests demonstrated that these
compounds were potent CCRS antagonists. The inventors completed the present invention based on the

above.

As used herein, the term “alkyl” is intended to include both branched and straight-chain saturated
aliphatic hydrocarbon groups having 1-8, preferredly 1-6 carbon atoms. “Alkenyl” is intended to
include straight or branched hydrocarbon groups having at least one carbon-carbon double bond and
2-8 (preferredly 2-6) carbon atoms. “Alkynyl” is intended to include straight or branched hydrocarbon
groups having at least one carbon-carbon triple bond and 2-8 (preferredly 2-6) carbon atoms.

As used herein, the term "aryl" used herein refers to aromatic system and may be monocyclic or
polycyclic aryl group fused together or attached together, thus making at least a portion of fused or

attached rings forming conjugated aromatic system.
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5 unsaturated, and which consists of carbon atoms and 1-4 heteroatoms

independently selected from the group consisting of N, 0 and S and

including any multicyclic group in which the above-defined heterocyclic

rings is fused to an aromatic ring. The nitrogen and sulfur heteroatoms

EM&EB‘%@%&M Q%@%"H}!@lﬁge Axtisedharginedhs, igismyisHBsties ?éﬁfl)h?&ronaphthyl
(tetrali iubstltuted heterocyclic" refers to an aryl group or 10 a heterocyclic

group as defined above having 1 to 4 substituents independently selected

fronsashercipy s demy dreseyoqiete, amhsteregigliceysteariya 1 Iaméhgiv togAm A, stable 4, 5,
6, 7-matkbaryd anvlexycltbstituled dlkdxysralol camommichlikydaaraedy partially unsaturated or
unsatu?zugd aiHH‘&H?éha{XJH}é?J I '&Iﬁgq?gtgf&ip §HHJF qtﬁe@&%ﬁgllﬁs qg&iegehéeﬁ%yéelected from the

"Halo" or "hal og hereip refers to ﬂuor chloro 0 or iod
group £ARSSEATLBLAS oﬁﬂ#e%fﬂ& eREIRVERLBN 6L ey AN P B i ve-defined
heterogfcphamgaceiniedily or atdnshysintodicatyiacer pralulel albsternitdnzrenay optionally be
oxidizéterived from acids or bases. Examples of the salts include, but are not
mite those erlved fr nlca ids.s drochlaric acid,
suﬁ‘lur?(i:hamdl rﬁllltrlgrrgc ?bsﬁé%e ofic acid % a Pe% atero r?’éhﬁ 'Salts anraryl group or
a hetgioayslis EHAYR S reRfHl agesﬁfeﬁné 1at€e‘hé‘5’éfau%€%lﬁ’éd%‘bde§d¥cﬁﬁﬁ9ted from halo,
cyan@digdtayarisraciinve tieyiesydioal iy b eidicmpbldicyayidabod sthafkey, substituted alkoxy,

alkyl§a¥6‘<5ﬁ{}’l| eﬁk@fé&l@&@ %[kﬁ%ﬂﬂﬂ& indﬁy?ﬂ%lt W@ﬁﬁ@ﬂ@h@@&?&n@s‘f alkalipafacth, alkyl.
odium, %otgl sium ¢ Icu%nﬂ 20 m esbum Exagg)ples of the

ogen’ as eI rerers oro. Or 10,
proc?rug (?P%T‘I compoun F]tlﬁe presen mv’en on mcc]u e ester,

Eh%am@@er@ﬁ@fdh@éﬁwﬁt/mﬂw roRie pemitsime b ihe erniafoaanaceutically or
physioagiivalingregiableisalty o/ dtenrcatdmmisistenachiidtis bases. Ekerpieentidie salts include,

bt R R o R e R mlfori ac,niri
acid. pROTRRR A A oA ﬂtsnﬂaﬁ %?@F&é%?e%?ﬂ%%?ﬁuﬁﬁ%%%&%f acid, oxalic
acid, sfgcirsatindy tefidrinfendonctetesutioiocat @5 midaederd end Ibedikdebxamiplss of the other
salt in€lGaé a@%ﬁhYlﬁ?ﬂiﬁ)alkfaﬁuﬁi@EDi@ram&Hﬁe MREFOSERNORS) PSRAIASIS pSAKBRIGY calcium,

other f r05| dlsefaﬁles ang auto mune dlsea & Qﬁuch as multlg§
magne51 r5 Xam]ﬁles 0 Oﬁn resen‘i invention include ester,
erosis, In mmator ente d nic obstruct e pulmo

carbanaﬂtfe%&de%ﬂeercswynv%@rf%@d ‘révq#leaaﬁ fgrRsted Ve @‘i%é&%%f‘smﬁfég ent in vivo when
adminsemegounndis dbthe presentimventioidasy lphanixedwiith onem@smmorend a method of

treatmahaamﬂﬁ%uﬂgcaﬁmﬁq&mgbﬁh&aﬁésﬁw&%@@etmw ASSRIVEHE 8P thrmula I to

mamnﬁ%qlue & TF?eué;i? ip %undr% gIlttheVIerrll 1%nt|csmugeafn ] qer mlﬂf\/e{ggc%ro%l yaI thma, local
rm orla

efS, Cagsiies. tiéperdive owders, ran§les sUSpensions

disordgepe desrbiiaitiisolacel esaah%l@as)-ébmmgt@@@ﬁtﬁ)ﬂ@mfﬁgreé@le%@mamﬁgﬁs sarcoid,
other fithodit dea6¥¥mBd gal)inalixiis d&gasm@ta}nu@gnab@uﬁ el AlahoIYiody enteritis) and
chrom@%ﬂ%gq)ﬂlﬁ{&ﬁ&r acﬂyeﬁgég f%&ﬂeumq@blfeaﬁﬂéumﬁ%e diseases, the

ns (eg: contalnlngo 5% sus ding agent in isotonic
compay ?nsLeFBWé%mm@“?ﬂe@é S IAEG 5y PEIROLTPABTTRCS KU, acceptable
arrlergecneﬂanspabtsutsscm% (Mvwrﬁﬁghm)iadﬁwtﬁgFﬁmwmp@mdahﬂfhthﬂelmmn can be
admlniétﬁib&h@rﬂ@m@%e-rfbﬁrﬁﬁﬂfgbl@céj%ﬁslﬂyﬁ|&iﬁ&@l@lﬁt&y@;\iﬂ&&e@i@ﬁﬁl@%a)s‘dé@éﬁsions (eg.
wit ific,compownd emplo ute of administra
conaiflf P R ST s R SRR 0 808 My gt e
Conta“BBgn|§B€|‘Hd%00?(%s"ﬂ‘?9€ﬂ?ioﬁrlsa%fﬂ RSk RITIEFABtS Wsn%yoel% & 5@@16 injectable
solutiomsgk guspehgiorsi ¢y, thetasfiect i8SgEnenaliyreiriishgay. iR ref@rmablyedrdn). For example,
these ﬂiéﬁ'gﬁ%f;@&qﬁ@? daayiRerRMisisieseskAaily aBsuiLc P Aaspgs: gﬁ@yapc?ve ingredients,

hich renprllgges gbﬂesclow released forms. For most large mammals, daily total
W Is about fﬂiﬁfﬁm , preferably about 2-80mg. Dosage forms
E@ﬁ@gﬁ@w deap éﬁymmféhea@réwweaﬁ%e@ BB0GHGrakihe Bssipeapraneixegmployed,
route oFiidminatraaae uhidaty aceaptabibsdlidass ligbteatsieolberdasagehe daily dose of
the cox%‘f)%ﬁﬁ% 5@%?&1\%%&{‘?9 O RHRMIdE e RRR ORI ARYHGI 28BS R 63My weight, the

example, according tq th
effect 1s generaﬂy satlsgrlng Preferably 2-4 divided dosages may be administered daily, and the
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5 urgent need to suppress the disease condition, the dosage may be
divided to several parts, or the dosage may be reduced proportionally.
These active compounds may be administered orally, intravenously,
intramuscularly or subcutaneously. Solid carrier includes: starch, lactose,

dosagCRHELR QMTQQI%GQHprﬁ‘lﬁ‘l’eage@%ﬁ%tﬁgl%oﬁelul%@sﬁm%ﬂﬁﬂ@sgaﬁ?QOtal dosage is
about lla'lj &rhr%\{:hé%fleqaléf m rir‘!ﬁ;ude Sta?%nlefél\rlr%tseguﬁolxapc}lleoqgl[ga}fm1n dstra‘uon include

actitand edibie ol as corn oil, peanu
0.5- SOQeeameV@nyPa@%ﬁ@ saerbyvihe hapaprediathe agreidin grbdicnt kmuadisarriers. The
dosagsqbeific mayrbnisdjadied toopitesdsdhisantshaupbuds fteyaisogragexdtmplgnaetiiding to the
urgent F?le%ﬁ%vﬁ%c}é?e?s'lﬂeaﬁlﬂ%bd&lﬂhlﬁllﬁ htl?esd\égggg 'ﬂl'g NG lﬂ%@dqo B2 r%QrE HfMthe dosage
vantageously included in the preparation of pharmaceutically

may b?:B yssd |ﬁl§ﬂ?°fﬂ‘lﬂ@@¥ of ease to manufacture and administration, the

Pheseerdtphanerapeutitsaliyasopositionserdd arsldfid somrysositin, intramuscularly or
subcut@l%&@llalsd@@ letsior ﬁ@melegtﬁlllﬁd Mtjtlsrseqlbdcﬁfnll %ﬁ?d@g@l@dﬁﬁﬁ&%@ﬁl@fbcwstaume

RoUN Rrefﬁlil‘ hese activ mpoyinds may als tl.)
cellulose sucr an 1 1 u1 Sqmer Inc g epile wat rmalo%e ﬁ}/ ehe g rycol non-ionic
mmisteret mtraperltonea y, an

Swfacea%e%%e&l@%wm@lédn% o e - ;ﬁ%zl?ﬁ%?ééhﬁ%ﬁlﬁzsmtable for the
active aggepitaidlengafhy cppciie adamufactune domeayatdiumixedswibhastfaotantsgent, pigment,

preser&%'@éleﬁ‘ﬁ QM%QM’EOE’M!}PQH Lu&)eﬁﬁln %e%l@ﬁﬁl tire BOHiSREBIPR MAY BE advantageously

mclud&] égr%{'g l aE%téth d}/COI and the mixture of
e glyco i o ition of regular storage and use,

b?és@mftﬁ?ée @Hamefb@umaé@dmmtﬁéatm;sl@@a@ﬁ@fﬁer@d)hﬁﬁmwecgll@smmposmon is
a solidofomigsaiaogait $asicasagdetounsapsilab i kel wijkcota snclycld; Stefileiministration of
Compo\mﬂgg jﬂgfeil%ll dispersion and steriled powder (for instant preparation of

erlle njectable s Iutlon sper5|o Under all conglitions, these
%sﬁgfétl% §‘E"B’e agwgl g?jf‘dp 8 REY) cﬁlil(lr%aﬁegtoneally and the

solutiogyrirsgepsnFice ofobagetifermgredigstiessiablkasmetahammacdatealingeegndable salt) can be
manufﬁéaf@eelﬁowdwmﬁxe@d\mysme&%ge@sﬂaﬁ e@nt@m't;a@zgj@cspgf cellulose) Besides, the

microorganisms. (sych as ba d e rmac utlc I
d OS] rt‘h ‘%?l e.pNAImace R lene glycol
PerCan be solvent or dispersing m (oS mcltding water, alce e B RS ene glyco

in oil. glx}e%nthﬁrae%*eﬁe N5y ﬁmﬁa%&%wreﬁeﬁweeweﬁé%%r%ﬁ%&@ded in the

preparatiisite snthiertahé grosvtreofatabiengilmiBis The compounds of the present
EWs%Q&'%hﬁ@@ul%@bl%r %ﬁ?&t@(ﬁpﬁféll{&g tadhe fellevingtos! 5&3@1%10§§H@5¥@1led powder

(for 1n;|‘;'<r111e|1 )ttz?em en of g% st r1ln8 Btal%.%l u‘g%nlo\lrvllh rgreslg 1 ?l?er aﬁ((?cgijlgi% Bs,s these dosage
es me e rema nin npro amine can

forms ewerb%é&e& \ﬂmhlmed cfpbéwzwere@rﬁam FYBES¢Sn the de?%f%@emust be stable
under KatuB3tasng habadmgiediHisaieatddhtgnpayadLthdlcaltaanddasatiofdborganisms

(such ely'lﬁrcqe%ﬁt%lloélgﬁﬁ n%%%ﬁgé%@éﬁ%%%éﬂéﬁlg%ﬁ%%%gﬁ} lé?sﬁ_ggllf@(l’lum including
water, SR R GRFCAMEO S P e RIS EBRolhelep soproris
mixturds theBiof m@%thb@)o@FEt

The compounds of the present invention can be prepared according to the following Schemes.
Scheme 1

Treatement of B-aminopropanoic acid 1 with methanol and SOCI, at reflux provides methyl ester.
The remaining unprotected amine can then be protected with 2 eq of benzyl bromide in CH;CN in the
presence of K,CO; as a base to give N-protected compound 2. Aldol condensation of N-protected

compound 2 with 2-oxoacetate ester derivative 3 gives two groups of enantiomers 4.



1 3 THE Rr NBO 4 (+/-) cis + (+/-) trans Hydrogenolysis of the
condensation product 4 catalyzed by Pd/C in methanol gives rise to two
groups of cis/trans isomers of lactam 5 directly. Hydrolysis of methyl ester
of 5 with strong base such as NaOH or KOH in methanol affords the
same product, its trans-acid 6. O OH Pd/C,H2(latm) HO R3 11 MeO OEt
MeO R | MeOHIt RF7N O g irans (/- 5 OH P/C,Hz(latm)
AcOH(cat) g0 Hyle6-HO-R3- OhigOMC B7,N Bn
C's (+/-) cis 50 0 MeO HO 2fe3 NaOKHHPNO R3 R7 O McOH R7 N O
Bn Bn O NaO (+/-) trans 6 HO R3 Me0 McOH R7 N O 5 Bn Amide
coupling of 6 with amine compounds to afford amide 7 is typically

is reduced

performed in¢he Reresence of coupling reagents. The a
with LA@%M e desﬁiaj(;ﬁqpound 8.8 HO HO
?R2 DCC/HOSU B \-/ HO,,R2 ®R4N R; O;I‘Hl—F|E THE R5-y!CVvR[7 /moo Bn

R6 Bn 7 HO RN 2 LiAIH4 R4} R7

NBr%
4 (+/-) cis + (+/-) trans

Hydrogenolysis of the condensation product 4 catalyzed by Pd/C in methanol gives rise to two
groups of cis/trans isomers of lactam § directly. Hydrolysis of methyl ester of § with strong base such

as NaOH or KOH in methanol affords the same product, its trans-acid 6.

o o)
HO_ R, Pd/C.H,(1atm) HO R
MeO 3
MeO OEt
R7 NBT% MeOH. 1t R7 ,Tl o
Bn
trans (+/-) trans §
o Pd/C,Hy(1atm o
HO_ Rs Ha(latm) - AcOH(cat) HO
MeO OE] Meoﬁ_éi3
MeOH. 1t MeOH
R7 NBr% © Ry W ©

|
cis Bn
(+/-)cis 3

O

NaOH Hoﬁkfl\l%
MeOH R\ ©

|
Bn

MeOH

O
HO
R N O
|
Bn
© NaO (+/-) trans 6
HQ R
MeO 3
R7 ’Tj O
Bn

Amide coupling of 6 with amine compounds to afford amide 7 is typically performed in the

presence of coupling reagents. The amide 7 is reduced with LAH to provide the desired compound 8.



R5_-yIx R7 N THE/reflux Bs Bn 8 Scheme Il The benzyl protecting
group on compound 8 obtained in Scheme I is then removed via
Pd/C-catalyzed hydrogenolysis to yield a secondary amine, which is
reacted with acyl chlorides to 5 furnish compound 9. HO R HO R2 R4, N
1,2 Pd/CH2 (arm) R -~N Q x R5'R7 R®Y1NMcOHH RsBn82
RLCI/Et3N’R41 N Ho R XJ CH2CI2RRg=(R~\Rs R, 9 Scheme |
coupling CIORB in SchBRHAsY amige torhpound 11 to
12is ty[é'&ca rformedin the presence of coupling reagRé/ §7Th angde
12 isre Jcecﬁwitﬁ LAH to Provide the 10'€ompound 1% Which %reafbteg
with R6CI to &fford compound 14. 00 O HO R R4 HN-~NM 11 R4 CBn
HO,.Rs LWH HO3 HN N R7 O DCC,HOSUR7NO Ni BnBn 12 (+/-)
trans 6 R4 HO R3 R6CI / Et3N R4~-\ISI N rITctORI;Qs HN N R6 R R7 N/

LiAlH, Ras
X
Rs\Y QR7 N
THF/reflux Rs Bn

Scheme 11
The benzyl protecting group on compound 8 obtained in Scheme I is then removed via

Pd/C-catalyzed hydrogenolysis to yield a secondary amine, which is reacted with acyl chlorides to

5  furnish compound 9.

