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510 SUBSTITUTED N-PHENYL-BIPYRROLIDINE CARBOXAMIDES
AND THERAPEUTIC USE THEREOF 15BACKGROUND OF THE
INVENTION Field of the Invention The present invention relates to a
series of substituted N-phenyl-bipyrrolidine carboxamides. The
compounds of this invention are modulators of H3 receptors and are,
therefore, useful as pharmaceutical agents, especially in the treatment
and/or prevention of a 20 variety of diseases modulated by H3 receptors
including diseases associated with the central nervous system.
Additionally, this invention also relates to methods of preparation of
substituted N-phenyl-bipyrrolidine carboxamides and intermediates
therefor. Description of the Art 25Histamine is a ubiquitous messenger
molecule released from mast cells, enterochromaffin-like cells, and
neurons. The physiological actions of histamine are mediated by four
phaimacologically defined receptors (H1, H2, H3 and H4). All histamine
receptors exhibit seven transmembrane domains and are members of the
G-protein-coupled receptor superfamily (GPCRs). 30The H1 receptor was
the first member of the histamine receptor family to be pharmacologically
defined, with the development of classical antihistamines (antagonists),
such as diphenhydramine and fexofenadine. While antagonism of the H1
receptor of the immune system is commonly used for the treatment of
allergic reactions, the HIl receptor is 2 also expressed in various

SUBgd b eSS HES BN A RE RRD RENDES Y RBAASNEPER i BARERAPEUTIC
is involved in the control of wakgkinepg: 9, appetite and hormone
secretion. The H2 receptor is also expressed in the CNS, where it
may modulate several processes, including cognition. However, H2
receptor antagonists have primarily been 5developed to ameliorate gastric
ulcers by inhibiting histamine-mediated gastric acid secretion by parietal

cells. Classic H2 anf36ms$iR AEIERCHrddtiH VINEHRE, and
Field@MAi9R&ntion
The present invention relates to a series of substituted N-phenyl-bipyrrolidine
carboxamides. The compounds of this invention are modulators of H3 receptors and are,
therefore, useful as pharmaceutical agents, especially in the treatment and/or prevention of a
variety of diseases modulated by H3 receptors including diseases associated with the central
nervous system. Additionally, this invention also relates to methods of preparation of

substituted N-phenyl-bipyrrolidine carboxamides and intermediates therefor.

Description of the Art

Histamine is a ubiquitous messenger molecule released from mast cells,
enterochromaffin-like cells, and neurons. The physiological actions of histamine are mediated
by four pharmacologically defined receptors (H1, H2, H3 and H4). All histamine receptors
exhibit seven transmembrane domains and are members of the G-protein-coupled receptor
superfamily (GPCRs).

The H1 receptor was the first member of the histamine receptor family to be
pharmacologically defined, with the development of classical antihistamines (antagonists),
such as diphenhydramine and fexofenadine. While antagonism of the HI receptor of the

immune system is commonly used for the treatment of allergic reactions, the H1 receptor is
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It should further be noted that H4 receptor function remains poorly
defined, but may involve immune regulation and inflammatory processes.
H3 receptors have also been pharmacologically identified in the CNS,
heart, lung, and 10 stomach. The H3 receptor differs significantly from
other histamine receptors, exhibiting low sequence homology (H1: 22%,
H2: 21%, H4: 35%). H3 is a presynaptic autoreceptor on histamine
also REHFAREITANGRAID ARG ARL DR GREREOLRAARIM R ous system (CNS). In the

nonhistamine-containing neurons in both the central and peripheral

brainn EH Gug1spLeeria. the seattol PIOTHsRANAES, D esSIPHE AR ATE pER Beswetion.
angior wt%%ft&f ‘?éhﬁf_sﬂeé&(g%@&%“{ﬂe{ﬁe 'W'%@F@tﬁl%99nﬁlo&@ate several
dopamine, norepinepherin and serotonin. Of particular note, présynaptic

proc«?ﬁ%s@u|atréﬁdmmi§mh@me|§é@@wﬂ§fea|dwgtgﬁiﬂ@éa&0m§ta|émﬁ dfrimerily been

deveﬁﬁ)@cﬁ% 5%999695&'Qaﬂ?ﬁ@ﬁ"{‘é@rs'\ﬁ%ﬂlﬂﬂﬂ%“m&@ Gi r@-%@&ﬁ%myﬁfic acid secretion

signalling pathways, H3 may contribute to varied physiological processes.
by pandsddclxtdrisircidditeinyitmebedmeitwiedinh arap dingsad Sieniridine.
COQ’EHBchPk%%éW%%eq&Y&&etﬁﬂ%” 1??9%%%&%‘%&8%?@% ®BhER but may
~ function may be useful in the treatment of obesity and central nefvous
involsgsiamulieotdelei@cindopfiromiataly peperssesdisease, attention-deficit

e B R LA SR A RICTIN A PEAEE Mart, tung, and
stom(abut8lra bt asciatonfditftionyors iratiorros orbler hiigiathimayeeapdors, exhibiting low

trR' %%i al@jﬁ_o?%a S. $ee-g6 ij_%l_y COGK- iochem, Pharmacol.

Sequ%% 6 %@&pr%h; (8): {OOSF%I% %1%1)1 S ér?sgr%%e e a]% Nﬁ&rfﬁgﬁ}g}%%&mcepmr on

histampreo(2tons8) B&: braiReudrtlyprecymapointisitiaterpteomewnaistamine-containing

neurci{gufflt%ﬁ ytﬂ lgé%g tP atrrf(? Ce%mgg %ng’r%ltlrs]% sggsiz]éﬁ\égg&oon rtlg \ﬁ?sg%%?le, H3 also
Isclosed to be melanin concentrating horm nenz ) receptor

moddntery dirdsts|see spéoifictiyhess. ¢avdint: 77223 #88s1itighoulthtlodiegeadseylcholine,

inte t that,there is no disclosure,as to the activity of the compound .

dopa O RS SRR T RS AT A LS OO Ration of

histaglijectadéabisbinvdhtivlo o piguificmserpdatbsubbiitliteddNH2 receptors in the brain.
henyl-bipyrrolidine carboxamides as . selective H3 receptor ligands for .

Mod A S R B P a8 e 10 varied

physwoijectdihiscsseentiodets peatdds yar peadsasafostite pre patiatios dfathid3 plays a role

=

in coBS E)%titlite%d_I\\lvﬁ(he?/l[webga%%?}g-ine}%c%rggs amides as disclosed herein.
her C%JGCRS And fartier scope%ﬁc RE applicability of the present

invditiohteil lnécHmh dappare ntdyobe theefidtailethe esedipian tadbetioyvand central

SUMMARY,.OF TH VENTION Surprisingly, jt has now been found that . .
ey G R R BT T S A e S peractiviey
disorded/Manversesagomnists,. dhgresioppundsailarmmilasieape disdbsirecificallylepsy and
inso ngllils osgg nor exe gwrpl'fjed, nor L?re ttheiractivigéﬁs.H receptor . disord
oTISe %8%‘1%??3 GO R DS PRHERT D b3 FraRalery disorders

an INverse a
(asthmenthadeshariratiovedibtodecs/ef cenexpedieddhdak NBivdieen fhamthacol. 2006

at.the. ppunds of formul g re selectivel civeqag_ 5?

o G LR PR A B e MR e,
wiRekasiecobggameés thwearclsnarelapgatenididm-isdetailéd compounds of the
descriptjon gitf llows,. . Thus ip accordance with the practice of thi '

prescBNABRANCHE s P Mletl oSt ot R BPFo SRR tareRAe (MCED receptor

antagonists, see specifically U.S. Patent 7,223,788, Tt should however be pointed out that
there is no disclosure as to the activity of the compounds disclosed therein at the H3 receptor
site.

All of the references described herein are incorporated herein by reference in their

entirety.
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20 R, R1, R2 and R3 are the same or different and independently of each

other chosen from hydrogen, (C1-C4)alkyl or CF3; R4 is selected from the

group consisting of cyclopropyl, cyclopentyl, cyclohexyl, bicyclo

[2,2,1]heptyl, cyclopentylmethyl, tetrahydropyranyl, furanyl, oxazolyl,

isoxazolyl and pyrazolyl; wherein said R4 is optionally substituted one or

moreg {i wj ] C I thyl, ethyl .
e B ARER Rl it Bt sbsiuced -
pheindbitssredidous sahexsnthdes om pwledis of Formedepthrinigaditsg fearioessment of H3

receeq&n}%mg{%l%ﬁgag} gle({)erﬁgrs of compound_s of formula M. 4 In _other
spects of this invention thére are also provided various pharmaceutical

conpositisnsicarbjerisiof threeioventoes compoude pwictssasufar(thagvepliragon of the

their therapeutic,use in,alleviating various diseases which.are mediated
s e B S e B N OF ThE

INVEdH @b &Th ertd rifusther usegh d ek ithd app likebibito vah ghmeapsags invention will

As used herein, the expressign "(Ci-C6)alkyl" includes methyl and ethyl
beog s Bl H e BT e R o B eyl and ho

groups. Particular alkylSJI0dpEARE QEtHYESINY EINDIOMYI, isopropyl and

O SRR A R Heo A E T s o of R (B seful as 13

receb@E A)algdantbanylor (Gl efsd ajkoiycalienydtEpounds of formula T are not specifically

. -Chalkyl","(Ci-C4)alkoxycarbgnyl”, "amino (G -C4)alkyl", . ) .
dlSC.lt’)(Sﬁ)_C%H 5IE§?M#§¢'(& érZF)%‘%lﬁcaacljﬂ)‘gmoﬁ%s1[?92@%)%1}&%&[““8/ inverse agonists
sugdsdl)iRlKyIS apaasmoy/2C3; T8B alkyd erttiard-herdidbove 4 Mbadaamtinmé&pectedly it has

nowﬁl}%g%??(\éfilc l_é@%gﬂ}%?c %Bh%oa éﬁ}ébmon -ELCGS I%hse%en}/ﬁl%%tgé )agzlmﬁle ‘only at H3 receptors

and"@hﬁhﬁ@(ﬁﬁr@d&)ﬁ&ﬁyﬁoaaeﬂ@iﬁe fahstiveiHaecepidngiitc, Kohiih uspect becomes even
herein, the.expression,'cycloalkyl’ incjudes all of the known cyclic

oty RA ST BT L ASHS S AR TIOBAIEY ERBRRGI includes without any
limitettigricyetopdainyd, wital el brh ctioel op etiityin cyelidiekyhedy Pededpid 2 compound of

f cycloqctyl, and the like. Derived expressions such as "cycloalkoxy",

orméfc lkylalkyl", "cycloalkylaryl", "cycloalkylcarbonyl" are to be construed
accordingly. 20As ugged herein, the R>1(pression "(C2-C6)alkenyl!" includes

ethenyl and straig'fmine ar_branched propenyl, butenyl, pentenyl and
hexenyl groupg, fmi , the ssiC6)aIkynyI" includes
ethynyl and progynyl, and strg ghaihed gr'yranched butynyl, pentynyl
and hexynyl groups. Asidsed herein the expresdibn "{§i-C4)acyl" shalll
have the same meaning as 25 "(Ci-C6)alkanoyl"}.whjch can also be
represented structurally as "R-00-," where R iRa (Ci-C3)alkyl a? defined
herein. Additionally, "(Ci-COalkylcarbonyl" shall mean same ad )
whet&itc4)acyl. Specifically, "(Ci-C4)acyl" shall mean formyl, acetyl or
ethanoyl, propanoyl, nbutaén%yl, etc. Derived expressigns such as

R, Rychacfaly iy 18 AtPTCr E4TSERbRYANY IR e Yatisthpdier chosen from
acqwd}ag&yl., @@A@gmlm{@p3;the expression "(Ci-C6)perfluoroalkyl"

means that all of the hydrogen atoms in said alkyl group are replaced with

Ra AhioRrecttBmEomudhativiEdimntoRslsingudd o RGLiBIRRYy| S¥fdopentyl, cyclohexyl,
penjafiuREethyhaitdh straighbshainad ok branshad bepiafmerorramthyl,  oxazolyl,

isoxazolyl and pyrazolyl; wherein said R4 is optionally substituted one or more times

with a substituent selected from halogen, methyl, ethyl, pyridinyl, 2-oxo-2H-pyridin-1-
yl and CFs.
This invention further includes various salts of the compounds of formula (I) including

various enantiomers or diastereomers of compounds of formula (I).