HO HQ R
R, (\N R pycH, (1 am) Ra (\N 2
N Rs— DX
Y R MeOH Y RN
Re Bn Re
8
HO
R
N
R,Cl/Et;N “y \)
—
CHCl, Rs T R7 \
Rs R,

Scheme 111
Amide coupling of acid 6 in Scheme I with amine compound 11 to afford amide 12 is typically
performed in the presence of coupling reagents. The amide 12 is reduced with LAH to provide the
10 compound 13, which is reacted with R¢Cl to afford compound 14.

O
Q R @NH i Q .
ﬁ'%is HN 11 R“%NACN %23 LiAlH,
HO \
DCC, HOSu
R\ O Ry N O
|
Bn Bn
12
(+/-) trans 6
' HO
R4'/\ HQ \\\R3 R6C1 / Et3N R4/\N N ,\\‘R?’
HN N \ /
R7N ! N
|
Bn Bn

13 14
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Bn Bn 13 14 8 Scheme IV Amide coupling of acid 6 in Scheme | with
piperidine-4,4-diol hydrochloride in the presence of coupling reagents
affords ketone 15. The ketone 15 is reduced with LAH to provide its
alcohol derivative 16, which is Swern oxidized into ketone 17. Finally,
SchenfPRPling of 17 with amine RSNH2 in the 5 presence of NaBH(OAC)3

results in gn intermediate, which is reacted yith R6 o0 furnish the. tayget

ST D CERIB P S T Er bR RIS R R g Presence of
coupligrrppeenty orig Netgmp TH/ELy Retwe Bh isg@ced il HOHR®P oyYe its alcohol
derivafbwal oXidatOSvNra oRidibed ilto kdfone AN FlidEyretupling of Anwikth gie IRNH, in the
presenue(%ﬁgaﬁ%ﬁ%fg NaBH (@ %91%‘[51‘1%&12&6 GhitFISN:ANG \%%I&BIS[J\RH]{S the target

R7NRRN Bn6Bn 18 Scheme V 10 The secondary alcohol compound
compoyad i heme IV is treated with acetic anhydride to afford OH-protected

compoung 19, which is hydrogenated to fgm the benzyl group to give

- Feompoupg@fiisgeacted wi Rl@f-t@;ﬁ
protecting-group on.c is then remov,
assium carbonate in riefkanoitto yiéld COrrgo

which is Swern oxidized into ketone 23. Finally, coupling ?J 23 with amine
R5NH2 in the presence of 15 NaBH(OAC)3 results in an intermediate,

which is reacted with R6C i5R e tag%rtn%%ggund 24~ R
HO ,,Rz "VN VN'HO AcO B N AcOR
CN '2 K2CO3 / MCOM CN 2/ N

HORz WABIDMAP I'L/CH/(lati
R7 NBn7H Bn 16 19%D RiC

THF/retlux gn L
16 17
HQ R HQ R,
R;NH, / NaBH(OACc); /@/ﬁ 2 R4Cl/EGN Q/}_}
Rgw
RsHN RY N 'F‘H{ RY N
Bn 5 Bn

18

Scheme V

The secondary alcohol compound 16 in Scheme IV is treated with acetic anhydride to afford
OH-protected compound 19, which is hydrogenated to remove the benzyl group to give compound 20.
Compound 20 is reacted with R;Cl to furnish compound 21. The acetyl protecting group on compound
21 is then removed via treatment with potassium carbonate in methanol to yield compound 22, which is
Swern oxidized into ketone 23. Finally, coupling of 23 with amine RsNH; in the presence of
NaBH(OAC); results in an intermediate, which is reacted with R¢Cl to furnish the target compound 24.

HQ HQ
HQ R R
N R N o Pd/C H, ( 1 atm N o
Ac,O/ DMAP 2( )
— AcO — AcO
R? N
Bn

R

16 19

20
HO R HO
&2 \\RZ
R,Cl/Et;N /@‘)—} K,CO; / MeOH /@/ﬁ
AcO
HO 7N

R7 N R

21 22

1 R
HQ R
HO R N a2
Swern oxidation N ~+2 1) RsNH, / NaBH(OAc); R
- . 5\,1\1 R
Rs

O 2)RCl 7 N
R7 N ) Re R,

|
23 R 24
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AcO R7NHO R7 N 21 R1 22 R, HO R2 Sweet oxidation N HO 2 1)
R5NH2 / NaBH(OAc)3 R6 N~N, R7 N 2)Rj2! R6 R7 J 23 R, 24 9 Scheme
VI Activating the hydroxyl of compound 8 in Scheme | with
methanesulfonyl chloride affords methanesulfonyl ester, which is reacted
Scheni¥i{ R2H to give compound 25. N HO RZ N R3 2 R4, MsCI/Et3N R3H
R4~X . Rs-Y R7 N Rs-Y.R7 N R6 Bn Rs Bn 5 The ipventign i .
A T e RSTORNE iSO E R ghloride affords
methangsaled estenustisbasienstrbyvtib iR-BuessteredimprurE Zeope of the
invention. Exampte I;l(zCompound l-a-a: 10 1 -benzyl-3-(benzo Rs R,
I,3]di@@@%§fﬁ§-phewj@ipgggin-I -y)methyll pyrrolidirg3fol A%ﬁg
toiache CK (10-ml) was added dLOpMSe—tOJh%S&QMﬁQnJ'Q
3-:;1mi,150propi5nic’?l acid hydrochloride (7.05 g) in McOH (48 ml) in an ite
bath. The resultin?j1 mixture was refluxed for 3 h, and then &ooled andthe
solvent was egaporated to dryness by rotatary evaporator and the®Sby

lying..vacupm,. K 3 CHRCN (150 ml) were added to the .
e b e T R oty itenced
to illustrade the eatianBH RA 50 RS SRRE RTJRTARIFETIE® the mixture was
added water to dissolve K2CO3, and the mixture was extracted with ethyl
Resiatftyvice. The organic layer was washed with brine, dried over
@Eh rou(fﬁo_di.um sulfate, filtered and concentrated. The residue was
roPHﬁbgra%?fed to give 3-(N,N-dibenzyl)aminopropionic acid methyl
EhenzylB-ghgnod b3l iorphivd-(clittnberdpinsridinsi yhmethylipypmoladgg3-ol
fs;c3HInB b B {herkl), SOA(1]10 mlf Pkl ZdBd )drapvd o theXdutioe b3 -aminopropionic

acid h}%%%?d&@&@%mﬁé@é‘(ﬂ?ﬂﬁwﬁ%}@rgﬁk R %@ﬁﬁgﬁﬁ%ure was refluxed for 3 h,

-3-carboxyl tﬁ tyl lithium (1.6M in hexane, 4.5ml) was added dro(E)W|se .
and theg (Rl IdhEoP TSP XK LRSS (RS YRS YaRqEeNgad then by applying
vacuutrkgsPh €18 T K& bRt 1é0val sresuided tOtmirestdes arith sbuleg aod #@nBGnBr(22 ml)
was adiied. thie Sduting afida(N Nadiberabanunograpianispeidretinl dsi@ixture was added
water t%ltgs%glv:é'ﬁmoall)l ?h-glf'nlizx ?e(\é}vo rQ)'()[rV\é:?SdQAgl egthqrﬁo'f \é\{!a?]ee T'hee ﬁ%%cc;[}on ic layer was

mixture was stifred for another 1 h and the solution of et 1IMZC benzof ! .
washedsyjh Rgpns. fiod s BbydqHs OB slfairadiierad dust spineratedy d e residue was
chrom#themthed moigtues - (e -dilreed fonangthpiohik atithestamestariper atre@nd

quenghRed mith satuvates NG seluiion and, extraciedswiin eshm @cetade) Hz, 2H),
545 (t(g%gﬂ X 2). The organic layer was washed with brine, dried over sodium
' sulfat

te, filtered and concentrated. The residue was chromatographed on

gifity bt(benrg Hididiennd-Saridl dpwadiddrdseny pprrplilindg-@ne 53t ¢arhorylate
Buiguiith@m@osvdn(Qsaad: o). Shite wated ddeddiwpsig8t3%he solution of (iPr),NH (1.09 ml)

in THF (7 ml) at 0 °C under N, atmosphere. The mixture was stirred for 10 minutes and cooled to -78
°C and the solution of 3-(N,N-dibenzyl)aminopropionic acid methyl ester (1.00g, 3.53mmol) in THF
(40 ml) was added dropwise. The reaction mixture was stirred for another 1 h and the solution of ethyl
2-(benzo[ 1,3]dioxol-5-yl)-2-oxoacetate in THF (5 ml) was added dropwise at -78 °C. Then the mixture
was stirred for another 4 h at the same temperature and quenched with saturated NH4Cl solution and
extracted with ethyl acetate (60 ml x 2). The organic layer was washed with brine, dried over sodium
sulfate, filtered and concentrated. The residue was chromatographed on silica gel (1/13 EtOAc/hexane)
to give a solid compound (0.654 g) and a liquid compound (0.653 g). The total yield was 73.3%.

The liquid compound (3.197 g) was dissolved in methanol (250 ml) and Pd/C (0.32 g) was added
to the solution. The mixture was stirred at room temperature for 3 h under 1 atm hydrogen atmosphere.
The palladium on carbon was filtered off. The methanol was evaporated to dryness by rotatary
evaporator. The residue was chromatographed, eluted with 1:4 EtOAc/hexane to give the unreacted

starting compound (1.065 g) and eluted with 1:2 EtOAc/hexane to give a white solid product (0.935 g,
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The liquid compound (3.197 g) was dissolved in methanol (250 ml) and
Pd/C (0.32 g) was added to the solution. The mixture was stirred at room
temperature for 3 h under | atm hydrogen atmosphere. The palladium on
carbon was filtered off. The methanol was evaporated to dryness by
59.8%§otatary evaporator. The residue was chromatographed, eluted with 1:4

t / ne 10 gi react ting compound (1.065 g) and
E}lﬁéﬁm ’:ggéj%gi,ﬁ%@g#;%%g?\geggvfljhgl‘éeas%Ii7d product (0.935 g, 10
B MMR (FRIkBA0IYBYE) S962-391 dim 758, 4 8638, 9850n 3H0D Yhis12H, 4.65 (d, Jus=
14.7 HXNIR)(T€.BQ8,/300 MHBA TH, 3-904E, (el) 53-)0 67845, 94X 1tin, 3H), 5.97-1S8 (m, 2H).
RGP AdoIRG=, #4] Hz, I H), 4.55 (d, J48 = 14.7 Hz, 111), 3.90 (s, |
H), 3.7Q (s, 3H), 3.62 (M, [H). 3.31-3.38 (m,.2H). 5 ESI-MS rn!z 392
VB Kl B Prol R AT G el GAOMS Qe 1 o 18N’ 7
€(lgpzd[1,3dicde-N)-3-Bdnzyl-4-hydroxy-pyrrolidin-5-one-3-carboxylic acid
fn(hgpnaalb 3ldivxehSdybkitkb enzyd-vd resaep ysrelididiateness tharixdlimethyl ester
cony oaCicfj iINr%gtlﬁgnoo S Rg iye@cggrg rr%%()i(guee(lwda'sege)a\é‘{g dgo%gnt?e}plee%q{}ilgou%t%f the startin
P tlﬁle aBove methii ifester compouna in methano(f $he reactloR mixture was &
comp%@cﬂé%ﬁ%ﬁ%%{}éﬁ#ﬁ@?&weé GHPIRE BareRC T CERRARBRInaVaiRape ddgd. and the
solutiohethanotlifiad tepid\iedily dtakpsoeyhpdratonrivaied e addede and txgacted with
ethyl ae0iktioRvesasidifiedin Pied WithNiRaugaHs-xdiahiariss aeidral Nied with sodium

Ixture was extracted with,. ethyl gcetate twice and the organic layer was
sl S B O e M ARt sodium sulfate, Hterec
BtkEnéaatrated kol arl6Rs & 90Nt EbAR54URE W (K Br)
BR65288 (24y 1351688 600, B8 254 218298 .61, 106 H-085 moz((96),3658 (19.60), 91
(41.13§M', 54.49), 337 (2.76), 282 (3.64), 190 (6.62), 149 (100), 119 (19.60), 91

41.13); '"H NMR (DMSO d6, 300 MHz) 6 12.45 (s, 1H) 7.41-730 (m, 5H

SNy 0B 12y o T S eyl P 3B b 044 .
1H), 6089 (2, W)k 18 (& Oz | fiF)HEB SH X AL di87 (M0 Bl ) H), 3.58 (m, 1H), 3.37 (m, 2H).

S-hansplBjAldioraymyvabstayindtfuaray-pdnphapaiinRidinetosa i rrolidin-
2-one nyl)pyrrolidin- 20 2-one DCC (0.152 g, 0.74 mmol) was added to the

solution of the above carboxylic acid compound (0.238 g, 0.67 mmol) and

RSP b'8es 376 rarabhivts #9920 Wt eluhtiabiys strhespifereld compound

(0.238an6d. chewnes)ind IO Babed das WatmeabtpitHEHB 20 telirp Ordfunedeni, atmosphere and

the resﬁﬂ[ﬁ%q%m 'QggJﬁﬁ&pﬂﬁ%§§%%&geﬁtﬁré'éﬂla%ﬂ}/ﬂmﬂﬁi@m{éﬁtwﬁ% agiedas filtered

off 4-t°hterﬁelf””e"’}¥% and, the reagtion ﬁgll)éﬂ{%t\évaa%&ntﬂeedrgt foom 23 IeMperatliey a: room
’ ra (gtlﬁer 5 h‘M??le SOﬁVEﬂt was evaporatec'fl%y ro{gﬁory evaporafor

tempergiaiier pasibieiel WasTaxteloesd With wasyvaperied Andoriter aigaoigior and the residue
was extrgifdtl Gy ethwas aias hediwaildt briiththe diiig:ahi diltgee dvaconsestraibchang dried, filtered,

conce&mmgﬁm%g hed /}%’E@A@)ﬂ@%&?egX%i%"&h%é%ﬂc{ggll%% %’45%).
492, NM

45%%{TR§%(®B{%%]3 2 ) 2921, 1695, 1682, 14 1442 cm-1.
leBeis? 218°2:38%: 3% [ 12 (d, 2H), 6.98-6.78 (m, 3H),
BIgYNR GHDCI3GA0 MH 5 7)), -4 B ((el, STABT- 24 72H, 4198:8. 78 (8163, 97 (s, 2H),
4.76 (BHHB H41(cd /1H) 13,383 80) 3 meliy @071, 3% 4ddL hipr) 23 738-2.80 ()1 H),
i 1.8« | H), -doS 2B ET-MSnrjz (%3498 (M,
3.07 2?;)98) %&?%@9‘3@5% 0 ﬁ@%@gé@ﬁgé” ;ﬁ%ﬂ},f B0 (c5.00)
BMS 41O H3BND0d3 672973 (B85 2R, 6850k 22 (55-04)
Mod. 94]dd f&. 88 H;50N0s: C, 72.27; H, 6.06; N, 5.62. found : C, 72.00; H, 5.94; N, 5.56.
LReRF 33 a7 LB QY H-Y]) 4 bR NEIURIBR N IheY I VBMEERY-ol(I-a-a)
E{R-llgﬂod 16-%-%3215 added to the solution of the above compound (1 eq) in THF at 0 °C and the
mixture was heated under reflux for 24 h. The solution was cooled and quenched with 10% NaOH at 0
°C. The mixture was filtered and THF was evaporated by rotatory evaporator. Ethyl acetate was added
to dissolve the residue. The resulting mixture was washed by brine, dried, filtered and concentrated.

The residue was chromatographed on silica gel (1:10 EtzN / EtOAc) to give an oily compound (yield:

11
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35 LiIA1H4 (8 eq) was added to the solution of the above compound (1 eq)
in THE at 0 C and the mixture was heated under reflux for 24 h. The
solution was cooled and quenched with 10% NaOH at 0 T. The mixture
was filtered and THE was evaporated by rotatory evaporator. Ethyl

90%). acetate was added to dissolve the residue. The resulting mixture was

r ried, filkered and concentrated. The residue was
RN oy Brca

¢ "on silica’gel (1:10 Et3N / EtOAc) to give an oily
ddMMBRUHY e fPOM 8396) 7HR(KEriotH1)1 668 tde nhHzHNMRS7 (s, 2H), 3.61 (s,
2H), 2(@ERS (3)0M)HZ3 627732n1 .08 {m,6l1223 n 2K, 237-8.3Hm, 1H), DEBZ1(89 (m, 2H),
176-1%47 n§3 (s, 2H), 2.96-2.88 (m, 3H), 2.82-2.75 (m, 2H), 2.61-2.53 (m,
2H). 2.37-2.32 (m, 4H), 2.08-1.99 (m, 2H), 5 1.76-1.67 (m,3H); EST-MS
ﬁ’%%ﬁ"(ﬁ/fwﬂl éﬁ’ 443 j(’l\?l%r(kf[ﬁt)J.r 1\@(glmple 2 Compound 1-a-b: 10
1-benzyl-3-(benzo [l,3] dioxol-5-yl)-4- [(4-piperidin-1-yl)methyl]
RYRAn-3-ol Compound I-a-b was prepared by following the procedure
%%SCVLQF% oI the synthesis of compound 1-a-a via replacement of
-&%n Ifg)i eridine by piperidine. tR (film) 2933, 1504, 1486 cm 'H NMR
{c’ﬂ%ﬂé enrmtl8ioxel Sryledalit-pivpridiy kyDmethylpyryqlidin3-gh
(Ghahpbu@l 1dzb 18ad . BrefrydHpy 6f6Bo(dind =Bl ptacelile Sl&ér{se )y 3uB8synthesis of
compdhdiR- 22 B& b2 ént 88 Rfdblpipgdildiide B3 pPeridid, 2-31-2.24 (m, 2H),
ﬁ{i@@ 6’(’{% %.(%3-11. m, 5H), 1.21-1.15 (m, 2H). EI-MS m/ (%) 394 (M ,
Rdf1%77°10dy s BB £Y! 01 (93.2); HR-MS [M +H] 4 observed =
IHABRE ISt ANHA 94 38561 6 20 BkBmplé 8lCompdbiad!Fa-¢:04 (dd, /= 8.1 Hz
1.8 Hz11bBna s 3dWeraflk, Hip k@75 sy DHA-§rop (piadiparge thyijpy o olidined-@h, 2H), 2.53 (m,
1H), 2GPAIRRUR-IER-S YARPIRRRTesh AY-Pliawing the, brqsqdie gescribed for
the synthesis of gompo nd 1-a-a via reglag:em&nt f'4-phenylpiperidine
BYNRIROME SENR (i 55060036340 1804) 1487 em1: 'H NMR (CDCI3,
BBMAHY 6 Hl3ptsasethr, BAR220SK@nated 5394,2260, 7.02 (dd,.J 7.8 Hz
and J=1.5 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 5.87 (s, 2H), 3.58 (s, 2H),
%.5613113143 (m, 4H), 2.88-2.83 (m, 2H), 2.78-2.71 (m, 2H), 2.60-2.50 (m,
FATY85-2.29 (m, 2H), 2.20- 2.15 (m, 44), 1.53-1.47 (m, 1H). EI-MS m/
tonpowndt-arx:) 378 (1.4), 278 (51.7), 1656 (100), 91 (78.7); 30 HR-MS
[Nbehilyd B sarxd i3 pH63x20606G; e FimatgdrBaci2ohl) fyxestipie-3-ol
WMQ&@'%&S‘%%@'%MR{%ﬁ @X0hdddure described for the synthesis of

4-1(diethylamino)methyllpyrrolidin-3-ol 35 Compagund 1-a-d was prepare
compay A R FDERR B RICE e BRELIS of compound 1-aca

R filiplacdh e or Y hdtTmperidine by diethylamine. IR (film)

IBIRORINLBS SR AE2 AT, 15 (m, SH), 7.09 (d, J=1.5 Hz, 1H), 7.02 (dd, /= 7.8 Hz
and J=1.5 Hz, 1H), 6.68 (d, J= 7.8 Hz, 1H), 5.87 (s, 2H), 3.58 (s, 2H), 3.56-3.49 (m, 4H), 2.88-2.83 (m,
2H), 2.78-2.71 (m, 2H), 2.60-2.50 (m, 1H), 2.35-2.29 (m, 2H), 2.20- 2.15 (m, 4H), 1.53-1.47 (m, 1H).

EI-MS m/z (%) 396 (M", 7.1), 378 (1.4), 278 (51.7), 1656 (100), 91 (78.7);

HR-MS [M +H] " observed = 396.2006, estimated = 396.2049.

Example 4

Compound I-a-d

1-benzyl-3-(benzo[1,3]dioxol-5-yl)- 4-|(diethylamino)methyl]|pyrrolidin-3-ol

Compound I-a-d was prepared by following the procedure described for the synthesis of
compound I-a-a via replacement of 4-phenylpiperidine by diethylamine.

IR (film) 3314,2931,1665,1487,1452 cm’™;

'"H NMR (CDCls, 300 MHz) § 7.31-7.17 (m, 5H), 7.11-7.02 (m, 2H), 6.70-6.67 (m, 1H),

5.87 (s, 2H), 3.64-3.58 (m, 3H), 2.86-2.76 (m, 4H), 2.46-2.35 (m, 4H), 2.21-2.14 (m, 2H),
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'H NMR (CDCI3, 300 MHz) 6 7.31-7.17 (m, 5H), 7.11-7.02 (m, 2H),
6.70-6.67 (m, 1H), 5.87 (s, 2H), 3.64-3.58 (m, 3H), 2.86-2.76 (m, 4H),
2.46-2.35 (m, 4H), 2.21-2.14 (m, 2H), 12 1.58-1.49 (m, 1H), 1.28-1.13 (m,
6H); ET-MS nr/z (%) 382 (M, 2.1), 91 (77.3), 56 (100), HR-MS [M+H]
1.58-1 @b%&r\/ﬁg 4.384.2396,, @ﬁgmated 382.2256. 5 Example 5 Compound

e ridin-1-yl)methyl] pyrrolidin-3-ol
%om (’%Zn@%zybgfg%[l 9){ par (f &% &88?1 the procedure described for
EH&%E%@@beémémﬁ%?&%wa% eREoethyl 2-(benzo
[1,3]dioxol-5-yl)-2-oxo0acetate by ethyl 10 benzoylformate. 'H NMR

B% 300M Hz) 6 7.69-7.61 (m, 2H), 7.37-7.13 (m, 13H), 3.67 (s, 2H),
3.01-2.81 (m, 4H), 2.65 (m, 1H), 2.57-2.52 (m, 1H), 2.46-2.35 (m, 2H),
Sompoyyl i; "3H), 1.80-1.69 (M, 4H), 1.51-1.41 (m, 2H); EI-MS m/ (%)
Ebenyl-3-phenyby; [E8pkengipipeedi 3-guinabd [inomdidinzBelos5.09), 200

d;énﬁééuﬁ%) l-'lfgr (zg% %@&MJ&D)&M&M@S&M br&]ed@iésaé‘é&%éd4?&-2@e5%ynthesis of
te

m xa e
Compotgl (I{l roxy phe ﬁcﬁnﬁﬂtpheny p?’pe e ZOI) 13 dl p%}r oSﬁl(.)iln? ciflﬁ%ate by ethyl
benzoy] f’ﬁ%ﬂar%one According to scheme |, compound |- b -a (0.4 g) was

&nswmwcm@hesnehbﬂ(za@ 1597}, GnanP2WT, (507-Mt) (vas Hi)Bd TasE), 3.01-2.81 (m,

4H), Selutignifilexrmixige was siyrediabreomtesperagyre for &2 hudesd-ap (m, 4H),
151 1QMd ogﬁ{% The palladium on carbon was filtered off and methanol was
evaporated by rotatory evaporator. 96mg of the residue was taken and

BId¥Sivad ifdrgdidMoronethdile §3 il -&he 25 titiglamide(8.259 #4P) (95.09), 200
(14.97yva34a@ded o theospjution under N2 atmoshphere. Then the solution of

BRI WRIRHASQ:Q4 i) dighlaramethang £k pyyivas added dropwise

to the mlxture at 0 T. The reaction’ mixture was warmed to room
temperature and reacted for 4 h. Then water was added and the two
Exranple/ére separated. The organic layer was washed with brine, dried,
Gisaip glummgntrated and chromatographed (gradient eIution 1/2

A /hex / 5 c/hex
i %‘E@ ARSI oS RS A g ccnanone
111249 seh*?m '36&)“!\@4‘2}*5611?581168‘ %Wﬁthasz?O ml) and Pd/C (50
mg) MSlm&QZO(mhﬁzbl)l,tféﬂ 9FBeGrhifttuy @ Mps Subi@eBat 8ogm feinhpeBabeX @613 under 1 atm

hydrogkh') ﬂl@ﬁﬁé&ﬁlﬁg‘ &12&&2%&5 \g’aégfﬂmre@lkefg%%%ﬁééﬁMI 24 b&i 1%‘5&5 by rotatory
evapordlls D500 8 OIS N 1SRG A6 Tbc s SR PRI @ ) and

triethy|amiphEL98anh xme aﬂda@t%@ﬁrﬁd\e@@md@ M@Bn@@wﬁslé“ 1 ghe solution of benzoyl

chloride (0.04 ml) in dichloromethane (1 ml) was added dropwise to the mixture at 0 °C. The reaction
mixture was warmed to room temperature and reacted for 4 h. Then water was added and the two
layers were separated. The organic layer was washed with brine, dried, filtered, concentrated and
chromatographed (gradient elution 1/2 EtOAc/hexane to 1/1/0.5 EtOAc/hexane/ Et;N) to give a solid
product (65 mg, 52%).

IR (KBr) 3269, 3028, 2922, 2808, 1723, 1592, 1571, 1453, 1381, 1247 cm™;

'H NMR (CDCls, 300 MHz), § 7.61-6.91 (m, 15H), 4.14-3.92 (m, 2H), 3.79-3.64 (m, 2H),
3.18-3.18 (m, 1H), 3.05-2.96 (m, 1H), 2.87-2.78 (m, 2H), 2.65-2.59 (m, 1H), 2.53-2.43 (m, 2H),
2.29-2.05 (m, 2H), 1.88-1.73 (m, 4H);

EI-MS m/z (%) 440 (M, 0.93), 401 (5.42), 292 (16.12), 200 (12.45), 186 (35.38), 174 (100), 160
(7.34);

HR-MS [M +H] * observed = 440.2448, estimated = 440.2463.

Example 7
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Compound I-b-c (3-hydroxy-3-phenyl-4-[(4-phenylpiperidin-1-yl)methyll
pyrrolidin-1-yl)(2-iodophenyl) methanone Compound I-b-c was prepared
by following the procedure described for the synthesis of 5 compound
I-b-b via replacement of benzoyl chloride by 2-iodobenzoyl chloride. IR
BN IRA- ggss 2808, 1732, 1634, 1440 1425, 1248, 762,699 cm 1; 'H

) 6 7.89:7.79 H), 7.54:7.46
R T s TR L R S
methagangH), 3.40 (m | H), 3.14 (m, | H), 300 (m 1H), 2.85-2.79 (m, 2H),
Cdhdpdutd Ib-SHhas? p8paredt hin fAlwih8Int. phorduddd Hed&ibddViBrmize(Mhthesis of

om0 Y000 AP AR0.39 QLB 474 100
%*fﬁéﬁw e i T A SR e e roplicin-3-o

[HCOMBo (R 1b-300 Adhbre Paretf iy 7o llowing thd @GrdcEtidre déberib&tidp (m, 1H),
7.46- 7thE($;anh1H§li1 0b-gomgaung)-he-siaxeplagenesd ehbenzoyLohiarideby. 14 (m, 1H),
3 7.1
00 (T AR 0 AL ol ke ay %ﬁl%%é% by 4ot
Elﬁ\ﬁzmé%(%%%éﬁ M7 91%723#7?57(%&0) d%(rﬁ) %ﬁ)ﬁi (857g)=174 (100), 160
(3.43),108(K124), B} (3.80-3.58 (M, IH), 3.43 (d, J48 = 10.8 Hz, | H), 3.32 -3.27 (q,
), 2.76 (d, 1H), 2.68 (d, 1H), 2.42-2.30 (m, 4H), 2.07-1.94 (m, 2H),
74-1.59 (m, 4H): ET-MS nr/z (%) 477 (M + 1, 0.33), 336 (25.49), 335
lf 4 (83.55), 160 (3.01). Example 9 25 Compound I-b-e
@%Bﬁérﬁ)ll'lfslhydroxy-3-phenyl-4- [(4-phenylpiperidin-1-yl)methyl]
pylielgia-] Y pmeliipipe Brccmpeeths - D-@heasiaiFpay b pybyoladiavang the
@59&%%59 PG%F%E"J%LP‘%SW%?@%B %’é“&%'d@cﬂu'ebafa ‘él*?oéﬁpl&c%ﬂaeé%thems of

enzoyl chloride by cyclopen anecay IQX/%;‘-?Chlonde 30 IR (KBr) 3276

comp%gé -bry rERGsems 9T parpyl phioride ﬁ@&%’%b@l\%ﬂf) S 758
Rn(K2B1) 3280 1902229537 1 In 73H) 492044, PP, B40-BLdqmi, 4H),
BIdneR0% (a1 5o R488) %6951 3H)82ﬁ9 A 3T-30) (2. 2848 34407 (m, 10H),

ol «5%% ] %ﬁé@f Qéét i E}Q“é?%éﬁe%%% Ehig, 1270
ahléa zfézzzéf)fél Bre!1Y €Br Zi“r]b
Elymsmmmwmw B@B@h?B@(Rﬂ‘\@DLe?Mlﬁlpé)ldﬁn|(89Iﬁﬁ)eﬂhﬁﬂ](3~01).

pyrrolidin -I -ylmethan 14 one Compound I-b-f was prepared by following
61‘9'8 Sdure described for the synthesis of compound I-b-b via
ace

ment of benzoyl chloride by cyclohexanecarbonyl chloride.
Compound I-b-e

Cyclopentyl-(3-hydroxy-3-phenyl-4-[(4-phenylpiperidin-1-yl)methyl]pyrrolidin-1-yl)metha
none

Compound I-b-e was prepared by following the procedure described for the synthesis of
compound I-b-b via replacement of benzoyl chloride by cyclopentanecarbonyl chloride.

IR (KBr) 3276, 2953, 1608, 1493, 1453, 1381 cm™;

'H NMR (CDCL;, 300 MHZ) § 7.58 (m, 2H), 7.39 (m, 2H), 7,31 (m, 2H), 7.20 (m, 2H),
3.90-3.70 (m, 4H), 3.14-3.05 (m, 1H), 2.88-2.69 (m, 3H), 2.60-2.44 (m, 3H), 2.29-2.14 (m, 2H),
1.91-1.71 (m, 10H), 1.62-1.54 (m, 2H);

EI-MS m/z (%) 432 (M, 0.56), 292 (2.48), 174 (100);

HR-MS [M +H] * observed = 432.2800, estimated = 432.2776.

Example 10
Compound I-b-f
Cyclohexyl-(3-hydroxy-3-phenyl-4-| (4-phenylpiperidin-1-yl)methyl|pyrrolidin-1-yl)methan
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IR (KBr) 3253, 2939, 2850, 1606, 1493, 1453, 1398 cm -1 ; 5'H NMR
(CDC13, 300 MHZ) 6 7.57-7.51 (m, 2H), 7.43-7.20 (m, 8H),3.89 3.70 (m,
4H), 3.10 (t, 1H), 2.85-2.71 (m, 2H), 2.58-36 (m, 31f), 2.32-2.06 (m, 3H),
1.82-1.43 (m, 13H); ET-MS nr~z (%) 446 (M, 0.55), 174 (100); HR-MS
[M + H] * observed = 446.2945, estimated = 446.2933. 10 Example 11

?0@%9}%3? yllBrODé‘?gl%%%?ﬁ F1@% r%itla(fﬁ"{?ﬁ oV IS E5RELnGT-fig synthesis of

compqn%lplvelpwrﬂgﬂﬂﬂn@wm&%@ﬂr@é@ad@ﬂéﬁﬂb@@#@%}b@@?ﬁh@ﬁ@ of

K(Kmrppmadzmygazzmﬁ);e@d)apementsz4ip9$nylmpendme by
(ﬁmﬁ‘z@ﬂw@dmﬁkaﬂﬁw 73927, @&288}589@ 1739,

CI3 300 (.78-7.6

Sty R 104 %5](14%“235) TS i 2ol o

13H); 2H), 2.45-2.41 (m, 2H), 2.00-1.83 (m, 1H), 1.80-1.50 (m, 4H), 1.43-1.18

Englﬂz)fZZ%)aﬁé\(lﬁmdéﬁ(f/l)ﬁ?(Yo@ 08), 334 (30.38), 233 (79.19), 216

Exampl mpound |- b h benzyl-4-hyd
roxy hen ﬁ;yrroledlnag% ﬁé)‘#%egt%?/ll Zgl%?},q ﬁenyzlp]rzogp[)%)plpendln 4-ol 25
Compound I-b-h was prepared by following the procedure described for
Bhamyi¢dsis of compound 1-b-a via replacement of 4-phenylpiperidine
Ol -H@qmz ropyl)piperidin-4- oI 'H NMR (CDCI3, 300 MHZ) S

Eﬁeﬂaﬁé@w@ APty hins i 2ol s 9 5ot

Gompend Bb-g. 3@5(15?161741:9(1 teaalawing thi precedremsseibedofyzdw synthesis of

compoﬁfhcl9—»35%(&@1@&%&33)1(8%1?&1)5(1%&&&1% bR BAShEM Iprblly plpeeidiae =

&ﬁ%@ﬁ%m%@%@% @WPJ%W&@WP%UHH 1-b-j 35

A B

(m 8Hb1e2§,8n2hi§s(sloﬂébﬂ16wrﬁi i, 2K 2t cBtantldDeth80-2-okouR-HHenly#3-1.18 (m

acetate by ethyl 2-(4-fluorophenyl)-2-oxoacetate. 'H NMR (CDC13,

%p”%gf%fﬂz LG A AR s o Y set 22
(m, 5H): ET-MS m/* (%) 353 (1.64), 335 (1.81), 310 (25.31), 292 (24.04),
B5an{PR.22), 234 (38.90), 174 (100), 91 (54.63). 5 Example 14

EamRRinad bk
1-[(1-benzyl-4-hydroxy-4-phenylpyrrolidin-3-yl)methyl]-4-(3-phenylpropyl)piperidin-4-ol
Compound I-b-h was prepared by following the procedure described for the synthesis of

compound I-b-a via replacement of 4-phenylpiperidine by 4-(3-phenylpropyl)piperidin-4-ol.