10

15

20

25

30

5 nonafluorobutyl, undecafluoropentyl and tridecafluorohexyl groups.

Derived expression, "(Ci-C6)perfluoroalkoxy", is to be construed

accordingly. As used herein, the expression "(C6-Cto)aryl" means

substituted or unsubstituted phenyl ot naphthyl. Specific examples of

substituted phenyl or naphthyl include o-, p-, 5 m-tolyl, 1,2-, 1,3-,

1,4-xylyl, 1-methylnaphthyl, 2-methylnaphthyl, etc. "Substituted phenyl" or
"subsstitiedaspptishyll Hiso inctutienatyeos thie possibhewdbdtitaants gsharmaceutical

comﬁ%gg%%;%g%i&%]%rﬁe%gro?%o@ %Wﬁ[égut At fgﬁl%}]/lgi r%ngSILO&{l’ their therapeutic

onyl,” I1s to be construed accor S use erein, the

use ﬁ)iite%stﬁrg‘@ﬁa@a alacyks Iﬁ(hﬂ@lamlhmﬁatesllﬁhatMal(@or(ﬁiﬂi);abjl Hbraseptors.
efined herein t < ein.
Representativeﬁeéliarjr&nqglg? iﬁm%ﬁgﬁeiﬁg yl, flﬁk}:&j’]ﬁi{ﬁglpropyl,
1-riHphtoyimethige Phaaph tehmekh{o lhonditirenidemings: As used herein, the
exe{essiocp "heteroaryl” includes,%%oagn kr]pv.vnlh%teroatf(ﬁ co tami d
T, RESREREd sielmeled AR IS S el g os. en

aromatic 1a epresénta etefoary icals’i
straifihitachdindd dhienaykbedhpophénilitpyrretylylisadyiieaiyl pytazolPaitisslaz algy! groups

oxazalyl, thiazolyl, isqthiazolyl, and the like. Representative 6-membere "
oo B TR BRI oI SR By pich a5 "(Cie
C4)a1kia>zjr'lyl,“eltnggapllﬁb_elk?ﬂlca{s:l%aammlﬁtivé@ﬂ&m_ pf’&pﬁl@nggﬂp&hﬂ@", "(Cs-

eteroaryl radicals, i ,Jbenzofyranyl, benzothiophenyl, indalyl, "

TR et TR B GAS S aroyl By aofpicacbony
"amipp(idpthirniiignd theikg-20yadidataino”, As use@ hepilkfen®spiesRIONC )alkyl",
we Peter le” inclu of the kngwn reduced heterQatom containin ;
(R e R e o e Roter b AR R Coalko s
"amigstacnaiuraaybdaimahydrothiogherylylpgreoligimg2-thiazolimghenyl(C1-Cy)alkyl”,
., tetrahydrothiazaly], tefrahydrooxazolyl, and the, like. Representative )
DA EBEIGO LRy BT SETERTCA T O ge a Bh COSER fcordingly

mosghgliayhetbiampenpheliwicntd: helike: ¥ aripusEotebhatenarwste cyclic radicals.

radicals include, without limitation, aziridinyl, azepanyl, diazepanyl,

RepraseifiivG clotamPishet-2- Sreigadilaz Seanrs anathoutieay Hapgéeno cyclopropyl,
cycloBaipl, MSAHERA0. H RO M RIMPBHD. cycloocths UsRY hBEeIlike.  Derived

"patient” means a warm blgoded animal, such as for example rat, 30 .
CXPIRSRAILHIE BatSyBiaHkaRigs, Gflpphirated sucdeamank» “oydealisdgarbony!

are thBEiBnthe QKpFESEIREPharmaceutically acceptable carrier” means a
nontoxic solvent, dispersant, excipient, adjuvant, or other material which is

miXeith e Bo thp GHREFSTRe GreSemlirmehtisivindss chempendisiight-chained
or bifHERBEPRPeAPNBBRGE YR GANRESHION oidupd d0BALSIR HeCaRRRSIon "(Co-

of administration to the patient. One example of such a carrier is
Co)alipyasthadetitidaty Aexepatid drepyrdny disedtgiehindiigrs) or branched butynyl,
pen Hﬁ@%@ﬂ%l gm{[ﬁe tena "pharmaceutically acceptable sa_lts" as used
erein means that the salts of the compounds of the present invention can

be Aseeptd niSEREINAhprepeiestins. Ctvdrdand maljalbswevEre bgsefiicaning as
“(C, 1T DeRIRRRTAURAT (iR cNDPRURdS Accarding o RgHPE RN @ Of WRlke R is a

Eharmaceutlcally acceptable salts. Suj}able pharmaceutlca,lly acceptable
(Cr-Ganbat el dsmis. ofdddionahtionGmdiaikaisarbertitiophsBIgsanisrme as (Ci-
Cqalyay: _Eaﬁ%QIBJF?f‘E@J@Q’%@ﬂ’%H&!?"H&&SRJHH , QE&B@ 8?@91%1891, propanoyl, n-
according to the invention with a solution of a pharmaceutically acceptable

butargsd stich Rerivpdrespresicoasidudy dsolifontie)aitnnitriendcie1-Ca)acyloxyalkyl” are
to be construed accordingly.

As used herein, the expression "{Ci-Cg)perfluoroalkyl” means that all of the hydrogen
atoms 1n said alkyl group are replaced with fluorine atoms. IHustrative examples include

trifluoromethyl and pentafluorocthyl, and straight-chained or branched heptafluoropropyl,
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10 sulfamic acid, sulfuric acid, methanesulfonic acid,
2-hydroxyethanesulfonic acid, ptoluenesulfonic acid, fumaric acid, maleic
acid, hydroxymaleic acid, malic acid,Sascorbic acid, succinic acid, glutaric
acid, acetic acid, propionic acid, salicylic acid, cinnamic acid, 2-
phenoxybenzoic acid, hydroxybenzoic acid, phenylacetic acid, benzoic

nonagfglg)’kgt))(l?% a&ﬁ%ﬁ{fzgﬂﬁ %gide’n{?f%% ?%Q&gﬁﬁoljo %%éfq.’olg%%ﬂl%s%% &}ng’ i%xpression,

maloriic’acid, carbonic ac osphoric dacl Id meta

"(C s@ipstiblvas Badiyimisrtotehvydstged ectofingphate and potassium

hydrogen sulfate can also be forme Iso, the salts so for. y. :
ot S e OPIR A A AR Shn Al NS r msubsid
phe@nh@!dpm;ﬁlmtansize@;drmmtpégﬁubsﬁmdabmmglﬁommmﬂ@d (I)'ﬁd;lhaie o-, b-,

invention carry. an acidic moiety, suijt armaceutically acce ’»
T T30 A Ol SRR PRl S80S oy
or “Salistialcdlinephaith mdtal sallsde gncalfitia possibdnasiwitsalts, anfurther defined

N e

accorggpyed meaning in the art. One such definition includes a

phanpnacolagically inactive chemjcal entity that w metabolized or
S ot et B STt ST eI Y S ke (Co-Cunaryl
as defEie isrkBCap VARt iniaR i nn @ |aqyizallyl agtivieAubstaondn. Réesentative
expression "stereoisomers! i neral term used for all isomers qf the
xR DA R ﬁ%ﬁ&lﬁﬁmﬁn Ranh a%ia}%*}tkwi%?gfn?maphthylmﬂhﬂ

and 8RAGRe Typically it includes minor image isomers that are usually formed

due to at least one asymmetric center, (enaptiomers). Where the
corSolitle HEEBHIIHG GHE RIS R 5y bl 4 known heteroatom
contaBiiynesitate s atNeR ey adeiienniiieexistas idirstarepiaofvarsnalade furanyl,
certain individual molecules may exist as geometric isomer )F(}c‘:is/tran )
}ZEgﬂ%

thiergh 9% {ioBRERY eoRiBBIKks 'SP RHE AR e AT o xRy thiazolyl,

isotRISuPFIMATE SleuskeraRepistinghiRins thahbeect kaRid gU IR, include pyridinyl,
commonly known as tautomers, Representative examples of tautomers

PyrifziRal IEIELCHBY haREHRER, HAFBY kR st dHsBIed RS s RemRsantative examples

of HRUII S citing-enaniRetelia e -Sfrihid Iohe-snisisiact thabsl, quinolinyl,
~such isomers and mixtures thereof in any propaortign are encompassed )
ISOQWHﬁiHlee%%ﬁ@b%‘ﬁ%?éﬂ%ﬁé‘ﬁ%?ﬁfﬁé’ﬁgéafﬁwh dethieaylsapd the like
radi@¥scommonly used terms in organic chemistry to 5 denote specific

configuration of a chiral center. The term 'R’ &érgct_us refers to that

corfiigstbrigiricHltal Sess wn BLRRRIRSE rtlakissH o ghogdmown reduced
hetoRSMHie S 4highest teyrarongtiowest) Répasviawad alopaihranddiewaidie radicals

the lowest priority group. The term 'S’ (sinister) refers to that configuration

inclygen chirtgtedatp il countstaberindavsishship BYGPSd Bhoritied thiazolinyl,
teﬁaﬂaighﬁﬁia%gﬁ%&!@%%ma?n viengd plenarbedens fowaLshithehiowestterocycle
(0]

lo priority group. The priority of groups is based upon sequence rules

radichevesipeioirizidionlisipstasisd dreralohny Inthimserphalfugy apd the like. Various

othegeﬁé?&étgﬂg@t%ﬂfc%mﬁgmdé liging @ndiigeHsRI0N-Of BrigHItiaSdSanyl, diazepanyl,
contained in Stereochemistry of Organic ComEounds, Ernest L. Eliel,

diazgfyeyglal R 2 Thamiatny & avddnezatante predis ik Qviley-Interscience, John
Wil o500 M2l NeWe X R KR b9 4dcilh) BAFHNRAR 1B8(R)-(S) system,

the older D-L system may also be used herein to denote absolute

corfligyussdohcisie CRANERTIL MR en ST dpaecsc RIS t1$cByatelpr £xample rat,
micE BGPEIRIQISEHRR [RpNYAIS Arienied,sh Joatihsnumber 1 carbon of the

main chain'is at the top. The prefix D' is used to represent the absolute

configmetohestithethsomprdssivnic hhianigseficaly (deteptamgygioupigans a non-
toxi® %Rﬁeﬁ'@ Miﬁ%?sgﬂﬁh@x%%gﬂ@ aécﬁﬁ%zﬁﬁ,"%'rcmtﬁr Al A0that o ?Hﬁ"xed with the