'"H NMR (CDCls, 300 MHZ) § 7.54-7.51 (m, 2H), 7.32-7.08 (m, 13H), 3.61-3.57 (m, 3H), 2.96

(m, 2H), 2.84 (d, 1H), 2.73 (q, 1H), 2.63-2.48 (m, 4H), 2.40-2.18 (m, 3H), 2.12-1.97 (m, 1H), 1.62-1.32
(m, 7H), 1.26-1.15 (m, 2H);

EI-MS m/z (%) 393 (4.19), 350 (31.62), 233 (83.79), 91 (100);
HR-MS [M +H] " observed = 485.3162, estimated = 485.3162.

Example 13

Compound I-b-j
1-benzyl-3-(4-fluorophenyl)-4-((4-phenylpiperidin-1-yl)methyl)pyrrolidin-3-ol

Compound I-b-j was prepared by following the procedure described for the synthesis of

compound I-b-a  via  replacement of ethyl  2-oxo-2-phenylacetate by  ethyl

2-(4-fluorophenyl)-2-oxoacetate.

'"H NMR (CDCls, 300MHz) § 7.62-7.55 (m, 2H), 7.37-7.08 (m, 12H), 3.6 (s, 2H), 2.99-2.75 (m,
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I- { [ 1-benzyl-4-(4-fluorophenyl)-4-hydroxypyrrolidin-3-yll
methyl}-4-(3-phenylpropyl)piper idin-4-ol Compound 1-b-k was prepared
by following the procedure described for the synthesis of 10 compound
I-b-h via replacement of ethyl 2-oxo-2-phenyl acetate by ethyl

5H) 2%4(%19%9@'?9“2/'4322 3% PSol B430RMipZ) S 7.63-7.57
%Eﬁ%)zﬁ)

g@%@kg@ % %;3)02638 g}z(réﬁ(ﬁ éﬁﬁ;@ (R34 (38.90), 174

(100), 2H§54.631-1.64 (m, 3H), 1.61-1.42 (m, 4H) 1.32-1.24 (m, 2H); 15 EI-MS
m/ (%) 283 (3.31), 268 (5.14), 258 (18.72), 232 (52.00), 91 (100);
€45 Compound I-c-a 1-benzyl-3-methyl-4-
4-phenylpiperidin-1-yl)methyll py rrolidin-3-ol 20 Compound I-c-a was
et Uhdfiowing the procedure described for the synthesis of
tdid ey naraienehrbhy df ety a-didin23pnethie t4iS-{phethlfiropyl)piper
idin-4agetonate (0.088 g, 30.2%). 'H NMR (CDCI3, 300MHz) S 7.20-7.06 (m, |

H 3.7 54Hz 1 3.5 2H 3 (dy 1H (

Aﬁé‘bﬁ%@ Soph sl SRR B G Aig B dihe s of
compogpg 1 Jeb-Is 3112 25 Eqpkﬂ@rw (%)0£74 @fharlr) z%ﬂfrzf@}iewl%ﬁ@e) by  ethyl
2-(4- ﬂﬁﬁ(or(ﬁsﬁxﬁx)z 8d0f0dtHa). Example 16 Compound I-c-b

gthﬁbﬁd@;@w@m f;ﬂﬁ@ﬁ -yymethwipysrelidioadsyWe (m, 2H), 3.73-3.66

OMmpo. 14 da Ssolv
(m, 3%1—?2@%%2’? miﬁylamw%gfl gleq Wagga%asld% @%’Izoy é &%Zq 7)1 1.64 (m,
3H), 1\okd 4dded Bbob3Fhef the Fdaiction mixture was stirred at room
EvEehatuPe) 2836 h dndasiehchedasithswajers T (e aqueaysdayer was
extracted with CH2CI2 and the combined organic layer was washed with
brine, dried, chromatographed to give compound I-c-b. 'H NMR (CDCI3,
EstRIE ]S 7.95-7.87 (m, 2H), 7.46-7.08 (m, 131T), 4.26 (1, .T= 6.1 Hz,
(F¢)nl®5“3165c3151 (m, 3H), 3.32 (d, 1H), 3.08-2.83 (m, 5H), 2.78-2.56 (m,
iRy 3-Ref - R br i pipbrdit. 1 386k iy gy dofiins3 3H); EI-MS m/

%) 377 (145, 172 (100). 01, (7 Example 17,16 Compo
éotr}?nzyé41442‘ pI eri m%%%m%t %pyprolcaﬁirlllrgcg IopPﬁ%O%Or%d 3" thesis of
pf@@?&fﬁswﬂﬁg thyé %%e&a%&eﬁ%@ﬁhmécggﬂ%%@s%? g 30.2%).

ﬁ@mpﬁumu(:h 3 002 Hidpl &ce AETD O mt\IR,OX B3 Aipheny i Etatblpy S8ag145 (m, 2H),

3.16 (&'Yﬁgﬁa@ (& THNMRGREI3 s30MH2) & (n3 316 1D dNnd QH), BAL1(94 (m, 411), 1.26
- 9 Hz, 1H), 3.62 (d, J= 12.9'Hz, 1H), 3.20 (d 1H), 3.04-2.70 (m, 6H),

(s, )256225 m, 4H), 2.23-2.13 (m, 2H), 1.90-1.76 (m, 414): EI-MS m/ (%)

BBMfymay @@gﬂh‘@vﬂﬁ@@ 465, @920@1@)@9 (@%%Bﬂe(%ﬁ% Compound

1-d-b

Example 16

compqpad

Compound I-c-b

1-benzyl-3-methyl-4-|(4-phenylpiperidin- 1-yl)methyl|pyrrolidin-3-yl benzoate

The compound I-c-a (1 eq) obtained above was dissolved in CH,Cl, and triethylamine (1.5 eq)
was added. . Benzoyl chloride (1.2 eq) was added at 0°C. Then the reaction mixture was stirred at room
temperature for 6 h and quenched with water. The aqueous layer was extracted with CH,Cl, and the
combined organic layer was washed with brine, dried, chromatographed to give compound I-¢-b.

'"H NMR (CDCl;, 300MHz) § 7.95-7.87 (m, 2H), 7.46-7.08 (m, 13H), 4.26 (t, J = 6.1 Hz, 1H),
3.65-3.51 (m, 3H), 3.32 (d, 1H), 3.08-2.83 (m, SH), 2.78-2.56 (m, 3H), 2.42-2.20 (m, 3H), 2.09 (m, 1H),
1.94 (m, 1H), 1.65 (s, 3H);

EI-MS m/z (%) 377 (1.45), 172 (100), 91 (73.73).

Example 17
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1- [(1-benzyl-4-phenoxypyrrolidin-3-yl)methyll-4-phenylpiperidine
According to scheme VI, the compound 1-b-a (1 eq) was dissolved in
CH2CI2 and triethylamine (1.5 eq) was added to it. Methanesulfonyl
chloride (1.2 eq) was added at O T. Then the reaction mixture was stirred
ggmﬁoggmg&einperature for 0.5 h and washed with water and brine

ective Theo |cI dried d oncentrated by rotatory
n%r?atoi&opjh?/é' a{’ WF] fﬂ# rml f Fdlssolved in THE and

§©mlﬁh&ﬁmatéa§2mepay@és@d§@@% fh@@t@@ﬁdﬂf&td@éﬂsm}%@ r&ffushegsynthesis of
compoﬁ@fdmbandawaiabmtaﬂdﬁ@l Theo mﬁlﬁﬁgﬁﬂ&alta)t@fréfh@zii diiediland

h§60§(ﬁ19£ %9%@‘19% é"ﬂ)\' RGPS, A %%W‘éé)gg J=129Hz,

7.1 miOH 8-6.89 (m m, 2H
1H). 304 ?_dL 4;%5 g 31 13 %25133% A a4 T g
BlagS3n2 (m, 32149 52)9592(831(&) BHY5Z. ?@)@B@Qﬁ) 2H), 2.50 (m, 1H),
2.06-1.99 (m, 2H), 1.80-1.73 (m, 4H); ET-MS nriz (%) 426 (M +1, 1.00),
ﬁBSﬂ{l{ ? ), 266 (18.06), 94 (100), 91 (57.79). Example 19 25 Compound
-benzyl-4-(thiophenyl)pyrrolidin-3-yll methyl}-4-phenylpiperidine
1¥Pc was prepared by following the procedure described for

kg Ishatagsss pifercnyypouwolidinedy ineth plhd qrhenytl pipsoidione phenolate by
ﬁ@gé% enzgnraibiolaig. édrhﬂ%ﬁ&@li}g 3, &&WQS@I%&%@%@@@aﬂ@ﬂ)athylamme

Al3 = 2.94-2 O(m84)
(15e %—{j‘dij géo( haé“fffl_fg r{flggi %—I i%gidbad E) ;IC en the reaction
T &zpzsemeﬁimaesg)lr@@zr &1 114§1d38@ i@)(Wﬂl mt@s@ni%})rm respectively.

The Of@ﬁléﬁl}yﬂﬁ%ﬁﬂﬁtﬁl andComgatine bydratabdyle{dporator to give a white solid.
rhetavls s&ﬁ@%%{é&wapﬂﬁwﬂﬁ' %?méllﬁlﬁlihéﬁeﬂoﬁ)ﬂ@ y'e Ip; %' r&ﬂded The reaction

Compound 1-d-¢c (1 e s dissolved in d mC
mixturg, Was 4t éi‘ﬁé;ﬂrtt?e .ewmxwe g Fo8FﬁaﬂBFn %Yr%{tu%s dried, and

chrometegraitbd M\@mam@dldvltﬂ-\bater The organic Iayer was dried and
ghramato@rppeied toNgive) PMBeUNK lad:d.oH)NBR- @Q&B OOMBIEL&0 (m, 2H),
7.84-7 5
TR A 4%8(?@? LEoLs 1550 A TR 12 o 2m,
29528 {my SN R1D b éP}) 23)9359 . (Hh)13602.58 (. %D)lf% AimHD:
B-MS/irz2%96) 288 31(12, 12)0)3325(8.52%),.28% (2F (%)) 92600331 9)792)(100).
5 Example 21 Compound 1-d-e
ben I;l phenyl-4-[(4-phenylpiperidin-l-yl)methyl]pyrrolidin-3-amine

ﬁound I-d-e was prepared by following the procedure described for
%@W’M@iﬂﬂ'@f compound 1-d-b via replacement of sodium phenolate by

an|Im[119&;@1%(‘6&;(@m&ﬁpﬁﬂamb@mﬁaﬁea(ﬁmﬁﬂmﬁﬁm@ 1H),
”Es%ﬂ dIRR-& &észd'%a?éd) bf fhfidGigd i ;%c%cﬁ&e(fa‘es%t@ec? 17 5 %hZ %anhesm of

H), 2.56-2.4

compoilré'iol il-éysvtme}algﬁetg%qf Rﬁ goﬁwlﬁléé 2> ( %gc))d%m%enzene%mlate

'H NMR (CDCl;, 300MHz) § 7.40-7.16 (m 15H) 3.75 (dd, Juz = 13.2 Hz, 2H), 3.33 (m, 1H),
2.94-2.70 (m, 8H), 2.68 (m, 1H), 2.59 (m, 1H), 2.01 (m, 1H), 1.90 (m, 1H), 1.78-1.60 (m, 4H);
EI-MS m/z (%) 442 (M'+1, 3.83), 351 (21.14), 333 (100), 174 (30.73), 91 (83.42).

Example 20

Compound I-d-d

1-{[1-benzyl-4-(phenylsulfonyl)pyrrolidin-3-yljmethyl}-4-phenylpiperidine

Compound I-d-¢ (1 eq) was dissolved in CH,Cl,, and mCPBA (2.0 eq ) was added. Then the
reaction mixture was stirred at room temperature overnight and extracted with water. The organic layer
was dried and chromatographed to give compound I-d-d.

'H NMR (CDCls, 300MHz) § 7.84-7.81 (m, 2H), 7.58-7.21 (m, 13H), 4.80-4.68 (m, 1H), 4.53
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15 Example 22 Compound 11-a-a Benzyl
1-[(1-benzyl-4-hydroxy-4-phenylpyrrolidin-3-yl)methyl] piperidin-4-yl
(ethyl)carbamate According to scheme 111, the intermediate for preparing
compound I-b-a, 20
(dd, JA%'DQB.ZZ’H%?I@[ ‘32%5!'31( ﬂ'%ﬁ%@ﬁ@@‘éfﬁﬁﬁjﬁ@?@{?ﬁ ??_:_@h}@ @9b|—_3.12 (m, 3H),
a eq) were dissolved in . The resulting
258230k d od S S il

ure room ature for 6h. The mixture was filtered.
EhMP regdipe AR~y Bhdéththitio wa3 @ddéed 6 1h&3flithid 4HPihe

reaction mixture was stirred at room temperature for another 6 h. The

EQQ{ﬁBfe"!‘i‘s evaporated and the residue was extracted with ethyl acetate

and water and the organic layer was washed with brine, dried, filtered, 25
CameavBhLits§raphed to give a solid compound. The solid compound was
tibeutykyipheai-4elté phenylpipietitlis- bo)wethplipod didinideaminture was
oeaiednndar-ceflay faegdda. Thaspiwiion wasricenaiedevdtid H0%rNBOKinthesis of

soldjii%nb The n]ixture was fi tereqlanq gh% solvent was evaporated to
compouH -a- areplacement o1 S 1umP nolate amlane. . .
afford a's |ckj}ilcom ound. The sticky compound was dissolved in

EIMRA 2 ife’ B elf Ll dehlyt- 30 Chibfdrdritadd( Y5 E¢)’-2 Hz. 2H),
3.17 (dvéH)addéed. Than he, r2actorraixttidp, Ras-fetc(ed 36,2 H&RAA eitradied?. 18 (m, 2H),
2.00 (Withnwveter) EheRrganic layer was washed with brine, dried, filtered, and

]EE;%E“O r %Qﬁfﬁ give compound 11-a-a. 1H NMR (CDC13, 300 MHz)

il 2‘%m, 5H). 5.07 (m, 2H), 3.91-3.89 (m, 1H), 3.87-3.33 (m, 2H).
3.20-3.07 (m, 3H), 2.95-2.85 (m, 3H), 2.82-2.72 (m, 21f), 2.62-2.56 (m,
Fthnaph22.40 (m, 35 2H), 2.36-2.29 (m, 1H), 2.04-1.98 (m, 2H),

&R39-1 a1 (a3h). 1.06 (t, I= 7.2 Hz, 3H); ET-MS rrtiz (%) 528 (M* + 1L,

1.435) 484 (2.56), 395 561.84 , 394 67.9%’), 259 (16.15), 234 (58.02), 141

Praz3] ) -U& panerhs -y (fﬁb)‘.‘?'é%ﬂﬁ ErsafdinsSahpsid | piesiletsy)
(ethyleq¢babsrteyl-4-(4-fluorophenyl)-4-hyd roxypyrrolidin-3-yl)methyll

RiReridiy4-yb (efrdisarbamatacompRunediatea-iovas peppaied Mompound  I-b-a,
1-benzf3/ﬁi£%§%ﬁl§§§%5 gor:%c%?gplfl%elly 6550PEA S NBSYMDESIP QTe) CAMRAONH 5% and HOSu
(11" eqdpusrsydisselyes oy T8 LB She- Freuliipp yrsitimeas- sanse g o e depperature for 6h. The
mixturg-pern zyitete(d -ThemoNHemediakis gy tbrodo pyay alittied 8- dar biuylic awidthe reaction
mixtur& WIMRHEDIE fodn3 QOMEIZIEe TR Ak B2 ) h 7138-doRBrkMvad Hedp&-2&1(tnd the residue
e S S S A, o
and chyomptaepaplind toraivelasolicommpundss (t 3H): 10 ESI-MS miz 546 (M +1).

‘Exasolitecdthpoiar paid ifisdolvadcinBEMZyhnd then LiAlH, (8 eq) was added and the mixture

was hehitd RRBZY DY X eIy QU S SN RIPERIBI sYlutdoh. The mixture
ate Compound 1?]{a-c W%S pr.e%gred by f%l.lowmg the

ethyl)carba
was ﬁl&(&éve@aﬂaﬁ&eos@ Y QATSVIRY L iR@Ligrgp sticky compoun

The sticky compound was dissolved in CH,Cl,, and triethylamine (2 eq) and benzyl
chloroformate (1.5 eq) was added. Then the reaction mixture was reacted for 3 h and extracted with
water. The organic layer was washed with brine, dried, filtered, and chromatographed to give
compound Il-a-a.

'H NMR (CDCl;, 300 MHz) § 7.38-7.12 (m, 15H), 5.07 (m, 2H), 3.91-3.89 (m, 1H), 3.87-3.33
(m, 2H), 3.20-3.07 (m, 3H), 2.95-2.85 (m, 3H), 2.82-2.72 (m, 2H), 2.62-2.56 (m, 1H), 2.45-2.40 (m,
2H), 2.36-2.29 (m, 1H), 2.04-1.98 (m, 2H), 1.39-1.12 (m, 3H), 1.06 (t, J = 7.2 Hz, 3H);

EI-MS m/z (%) 528 (M + H', 1.43), 484 (2.56), 395 (61.84), 394 (67.91), 259 (16.15), 234
(58.02), 141 (48.31), 98 (40.18), 91 (100).