Isomer in which it is'on the left. The temi "solvate" as used herein
compeaiadsthaharpeggnegarsntiat consisier dbapssinte toh Srrmsiesud withharmaceutical

one or more solvent molecules. Similarly, a "hydrate" means that a solute

ion or molecule with one or more water molecules. In a broad sense, the

term "substituted" is contemplated to include all permissible 25

substituents of organic compounds. In a few of the specific embodiments

A AdAiecnrlnecead hoarain thoe torm. "erithetitritad - maanec -ttt et iF i 15 r] VA TTHR - Y 2 (A 1 e e e e e e
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The term "treating" refers to: 8 (i) preventing a disease, disorder or

condition from occurring in a patient that may be predisposed to the

disease, disorder and/or condition, but has not yet been diagnosed as

having it; (i) inhibiting the diseage, disorder or condition, i.e.,

arresting its development; and (iii) relieving the disease, disorder or

condition, i.e., causing regression of the disease, disorder and/or
composititioni.e., aThusginfaorocdpride withdininmiagtice 6f this patientiotieeegample of
such'3 Qartoweg%j %ggxﬁgggi{?c%tl?f aggefogﬂlélg.{.wcl &"Q‘Eﬁrﬁ IerR pa?elh erzalan(fjmlienglstration.

are the same or different and independently of éach other chiosen from

hydibg e Opl@Ayalbattiraly 3¢ Rptib kaleltté d fryndthergitotRasnbistihg ofits of the

cyclopropyl, cyclopentyl, cyclohexyl, bicyclo[2,2 1lheptyl, X
o RS T AT SV, P 2R s mey,
howpwgdalylssfukene thspidfadimopiahalyaybstitsteconingr imare mesivwitbr of their

bstituent selected from halogen, methyl, ethyl, pyridiny,
P e a3, o AT, HUREH ALY HERsR il of th

compalisdefohthisdnpationsrel foemiid {idifek sy Wi S FoHeRaaislObe formed by
: .diasteregmers o{c mpounds of formula (1). As noted hereinabd\{‘(r-:- and

MBS o UFLER e Hita Ot ARRATAINS T iRetBaIE A 08N BlYo
phaﬂﬁ@&dﬁ%ﬁ%iﬂ@%ﬁ%ﬁ@fﬂ?cﬁﬁﬁ?lﬁﬁ Fﬁ@[ﬁphﬂﬁé%iﬂuﬁﬂﬁ%idi&ﬁtric acid,
also noted hereinabove an reafter all of the conceivable enantiomeric
sulfagi (R SBIEHE B &%ﬁ?ﬁﬁsﬁﬁm%f ?smu?aiv)da?ésﬁabﬁmﬂ@mc acid, p-

toludAMaftahe acid, flthene o dhenerbedimeriE&dnmtaspaiadsatdaniiaébrbic acid,
wherein R is methyl; R2 is 25 methyl or CF3; R1 and R3 are hydrogen are

SucCHic |Addy RRTERHEUN. 2cciif Atithdreritinitf: stimdmnsHioRtamssacid, 2-
phendisghprovidedia, ¢emBRYREheb ORI bayrheiainBdanenZdicseimettilc acid, citric

R2 and R3_ are hydrogen. 9 In yet another embodiment of this

acid ;i fGHARG PSS 1L ACIa8k LedmptnRerInisis- (nalfmisetsifacrbonic acid or

phospalgeéestilomraciopioptacyalereniil a8YsdahaxYhdhohydrogen orthophosphate and
bicyclo[2.2.1]heptane, which are optionally substituted one or more times _
pota%}mﬁmgen sulfate can also be formed. Also, the salts so formed may present etther

0,
ution of a

as mono- or di- acid salts and can exist substantially anhydrous or can be hydrated.
Furthermore, where the compounds of the invention carry an acidic moiety, suitable
pharmaceutically acceptable salts thereof may include alkali mectal salts, ¢.g. sodium or
potassium salts; alkaline earth metal salts, ¢.g. calcium or magnesium salts, and salts formed
with suitable organic ligands, ¢.g. quaternary ammonium salts.

As used herein, the term “prodrug” shall have the generally accepted meaning in the
art. One such definition includes a pharmacologically inactive chemical entity that when
metabolized or chemically transformed by a biological system such as a mammalian system is
converted into a pharmacologically active substance.

The expression "stereoisomers” is a general term used for all isomers of the individual
molecules that differ only in the orientation of their atoms in space. Typically it includes
mirror image 1somers that are usually formed due to at least one asymmetric center,
(enantiomers). Where the compounds according to the invention possess two or more
asymmetric centers, they may additionally exist as diastereoisomers, also certain individual
molecules may exist as geometric isomers (cis/trang). Similarly, certain compounds of this
invention may exist in a mixture of two or more structurally distinct forms that are in rapid

equilibrium, commonly known as tautomers. Representative examples of tautomers include
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In a further embodiment of this invention there is provided a compound of
formula (1), Swherein R4 is tetrahydropyranyl. In one of the
embodiments of this invention there is also disclosed a compound of
formula (1), wherein R4 is selected from furanyl, oxazolyl, isoxazolyl and
pyrazolyl which are optionally substituted one or more times with methyl.

keto & at”%ri‘%r esmb‘%%r%?‘& 4Pf iz 81‘1’1%3%'0'}1 1DELs- osxq{{% 'Cﬂ%ﬂcﬁn%?%“p%ﬂ{é-enamine
Srmuta 100 wherei R4 Is selected from 1soxazolyl or 1soxazo
tautsnmmttmed dmemtcrrimemdwmwum thregthill such Immmhmchgpemmﬁ tHigreof in any

invention the followin n ds encomp assed y the scope of this
proportlortt Are CHEOIpasse resen nvention.
invention any Mt on hay e enu erate

CyCJ@DmddmarbdRyhmh(‘Sd are used as commonly used terms in organic chemistry to
dem&tgg%treh fgpg eth ijbfp yrf"l?rlfliqlr‘l:\élrl eryl)lqlhertl ngamdeftectus) refers to that

ic-acid
conffgﬁ&mthyle{hﬁl]b]lMtdrdmy&idtlyd&ﬁﬁeiﬂabt@mﬂﬂwamwnplmdws (highest to

arboxylic acid
secc[%f %)%(l%%) %frgﬂﬁ f;ﬁ g‘?cﬂ% ligi}g)'g%ﬁg hl(lg est priority group. The term 'S’
(sinByefpprtpanetatarifiiguaaidn of a chiral center with a counterclockwwe relationship of

e R R A DA AR o g e s

prioZidy1oadS)] iy pFebeingybl kyckpehebybeanistar sequence rules wherein prioritization is

2.2,3,3-tetramethyl-cyclopr ane rbo ic acid -
frs | R P4 RSB B S8 SRy T LS. ARERcigr). A listing and
dlscasgl&ﬁdﬁflbﬁmﬁﬁhw1@Yéﬁﬂf&'@@dnﬁC&MW@mﬁv of Orgamc Compounds, Ernest L.

-(2-methyl-[1 -1'-
Eliehg ?gr’%e g& 3]b|py JCI%%%(])\B]; 3 hen Qgg]clj 1ley—Interscience, John Wiley &

30n531mﬁtm;elv4f@&mmbyl [1,31bipyn-olidinyl- 11 -y1)-phenylkamide;
cyclopentanecarboxyllc acid

[2-rHetHATAOR (8)the R 1D S5 Fots Ny PS5 RS s, used beremn to

den@ﬁécmﬁﬁﬁewm)ﬁc@lﬁ%diﬁﬁﬁwmm reference to amino acids. In this system a
1-4-(2S- methylll 31SThipyrralidinyl-1t-y1)-phenylk

Flscéem%@w RIS 11&%@}3%&?33% (f $hS BABLEHgin is at the

top. Cal@Ieix 'D' is used to represent the absolute configuration of the isomer in which the
2-cyclopentyl-N[2-methy1-4-(2(S)-methyl- S)]bi rrolldln
funcil?,%/_f) Fﬁﬁ%@/%&][@%)n%éﬁj 18 (gn(th)e nghtys1 f( tl%éla cg%/bon at t e chlral center and 'L,

that SN eReRtY N R e thy ke, B bipyrrolidiny1-11-y1)-phenylkacetamide

. The term “solvate” as used herein means that an aggregate that consists of a solute ion
or molecule with one or more solvent molecules. Similarly, a “hydrate” means that a solute
ion or molecule with one or more water molecules.

In a broad sense, the term "substituted" is contemplated to include all permissible
substituents of organic compounds. In a few of the specific embodiments as disclosed herein,
the term “"substituted" means substituted with one or more substituents independently selected
from the group consisting of Cisalkyl, (Cy.Celalkenyl, (C,.Cs)perfluoroalkyl, phenyl,
hydroxy, -CO,H, an ester, an amide, (C,-Ce)alkoxy, (C;-Ce)thioalkyl, (C;-Cs)perfluoroalkoxy,
-NH,, Cl, Br, I, F, -NH-lower alkyl, and -N(lower alkyl),. However, any of the other suitable
substituents known to one skilled in the art can also be used in these embodiments.

“Therapeutically effective amount” means an amount of the compound which 1s
effective in treating the named disease, disorder or condition.

The term “treating” refers to:
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10 2-cyclopentyl-N-P-methy1-4-(2-methy141,31Thipyrrolidinyl-1
'-y1)-phenylkacetamide; bicyclo[2.2.1]heptane-2-carboxylic acid
[2-methyl-4-(2S-methyl-[I,3'S]bipyrrolidinyl-I'-y1)- phenyl]-amide;
(1S,4R)-bicyclo[2.2.1]heptane-2-carboxylic acid
[2-methy1-4-(2-methy141,31bipyrrolidinyl- 511-y1)-phenylkamide;
(1S,4R)-bicyclo[2.2.1]heptane-2-carboxylic acid

[3-fmethy Iptey2nimeghyy Hds @t bipsymrddidimdbadi igphBnylkanuitdng in a patient that may

1$.4R)-hicycl éz .1lheptane-2-carboxylic acid .
be p&%@% eet%]()%/ﬁ[ , f%%gji/sr?bléé?r?{/ﬁiq{-% -oﬁh%or%lﬁﬁlgrrrlﬁ g:c has not yet been Vchagnosed as
havid@tetrahydro-pyran-4-carboxylic acid

2ty RS e {3 3 XML YO RSN pment,

tetra ydro-pyran
[4-(Zinethylikdag Tihpydicdiciny didokdet ) gihesndi@onides., causing regression of the

tetrahydro-pyran-4:carpoxylic acid . .