Example 23
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compound 11-a-a via replacement of
1-benzyl-4-hydroxy-5-o0xo-4-phenylpyrrolidine-3-carboxylic acid by
1-benzyl-4-hydroxy-4-methyl-5-oxopyrrolidine-3-carboxylic acid. '"H NMR
(CDC13, 300MHz) 6 7.38-7.27 (m, 10H), 5.14 (s, 2H), 4.20 (t, J = 4.2 Hz,
&bth ,';ﬁ,(ﬁda 180 JAB = 13.2 Hz), 3.20 (d, 2H), 2.98 (d, 111), 2.80-2.65

: d | A 84( 0-1.55 42-1.05. . .
HR2L 7, ol by Rk o e B D Biperidin--
(ethylcerbmated 111-a-a 4- nltrobenzyl
atpbufd-hBady vWehyspaigdHh estiopyiicolisinpoytinetidgipedidist-4hy synthesis of
compo%ﬁmgﬁ%ﬁqgﬂﬁggﬁgeh? é@b%@ﬁ%ﬁ\ﬁ H}%ﬂ&? r%%%ﬁ%y%?ﬁ@ﬁ&lge 3-carboxylic acid

compo

by 1 biﬂ@é&?ﬁﬂmﬁwg -SRSYosKSRYTopYIETIS-3-caeaNYictid (1 eq),

FhaDBA (DClePOANHEOST 68011 2HY) Wisrd. dssolvetHin 9% (TRED, 5.11 (s, 2H),
3.76-3I6SUKINGIMNI0rE WaS, stwoe;ﬂzazt(mozmeﬂmezatumﬁgﬂ@m.é”mmlmrﬁmaa)s (m, 2H),
173 (fl| ll@q%r hﬁ@ éﬂ pg ine-4,4-diol hydrochloride(1.1

!%1 ér]flltr é.C

ere adde h mixture was stirred
E M%W{Z ?‘ilﬁi(%aslbvaporated and the residue was extracted with ethyl
acetate and water and the organic layer was washed with brine, dried,
fillg @fuj concentrated to give a white solid compound. 35 The solid
ﬁl %Jied in THE and LiAIH4 (8 eq) was added, and the mixture was
3"13%% ' féflux for 24 h. The solution was quenched with 10%

Rerayd. The mixture bl binepddt ddresydanetidpy ditinSay bonethyHpiperidin-4-yl
(ethylgaebalaty alcohol. The solid foam was dissolved in CH2CI2 (I eq) and

Hb%BXlﬁﬂ"i‘Fa@c %%%b%a”ﬁ{}%%%%hgc %%ﬁﬁ%%ﬁ% (&egcﬁge)dwﬁgethe S%ntheSIS of

Then the reaction mixture was reacted at room temper?dure for 4

comp%daﬁmf?aaf@éawmfwgfe} “beRey bigarleonay s Al Biigolidine-3-carboxylic acid
by 1-betrdrddtpdneapiethethyieccopypolidmétb-aaborRlkBid2938, 2806, 1751,
T AMRG @&d@%@oﬂﬂ&%ﬂf@ﬂ@ T, 1545, sllzﬁ(mn 14, JHNMR 6GRCIB), 3 58 (dd,

Jan = )&% 25& %3 E}? 95 g—i . ;184 (m, SH),
1-80- 1%%3%?}5%91%%2152 é‘gﬁé? &t {?85 (M inls; vy M82 1[ﬁm]230 i

BREdfSedz 365(3070).estimated- 585.3071. Example 26 Compound
111-a-b 10 4-nitrobenzyl

2/%4. %éaenzoyl -4-hydroxy-4-phenylpyrrolidin-3-yi)methyl)pipeiidin-4-y1)
até According to scheme V, the intermediate for preparing

%mpmll&m a, the secondary alcohol (1 eq), was dissolved in

£ hizéobinand awdalytichrmguatiofdvddNE-hdn gpyrTaidi(b Bel)aethAgpiperidin-4-yl)
carbaﬁn’ﬁ'{b\’dride (3 eq) were added to it. The resulting mixture was stirred at 0 C
for 2h. The mixture was 15 extrgcted with CHZCI2 and water and the

or§ariesaydP washemened \nith BFine FRELHE cFRbmAtsEphedcgipound  I-b-a,
1-benzsitig dryrbivtoy-Ghosatohendplitiolitiseabosbdsgdin sofid Wb, dissBICEN(in! eq) and HOSu

(1.1 eqneibRN@tNEE 4G HB. 0hevasunddesixtie Wistuierias @Mﬁ@gﬁp@t@&e for 6h. The
mlxturléngzaesr hf%t dh yﬂlrolg%eglv arrm Q t(2The)n tth &8&%%%%‘0{%5({ \¢ rocL%rlgewel eq) were
added to the ﬁltrate and the reaction mixture was stirred overnight. THF was evaporated and the
residue was extracted with ethyl acetate and water and the organic layer was washed with brine, dried,
filtered and concentrated to give a white solid compound.

The solid was dissolved in THF and LiAlIH4 (8 eq) was added, and the mixture was heated under
reflux for 24 h. The solution was quenched with 10% NaOH. The mixture was filtered and
concentrated to afford a solid foam secondary alcohol.

The solid foam was dissolved in CH,Cl, (1 eq) and triethylamine (1.5 eq) and 4-nitrobenzyl

chloroformate (1.2 eq) were added. Then the reaction mixture was reacted at room temperature for 4 h
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filtrate was concentrated to give a foam compound. The foam compound
was dissolved in CH2C12 and 20 triethylamine (1.5 eq) and benzoyl
chloride (1.2 eq) were added. Then the reaction mixture was stirred for 2
h and extracted with water. The organic layer was washed with brine,

and oSG ATRCOIRM SiRssARRRTa o e A RARY %ﬁmm%g@apm@ttp 02 compound Il-a-a
ﬁ?'ﬂﬁgﬁ%‘iélz 88"1"??1(45/%"’%%” hﬂ{%‘é' ?ﬁ‘&"}ﬁ%' ¥ T, 1) and

Oohate e reaction mIXtUi’e was Stlfred

Br WM Roliched: b RBYEIRy HetRdrolnp 2 Ed Bxtrdce dwith?Ethy? 8éerdte (m, 1H),
5.36-5t0ige, THE ¢ombinedipmedelatey, svas washed\siie dore, dred, 7iltaied);
E@PM@%E@%?WM&Q'VE a white foam compound. A solution of oxalyl

chlaride (1.3 eq) in CH2CI2 was added dropwise ta a solution of DMSO in
BN e S s SaNeata) another 10 min A

solution of the above white foam compound (1 eq) in CH2CI2 was added
Eﬂgl,ﬁt,’[ging was continued for an additional 30 min. TEA 30 (3 eq) was

dded an(p ilfe reaction mixture was allowed to warm to room
ompo

emﬂ’erature ater and EtOAc were then added and shaken to separate
i ioBenmas allyé(Lgpavry bttwdoxy-drrbemdrykrelishned, vimethylpiperidin-4-yl)

carbamlatematographed on silica gel to give its keto derivative. The mixture of

K&&@Iﬁgqgr&!@éfﬂ@ \3 tﬁglrﬁ‘&ﬂé&g&l %rtﬂ%%ltﬂ?éy&ﬁﬁBM'fﬁ Qa@ﬁ&léé’é}ﬁiary alcohol
le )dISSO ed mc} roet an lt%%%%t of etl a'ﬁ!l%A( g ) and acetic
(I eq and rezaélflon Xture was stirred o rmg t rg 4

anhydlﬂdé (ﬁmﬂ) @Wé@h&l&ﬁhﬁd@é@l@wm}ﬁm&r@ﬁa@sﬂQn&qfam%htﬁ'ale mixture was
extractdXtsHia w:&sl‘»ze)gtraﬁﬂedm&h atidy lteeedatantwiteef hesombinet! aigart€ine, dried and

chromg@y&l}ﬁg@g washe p;ég%glg%gllgltered and concentrated to give
|te foam. The w |te am (Ieq) wa olved in CH2CI2 an
DR oo ST RS I R R L8 6 o fopiture vis
hydrog?h@ﬁdh@d@dc@ibﬂﬁdmgm wam@htreﬂlm rtie wan'ewwﬁlltElt@méf 20l thersolvent of the
filtrateth@B @idadraind shaken f@aﬁem@ﬁhemwh@%@ﬁpﬁlﬁi%@mﬁm&ﬁn CH,CL, and

as W ed with brlne d, fi nd chr hed t
trlethy mme e%aind lbnﬁsg. EF %1 _/klg ﬁee gveéeg 2 Eﬁ% fei n_)ng e was stirred
for 2 h@ﬁﬂ&%d TABvAIdY hmw%lawer MR e smansPd B abiprgtographed
to give(afoid ;ofBaudd1 (m, I2H), 5.82-5.77 (m, IH), 55.22-5.11 (m, 4H),
“ﬁh%‘lfé’aiﬁlc&m &b 8-L4)333¢ Esolidd B ARBAB (MaAbhke” Zodm leﬂ ):and potassium

m, 4 SI MS m!z 599 M +1 [
carbongs:g%é Ss ddH @ é@@ o IX% S amfbrelﬁzgl omg{l}lgn gc?ﬁ;i removmg methanol
and eﬁt@ﬁt@éb&ﬂz;ﬂt@ﬂym«m HyigroAAS- @nﬁa@ﬁﬁeﬁwwydaﬁﬁewyﬁommﬁnvgtybﬂne dried,
filteredna@thyohqupesiciinodeirl} aavhianiede Canpoandd 111-a-c was prepared by

folgiying U?%QJQF%%F%Q%P?Q&? %f@ﬁg@f%@sﬂé‘aﬁéﬁ %anéqggm &%ﬂﬂmn of DMSO in

acement of enzoy chloride 2-lodo enzoy ch OI’I

111-a-h
CHZCIeK%ri% Lfgf ORGP S papsisTe zferyaﬁ%éef LPsopen. o5 sefuiian qfyt Taﬁva&ove white
foam q@DOIBY m)w iz B2 4v8 20d¢eh ARdHLiTIBE B CoNUEH for 5o (eh 30 min. TEA
@3 e@%bd&@%ﬁﬁﬁe('ﬂéa@ddﬁ BiZ8n®. I nadktd %1@%9%(%0%@%&@5&)&7 ater and

EtOAc( we © % B f.m % d(rsngaﬁ fl 6’[3? ?ﬁ’ar}ﬁ tl]fé_' ‘ng Ié)glgaées 'Hl_'e) brzga5n710 ase évas washed with
brine, drled and chromatographed on sﬂlca gel to give its keto derivative.

The mixture of the keto derivative (1 eq) and sodium triacetoxyborohydride (1.5 eq) was
dissolved in 1,2-dichloroethane. Allyl amine (1 eq) and acetic acid (1 eq) were added and the reaction
mixture was stirred overnight. Then to the mixture was added saturated sodium bicarbonate solution
and the mixture was extracted with ethyl acetate twice. The combined organic layer was washed with
brine, dried, filtered and concentrated to give white foam.

The white foam (1 eq) was dissolved in CH,Cl, and triethylamine (2 eq) and 4-nitrobenzyl

chloroformate (1.5 eq) were added. Then the reaction mixture was stirred for 2 h. Water and EtOAc
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20 EST-MS m,z 725 (M'+l ); HR-MS [M + H] observed = 725.1833,
estimated = 725.1831. Example 28 Compound 111-a-d 25 4-nitrobenzyl
1-((1-(1-naphthoyl)-4-hyd
roxy-4-phenylpyrrolidin-3-yl)methyl)piperidin-4-yl(allyl) carbamate
were theRTRRURAJ Hh@kgn\’v@%ﬁﬁﬁe@@fﬁ'éjt@lrf Bﬂkl@é’ylﬁ% SoRFRCRUAI R AGSEIREG M brine, dried,
ﬁlterec{) ﬁ!'s%qnthesg, of .com olgnd 11 ?j‘%géﬁa placement of benzoyl chloride
e PEBmARSIPRATE a8 HERE 43860, 2943, 1701, 1633, 1522,
W @EBN4385.13084, 1546 | 1014d G-+ 86 L KIVIR B D513, 140bNIk45) 5250 em!
828R R § (MCRH}00NMBZ). 828(0a-8HH), (5 8H) 2 1. 6m 7 I2IH m 5 051R. 3R LA, 77 (m 1H),
H 5L ( 0 H ( 2
5.22-53 )(n%:’ 3119 A (T A 2§H2§ 3231592@ gn‘?‘ (A%_I )iv§ 948 >80({th 34'?’1515 ?@(?h ﬂH) 1.82-1.50

10 (m, 1H), 25-2.06 (m, 74-1.
(m, 4 H) ESI MS m z 649 (M'+1); HR-MS [M +H] observed 649.3016,

EStiM&tec SBU0/BODL. 35 Example 29 Compound Ill-a-e 4-nitrobenzyl

BRNAS (U (epglopentanec aBnry ) A-dhiyskieyy-4 Pmwlpyrrolidin-3-yl)
methyl)piperidin-4-yl)carbamate 21 Compound lll-a-e was prepared by
following the procedure described for the synthesis of compound 111-a-b
@i’éf‘?éﬂfa?:@ment of benzoyl chloride by cyclopentanecarbonyl chloride. 1R
(]dﬁﬁm)n&'d?ﬂl—ﬁ&48 1700, 1637, 1523, 1467, 1345, 1249 cm i; 'H NMR

1 1 n(
el VT SRS in S SRS TS

‘“ethyiﬂ‘}"‘f‘ 7. 8‘(% ‘ﬁ‘j‘ % .14-2.03 (m, 1H), 2.00-1.48 (m, I3H); ESI-MS m
QWOEWW‘HRWS praradobs dplietang othes peB eduitntigistibed ofpratiip7synthesis of
compobQdEBmpleiBelaspaitnd tehiog thdtitobenzytobenzoyl chloride.

ﬂi'ﬁé%ﬁ&%”%*iﬁ@ﬁ%%@%%ﬁ&?”rﬁ?‘?ﬁvi? U g
e v BB i BT B T80 . 10w,

5.95- Sré@(acemrﬂ 21-5dRZoy SHloAdée-BPeyoiotBxanearbohyl HbAde-iR 3 (m 3H), 3.03
(m, ITHKBR0IZY 2139887 2856 )L 203, 2.638n 105253.1 185064 8464A£50 cm-1 ' iH
ng%%?%g Hz) 58.22 (d, J = 7.8 Hz), 7.60-7.52 (m, 3H),

92576 1H), 5.22 (s, 2H), 5.16-5.10 (m, 2H),

WRAIS E‘é[ sarvl 3 325 331ﬁ§“§1=ﬂd2é765(rﬁ$ 3hH), 2.58-2.00 (m,

2H), 2.00-1. 44 (m 15H); 20 EST-MS m,z 605 (M'+ I); HR-MS [M + H] '

EQ&Q{M@Qg 605.3333, estimated = 605.3334.

Compound I1I-a-d

4-nitrobenzyl
1-((1-(1-naphthoyl)-4-hydroxy-4-phenylpyrrolidin-3-yl)methyl)piperidin-4-yl(allyl)carbamate

Compound III-a-d was prepared by following the procedure described for the synthesis of
compound III-a-b via replacement of benzoyl chloride by 1-naphthoyl chloride.

IR (KBr) 3381, 3060, 2943, 1701, 1633, 1522, 1465, 1428, 1384, 1346, 1249 cm™;

'H NMR (CDCl;, 300MHz) & 8.23-8.18 (m, 2H), 7.96-7.82 (m, 3H), 7.58-7.21 (m, 11H),
5.95-5.76 (m, 1H), 5.21-5.11 (m, 4H), 4.20-3.96 (m, 3H), 3.94-3.58 (m, 3H), 3.52-3.21 (m, 2H), 3.10
(m, 1H), 2.82-2.52 (m, 4H), 2.25-2.06 (m, 1H), 1.74-1.39 (m, 4H);

ESI-MS m/z 649 (M'+1);

HR-MS [M +H] * observed = 649.3016, estimated = 649.3021.