[3-methyl-q§é§ﬁ"ie W?W%?%‘@?W%%’i%l-1'-y1)-pheny|k amide;

15tetnahyalrecetidinet-eathakyligragide of this invention there is provided a compound

2-methf/‘?]l-4-(2-methyl-[l,3Thipyrro|idinyl-l'-ye-phenylk furan-3-carboxylic
- éthyl-4-(28-methyl-[1,3'S]bipyn-olidinyl-ll-yl)-phenylkamide;

furan-2-carboxylic gsid R, R,
[2-methyl-4-(2(S)--njethyl-[1,3 bipyrrolidinyl-I'-y1)-phenylk amide;
205-(2-0x0-2Hgpyidinl-y1 -carboxylic acid
[2-methyl-4-(2-thethyl- 1,3 olidinyl-14y1)-phenylkamide;
2-methyl-oxazole-4-carbxyli d N
[2-methyl-4-(2(S)methyl-[1,3'(S)]bipyrrolidinyl-1'-
3-methyl-isoxazole-5-carboxylic acid R
[2-methyl-4-(2S-methyl-[1,3'S]bipyrrolidinyl-I-y1)- phenyl-amidé)

whemi-dimethyl-isoxazole-4-carboxylic acid
[2-methy1-4-(2(2S)-methyl[1.3'(3'S)]bipyrrolidiny1-11-3/1)-phenylkamide;

R, Rg,g rgg}ga%q@_gzééf%g%gngdadependenﬂy of each other chosen from
[3-metiged; (2 refpvkid idwgyrrolidinyl-I'-y1)- phenyl]-amide;
303,5-dimethyl-isoxazole-4-carboxylic acid

Rs 1o irlasiids- Bometthina 91Bip gRRTIEmA- 195y Syc mepRtarfigdopentyl, cyclohexyl,
3, Diderip/bis e- GReH
[4-(§Ifn%tk[1%/£l-fl,31 ip);rr;lﬁg% 1-1 .%‘}ﬁ'gﬁ’enytf’k”?r%ﬁ%"e";pmy" furanyl, - oxazolyl,

1soxazolyl and pyrazolyl; wherein said R4 is optionally substituted one or more times

henylkamide;

with a substituent selected from halogen, methyl, ethyl, pyridinyl, 2-oxo-2H-pyridin-1-

yl and CFs.

This invention further includes various salts of the compounds of formula (I) including
various enantiomers or diastereomers of compounds of formula (I).” As noted hereinabove and
by way of specific examples hereafter all of the salts that can be formed including
pharmaceutically acceptable salts are part of this invention. As also noted hereinabove and
hereafter all of the conceivable enantiomeric and diastereomeric forms of compounds of
formula (1) are part of this invention.

In one of the embodiments, the compounds of formula (1) wherein R is methyl; R; is
methyl or CF3; Ry and Ry are hydrogen are disclosed hereinbelow.

In another embodiment of this invention there is also provided a compound of formula

(I), wherein R and R; are methyl; R, and R; are hydrogen.
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11 1H-pyrazole-4-carboxylic acid
[4-(2-methyl11,31bipyrrolidiny1-11-y1)-phenylkamide;
1H-pyrazole-4-carboxylic acid 9
[2-methy1-4-(2-methy141,3 Thipyrrolidinyl-1Ly1)-phenylk amide;
1H- pyrazole -4-carboxylic acid

[53 nTeeth Eﬂq pyggtqé{é@}]‘: ;gg(@%l ggégén 5 1|ﬂ¥ell)é '?sh (f?hns\élll(()8563l gu;%mpound of formula

(D), [2snhethitl - 4{(2(239 methyietl, 33 6) Thipylopticiyy)l -yipiphenyll-anigddphexyl  or

le-3-carbax
i AL R S S P B Rt mechy
103m&eﬁhﬂrér%1ﬁbbﬁ21€llﬁtﬁo€aiﬁmmmﬂhere is pr0v1ded a compound of formula (1),
[3- met ,31]bipyrrolidinyl-11-y1)- phenyl]-amide;
w eﬁelr?]gth E ‘2 arboxyllc acid

[4 (21-I@@éh}‘ﬂhfﬁ&fﬂbtﬂj&ﬁﬁh@m{lt&syﬁ])veﬁlﬁmlﬁlafﬁidealso disclosed a compound of
hyl-1H-pyrazole-3- carboxyll%iamd

o g SHGISE S ROREER ST RISl GTLEh e gl which ae
optidnatyi mﬁhﬁté&bayr@zﬂ&étﬁﬁéb@xﬁhmmgi

e e A I e A A 5 6508 SRR of formuta

(D), [Pnerekn A 2enetby 1 4ba Lkirwsidioy HoxkbRheapitemide 20l i emes with

above compounds may also include corresponding salts wherever
meﬂb’(‘}ssmle including the pharmaceutically acceptable salts thereof In

angihgrasnacisptéisrimientiendbs il ayipe sernpeybdadneesinsased by the
by compound of formula (I) of this |nvent|on without am&llmltatlon may be

Scor@rﬁfﬁ%@?aféf&ntfyaa%w&ﬁé‘a (BERfIRARRY be enumerate

Wﬁ&éﬁb@cﬁl‘i@tﬁd@&{E%EMWWQEMH}MM)]BE@BME@&WQ,-yl) phenyl]-amide;
252-cyclopentyl-N42-meth %%2 methy141, 31Th|pyrroI|d|n¥1 1'-ye-pheny

cyclnaeaﬁa%ﬁer&oeyaaﬁw k?flré]aéﬂ”[@fﬁﬁ%lﬂ%ﬂy fivorbmethy-
pheriyt- {dwdmethyl41,31SThipyrrolidiny1-1'-y1)-phenylk amide;
bicyclo[2. 2. 1]heptane-2-carboxylic acid

CYClPMN&HW@% 1Pn?éﬂﬁiy[4[123¥§ BibyroitpimyeLiinyi e rphRmgd amide;

cycld s fﬁ‘:rﬁé‘l?f: a%@l-meth I-[1,3"]bipyrrolidinyl-1'-y1)-phenyl]-amide;
2,2,5,32!3?521%6313((1 ~CycC O?rgi)aﬂegér%éiﬁl)c];bajg%niglImler][ S 1 (%%% r-)gee? )ggamlde
[1,3'(S)]bipyrrolidinyl-1'-yl)-phenyl]-amide;

2,2,3,3-tetramethyl-cyclopropanecarboxylic acid [2-methyl-4-(2-methyl-[ 1,3’ [bipyrrolidinyl-
1'-yD)-phenyl}-amide;

2,2,3.3-tetramethyl-cyclopropanecarboxylic acid [4-(2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-
phenyl]-amide;

2,2,3,3-tetramethyl-cyclopropanecarboxylic acid [3-methyl-4-(2-methyl-[1,3"]bipyrrolidinyl-
1'-yD)-phenyl]-amide;

cyclopentanecarboxylic acid [2-methyl-4-(2(S)-methyl-[1,3'(S)]bipyrrolidinyl-1"-yl)-phenyl]-
amide;

cyclohexanecarboxylic acid [2-methy 1-4-(2S-methyl-[1,3'S]bipyrrolidinyl-1'-yl)-phenyl]-
amide;

2-cyclopentyl-N-[2-methyl-4-(2-methyl-[ 1,3"[bipyrrolidinyl-1'-yl)-phenyl}-acetamide;
2-cyclopentyl-N-[2-methyl-4-(2(S)-methyl-[1,3'(S)]bipyrrolidinyl-1 ’-yl)—phenyl}-acetémide;
2-cyclopentyl-N-[4-(2-methyl-[1,3"Tbipyrrolidinyl-1'-yl)-phenyl]-acetamide;
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tetrahydro-pyran-4-carboxylic acid
[4-(2-methyl-[1,31bipyrrolidiny1-1'-y1)-phenylkamide; furan-3-carboxylic
acid [2-methyl-4-(2S-methyl41,31SThipyrrolidiny1-11-y1)-phenylkamide;
12 3-methyl-isoxazole-5-carboxylic aeid
[2-methyl-4-(2S-methyl-[1,31S]bipyrrolidinyl-11-y1)- phenyl]-amide;
3,5-dimethyl-isoxazole-4-carboxylic acid [2-methyl-4-(2(2S)-methyl- [1,3(3
2-cyéﬁj@biﬂyirb]iﬁhmbthyym)(phﬁa&iyb[’mi@@bi@lyd-olidinyl I'-yl)-phenyl|-acetamide;

T L DN ——

phengll-@biidzconceivable salts of the above noted compounds |nclud|ng the

s QIS Scemae sl re L IS NGO i

1'-ylephais/ I0aknvéntion may be enumerated: cyclohexanecarboxylic acid

2-methy 1-4-(2S-methyl-[1,3:S]bipyrrolidiny1-1'-y1)-phenyl]- amj
(]S’L{ﬁa%@éézlﬁ(\@%@ng ?:Egﬁﬁé&]f}ﬁ’ é&ﬁidd {3yme h;sz/l ¥ F()2-1]r1634h%/1—[1 3 ]b1pyrr011d1nyl-
-yl [ eeimpbdnds-methyl41,3'S]bipyrrolidinyl-1'-y1)- phenyl}-amide;

13 trahydro-pyran-4- carbox lic acid . o o .
(IS 4BJrmisi¥iy/P14: é{ﬂ@%‘m 251 i Hfamit s dohamedidio 1'-yD-
hen@r]chﬁ,,i@fdlmethyl -isoxazole-4-carboxylic acid [2-methyl-4-(2(2S)-methyl-

3(3 S)]blpyrrolldln 1-1-y g%phenylkamlde ain all of the
SR ARS SHESTALE S0l RSB CO GBS L P Iovolidiny1-1 -
yI) pggﬂh%ﬂﬁ@@utmally acceptable salts are part of this invention. In

another aspect of this invention the compound of this invention may be

tetralpyglersaiafp e epdisiredd fetramribricloriPanmatidimyti: -gkpirey-amidc

tetrahydro-pyran-4-carboxylic acid [3-methyl-4-(2-methyl-[ 1,3']bipyrrolidinyl-1'-yl)-phenyl]-

amide;

tetrahydro-pyran-4-catboxylic acid [2-methyl-4-(2-methyl-[1,3"|bipyrrolidinyl-1'-yl)-phenyl]-

amide;

furan-3-carboxylic acid [2-methyl-4-(28-methyl-[1,3'S]bipyrrolidinyl-1*-yl)-phenyl]-amide;
furan-2-carboxylic acid [2-methyl-4-(2(S)--methyi-[ 1,3'(S)]bipyrrolidinyl-1'-yl)-phenyl]-
amide;

5-(2-ox0-2ZH-pynidin-1-yl)-furan-2-carboxylic acid [2-methyl-4-(2-methyl-
[1,3"Tbipyrrolidinyl-1'-yl)-phenyl]-amide;

| 2-methyl-oxazole-4-carboxylic acid [2-methyl-4-(2(S)-methyl-[ 1,3'(S)|bipyrrolidinyl-1'-y1)-

phenyl]-amide;

3-methyl-isoxazole-5-carboxylic acid [2-methyl-4-(2S-methyl-[1,3'Sbipyrrolidinyl-1'-yl)-
phenyl]-amide;

3,5-dimethyl-1s0xazole-4-carboxylic acid [2-methyl-4-(2(2S)-methyl-
[1,3'(3°S)]bipyrrolidinyl-1'-y1)-phenyl]-amide;

3,5-dimethyl-isoxazole-4-carboxylic acid [3-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-y1)-
phenyl]-amide;

3,5-dimethyl-isoxazole-4-carboxylic acid [2-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-y1)-
phenyl]-amide;

3,5-dimethyl-isoxazole-4-carboxylic acid [4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-y1)-phenyl]-

amide;
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wherein R, R1, R2, R3 and R4 are as defined hereinabove. 25The
compounds of this invention can be synthesized by any of the procedures
known to one skilled in the art. Specifically, several of the starting
materials used in the preparation of the compounds of this invention are
known or are themselves commercially available. The compounds of this

i i f | }
1H~g§,¥r%19§f%ﬂ4a§§g§o%§?f’casadt e-lgﬁfﬁl% rgﬁ.gr?ggrbgg ugﬁd%‘@(-?_ f %%%?tﬁiiﬁgde,

met sed to prepare sl nds as re
1H-jiterezole aod as licheidfsorittey]-HetZimeror ibs ilhaey raslistiandel -y1)-phenyl]-
anrliggreinabove a few of the structurally similar compounds have been
ISclosed in U. S. Patent No. 7,223,788. Also, see R. C. Larock,

1 H-1Gornplee henshoe yingandc] Trantfgldfemsth it € Hihbishelidin@dgo-B)tbenyl]-

.glso well known that in various organic reactions it may be necessary to
amide . . )

protect reactive functional groups, such as for example, amino groups, to
5-mattoitt tRkepryumvbniechfartivipatiid [2-thethehdt@G2S Pontemtddd3’S)bipyrrolidinyl-
I ro ectirgg %50&1 0S may be used in accordance with standard practice and

YRAOWHXd &Gt skilled in the art, for example, see T. W. Greene and P.

5-m&thi- \NutsriroRrateethox @rowgs ii2-Qrghplelqhemidtyl [ DGHhipYilmtidimgl-1'-yl)-

Sqns, Inc., 1991. For example, suitable amine protecting groups include
phe@\?ﬁﬂ'&ﬁl@?‘w limitation sulfonyl (e.g., tosyl), acyl (e.g., benzyloxycarbonyl or
5-methyloXpcayboiawt) Boak boy iyl el 3 -hetizyy (@ inbthyhy 10& Thépyondaiinyl-1'-y1)-

suphseqguently by hydrolysis or hydrogenation as appropriate. Other
pheyiizBldSmine protecting groups include trifluoroacetyl [-C(=0)CF3] which
5-mitayl e TopTaveld-bychase plitalyizef g dialysis] D6 bspjid s Esjt)-phenyl]-

_go_und benzyl group, such as a Merrifield 15 resin bound
4am19%_dimethoxybenzyl group (Ellman linker) or a 2,6-dimethoxy-442-
s5-miRlystyngmethaxg)eitogtienzid, WhzmeaylHe, knipyadibyiadid -y1)-2-

. .catalyzed hydrolysis, for example with TFA. More specifically, the

trlﬂEB?ﬁB’&gﬁa?h?@é’i g80'¥érein and various precursors used therefor can be

1,5-gymthegizad- peeerding-tarthedoltowidd praced et Schethgs 1 -,
wherein 20 the R, RI, R2, R3 and R4 are as defined for Formula | unless
[1.34hannsimiidigh! -yD s imdes®eme 1 illustrates the preparation
5-pyidpednienregiaiedt, 8Ltamxolidiayidip-ekdinbo{ Tatmiia (4)3 YiiprermlRinyl-1'-
is as defined herein. First, in step 1, Scheme 1, suitably protected (for
yD-phemwBi@mefenutyloxycarbonyl (boc)) pyrrolidinone of formula (1) is
congansethwitboadlesiipehsidostitedspyiolidine atdasondiagAaby amygeler possible
the 25 known reduc_tiwﬁ amination proce ureﬁa}eo from an intermediate of

inclydimg, e BiaEgpiRuticAls ASoerAdRdgars actions are generally

carnigdzauttar thefesenceRfl iaduesing agent®BUEINGS compounds encompassed by
triacetoxyborohydride in_an inert atmosphere, such as nitrogrﬁ

n
compenpd RSl L atHih BXRIBOR RO AP B AU AN e igHmerated:
cyclRpbiehPeRGIARRIGILIRACHON (SIRRSKGILTES Pl At Rsutas LyPistaily] |-amide;

such reactions are carried out at room temperature at atmospheric 30 _
2-cyslansnie O hirag iy i vestner bty iotiERKld redbinis e it ctamide;
cycRIRSGHEeS kRAVW L Edghiliaekiy the-grb tenispiate the isrmadialielof y1)-phenyl]-
formula (3). In step 2, Scheme 1, the intermediate (3) is then
amiggs protected to form the desired [1, 31-pyrrolidinyl-pyrrolidine of formula
bicy@b[SYucheppiertion iraationsare gensialy muretyl oS yngenasidit - 1'-yl)-
conditions, for example, in the presence of hydrochloric acid at
pheryid-gMiBfent to ambient temperatures, for example in the temperature
tetrJAES - AR 0G0 QR terRRaRB ISR EYa Ry PINET 8L B yIrolidinyl-1'-
reaction temperatures can also be used depending upon the nature of the
yD-harkaieideof formula (3). 5Scheme 1

tetrahydro-pyran-4-carboxylic acid [4-(2-methyl-[1,3"]bipyrrolidinyl-1'-y])-phenyl]-amide;
furan-3-carboxylic acid [2-methyl-4-(2S-methyl-[1,3'S]bipyrrolidinyl-1'-y1)-phenyl}-amide;
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H NIN7\N (4) R) Scheme 2 illustrates preparation of enantiomerically
pure isomers of the [1,3'] pyrrolidinyl-pyrrolidine of formula (9), wherein R
is as defined herein. In step 1, Scheme 2, suitably protected (for example
boc) pyrrolidine alcohol of formula (5}is treated with 10 p-toluene sulfonyl
chloride to form intermediate of formula (6). This reaction can be carried
out using any of the procedures known to one skilled in the art, such as
3-mefy bxaniel cerganizpapli the i Btiorilipl the 1t enethye- [0f, 3Shiable ldisgl-1'-y1)-
pheng _Mﬁériethylamine and DMAP in a suitable organic solvent, preferably
aproti¢ solvent such as dichloromethane at sub-ambient or ambient
3,5-denaefleratsreacohditiomhokylic st P2-Betteriné-2 (G -imtghylediate of
\ la (6) is condensed with a desired pyrrolidine of formula (7). Again,
1,3 u%@é@ggﬁsﬁ%ﬁ% rgﬁﬁcﬁég%@%%ﬁ%aarﬁd out using any of the
3,5-donmegbyluiesknoond-indegkdled df Ihacly IMoiatab dbtadi tigy rolidiny1-1'-y1)-
heniq;ggm%%iate of formula (8). Typically, such condensation reactions are
PRI Aed 6t in the presence of a base such as potassium carbonate in the
presgrineadf sdlveatseuaivablaceitnibiethd anbienhstcgupenpamiigeiuding the
L temg%ratgre cond[itﬂns. ¢ In stepE{S,[ Scheme.2, the intermediate of
PRATeRt 5:? RO %1%%8 HRELRAL ?éﬁ‘é??gglhydrochloric acid in a
sulta bl éustiviendpstict abislioxentotohierfsl e te soechster@nspetifithe scope of this
) i%omer of41,3' rroliginyl-pyrrolidine intermediate of formula (9). It has
Ve BE&n ?o?ﬂl‘tﬁ%ﬁﬁ{ e intermediates of formula (9) can be readily
cycldbemaddabeodidaske[Mthethe Procssmefhabinis witepiesl ity Dok )-phenyl]-
enantiomeric purity, specific details of which are provided 15 hereinbelow
By way of various examples. In general, the enantiomeric purity can be
bicydefermineghychialbiikGe sahgmmehichenaysiaes|Bgymolidinyl-1'-yl)-
preparation of amino-phenyl-pyrrolidinyl-pyrrolidine intermediate of
phenyih%@ée@z), wherein R, R1 and R2 are as defined herein. In step 1,
tetral@@ﬂ@lpﬁ&lﬂuﬁﬁjﬁbkﬁub%ﬂidtfflirﬁgﬂ%heﬂ%@(@@PH&H?N[@,@@)Sﬁﬂhﬁgﬁfb%dﬁyl-1‘~
suitable leaving group, such as Cl, F, Br, or triflate (OTO is condensed
yl)'paﬁwlt]ﬁ@‘][‘iqﬁi rrolidinyl-pyrrolidine of formula (4) in order to form an
3,5-ditetRyedisia sfiolinidmblicavahoondsnsation rspatiapgican 10 again
be carried out.usin% any of the procedures known to one skilled in the art.
C

(13" @Rt dindnl sy hoehaatibAmédttion can be carried out in a polar

solygsthsenhs RMaAdeiiasIPresencs Aha RBSESHERASRBRIBSIIA including the
carbonate at ambient to super-ambient temperature conditions. In

phargggsuically aeriebliesniit aiaer 9o IR reduced by
hyH{ Q@6nRH GRRECHISAiL AKRANCHGNE e JRRINO0E SUSH ASHSIAL, W represented

dichloride in hydrochloric acid, to form the key intermediate (12). Scheme
by a gpecific stereoisomeric form of formula (I1):

25
-0
R, l'\[>

R )

ami

wherein R, Ry, Ry, R; and Ry are as defined hereinabove,

The compounds of this invention can be synthesized by any of the procedures known
to one skilled in the art. Specifically, several of the starting materials used in the preparation
of the compounds of this invention are known or are themselves commercially available. The

compounds of this invention and several of the precursor compounds may also be prepared by
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16 Scheme 4 illustrates the preparation of compounds of foimula (I) of

this invention using either Method A or Method B depending upon the

availability of desired carboxylic acid of formula R4-002H either in the

form of acid itself or its acid chloride, wherein R, R2 and 124 are as

described herein and R3 is hydrogen. 5In Method A, Scheme 4 the acid
e e O C SRR S R A S e R RN s e

. Typically, suc

descetirditionsiinclite Vitithandamns listitadohssembbon of fleeracfdthhlotidetuwitlly similar

the intel medjate of formula (12) in,a suitable organi ent such as for
o A SRR T oo % oA el B . Larock,
“ComyichingsiSel ChgadetiDnadoenga eyl WeHiab bsioas s118910 ambient
temperature c itions, for example around OC, however ambient to
D LIPS R AL & 54 RS AL P ary to protec
reacBNYafigRG slependings Upachthe Matusgapiphe agithehiotdpsans theid their unwanted
intermedjate (12). . Similarly, in.Method B, Scheme 4, the carboxylic
partigiRata il AT eaN bg?@&ﬁ?él&%ﬁﬁ%ﬂ‘&?ﬁfa%n%%rfaﬁelaﬁéﬁ% {8 accordance
witmgtglﬁmvarff?]aai@gﬁi@mmﬂl iﬁﬂﬂ?e@&kﬂi%idﬂ&%ﬂiﬁ,&d:ﬁeﬁﬂ@eﬁ%d:?r W. Greene
instance, the acid of formula (14) is reacted with intermediate Qf formu
and &AM W Ui Ble AT BARHB A P ALIBRT %ﬂ@fﬁ}é@@é@%&ﬂ%&b@g Sons, Inc.,
199 TEaURTYRPHIOB, AR b RXGNIREpRoRAHECHE N BN Qriplelihy limitation sulfonyl
1-hydroxybenzotriazole and EDC. Scheme 4 Method s alre

20 d
(¢ 200 helRih By ORISR OF (rISHREFHORRAN FBAGHTY B (o2 benzyD,
whiG@PRVEIted intisal Ui Bt chlanbdh19 o BPRuAs i prespptopriate.  Other

invention are basic, and as such com#ﬁlounds of this invention aé_e useful in

suitahle FFAOPTAITHES 185QRPS IS Hle fHOeagshdr HaEebichnl Matdpmide removed
by Lasid-agition sak-IMIRODALICHAHHAR Falis B DS HHOIE G \WRBIEN a Merrifield

form for use; and, in practice, use of the salt form inherently amaqunts to

resin s Egmhe 261ERBRSEXBFRTYThERERIs (R L aribElsei to hrepidsthoxy-4-[2-
(pol2gishadgiion PRl INeEle-prefaihlytiose whishdaregussd Wity zed hydrolysis, for
combined with the free base, pharmaceutically 17 acceptable salts, that
example ighwiHse anions are non-toxic to the patient in pharmaceutical
dosgs.ef tectalialyO that ibspaneiicialstibieioneRifecindnRarRkIH B8ursors used

free base are not vitiated by side effects ascribable to the anions.