Example 29

Compound I1I-a-e

4-nitrobenzyl allyl(1-((1-(cyclopentanecarbonyl)-4-hydroxy-4-phenylpyrrolidin-3-yl)
methyl)piperidin-4-yl)carbamate
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Example 31 Compound 111-a-g 25 4-nitrobenzyl
1-[(1-benzyl-4-(4-fluorophenyl)-4-hydroxypyrrolidin-3-yl)methyl]piperidin-4-
yl (allyl) carbamate Compound lll-a-g was prepared by following the
procedure described for the synthesis of compound 111-a-a via

6&meNiAld RENpYhrBY PR 4rR NSBYAMFEOH B SICRRP B Ugnthesis of

er@( 1'21-"(‘&-%?8%?1988}?8%%@2‘3%%r%@%?xﬂéi-eo%%ﬁlr%?ue&‘u‘i%fé%%{:bé’rft%i{}i% eiq,
(BN 1COE83L B00MEIZ) 628,214 1248), 1284 47 (m, 3H),
THANRI(M1H5B00VIAR)6.98 {1, 2H),7589.0% (rhHHE. 183565067 (@, 4H), 5.23-5.12 (m,
B! 283 , 295 ) 207 Fn 260 67,
b, 413 TR g S ol I, F el A 2 e I NS . 1)
2'00'1I4§2(WI’§% + H] ' observed = 625.2808, estimated = 625.2797. 35
EXeMpie 359 DdMpbund 1-c-c Compound 1-c-c was prepared by following
He progedurg desssibar-fan tha sy nihipsis@t sompgund 1-c-b via
replacement of ethyl acetonate by ethyl glyoxylate (0.086 g,29%). 22
Example 33 Compound IV-a-a and compound IV-a-b Compound IV-a-a
Qﬁﬂf‘%ﬂﬁﬂbund IV-a-b were prepared by following the procedure described
6 dorphend\lihtketis of compound 1-b-a via replacement of
S RWIRALPANAE-AG DY chkRiRe RHaRAIC4 358631229 Berd A0+ BIHRAIBIF methyl
. .éf Eolmgs)unﬁqlﬁgﬁl ?LO Compound Il -zgc-hqvlgfg pr}ggg)red ﬁollowing g v
piperifin-EIaib 3% cribed for the synthesis of compound Ill-a-e via .
tepaenrde Mol g abentzod dnlotdferistdhsy hecedire Hlereitbechdge the synthesis of
compo RI(GQENGAB;ep b Z) of. behZoEchilbrid Y )¢ 2 18heRakdcfbodi phfodde5.08

R LT e N N
T e ATk T o TR AT G E A (. 40,
5.92-5tHe(prodaH TR desiibéd fof 19d By Pkhedissel. ompddnd ik4-8Aa, 1H), 3.11-2.60 (m,

4H), 2replacementof Aooitralagrzvisthioroformate by 4-methoxybenzyl
ayafor : 'H.NMR (CDC.;, 300MHz) S 7.52-7.24 (m, 7H),
%%%{%( gz]g?ib%z 5, 2-5.68%m, 1H), 5.26-5.02 (m, 4H), 4.21-3.63 (m,
%H%%[%-zﬁ@ ‘(hﬁ?WPﬂ,:f@ 3P gtimptedy; B5Mpfe 36 Compound
111-a-j 25 Compound lllI-a-j was prepared by following the procedure
feskiphesfor the synthesis of

Compound I1I-a-g

aci
compoyr
By

4-nitrobenzyl
1-[(1-benzyl-4-(4-fluorophenyl)-4-hydroxypyrrolidin-3-yl)methyl] piperidin-4-yl (allyl) carbamate

Compound III-a-g was prepared by following the procedure described for the synthesis of
compound IIl-a-a via replacement of 1-benzyl-4-hydroxy-5-oxo-4-phenylpyrrolidine-3-carboxylic
acid by 1-benzyl-4-(4-fluorophenyl)-4-hydroxy-5-oxopyrrolidine-3-carboxylic acid.

'H NMR (CDCls, 300MHz) § 8.21 (m, 2H), 7.64-7.47 (m, 3H), 7.40-7.20 (m, 6H), 7.05-6.96 (m,
2H), 5.89 (m, 1H), 5.18-5.06 (m, 4H), 3.68 (m, 3H), 3.28-3.21 (m, 3H), 2.95 (d, 1H), 2.86-2.74 (m, 3H),
2.60 (m, 1H), 2.53-2.25 (m, SH), 1.85-1.75 (m, 4H).

ESI-MS m/z (M'+1) 603;

HR-MS [M +H] " observed = 625.2808, estimated = 625.2797.

Example 32

Compound I-c-¢

Compound I-c-¢ was prepared by following the procedure described for the synthesis of
compound I-c-b via replacement of ethyl acetonate by ethyl glyoxylate (0.086 g,29%).
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compound 111-a-e via replacement of 4-nitrobenzyl chloroformate by

4-bromobenzyl chloroformate. 'H NMR (CDCI3, 300MHz) 6 7.55-7.15 (m,

9H), 5.86-5.67 (m, 1H), 5.30-5.00 (m, 4H), 4.17-3.62 (m, 7-1), 3.06-2.35

(m, 611),2.22-2.02 (m, 2H), 1.86-1.53 (m, 12H). 30 Example 37

Compound 111-a-k Compound 111-a-k was prepared by following the
rocequ%esdescrlbed for the synthesis of compound 111-a-e via

ré‘ﬂfgge ent of 4-nitrobenzyl chloroformate by phenyl isocyanate. 'H NMR

(omeournbb iz padegappowd RY-gh) 7.08-6.98 (m, 21f), 6.60-6.52 (d,

dlb‘l)}pﬁlﬁﬁ HV8&-a3maohphud 48~a-b2vieie gHpatkddyASRoitingl iy, procedure described

for the S I]fﬂ?ésﬁso c(%oﬁlﬂbuﬁdli"@ Q%&@ep%&ni'eﬁeoﬂ f"gn(mom]o%lggmlggl:lw§yr5‘xa¥mnobutan01c

Example 38 23 Compound 111-a- Compound 111-a-1 was
acid (§ %%g’réb/ B)y following the procedure described for the synthesis of
compound lll-a-e via replacement of 4-nitrobenzyl chloroformate by
Exahgnesyacetyl chloride. 'H NMR (CDCI3, 300MHz) 7.52-7.26 (m, 7H),

0689@1_3?3586577 (m, IH), 5.30-5.21 5 (m, 2H), 4.70-4.66
(m, 1H) 4.00:3.69 (m, 6H), 3.02-2.38 (m, 6H), 2.38-2.05

Emldllgﬂlwaﬁrprim 51 [RAS WS S mqRadure) dpseaiasel & the synthesis of
compoﬁmdrﬂlas-ohmlﬂammemmfslmmhbmhﬁu&ﬂﬁwfmpms bydrenligteblonoTabiatd.

19 Kahie @C1§@Qa|3@ ame. Syct H{ahﬁgmy@'%lﬁZ 83 BAﬂ) RORGRBY (m, 4H),

405'3? IC?ﬁ ﬁplperl &l’b%%olﬁs 1(%%28 7:H) g?é%lzés(%l et yI pyr (a2

W@Weﬁdﬁf}% Hlbenzyl-3-(benzo O [1,3]dioxol-5- yI) -4 Cp 1-a-b
[(4 piperidin-1-yl N benzyl OH H )methyl]pyrrolidin | -3-of I-a-b Bn

g{}ﬁxl 33-phenyl o nV I-b-a -4-[(4-phenylpiper enzyl OH phenyl - H C
idin- I-yl)methyl]p Nf

Compound III-a-i

Compound IIlI-a-i was prepared by following the procedure described for the synthesis of
compound III-a-e via replacement of 4-nitrobenzyl chloroformate by 4-methoxybenzyl chloroformate.

'"H NMR (CDCls, 300MHz) § 7.52-7.24 (m, 7H), 6.95-6.82 (d, 2H), 5.92-5.68 (m, 1H), 5.26-5.02
(m, 4H), 4.21-3.63 (m, 10H), 3.22-2.34 (m, 7H), 2.02-1.51 (m, 13H).

Example 36

Compound I1I-a-j

Compound III-a-j was prepared by following the procedure described for the synthesis of
compound III-a-e via replacement of 4-nitrobenzyl chloroformate by 4-bromobenzyl chloroformate.

'H NMR (CDCl;, 300MHz) § 7.55-7.15 (m, 9H), 5.86-5.67 (m, 1H), 5.30-5.00 (m, 4H),
4.17-3.62 (m, 7H), 3.06-2.35 (m, 6H), 2.22-2.02 (m, 2H), 1.86-1.53 (m, 12H).

Example 37

Compound ITI-a-k

Compound III-a-k was prepared by following the procedure described for the synthesis of
compound III-a-e via replacement of 4-nitrobenzyl chloroformate by phenyl isocyanate.

'"H NMR (CDCls, 300MHz) § 7.58-7.26 (m, 8H), 7.08-6.98 (m, 2H), 6.60-6.52 (d, 1H), 6.00-5.86
(m, 1H), 5.48-5.32 (m, 2H), 4.44-4.32 (m, 1H), 3.91-3.50 (m, 5H), 3.11-2.02 (m, 9H), 1.96-1.49 (m,
12H);

ESI-MS m/z 531 (M'+1).

Example 38
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rolidin-3-ol I-b-a Bn 1-benzyl-3-(benzo 0 [l,3]dioxol-5-yl)-4 Et2N H I-a-d

-[(diethylamino)m enzyl OH - - - H - - ethyl]pyrrolidin-3- I. Bn of

1-benzyl-3-(benzo O [d][1,3]dioxol-5-yl0_J O I-a-c )-4-(morpholinom enzyl

OH - - - - H 0 - ethyl)pyrrolidin-3- | of I-a-c Bn 24 (3-hydroxy-3-phen off

é;{}ﬁﬁgf}ﬁ%qwmip Ph I-b-b eridin- | -yl)methyl Ob ynlzO OH phenyl H C

hen 28 | +860 ]pyrrolidin-I-yl)(p enyl)methanone (3-hydroxy:-3-phen .
R ARG O 5ot AR, TSR RESUIEH 1o T, Sthess of
compoyas 2H-@iq et roniiabeppbeblaraformaste by Zophsppeyaggimethigride.

aneINMRtEenyik4 J00NHER) Ot-b 2y i p g inHY; Vi) Bua- S e BER $-Beds. 77 (m, 1H), 5.30-5.21

5 (m, 2HPEBY b pheny! Q. nasyih QHRNeNY comi, &E?%bﬁ-ﬁéf eRYBRYHOER s (1 2H),

onyl Yl -3-01 benzyl 1-[(1-bénzyl-4-hyd benz E[roxy-4-phenylpyir N ethy
1871 8% Olf.IZI)’II-a-a Cbz H benzyl OH phenyl H C N olidin-3-yl)methyl |
ESHdSHB2.546.5 (M'+1).

The structural formulas of the compounds in the above Examples were listed in Table 1.

10
Table I
Serial Ic
numb Name Structural Formula Ri |[Ry| R; |Ry|Rs| Rs |[R7| X | Y (nl\ilo)
er
0
1-benzyl-3-(benzo @—C 0 g
[1.3]dioxol-5-yl)-4 W C ) o100
I-a-a -[(4-phenylpiperidi Laa  bBn benzyl OH O? -|-| - |H|C J 00’

n-1-yl)methyl]pyrr
olidin-3-ol

1-benzyl-3-(benzo

Y
[1,3]dioxol-5-y1)-4{¢ wﬁt}o .
I-a-b -[(4-piperidin-1-yl l|\l benzyl| OH @ - - - lH| - | -
b Bn

)methyl]pyrrolidin
-3-ol l-a-

I-b-a benzyl OH |phenyl| - | - | - |H| C | -

1-benzyl-3-phenyl o)
-4-[(4-phenylpiper Q_CWQ
idin-1-yl)methyl]p N

yrrolidin-3-ol Illba Bn

1-benzyl-3-(benzo

o]
[ 1 ,3 ]diOXOI-S -yl)-4 EtoN OH 7) O
I-a-d ([(diethylamino)m benzyl OH O? I U R I I

ethyl]pyrrolidin-3- |
ol

1-benzyl-3-(benzo

, = ohe"
[d][1,3]dioxo0l-5-y1|O o
I-a-c )-4-(morpholinom — benzyl OH {;y - |- - |H|O]| -
P

ethyl)pyrrolidin-3-

ol llac Bn
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]piperidin-4-yl(eth nyl 1 carbamate 1-benzyl-3-(4-fluo rophenyl)-4-[(4-ph
0" F Pn J I-b-j enylpiperidin-I-yl) N benzyl OH 4-fluoro H C hen
methyl]pyrrolidin- phenyl y1 3-01 1-[(1-benzyl-4-hyd roxy-4-phenylpyrr
PhN H / phen prop 368+ i-b-h olidin-3-yl)ymethyl HO benzyl OH phenyl

(34 @y"élroﬂz";‘ ylid 52 ]-4-(3-phen Iprop_ene 1)piperidin-4-o|_ _
yl- )ﬂgn?%y‘ﬁly T th%g‘; ﬁﬁg;@nylplper n- N ~ he I-c-arldln-l- N bengyl

Lbobleri g [lpyl rrobeize3-ol ¢ clo exyl(3-hydr phen| 2855

rigiy Loy H@H}M 4-[( N off Pnix /cycloh 4sph Rﬁrﬁ in-he I-b-f N exyicd yl | 4860
Ipxsiligehplie L H C 1-yﬁr@n®l]pyrrol rbonyl yl |d|n- | -yl)methano|e 2b

hesyBtogbangt(@-hyd oxy-3-phenyl-4-[(|off cyclop I-b-e 4-phenylpiperidin-
(3-Bhdtohy N -phglc OH phenyl H C he 1895 1-yl)methyl |pyrrol arbon Y1 £615
yl_uplj 41@@@@% 1no ben Ph-[ N|OH|(4-phenylpiperidin V|he
en q-a. @ o L}ﬁ@ Jogero yi| lidin-3tol - hen] 1157

I-b-c pyrmF dm-?.%ﬁé dthyl q phe [(u pherlyipipeON phengle| - | - | - |H| C P00
-iodophenyl)metha vl
none
3-phenyl-4-[(4-phe
nylpiperidin-1-yl) Ph@Nﬁ@ benze h

I-b-d [methyl]-1-(phenyl No nesulf|OH phenyl | - | - - | -1C P Tn ++
sulfonyl)pyrrolidin O”S/\© onyl Y
-3-ol
benzyl
1-[(1-benzyl-4-hyd 3} /@ on benz
roxy-4-phenylpyrr| NW ethy yloxy 401.2

128 din-3-yymethyl | v benzyl OH phenyl | - "1 ol B €| N g5
|piperidin-4-yl(eth » nyl
yl)carbamate
1-benzyl-3-(4-fluo
rophenyl)-4-[(4-ph NW F

1-b- [enylpiperidin-1-y) L y benzyl OH 4}'lﬂu°;° - | - |H|C pth -+
methyl]pyrrolidin- K@ pheny y
3-ol
1-[(1-benzyl-4-hyd
roxy-4-phenylpyrr | %Nﬁw@ shen Prop| . o,

I-b-h plidin-3-yl)methyl HO N benzyl OH phenyl |OH| - g H| C |ylid 55
]-4-(3-phenylprop b ene
yDpiperidin-4-ol
1-benzyl-3-methyl /@N OH

I-c-a r4-[(4-phenylpiper | ™ w benzyl OH methyl | - | - - |H| C phen
idin-1-yl)methyl]p yl
yrrolidin-3-ol ©
cyclohexyl(3-hydr
oxy-3-phenyl-4-[( N%@

g -Phenylpiperidin- - ) 21;112}; Otphenyl | - | - | - |H| c PP
1-yl)methyl]pyrrol O)\O tbonyl yl
idin-1-yl)methano
ne
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I-c-b idin-1-yl)methyl]p " enzyl arbomethyl H C hen rrolidin-3-yl 7; nylo yl

benzoate XY 1-benzyl-4-[(4-phe phe I-c-c ylpiperidin-1-yl) rn~ enrylarnylc
bo - - - H C hen methyl]pyrrolidin- N Y1 3-yl benzoate to
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1-benzyl-3-methyl 3\@ phe
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~" off en luorophenyl)-4-hy b Ill-a-droxypyrrolidin-3- o N \ 4-fluoro ben g 1
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27




itr allyl(1-((1-benzyl- ~N H 4-nitr lll-a-4-hydroxy-4-phen o= N 1Q0

Ipyrrolidin-3-yl) enzyl OH phenyl -

allyl zylox H C N a 00

methyl)piperidin-4 i Noz ycarb -yl)carbamate onyl 4-nitrobenzyl
allyl(1-((1-benzoyl N E3 H oben llI-a--4-hydroxy-4-phen o N benzo en 7f