thergin GaRy rpperhatieeticanyTaess Rabr Slerds aresrdtitc Ghpofpes | - » whercin
the RIefeme dr alarid, andifion salls arerdrainkas sRUCeRaMe fRedbase

form even if the particular salt, per se, is desired only as an intermediate ,
proERICHRSARSE exshpRE whaHusetssi theronrearaipi pthpotierpediate [1, 3°]-

pyrrOficAtRR-achidemifigation. nWhERHS RSRAAS (BFRIEACKEIAGIN First, in step 1,
preparing a pharmaceutically acceptable salt biﬁ*i??n exchange

Schespscadsraably sHetpeEAsHBE BrMRlCisHobmERty sespbiibrsdhgariplidinone of
fomﬁiﬁp{‘@?fsoe&&aﬁ@lii%ﬁhatdéﬁrea%@&%@é@%mimﬁecem%afa @b3N$ any of the
owl

invention include, without any limitation the following: sleep-related

knowpserdesd (@ peunRiieRaedumse RIS omIBUniERRHriRiohRErdieply, For instance,
suchCUSAHIRN GRKIRM SIEHRP HISQLHErs P RSIFHCTYE: SIEAR PERAPBITIRMIadiMPagents such

movement and restless leg syndrome, excessive sleepiness and )
as tripesiiberplyéridenie gicARDTh sitnosphers; sieh asaursegicalranspbgess The reaction

can RPEGHGIEXABRIRS halmRLR AN %@?&i%\égﬁnﬁﬁéﬂ%&%ﬁm &dJratures and

dementia, Alzheimer's disease, multiple sclerosis, epilepsy an

pressiémﬁop&_wécgam)§h@m_rtﬂ@§§i@h®!@g¢camm_d@}_énﬁv@@i@oﬁé@@r@r@%fétmospheric
presm?ess%@ﬁm%géﬂme*ﬁé {Belds wiont a@xﬂgﬂ'%ﬂ&mﬁw@iﬁgw@m%@mm 0

attention deficit/hyperactivity disorder, Alzheimer's Disease, depression,
skillsd as dread affe ctivieteidortderandisogdifivamviptidment).
In step 2, Scheme 1, the intermediate (3) is then de-protected to form the desired [1,

3’]-pyrrolidinyl-pyrrolidine of formula (4). Such deprotection reactions are generally carried
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As described hereinbelow by way of specific examples, the compounds of
formula (1) 20 bind to the H3 receptors and demonstrate inverse agonism .
versus H3 functional activity. Therefore, the compounds of this invention
may have utility in the treatment of di$eases or conditions ameliorated
with H3 receptor ligands. More specifically, the compounds of the present
invention are H3 receptor ligands that modulate function of the H3

out wedaptordby comidigjonizify thamaptiviiy didipramoeptof hFdrooblotiveacid at sub-ambient

his_inyention may be .25 inverse, agonists that inhibit the

o «f SRR SRR 0 o PR R B el o room

tempbtatik¢hd-actioregfothee ptotablctincatifigragariststubetditionddty bthesed depending upon
compounds of this inventign m 0 be partial agonists that partially

the ngﬁ‘o%{()g:{%%}P?ae@nggﬁ\}/lgt%%%"ﬁggrg éptor or they may be agonists that
activate the receptor. Thus the corSpberndd of this invention may act
differentially as antagonists, inverse agonists and/or partial agonists 30
depending on tional output, histaming &égne and or ilssu$i context.
Accordingly, ‘tée di?ferenﬂal a iNlties fﬂ'reseieog}pouN S RifowYor
utility tqyagTeli iple dise States as specﬁically enumeyate,
above. 18 Thus in one aspect of this invention thef&)s prg¥ided a
method of treafifpy a disease {2 phtient, said disease selepted from the
group consisting of sleep related disorder, dementia, Alzhe|nséep disease,
multiple sclerosis, cognitive disorder, attention deficit hypemactivity
disorder and depression, comprising administerin pagient a
therapeutically effective 5 amount of a compourk:lI ormuld (1). One
of skill in the art readily appreciates that the pathologies angdiséase
states expressly stated herein are not intended to bé4hmitggig rather to

illustrate the efficacy of the compounds of the present invention. Thus it is
to behomdeAtoldestirethercorripomndd chthitomeivady macbswused tof the [1,3°]

t ISEA 53 [e That i note
Py Y e X T T el T g T Seenne 2,
suitabbicapiestadd(fayebanaftectively mamiisieretteb@melidoateutny Yiseageated with

e wvhich is iated all or.in_part by H3.receptor All of the varioys .
p-io RIS S MRS B LRGN R RO T IR TR carica
out ugisglesgdhithe rowmdivesisasiin themedhtddinttbatamty warioas diseaseple carrying

a 5 described hereip. As stated herein,.the compounds used | .
out QS B G O RS T RRaBe g Bunr i
suitabbrerganiandl teatepnye Eilebinting phetieffottsaisdidr asofiditionsrehisecitisgb-ambient
or & Iﬁgig{? t%%iviltrxt&tel-é%h diti Iﬁ\sanother embodiment of the method of this
mvenﬂon?fhe compounas of this invention can be administered by any of
thémree¢hodls $ctene I8, thiecaitSpedificalbf, fhaRlactinpowoddekddisvith a desired
I_roiﬁ(\{lentié)fr}fganu e ﬁmf{niﬁ[ﬁred }t% oral, inframuscular, subcutaneous, : ¢
DY A S, A RS RSB AP BT O A B micd pit yifins any o
the piogeiasokhemanbd ediskiitaf thithnwentosdhare obtaisalprdvidectdiate of formula
armaceutical composition comprising a pharmaceutically acceptabl
). o B AR S YSHAOr ) h TR, S i RBpSEne of 8 Dase such as
potassieneaisdmerns, andhtagieseacs eifsaith 2ososapo uschan@mitidenacauttaltyto super-

.acceptable salts, sglvates or derivatives thereof, with said compound
amblﬁ%t\}l‘?%p[ﬁréﬁ&%‘é?ﬁ?%{?&éture shown in formula | as described herein.

%Ashdemp" ib,@bhgﬁeim, tihe ﬁh@ﬁmﬁﬁd gﬁ@t'tﬁafcﬁﬁm?qlﬁji%@{ iﬁiﬁ:ﬂé%/%ﬂ%]n acid, such

atyre H3 inhibitory activity and thus are useful in treating any disease, )
25 by CERHH P A6 b CL o et s GO o T L rmbete hgiisospecific

isom@soigsihes abeyey el piindipeiead-dd N asimentsnf thehas now been found

compounds of this invention as disclosed herein can be used in preparing

that e ERRHEkT R A CBMBISI A 2% gaddydemedrdifccordspsarublyggrocess of
this RhAMI8seweRl BnPesiianmefithisinventipacaie indpildesadnfdiMse provided
such as tablets, pills, capsules, powders, granules, sterile parenteral
solutions or suspensions, 19
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metered aerosol or liquid sprays, drops, ampoules, auto-injector devices
or suppositories; for oral, parenteral, intranasal, sublingual or rectal
administration, or for administration q inhalation or insuffiation.
Alternatively, the compositions may be presented in a fowi suitable for
once-weekly or once- monthly administration; for example, an insoluble
fth active 5 ound such as the decangatg salt, ma
herel%?fp?ed ' pro Tovid8 avcfle p?%%%lg ion foqer n%FramE‘sc%fare fina]leté%/ n&np urity can be
deteenﬁd&ﬂé)pommEHMalnlng the active ingredient may be envisaged. For
preparing solid compositions such as tablets, the principal active
ingredient is mixed with a pharmacgsﬁt‘c?g} rrier e.g. conventional
tableting ingredients such as corn starch, lactose, sucrosg Iﬁprbltqtl taﬂc
stearic a agnesﬁ&&sle_ﬁ;ate dicalcitin phosphta -\t 0 or gu §, P4hd »
othgy.phll m tical gtidagnts, gg.-whiter, t8form § d) prefmmﬁn
composition_contaihing a homogeneous mixtt?e of aedmpound §f th
present invention, or a pharmaceutically af&) tﬁble salt thereof
referring to these preformulation composmoné)aéihomogeneous Ht(*s
meant that the active ingredient is dispersed evenly. ughout the

compgsit h%:?jompéﬁ‘ﬁﬁb%m&be readijy| subgjivided into

equally 15 effectivelunitflosage forms such as table pllis\btn apsules.

This solid efor glafioh composition is then subd|V|ded into_unit dosage

forms of the type escribed above containing fromg.1 toFabout 500 mg of

the active ingredient of the present invention. Flavored unit dosage forms

corfghefiiom3l tBlagmtey, fbe exacpptetibm, 6f 10m8-plcoytoprralydistikeyrolidine
mtegﬁgg IQ gﬁ% Q;éa‘&lﬁéﬁeﬂ{ R'" OM&GR“ a%ocigﬂqg‘d p?é}eqﬁn H‘teste 1, Scheme

coate ot erW|s compounde to prow e a dosage form affordin :
3, stietdsharsietod pmhhvgednawtbﬁolﬁmleiéﬁﬁprehmlta?éleﬁt erspillabén leaving group,

mpris |nne 0 sa

S“"l‘o%mgﬁm?thaeﬁ form %%gn e 6%%?/12% t{IitS aorr%Er@E%\?v q%ge}n%gﬁ{?l tgym)hdme of
fornpaa B sepaiatenfbmmentenndéw oihietmsdevdd o Sedistatidimesgratiogactions can

in the sto ach and permits the in mponen a 0
s e R SR Al or cxample
suchweddmm efnaettortagzms‘tmr caoatadgspsushantatien adslivaludind s DMSO in the

num ot[ oflg)ol merkllc aaSC|d and ml)éalfl_ées %f pel)ém {t'e% (|)d§UW|th S
Materials as s eﬂac ceP (f &icohol an UIBse acetate. p.ﬁ]
condgdimrs.in which the novel compositions of the present invention may be

Incorpora far inistration. oraII on, Include, a

solu]tlo(tr)lé) t%’lcjlstgbel rg’ffnéore syrups aqueog?sqgr ol %Cué;ep()ﬁb sc}lf d%§e%ﬁt1on or other
knoﬂavdtenhlemluiﬁﬂmslstvﬁhohchblesmlg suahddosottoimsbydail)isesarmid oiy form the key
mtercrzgc ) %Jt @fr peanut oil, as well as elixirs and similar pharmaceutical

icles.  Suitable dispersing or suspending agents for aqueous
suspensions 20 include synthetic éwheatudal gums such as tragacanth,
acama alglnate dextran, sodium carboxymethylcelly

met cellulgse, polyvinyl-pyrrolidone or gelatln ' eytical
compo \s of this mlﬁ\@c\ adriifise Riftisteredyhy ény B the melhod
KRN wn daft. In ener armaceutical cOmpositi Ni /

|nvent|on‘f®n 5 be administ al, intramuscular, subc eous
rectal, intratfacheal, intranasal, ﬁttraperltoneal or topical route The
preferred administrations of fRe pharmaceutlcal composition of this
invention atepy oral and |ntran rout s. Any of the known methods to
admlnlstr—plﬁeW’Taceutlcétlgtsl @VT{N | ohyan intranasal route
can be used to administer the co posmon of this\invention. 10In the
treatment of various disease states a$ld@@scribegl herein, a suitable
dosage level is about 0.01 to 250 mg/kg per day, preferably about 0.05 to
100 mg/kg per day, and especially about 0.05 to 20 mg/kg per day. The
compounds may be administered on a regimen of 1 to 4 times per day.
This invention is further illustrated by the following examples which are
provided for 15illustration purposes and in no way limit the scope of the
present invention. Examples (General)  As used in the examples and
preparations that follow, the terms used therein shall have the meanings

mnAicatad: "L'A" rafare ta ilanrarme "A" rafare +a Ararme "maAa'" rofare it

”l%at temperature

pres
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30 refers to Phosphate Buffered Saline, "IBMX" refers to
3-isobuty1-1-methylxanthine, "PEG" refers to polyethylene glycol, "MeOH"
refers to methanol, "MeNH2" refers to methyl amine, "N2" refers to
nitrogen gas, "iPrOH" refers to isoprdpyl alcohol, "Et20" refers to ethyl
ether, "LAH" refers to lithium aluminum hydride, "heptane” refers to
n-heptane, "HMBA-AM" 21 resin refers to 4-hydroxymethylbenzoic acid
anfhichemetdy i lesirateP de1 pleippO@reférsotopounds of formula (1) of this invention
usin%ééirﬁlgﬁ %@g@g{g?@?ﬁé&?ﬁ%o e%relga%lag"%%lglrln tlglal) aqf'la%lfalz ﬂgf?r QF %sired carboxylic
acid WftferinetrdzeCPihl kithsr3tetra foeth yifirordlmehoxaitsi avdpbbipilatevherein R, R,
"DIEA" refers to diisgpropylethylamine, "CsF" refers to cesium fluoride,
R anglkg'arlgfg?sd?gcrlﬁe ﬁ;}fé ge?g&nd%’ e MREEEN" or "CH3CN"refers to
acétoMiitend T AS dlefers fottréflucikbahkiiddaced, fokhiklaréféisdm be reacted with the

. . _tetrahyd ran, "DMF" refers to dimethylformamide, "NMP" refers t )
inter e A o S oI RS Okl Fhadl . Typically, such
conditinity loxyodsbonybuluinelindietote cesaivatddnaqtd uhlsadimithingfgermediate

solution, "M refers t olar, "mM" refers to millimolar, "ktM" refers to )
of TR it SUARIE (5 FANBRIEe R Tt FARBIE qi5ulpgomethane in the
pres¢efersfta thimtdydashranatogranyie. HRIE reafaeniaighnesio oaned out at sub-
iquid chromato "HRMS" refers to high resolution mass spectrum,

J rapghy, r [ :
eGSR EOTBCLI i s RABIL Lo SBE TG FRrger-ambient
temp@dmfa@eﬂmm@adlméﬂnm'égefe ﬁﬁﬁ%{g@\é@aﬁaﬁﬁhﬁmﬁm@ Efeﬁd@llfddﬁ@aﬁéllﬁ&g nature of

a us;,min = minute; hr = hour; d = day; sat. = saturated; s = singlet,
the 32%18 %Eﬂ%@ﬂfgét?ﬁ@ad%ﬁ%: multiplet; dd = doublet of 15 -

doghtetsilpr i eahd 8, SdisiHct dURmaAegsml; MS sTRAGR1a (14) can be reacted

.. spectrograph; ESI/MS = electrospray ionization/mass spectrograph; RT = i
with e HHEHT A M S RBIBELIAF IothecvarkpissarHaRe AP ditiope kpaghdo one skilled

in thgQREralty Qi URdalcaiiiraaanAiMAIRE &SP WaRt S RHRk B formula (12)
magnesium sulfate and are evaporated under vacuum on a rotar

€. L Yy
at suRyURRIEGeMH LA IR ton i e R WittHENIS EReeR s ARG gefersxemple
a miXtdRAPIRI@S U HRIBAL ONIBMIKY yiFad R k@& hematography is
performed using Alltech prepacked silica gel cartridges. The 114 NMR
spectra are run at 300 MHz on a CEFS80 or Varian Mercury 300
Mvemeetrmeter with an ASW 5 mm probe, and usually recorded at ambient
t;rE{erature in a deuterated solvent, such as D20, SO-D6 or CDC13

unjess otherwise_@f%s ffts values (g)are, %@@

R (aerrhilﬁb'ﬁ( Witthwefererce tetragetHylsilane S) asthe N: ]
‘fr(tg)nal standard. Hlag Pressu quid Chromatography-Mﬂfs

Mgﬁ)oeocgometry (LCMS) e p%rimerﬂs to determine retention times (RT) and

assoclated mass ions are performed using one of th%following methods:

3@Mass Spectra (MS) areresorded using a Micromgss mass

id(#\ctron#etepqzLﬁ?ﬂpl sed was pagiti QM

R;oniz&tibn, scanning=mass m7z frorgﬁao to 1089. Liquid ¢ atography N)j
wad)performed on a Heglgtt Packard 1100 Series Binary Pumpg 22 R
Degasser; Auxiliary detectors used were: Hewlett Packard 1100 Series
U\Adetbeiaty waretengtbim.Ba0cmthancbigdandsS oD s 7 mEamperative readily be
Light Scattering (ELS) detector temperature = 46C, N2 pressure = 4 bar.. .

conv B I R CTORYE: EﬂﬁxH%mmg%nﬁm? e RYSSEY I g ¢ asic, and

as su(d 20nipY iR B BthEsSriventidacimre MME deabareo?Ine HegWask BYiMihe form of a
MUX: Column: YMC Jsphere 33x2, 1 ml/min Grad (AcN+0.05%

pharmpoRu G, 868D e A iRy (huso: (3FihiAg 45198  Sollh Anidye 2 more
convbkidad fEMSISRRE MR B 3% fh elde (AENHARSUIT Fa(HROHERBP# Ak To use of the
5:95 %(F)i min) to 1095:5 (3.4 min) to 95:5 (4.4 min) QU: YMC Jsphere 33x2
free. bARtniRTTACN PO, 681 faTifh atdd) 1R 26%0. oA reRie ddnyecid: 9ddiioninplis include
prefeabBy (2HRUNMAID Fréd ANV hen ThigniaHewingexampiesdes&libgigaceutically
procedures used for the preparation of various starting materials
employed in the preparation of the compounds of this invention.
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15INTERMEDIATES Intermediate (i)
2-Methyl-[1,31bipyrrolidiny1-1'-carboxylic acid tert-butyl ester Cr To a
solution of N-BOC-3-pyrrolidinone (4.1%29, 22.9 mmol) and
2-methylpyn-oline 20 (1.95 g, 22.9 mmol) (HC1 salt was made by addition
of 22.9 mL of 1 M HCI in ether into the DCM solution of 2-methylpyrroline,

acc tap)leva ) n B (c))srgl' 103 ggedeg ovp\(lfcj:efe SOdIa nt in pharmaceutical
Fiacetas OXYy b yé’gridse sfowy thaer N2 a6 1 The yellowis It)n h%y sé]ILR

dosayast stieredl @t m thae ribig iterd cFivS mmzma@safmmgal(@aae mnﬂheMﬁt@ub)ase are not

The reac |on ue dw NaHC solution. The t ers
vit é&’%é a?rgf %83#8%?55 tgéous ayer‘%v@s lf:l ed With Béﬁ 5P table salts
of sﬁilcﬂ.)t%);la' b&rﬁiﬁlﬁﬁb&&ﬂﬁwfmﬁmmbt&n\d&fﬁimﬁhﬁdtwm sodfuims sources of the frec

arbonate db 5mL 2 d t
base oA L RSP E St R Teet o O O i B ftodut as, for

exapidiechen t}i}ﬁs@lﬁib dargelcolilyio: @Mﬁﬁﬁdylﬁf PEicatidn] &% Miﬁdﬂtlon, or when
DCM to get the title compound as a liquid 5.50. %%eld 94°/B

it s Upeie 5 FLETBSEodh WEBH SORHEHHE 5P

proczdvgdyl-[1,31bipyrrolidinyl hydrochloride 5

€ saﬁt: %?%on exchange

In another aspect of this embodiment, a specific discase, a disorder or a condition that
can be treated with the compound of this invention include, without any limitation the
following:  sleep-related disorders (specific examples include without any limitation
narcolepsy, circadian rhythm sleep disorders, obstructive sleep apnea, periodic hmb
movement and restless leg syndrome, excessive sleepiness and drowsiness due to medication
side-effect, etc.), neurological disorders (specific examples that may be enumerated include
but not limited to dementia, Alzheimer’s disease, multiple sclerosis, epilepsy and neuropathic
pain), neuropsychological and cognitive disorders (a few of the specific examples include
without any limitation include schizophrenia, attention deficit/hyperactivity disorder,
Alzheimer’s Disease, depression, seasonal affective disorder, and cognitive impairment).

As described hereinbelow by way of specific examples, the compounds of formula (1)
bind to the H3 receptors and demonstrate inverse agonism versus H3 functional activity.
Therefofe, the compounds of this invention may have utility in the treatment of diseases or
conditions ameliorated with H3 receptor ligands. More specifically, the compounds of the
present invention are H3 receptor ligands that modulate function of the H3 receptor by
antagonizing the activity of the receptor. Further, the compounds of this invention may be
inverse agonists that inhibit the basal activity of the receptor or they may be antagonists that
completely block the action of receptor-activating agonists. Additionally, the compounds of
this invention may also be partial agonists that partially block or partially activate the H3
receptor or they may be agonists that activate the receptor. Thus the compounds of this
invention may act differentially as antagonists, inverse agonists and/or partial agonists
depending on functional output, histamine tone and or tissue context. Accordingly, the
differential activities of these compounds may allow for utility to ameliorate multiple disease

states as specifically enumerated above.
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2-Methyl-[1,31bipyrrolidiny1-11-carboxylic acid tert-butyl ester

(Intermediate (i) obtained above, 5.50 g, 21.62 mmol) was treated with 20

mL of 4 M HC1 in dioxane at OC. The solution was stirred under nitrogen

at r.t. overnight. TLC (10% MeOH in BCM) did not detect the starting

material. N2 was passed through the solution with stirring. The outlet was

10 passed though KOH solution to absorb HCI for 30 min. The solvent
wasresriowved bypevapf)tbiﬂdmtmdryn‘éssﬁ@ gmovhkdtdﬂmﬂhqdmﬁ‘tdeaﬁ@ a disease in

a path % s%?ﬁj rt%egi%g] (0N #y([}jl a&q_{lal gr ]g?]gf‘)o;)/s st-{nb X ?1 S terlalﬁga 1sorder dementia,

thout er purirication in su eps St
Alzhe@MSs RlTseaSEBEIIMME$cM$Sm5&QMHﬂﬂ)e disondR z(ﬂ)ﬁ@l,oﬁOﬂétﬁ}dlz) hyperactivity

disor?ih%?a%ﬁ%i%ﬁ%?sé% %é?pﬁs)in?é %&Tﬁng’téﬁ? ”12) S 3d2 %(3{1%1% 6§hgr eu?lca%gf effective

mé
amo2sMdth pbr je(Rdrdtfydedihitih-pheny1)41, 31Th|pyn oI|d|nyI H3C

2-Methyl- 1 31bipy olldlnylh rochlorlde In Ied ate (ij talned
o A R S ) SRR BE 1B Ay D BT tse sttes
exprmﬂ)/ 3133tt|d|§18ﬂ:11ﬂ|@ft wa'rs 1ad’dﬁldc5fﬂ th(bﬁﬁiﬂﬁth@iH@ﬂE) (BL0rgre 1Bl Sfficacy of the

com R S B B B SSER B R o

invem@ﬁmgmbéemﬁwamﬂr@m@ba@ dﬁtseaillblﬁﬂlb}éﬂfb&s(&/ﬁwl%mrs. That is, as
ensmn were added 20 mL of r and 50

C/MS e
mote R e TRESIS 1 USSPt SRS QhoboTayors and may
be eﬁf@ﬁﬁe@rmdlmﬁida@d\/h@&mht@nwmm@mﬁ@m R HHEGIIIRNE or in part by
m washed with sodium bicarbonate (20 mL), and brine (15 mLx2), dried

r?ﬁ?m%%us potassium carbonate), filtered, and concentrated in vacuo.