4-8t§3'5!319£@”y| allyl zylox H C N b Ipyrrolidin-3-yl) o Yllycarb 0.[7 (mJ
Hm@lﬂ@il)g eig din-4 i & l)cagh fe onyl 4-hitrobenzyl allyl(4- -hyjrox
- IX} ado -lodo oben| 1)-4-phenylpyrfaieny | 10.0
-a- -yt rtish yrglyl zylox N cergBosipRn)methyRi yiyeams ¢ Y
a Yl@’ﬁmhdmﬁ)ﬂér | ma nlt’oben 7yl 4-nitr- 11((1-(1-naphigoy! 00
metiyNopeintita-)-4- 1tnap 26.8 OH phenyl jallyl agllci) HCN
-ylgkytpyiiaidin-3-yl) hthoyl ycarb f2.0 methyl)piperidin-4 N2 ony Y
4- n}ﬂ(ﬁ}j_,)@%rbarnate 4 nitrobenzyl allyl(1-((1-(cyclop o}, ¢ yclop|4-nitr
all %%EIZ&Q -4- III -ao ne 5.3 |e hydroxy-4-phenyl4itarbo
1 ﬁa}% allyl z yrrolidin-3-yl)me 1 No| ycaxben 0 74
e ¢ rB’iH’z Ionyl ) arbam ats A Mioeenrayl allyl(k((hisusion | aff '
b YlR?S? 31"&’) 111- é@@ 1)- 4- Kl ~| oben exane -7.3  carh 0.7
methyl)piperidin-4 onvl
-yl)carbamate Y
4-nitrobenzyl
allyl(1-((4-hydrox N o 4-nitr
- y-1-(2-iodobenzoy HN/CN}T@ 2-iodo oben 240
& 1)-4-phenylpyrroli O:<O N benzo| OH phenyl | - |allyljzylox| H| C i8.8
¢ ldin-3-yl)methyl)pi K@ O%\@ yl yearb '
peridin-4-yl)carba e onyl
mate
4-nitrobenzyl .
1-((1-(1-naphthoyl |\ NI-Q d-nitr
[I-a-)-4-hydroxy-4 pli,e N/CN I-nap oben 26.8
PRy PIE o y P OH phenyl | - [allyl H '
d hylpyrrolidin-3-yl)| ¢ O hthoyl| O PRy eV l‘fg ¢ 2.0
methyl)piperidin-4 K@N@ O };(: .
-yl(allyl)carbamate] Y
4-nitrobenzyl
allyl(1-((1-(cyclop NI o eyclop 4-nitr|
entanecarbonyl)-4- N/CN oben
II-a- o=( entane 53
hydroxy-4-phenyl 5 N OH jphenyl | - |allyl|zylox H| C
e . carbo +0.6
pyrrolidin-3-yl)me ]\QNOO)\D vl ycarb
thyl)piperidin-4-yl ; Y onyl
)carbamate
4-nitrobenzyl
allyl(1-((1-(cycloh | on 4-nitr
- exanecarbonyl)-4- L\N/C/N/ﬁ@ cycloh oben 3
& hydroxy-4-phenyl O:<o N XA OH phenyl | - lallylizyloxl H | C \
f . o carbo +0.6
pyrrolidin-3-yl)me ﬁ vl ycarb
thyl)piperidin-4-yl oz y onyl
)carbamate

28




f ydroxy-4-phenyl o N carbo OH phenyl

- allyl zylox H C N 0.6

yrrolidin-3-yl)me No~ nyl ycarb hyl)piperidin-4-yl onyl )carbamate 28
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pyrrolidin-3-yl)me b\ 4\0 | b
n I
thyl)piperidin-4-yl OMe y carno
nyl
)carbamate
4-bromobenzyl
allyl(1-((1 -(cyclop 4-bro
1
- entanecarbonyl)-4- o =( “C 4}_@ Cy: P mobe
-a- 1
.a hydroxy-4-phenyl eca:‘t?oe OH jphenyl | - |allylnzylo, H| C 8.87
b byrrolidin-3-yl)yme \@ 4\0 | Xycar
n
thyl)piperidin-4-yl y bonyl
)carbamate
1-allyl-1-(1-((1-(c
1 N\
yclopentanecarbon \__\ ' o cyclop phen
1 y1)-4-hydroxy-4-p ° =(N w entane lcar
¥ henylpyrrolidin-3-| N . OH phenyl | - |allyl]” | H| C 6.46
k e carbo bamy
yDmethyl)piperidi @ o/}\o
nyl 1
n-4-yl)-3-phenylur
ca
N-allyl-N-(1-((1-(c
\
yclopentanecarbon \__\N —CN OH eyclop > phe
MI-a y1)-4-hydroxy-4-p © entane no
-a- X
henylpyrrolidin-3- =S N OH jphenyl | - |allyl 1| C
1 . o carbo acety 13.6
yl)methyl)piperidi @ 04\0 vl 1
n-4-yl)-2-phenoxy Y
acetamide
Note: “+” means a little inhibition at the concentration of 10,000nM, “++” means moderate

mhibition at 10,000nM, but still does not achieve 50% inhibition.

Biological Testing
[**S]GTPYS binding assay

CCRS receptor binds to agonists and changes its conformation which enables it to interact with

and activate G protein, a heterotrimer which consists of subunits o and Py. The capability of G protein

o subunit binding to GTP depends on the effect between CCRS and the agonists, therefore, the amount
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allyl-N-(I -((2-(c clopentanecarbon 0" 1)-4-hydroxy-4-p ""C" 'i cyclop 2-phe
| a enylpyrrolidin-3- o=~ entane OH phenyl allyl noxy H C N
1)methyl)piperidi o carnylbo 1 acety 13.6 -4-yl)-2-phenoxy '/ acetamide
Note: "+" means a little inhibition at the concentration of 10,000nM, "++"

o O T o Rl he GTPS
. ,._Inhibitions; [ I ~|S bindi
binding e e B e, LR WA S o ggannot be
hydrolyizied vt Aetivdte 6 prisesinmakiegdr gasHiateithiefeebisisescptasastivition Radiolabled
[F°S1GTRGS(3yn TR sapabilityaeids forataittiansibplaiindimg. tivGehROdRBeRd® Ot tivated, o
th n i ther i 3
subumg %%g&% t?(? g b%gxgll%d@%%{"g %?s?c%'%?e’d & SIQ&%I‘[ B%@ﬁlg% Lfcgls%rgfﬁ§§ therefore,

ubunit bound GTP sh € aganists activity on_t o
measufegmhSt. BRSO S it 4R35 SER P Ran el o activation level
When @iqeasistacfithyyrofsars uiventionatk ilds dtrthe syrterhytiodg eatiorhelthsouQ8S receptor
by agot@sts HQIRIBe BAkiRE. it accurate to reflect the receptor activation.

Radiolabled ['S]GTPIS can also serve as marker for detection in place of
GTP. When CCR5 is not activated, a 5 subunit is bound to GDP, but when

EERPIERINRES RIEHUNE BHRERRARSIEER9 SSshye Rsios,

Peeasungmantiof ¢hpressimp EHST € ERTIbuaitablun EubS eBTHPYA cBelgium) was lysed
by 1ysige®ﬁ@aﬂloﬁ1§@ﬁ£ @g@g\@tmhm fgwwm?a@?@mﬁ%mhe&g%ﬁmged at 15,000 xg

invention are, added to tne s em,.the activation o A C
for 10 e LS AN ASHf T T S MeChs
ImM B dyrd 0o Riftd) torBd sEsscHe | sapcmirsHanfotdel daturaiasfe gsipg Bioford assay
(Bio-r4df PS|GORS Gavdiilabdesay BasoperRendd. A, tBelgiom)l wes fissetufiy Iygifem, which

ntai ( r . rordmP 1 5@?&%5%1- mm r addin,
conta I%Sﬁﬂ%u%%}gﬂa%ﬁ S%tgé%g%fylcéﬁyiﬁ%ﬁﬁggﬁbrane a@?ggggp/ ndgg' After adding

the St PIREHBI DUFSY TSP P TReed R €02 fieR, CCRS agonist

was adteraionNaRANIRS proteim\ dibtifiratibes weesitstéemicrstionsivipBivfsr chcubated at

30°C REIRY Aﬁ?&%@ﬁ@%&ﬁ&bﬁ?&?}ﬁﬁé@nwa%ﬁ&ﬁﬁym&g perfosmed ishthe Q0 diluted with
reaction er_system,,which contains rane protein, 40u

e B IR TA L FER SLTLCRE DR Wl vacuum. e

membga BRdTedpRs Y StetAs IR VERtbREl aneiiten SAYRE i s dipgwas measured

withouhere€QR»Agemsit, vaad adaepe(ifiinbifdANTES ore3@ure iv Ik (Blesafiker of 10 mM

nonisoY(ﬁfi’iea?fiGg"’PLﬂe TRAGHNHLPER We @Sﬂ@@b@%a@%aﬁg&t@f i@cdﬁiﬁé ttbel 00X[C.p. M. samplc -
reactlor] ﬁv%as complete, the reacti r}éubessv%?erec laced pPnice argg dilute

©PM 2P & 18 tetminBlE e rekdtion ARSr SUEHBR OGRS CRICTRgIeh helf of
the [~ $ieiirahadingisdysedibrml Gnd RaMbrares BB aeswiikitgd. and the value was
obtaingd€asul fRel cotike@ratontiladioin @osurter Bapahbifislingnaas aieasof esth compound).
without presence of agonist, and non-specific binding was measured in
the presence of 10 mM nonisotopical GTP7S. The binding ratio of
PsShemploaisase¥alculated according to 100x[c.p.m.,,mpl. - C.P.M.
folits sppusific)s[chomekinggabertans rramongsriedifij G S thovplg aheveeyenprenrsgs are present

when EQNEEBAraMNa26MUMCAHIIGS B thadaRmlatl & &hintingitndugeebMed e interaction

berwedILEANTER GLA00M ML WS dohibited sang e value was obtained

om the concentration-in H)Itlon curve (6- oints for concentrations of

E]é%ﬁsé@fnﬁd?.ﬁﬁ@fmed with a 48 well plate (AP48, Neuroprobe Inc., USA) and 8uM filter
membrane (25 x 80mm). The filter membrane was pre-immersed in rat tail collagen for at least 2 h. The
filter membrane was taken out and dried on a super-clean bench, then the filter membrane was
immersed in 0.1% BSA-MEM. HEK 293 cells expressing human CCRS receptors (293CCRS)
(available at Euroscreen S.A., Belgium) were digested with D.T. for 1 min, and pelleted by
centrifugation at 200 g. Resuspend the cells in 0.1% BSA-MEM, count and dilute the cell suspension to
3 x 10° cells/ml. Fill each well with 26.5 pl of a chemokine dilution or 1% BSA MEM, place the filter

membrane and cover a lid on the well, add 50 ul of the cells suspension to each well. When testing the
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B. Chemotaxis assay Cells expressing chemokine receptors can migrate
towards the place where agonists are present 30 when contacted with
agonists, and thus the measurement of cell migration can reflect the
interaction between receptors and agonists.. The procedures were as

compd P Vsiak Gﬁsﬁ?s%/e'scgﬁﬁggﬁmﬁdtW'%atQ@eWe%&@tgd%ﬁ)% m@UE@IPrQQﬁ)ensmn and

pre- 1nc{11bafelcf a‘fof‘l) 7 QZ' fg fllt%[r ?eligen { % X 80 Qlct)?r c? m(t?u ate for 6h. Take
was pre-immersed In rat tal east i’Iter membrane

out ofihe thken Bamhrried 6%@?‘5@ f- a@bm lee%hwﬂbnfiﬁethﬁtéﬂmemm@e in 4%
polyfomasd3byifs astisied ut Q. 200 BSAIHE Vhdidicr203mietiaexpressiigditmamext day and

stalnecvpv\egllg%:}?&%%ﬁ&v%{%g@&EI_CI:(Q@ 2%%%5%%@%%%%@?%@%&%3%% Scan the filter
mem ﬁ%%@&ﬂgéﬁ%%ﬁée &?léphﬂf’%fw BERINEC: éﬁﬂﬂf aﬁq&fzﬁmifé sed gﬂ%at the ¢hemotactic

numbeg¢f gensibnwoh@ux ahegoutis/ml Ofbeach well with 26.5 pl of a chemokine
dilution or 1% BSA MEM, place the filter membrane and cover a lid on the
&’el{lnafi t|t of the cells suspension to each well. When testing the 30

compou a(r)11f“c“8/nls,n1y the compounds to be tested were added to the

Géﬂsswgﬁemgﬂﬁﬁeda%ﬁj%%@ rriLspsRsgsitns e fH Sonsitiss Trem sl dragcording to the
cell siplatedindl/Catncsbatells avmleinoedédedowin. 1 Takecdutohtbdifikep 96 well plates, and

incubatB§ %bfqn’@ QH&BQ%EO(@/J@Ee Usrirathe sl afiy then filtee rﬂ@ﬁ%ﬁ@s‘ W as follows:
periph: r?l Og&alde o%dFasroclslél IO'Q’%E@[%C] ?Hﬁ h}we% f”}(er Ll af;aﬂe/ ‘é’ﬁﬁ 24h after cell

out the next day an ned WI stal Viole east

moculmghthﬂtﬁowa%m%tpéxmsr@@ow wdah mféba%mﬁha%ls afth after moculatlon
10ul MBI BaiemiheShasias/wilkliSeedrwlinarBs Galcuwase andopio basadded thahch well, and

1ncuba$@g ?H)Ergt%}%%& ynii({)ngﬁezlqﬁhe@el?gggagggagg%?g%gﬁssﬁgtg%? f(ﬁ}n%ge solvent
(L AR AT 48 Sdit Koy %afﬁeo‘éeéﬂlgme DR e s e o a
spectraDbtitonveses, m@aﬂlaté@iwﬁ%d@@gt(hnmm@memammg@wal plates, and
incubated in 37 C incubator (5% CO02, saturated humidity). The seeding
%tle§ j:re & IIows peripheral blood monouclear cells (PBMC) 105
cefls B%f cells / well. 24h after cell inoculation, the
%me%#&gdt%gb%s%@ér%@wéiréhahH@dcaﬁmﬁe%afe%m%l@ ABn iRy antagonists,
lnhlbltlngama[ﬁ%mgmyﬂ)mmdﬁig {IBigiad, by 3P NIRRT ESIifkel Witls BB $istalin the following
table: Stored at -20 C) was added to each well, and incubated for another 4h in
37 C incubatyr. Thenadd 50 ptformazane i\igi‘
(10%3DS-5%58BBHhel-0-01M Hel slid hcobate-evernight. Determine
OD57.1LQD6§o§mﬂjl_spﬁclmpnomwfé@ﬂ99{ELcaquJale_C C50 according
to the inhibitibh-burve. 20 Results of bi2¥dGicdl testing A. [35 SJGTPn1S
binding assaysliowed that the compounstgtap this invention are CCRS
antaganists, jighjbiting the [35S] GTP7§plnd|ng initiated by | OnM

RANTES—TI’EEJCBOS are fistedimthe f ﬂbgwgig‘ tabter Compounds
IC50(IHMI+S € . 1nnnn h-5-28 e 1157224 |-b-d ++ |-b-e

M+SE—+a-a—16,600 285560—+b 15422
1895615 I-b-g 408.5+10. 5
I-b-h 368+52
I-b-j ++
I-b-k 2512
II-a-a 401.2+87.5
II-a-b 565.5+64.5
II-a-c +
II-a-a ~10,000
II-a-b 9.7+0.7
II-a-c 24.9+8.8

MI-a-d 26.8+2.0
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1-b-g 408.5+10.5 1-b-h 368+52 1-b-j ++ 1-b-k 2512 1l-a-a 401.2+87.5
17-a-b 565.5+64.5 17-a-c + Hl-a-a -10,000 lll-a-b 9.70.7 lll-a-c 24.98.8
lll-a-d 26.82.0 31 111-a-e 5.3+0.6 11l1-a-f 7.3+0.6 IV-a-a+ 111-a-h 8.75
Hl-a-i 4.33 11l-aj 8.87 lll-a-k 6.46 Ill-a-1 13.6 Note: "+" means a little
inhibition at the gancentration of 10,0093, ¢++" means moderate
inhibitionatt Igu nive,-butstiit ibition. The lower
the IC50+ s, the stronger the—inhibitioni1s.-5-We-tested-the effects of some
compaunds OM-f2 activation of[(CXCRA and CCRI receptprs, and found
that they (111H-a;hll-a-a, lll-a-b,|1ll-a-c8IMSa-d, 111-a-e, lll-a-f) do not
activate or amegonize these two recep@ss at the concentration of
10,000nM, thergfpre, they are specific {GGRS antagonists, Moreover,
mesylate of ‘hjl a-a has elevated Waterégéublllty (about 10 fold increase),

and the—activ ty ould apcuuuty remains the-same-asB-a=p, whose 1C50 is
341.5+72 5 .[l\'a’lﬂ Eorsome ¢ mnnllr]uié(lnr‘lllr‘hnn 11-ata and its

N@sylafé)m@%e%ﬂéﬂqh@hdh@% i tlaerpcrfse@m@m@ %i%@é)é}lﬁ-gl 30-hivimeans moderate
inhibitNhR+ 1B o@mothbutSilRbagonishicand iMeiBibRioh. Dindiogdntieaed by the stronger the
inhibitMiRs1(3 is similar to that induced by inhibiting RANTES. B. Chemotaxis

assay demonstrated that the compounds of the present invention can

inhibit cell chemotaxis induced by RANTES at low concentrations. The

Vo5@ it thmpbeattiofisarecoaropdiurids ohdmatavigionwsédXER1amM CR1 receptors, and
found R&%EE@IQ-@WE%OIHM HCHCQOKICHY TRty Bhawesh thatal@stgel or antagonize these
two reief?:'o% %{Qﬁsc%%é’ i? ch%f TﬁW &Mﬁ@ﬁ %gg{/ee%ﬁ%”g}"‘;“ds U @53 hitagonists.

W@emwrleﬁ%ylea@f dira-beeelseriehbat %16@6% I\QF‘h?PbéHe‘?‘&I}/ {Rgrease), and the
activitgandppucitisigesorbedhia this mvidnatiowhoeedOie it FACRE/2antalybnists with

higRoAA afipting ’(ﬁi%lﬂl?ngﬂfloioi(bﬁi%ﬁ@ 1508, t@%@%&:ﬂﬁ??@?&ﬁ GEEPPyS binding
0o, or an ne a e O, lreat disease
1n1t1atecli%¥ Cl(z tl%}j/F M][lg%%:é%g er ECﬁg gnsq:I pﬁc‘i t%enGcllgwégabmdmg ucec? %y%/IIP 1B 1s

SUCh as’A toimmune ease
similar to that induced by 1nh1b1t1ng RANTES.

B. Chemotaxis assay demonstrated that the compounds of the present invention can inhibit cell

chemotaxis induced by RANTES at low concentrations. The ICsy of compound II-a-e on cell
chemotaxis caused by 10 nM RANTES is about 30 nM.

C. Cytotoxicity study showed that tested compounds have no or low cytotoxicity. Compounds
such as II-a-a, IlI-a-b, IlI-a-c, 1lI-a-d, IlI-a-e, IlI-a-f, have no significant cytotoxicity at 10,000nM on
cells, and the CCs is about 30,000 nM.

In general, the compounds described in this invention are potent CCRS antagonists with high
affinity. Since the cytotoxicity is low, the therapeutic index CCs, /ICs 1s over 1000, therefore, it can be
applied in clinical to treat diseases associated with CCRS, such as AIDS, autoimmune diseases and
inflammatory diseases.

All the documents cited herein are incorporated into the invention as reference, as if each of them
is individually incorporated. Further, it would be appreciated that, in the above teaching of invention,
the skilled in the art could make certain changes or modifications to the invention, and these
equivalents would still be within the scope of the invention defined by the appended claims of the

application.
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inflammatory diseases. All the documents cited herein are incorporated
into the invention as reference, as if each of them is individually
incorporated. Further, it would be appreciated that, in the above teaching
of invention, 25 the skilled in the art could make certain changes or
modifications to the invention, and thegg,ggyivalents would still be within

he scope of the invention defined by the ended claims, of the
L) B O GO G BN RCA L aP ot
pharmaceutically acceptable saltrtlvre: 3 RNR2 RS YR7 NR6 R1 ()
I

wherein 5 R, is benzyl, benzdﬁlf cyclohexariecar BQyI,

cyclopentanecarbonyl, pRen, d:gr hthylcarbonyl, the groups are
optionally substituted with 1-3 substituefts irRJependentIy selected from
the group consisting of halod@ﬁ, C,_4 alkyl aRd C14 alkog)f; R2is
hydraxyl, phenylcarbonyloxy, phenoxy, thiophenyl, anilinoor
Eﬁgﬁiﬂsulfonyl, wherein the benzene rings of the groups are optionally

bititbREkitPangeElibSitlehrsnigaveRde ntydenseigcadarshn thienylsulfonyl or
naphthytesspoowhdtstistpaishaio getoanldy Gubstitited v is-hyubsteants infleprydlently selected

from tipheroybaeoatiskng/hehelogtine Geratkylenithgs cilltheygroups are optionally
RUBsHdieg it hehyRoardaliibentshindapemadsndiyselaaias SrpmeHye Groma, wherein the

benzetfeoﬂﬁ.é%tiggtﬂg g:% eﬁ@@&i@ﬂéﬂ?'&)ﬂétﬁlﬁé& Wﬁfqg?@uﬁé){f?ﬁ%w ﬁﬁéﬁendently selected
b 6 ﬁ(lklyl or phenyl; X is oxygen or carbon

absent: 15 is hydrogen
from t%er éoggscglrlm %}lg\ﬂdﬁ%}’%‘?ﬁ%ﬁwﬁeﬁ'ﬁgls}’o’ en or is absent, R4, R5, R6 and

Y are absent; or provided that whe >'(g%arbon, Y is nitrogen, R5is C,_6

Rikigl lyrdatigdrartd -Rékizlspheoiddfromitie grovpreondisthegasha-mige of the groups are
optionklgnzylexiyaado e, banaybextyeatd anidp ehduamlibg esalbead ioxy ahsbardp 26hsisting of
halogeft-4p&hRxakPeNnzyloxycarbonyl, 4-methyl benzyloxycarbonyl,

A:tafluaromethyRepeyiaxysashonyl, 4-amino benzyloxycarbonyl;
ﬁen 0 ”?ég T eﬁhlyfl?xycarbonyl, phenylsulfonyl, 4-methyl
]

Bl ol sl
enylsuforiyr; -b%e, oxface?’yi and phenylcarbamyl, or R5, R6 and Y
SRR BRENGT 5r20BRphenyl, wherein R8 is CI-4 alkylidene. 2. The
Rorviges it acesr ofi ooty £tainh 1 ahasatdin B R BBh X ireahsealiob-halo
penke thabxdyoldhexareratb onyltreyasioBent@ne ekt onylyphed Wsisifetegted from the
group Wondagiiiybearhomy| bdnAhexgasitpaynchacsosding bomsinin-dalvgaresnhbiscarbonyl,
4-metHYITOBN - PDLRAGRIRO YA NGO x RIS YA -BMIBRRHethy] benzyloxycarbonyl,
4-amirﬁ)h Ly I%@%%k)ﬁﬁ[@eﬁg ﬂuﬂ?l %ﬁ?ﬁ%}ﬁ%g Ci@)'(r}r/‘cg‘rb\élrl}?,r%lﬂeﬁey%{ﬁfonyl, 4-methyl
phenylsg cr)gél):e r&-p eno?gye}éléte ik ’pzlll-eny o Qmel})eoqy 5(,) rR6 and Y together form phenyl or
-Rs-phenyl, wherein Rgis C;-4 alkylidene.
2. The compound according to claim 1, wherein R; is benzyl, benzoyl, o-halo benzoyl,
cyclohexanecarbonyl, cyclopentanecarbonyl, phenylsulfonyl or naphthylcarbonyl.
3. The compound according to claim 1, wherein R,is hydroxyl, phenylcarbonyloxy, phenoxy,
thiophenyl, anilino or phenylsulfonyl.
4. The compound according to claim 1, wherein Rs is hydrogen, C;.4 alkyl, phenyl, 4-halogen

phenyl, or C .

5. The compound according to claim 1, wherein X is oxygen or is absent, and Ry, Rs, Rgand Y
are absent.

6. The compound according to claim 1, wherein X is carbon, Y is nitrogen, Rsis C;-Cg alkyl or
allyl and Reis selected from the group consisting of 4-nitro benzyloxycarbonyl, benzyloxycarbonyl,
4-halogen benzyloxycarbonyl, 4-methoxyl benzyloxycarbonyl, 4-methyl benzyloxycarbonyl,
4-trifluoromethyl  benzyloxycarbonyl, 4-amino  benzyloxycarbonyl, benzo[d][1,3]dioxol-5-yl
methyloxycarbonyl, phenylsulfonyl, 4-methyl phenylsulfonyl, 2-phenoxyacetyl and phenylcarbamyl;
or Rs, Rgand Y together form phenyl or -CH,CH,CH,-phenyl.
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30 5. The compound according to claim 1, wherein X is oxygen or is

absent, and R4, R5, R6 and Y are absent. 6. The compound according to

claim 1, wherein X is carbon, Y is nitrogen, R5 is C1-C6 alkyl or allyl and

R6 is selected from the group consisting of 4-nitro benzyloxycarbonyl,

beRwrrompaansbrvgprdingdrgaimte whprsuy Baib BysiogrmeiHexglkyl or phenyl.

Behzylmmparhd aytoddime thydlien 2y lwkgearshayhrdgodattiflucppeseatted by the structural
formufagmzyloxycarbonyl, 4-amino benzyloxycarbonyl; benzo[d][1,3]dioxol-5-yI

methyloxycarbonyl, phenylsulfonyl, 4-methyl phgnylsulfonyl,
2-phenoxyacetyl and phen rbamyl; (N/I?%_f@nd Y together form

phenyl or -CH2CH2CH2-phenyl. ._JFhe ecompound according to claim
1, wherein R7 is hydrogen, Cl-Cig alkyl or phéhyl. 8. The compound
according to claim 1, wherein the €ompound i§1repre§m)ted by the
%gl%tl{dral formula lll, 3 N OH R6 RI (lll) 5 wherein, R1 is benzyl,
benzoyl, cyclohexanecarbonyl cyclopentanecarbonyl, phenylsulfon

lo
RaphthPbondfnately répehaanssationny s Behrrangaasoeny phonylsulfonyl  or
naphtisitsticshithngopendentytivorbtsdbsttutethwiroup sdnsising oideatodently selected

from thd gfoapddngfslofialkpsy, &3 dahyshogenafikdd alkyl, phenyl or wherein
the benzene rings of the groups are 1Qmptionally substituted with 1, 2 or
3 substituents mdependently sele @o m the group consisting of
Ralsgstiregencem ol Reeiykelectedt-froms tHBSEFBUMC BR&IEHN Giagsaeh e sroups are
optiontin syhssigusedbuityl] benpJlouysiisoisyindaphrdoniénsisate diqmatsctghp consisting of
halogedrandt@oxylklyEnzyloxycarbonyl, 4-methyl benzyloxycarbonyl,
ftrifluereme i ang yiesus ahRRth A-FMiNeHRE BENQINGRHISINI, benzyloxycarbonyl,
4- haloEQHZOJQJL}/ﬁJ(‘}k%Q& 'lyl %H&%&%XWMCQBWISUH%&EZ} mS(itlli%’loxycarbonyl

4- tnﬂgo corc:‘ tO ahz%%yg OﬁgaC‘letyl ndlghen@flca”ram arlfonl)[;]ll- he 8 g[%ﬂl% dioxol-5-yl

é independently

methyiow ny (Beﬁ%fﬂ%wrbmﬁw w@’ Shanysesehd andiphirglfgroamyl.
fh ?héICOWQWC@%%W-QIW-]OWéﬁ%ﬁ)@ﬂ@@ﬁnﬂ%m@ﬁ%?dﬁﬂﬂmm 3-ol;
1-benz3 3HbenobddidxlethoxpHs (#hpHefiylpiphilind rybthylhpl]moticlidiB-Hil;
2(0enzyl-3-phenyl-4-[(4-phenylpiperidin-1-yl)methyl]pyrrolidin-3-ol;

352 f%ﬁ(b%etx?l}mp’ﬂ"ﬁcﬂéxah?Qlf)'ﬁi%{d%ﬁaiiﬂdﬁ%&mymaﬁlﬂiﬁ‘-oﬁ-yl)(phen
1-4-[(4 Ipiperidin- et idin- ethanone;
E,{E% B AL U ) L (3

S -yI)methyI] I (phenylsulfonyl)pyrrolidin-3-ol; benzyl
3-flieind izl plmndtoiperidpheshipytrglidiriheiyinetfopliDiparididint 3yd1 25
(i) cabaaatd;4-hydroxy-4-phenylpyrrolidin-3-yl)methyl Jpiperidin-4-yl
%eﬁ;@ E¥ivandrdluorophenyl)-4-[(4- phenylplperldm -1-yl)methyl]pyrrolidin-3-0

I%?&Z}émro dro’f)y ﬁ(ﬂhﬁm}éﬁ}({ﬁ% YRR 81En-3-01;

ro -4
T R xpmsmg@n R pperin-+)
sAiEytdg-ahpmdpipridinlpd Brﬂ]ethyl]pyrrolldln-
hytjpi@xﬂﬁdnéroxy- -phenyl-4- [(4-phenylp1per1d1n— -yl)methyl]pyrrolidin-1-yl)methanone;
cyclopentyl(3-hydroxy-3-phenyl-4-[(4-phenylpiperidin- 1-yl)methyl]pyrrolidin-1-yl)methanone;
1-benzyl-4-[(4-phenylpiperidin-1-yl)methyl|pyrrolidin-3-ol;
1-benzyl-3-methyl-4-[ (4-phenylpiperidin-1-yl)methyl|pyrrolidin-3-yl benzoate;
1-benzyl-4-[(4-phenylpiperidin-1-yl)methyl|pyrrolidin-3-yl benzoate;
1-[(1-benzyl-4-phenoxypyrrolidin-3-yl)methyl]-4-phenylpiperidine;
1-benzyl-3-phenyl-4- {[4-(3-phenylpropyl)piperidin-1-ylJmethyl} pyrrolidin-3-ol;
1-{[1-benzyl-4-(4-fluorophenyl)-4-hydroxypyrrolidin-3-ylJmethyl}-4-(3-phenylpropyl)piperidin-

“E’-

4-0l;
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30
cyclopentyl(3-hydroxy-3-phenyl-4-[(4-phenylpiperidin-1-yl)methyl]pyrrolidin
-l-yl)methanone; 1 -benzyl-4-[(4-phenylpiperidin-1-yl)methyl]p yrrolidin-3
-ol; 1-benzyl-3-methyl-4-[(4-phenylpiperidin-1-yl)methyl]pyrrolidin-3-yl
PepzaAleiml %théhﬂdm éﬂmﬁ%lh MOmetBrpBRl i3\,

zoate nzyl-4-phenox in
Lo 3]&(% b%lll A Bg o g)ﬁ@éé/efr’é ﬁyg' pﬁg)gyic)hdﬂ4 Kl)))
ISl Pﬁ]éac 191 1 pyrrolidin-3-ol;
hel{l[q/lﬂe&{% ALY, M@)‘r%‘tﬂﬁ ARyt ylmstieRgH - phen
dipropl(pthpbertirnpie]; 34
Hehsh2y]¢b-taetiyi-Bypiheqyi-dnbdshherot gipsrdinethyl )piperidin-4-yl
etmdipyegrolidin-3-ol; 4-nitrobenzyl 1 -[(I

{
Ibﬂ%gar L‘lrdel%BlPé?SB}éer%lm{Q rOXYRYEERH dinsRelp psivlpiperidin-4-yl
L ’%ﬂ@ i &ﬁf&}g Su@ ; >Byaf<f%ldan S RS o
ﬁmob@wa YK)loﬁ(dx‘gﬁthéthyﬂﬁ%Voﬁmheminyﬁli@lﬂﬁw]érp@mrhyb)mper
Gty rdrbamate;

d{[ikobemay fy(thiqphsnybaysaiigioe-yipmeiylndthesypipetiding 1- 1 [
élngﬁnz, aggg@g%lsuIfonyl)pyrrolldln -3-yllmethyl} -4- phenylplperldlne 10
m&%é/n iﬁﬁy k(ﬁ [ARhenviBipelidin: b mstlipyrelidin-3-amine;

tro
?ip?fThBe F%W -4-phenylpyrrolidin-3-yl methyl)p er
Aﬂdmtr@%agrﬁl %ﬁ@’(l A2 %@W%ﬁ%@{(}(ﬁ pheny pyrrolidin-3-yl)meth
ybemweodingdhylitakerdaighenylpyrrolidin-3-yl)methyl)pip
sdiobéayhCaltbih@ielciBepaitiobeinzyiyl)-4-hy droxy-4-phenylpyrrolidin
@ly ﬂrf{{l{lng@p@gnlz@db@g@ggﬁz@yl) -4- phelnylpyrrolldln -3-yl)me
r T T Trolidin
mgtég KI &QE gﬁ@x &'&FQ&%W)ZX hyd O)alln ghe ylpy olidi

it gdro Xy- -4- phenylpyrrol -yl)meth
fe nltrobenz

19419
?Wi 1 93( A pe AR AT BRI Maﬁwf PRemRsFRY S -3hme
Yoipisaehavpipl) carbamate; 4-nitrobenzyl
%mb(th«é@y(rmmhﬁx&hé@afbmlmmahmmyyamﬁywwrﬁeﬁuenyh@frrol
Jihmsihyylpipgsigindinycaydataatas;benzyl
@W&n({ﬂeﬂ 99&[‘@@%&9&%@8&%&5&%@&4&&&%&'@}ﬁﬁeﬂﬁw?fo‘ﬂame

;f ' ¥1l 8?{? o gab L tzel methoxybenzyl
e e 9o

)-3-p W P1e861 - (cyclopentanecarbonyl) -4-hydroxy-4-phenylpyrrolid in-3

Nyl (i@ -€eiginpanyansantbanmiité - hydiiiet4-phenylpyrrolidin-3-yl)methyl)piperidin-4-

yl)-2-pl{dndkldeytetodentanecarbonyl)-4-hydroxy-4-phenylpyrrolidin-3-yl)methyl)pi

perigdiphdryiadQuilca-ehepduisacnphvind k- ddmpound of claim 1 in combination with a

pharmé@ylﬁaﬂ?g@%g@%[gf4-hydroxy-4-pheny|pyrrolidin-3-yl)methyl)piperidi

M “The use of the compound according to claim 1 for the preparation of a medicament.
12. A compound of formula II,

0
HO
HO Rs
R7 N @]
Bn (H)

wherein,
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yl)-2-phenoxyacetamide. 10. A pharmaceutical composition comprising
the compound of claim 1 in combination with a pharmaceutically
acceptable carrier. 35 11. The use of the compound according to claim |
for the preparation of a medicament. 12. A compound of formula 11, O
HO HOR R7 N O Bn (II) wherein 35 R;3s hydrogen, C1d alkyl, phenyl

r/P wherein the pups are tjonally substitut
\/\7'[}15 fy Or 3 sub's %F ’n?s in %{Jend ‘% ?18 liﬁn Ao Hngs of %e groups are

selec ed rom
optionglin SiHETSE Wilbden Ind CEH B RIRETRIBGEReceet. &%{Weogmup consisting of
halogepﬁ@ﬁ)ﬂl aakyl;

R is hydrogen, C;-¢ alkyl or phenyl.
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