Tha itraededprodues wasmbddbidhed on asilicmgelceiumed elkitesbWithth38s of this
MeOH in.D %&e§ get the tlt|% compound as a yellow solid after drying, 5.47

mvelbtlﬁbﬁ% 1s Wl‘"&m) %Pﬁﬁﬁw(ﬁmﬁ%@ é’ﬁéﬁfﬁ)n%‘@}b‘?ﬁf (éwfgse states as

descﬁifﬂ»eal'ﬁéréldﬂ) Rs36died, 1R, MD c@rﬂﬁcﬁh&islﬂ)ad%ﬁ%&ﬂ&héa*bf?ﬁﬁ&%v?e%non arc
é ), 2.64 (s, 3H)1722(36H)15(m 1H)106$
capable, b TN EALRAEIRSI-HD ERRRiRroRRthiActeby, il ﬁﬁéﬂ%ﬁhmfﬁcw and/or

conddfens caused due to the activity of H3.

In another embodiment of the method of this invention, the compounds of this
invention can be administered by any of the methods known in the art. Specifically, the
compounds of this invention can be administered by oral, intramuscular, subcutancous, rectal,
intratracheal, intranasal, intraperitoneal or topical route.

Finally, in yet another embodiment of this invention, there is also provided a
pharmaceutical composition comprising a pharmaceutically acceptable catrrier and a
compound of formula (I), including enantiomers, stereoisomers, and tautomers of said
compound and pharmaceutically acceptable salts, solvates or derivatives thereof, with said
compound having the general structure shown in formula I as described herein.

As described herein, the pharmaceutical compositions of this invention feature H3
inhibitory activity and thus are useful in treating any disease, condition or a disorder caused
due to the effects of H3 in a patient. Again, as described above, all of the preferred
embodiments of the compounds of this invention as disclosed herein can be used in preparing
the pharmaceutical compositions as described herein. |

Preferably the pharmaceutical compositions of this invention are in unit dosage forms

such as tablets, pills, capsules, powders, granules, sterile parenteral solutions or suspensions,
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H3C A solution of _
2-methyl-F-(3-methy1-4-nitro-pheny1)41,31bipyrrolidinyl (Intermediate (iii)
obtained above, 2.23 g, 7.7 mmol) in1 eOH was de-aerated and nitrogen
was introduced. 10 To this solution was added Pd-C (10%). This mixture
was stirred under H2 atmosphere at r.t. for 8h. TLC (10% MeOH in DCM)

and LC/MS showed the reaction was complete. The mixture.was pas % .
T e R
oraltorgiyness], aindrimetidy duelihgneleohighctecadmitdsigldg eddishddirowrstration by

.. liquid after drying under high.vacuym to obtain the title compound,as a .
GO, {7 B608. TS T LA e bt e o™ Suiable
for step-witbiiyt durdhes-poifinBtiadnaind stoiegefolScaRGle Mt hinieblecdintel the active
V) 2-(2R)-Methyl-[1,31bipyrroliginyl hydrochloride . 2HCI.To a solution of ..
comRALT S5 RTIRCIRS LS 3t BBl AIES. (8050 e sTapraTigerton fo
intr{fhSst @ab . &g grvioal) inaCio@lenlphivascadadedipowdated mogitinmgredient may be
triacetoxyborohydride slqwly under N2 at r.t. The yellowish.milky solution S
onviget 95 BEPET T O TERN SR o 7555 Wi PO et yg Reredient i
mix8d:MHBU Peakh dhigi cebctiaitwas gusichadomih aglemgs iNatEas such as com
solytion. The two layers were separated, and the aqueous layer was .
stargl BETRHPWHTOENALO UL ISS: THE o ARSI Al Jiafgium phosphae
or pasdleshwitbusadipinrhiserbanatelihenil e andsringe (5 Mk dolid preformulation

(anhydrous 25 potassium carbonate), filtered, and concentrated in vacuo. .
comPRE LR BHERINS WETRHREE ST SHEChe CORRAN LA kAP AR BERR i ton. or &

phaghstéd¥aiieOlddepeM tougetibdigord, 1.2%enyialtkmago) td hiidhickyreformulation
liquid as obtained above (1,299, 5 08 rggg%)l) was treated with 16 mL _of 4M

compes]ipricRalRPEsEconse oltiBravalieihe AR Fphis dispersed evenly
throR¥RHo e Thtaddifiod Malhl indeM)dishioat gatest thadilgrtimgimatediahto cqually
N2 was passed through the solution with_stirring. The outlet was passed .
effepiisoHnKCA9saaR. RO S580PD ol o PSR PHRS U ent S e BURfgrmulation
comiPHEMBRAEANER SQUAIRSSIHRCOSt A dMGERSRARIS SEiRc(tybel derbriRd above containing
hydrate, exact composition unknown), 1.32 g (-100 %). This material vc\)/a; ored unit
Vi

fromg by ieRBRIGRALRS RS R JHBEH RN A PES T SETEREWel
dosddd LM BrtamOsnminigtasoMsz, kob éMiiple 1, 2, 5, 10, ApieIn@diale mg, of the

(Vi) 2-(2R)-Methyl-1'-(3-methyl-4-nitro-pheny1)11,31Thipyrrolidinyl )
active ingredient, The tablets or pills of the novél composition’ can be Coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner dosage and an outer dosage component, the
latter being in the form of an envelope over the former. The two components can be separated
by an enteric layer which serves to resist disintegration in the stomach and permits the inner
component to pass intact into the duodenum or to be delayed in release. A variety of materials
can be used for such enteric layers or coatings, such materials including a number of
polymeric acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol
and cellulose acetate.

The liquid forms in which the novel compositions of the present invention may be
incorporated for administration orally or by injection include aqueous solutions, suitably
flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils such as
cottonseed oil, sesame oil, coconut oil or peanut oil, as well as elixirs and similar

pharmaceutical vehicles. Suitable dispersing or suspending agents for aqueous suspensions
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Np H3C 5-Fluoro-2-nitrotoluene (1.55g, 10 mmol) was dissolved in

anhydrous DMSO. To this 15solution was added

2-(2R)-methyl-[1,3']bipyrrolidinyl hydrochloride (2.30 g, 15 mmol), followed

by powdered potassium carbonate. The suspension was heated on an oil

bath to 85C for 3h when the starting material was consumed as

determined by TLC (5% MeOH/DCM) and LC/MS. To the suspension was
inchalddeyhBitticl avidwatarraindibisnshodf BCivhodtenthyoatayers sighenrephratad, sodium

d th layer,was extracted with DCM (20 mLx2). The combined
e e S R R S b e B§ ¥ mrine

Swere washed w _
(15Tt pR)roiviech (Rahydraus poiassim carhantie kdiltesetdintintstered by any of the
co q&ntratedi vacua. The cryde product was. pyrified on a silica gel .

methi (% t #1
CO

KRR S 50 T S B BT ShE oG IBD Oh iigvention can
be yitoviseatid abier sialindnt2afge(@3%0 sud&at 2RO +rb)3tézl3)-4)ih{MBa(;ﬁ(&§}1§1tranasal,
. 300MHz), 6 (ppm): 8.10 (d, 9Hz,), 6.36.(bd, 9 Hz), 6.28.(bs)3.4-3.2 (m), ,
B ok .7%%%?%?@& e, 7 415 (Wff. ) A4oB g e Ph. g (hergaceutical
compgjtion of this inveﬂﬁtﬁfm%diﬁt@réﬁfiéhd inlt(rjanaslal route;s. ﬁ&my Iof the kné)é,m methods to

2-Methyl-4-(2-(2R)-methyl41,3'Thipyrrolidinyl-11-y1)-phenylam ne
e By b

&q fcomposmons y an oral or an intrandsal route can be used to

admizidr He et ddidSaroethlird-itionoheny1)11,3]bipyn-olidinyl (2 g, 6.9
mmol) in MeOH (15 mL) was de-aerated and nitrogen was introduced. To

thid SE AL A deg BE-E o8 8 P0) davse bt bgEiinas s desage level is

aboutviiv NYsrDUEmMang e mixipieraasly stisied vsder g ﬁ?l@g@@ﬁ@ Al especiall
overnight. TLC%?%% MeOH%iEr?DCM and LC/MS showed the reactl)(i)in was P 4

abovg §rfipifeOrng kRt das! hasospmiredigna GsirdpatstArdempitagimen of 1 to 4

timem@&l@@gl. The filtrate was concentrated to dryness, and _further drie_d _
under high vacuum to yield the title compound as a reddish brown liquid

aftéPH{RTEIRge HiYhoadiintatedobygis dobe iy emplermbishw qurgvided for
illusiat@a) PMpuds [3nd HohRyrralidiny MydiepRiendR: sREGk féation.
Examples (General)

As used in the examples and preparations that follow, the terms used therein shall have
the meanings indicated: "kg" refers to kilograms, "g" refers to grams, "mg" refers to
milligrams, "ug" refers to micrograms, "pg" refers to picograms, "Ib" refers to pounds, “o0z”
refers to ounces, "mol" refers to moles, "mmol" refers to millimoles, "umole” refers to
micromoles, "nmole” refers to nanomoles, "L" refers to liters, "mL" or "ml" refers to
milliliters, "uL" refers to microliters, "gal" refers to gallons, *°C" refers to degrees Celsius,
"Re " refers to retention factor, "mp” or "m.p.” refers to melting point, "dec" refers to
decomposition, "bp" or "b.p." refers to boiling point, "mm of Hg" refers to pressure in
millimeters of mercury, "cm" refers to centimeters, "nm" refers to nanometers, “abs.” refers to
absolute, “conc.” refers to concentrated, "c" refers to concentration in g/mL, “DMSO” refers
to dimethyl sulfoxide, “DMF” refers to N,N-dimethylformamide, “CDI” refers to 1,1-
carbonyldiimidazole, “DCM” or “CH,Cl,” refers to dichloromethane, “DCE” refers to 1,2-
dichloroethane, “HCI” refers to hydrochloric acid, “EtOAc” refers to ethyl acetate, “PBS”
refers to Phosphate Buffered Saline, “IBMX” refers to 3-isobutyl-1-methylxanthine, “PEG”
refers to polyethylene glycol, “MeOH” refers to methanol, “MeNH,” refers to methyl amine,
“N,” refers to nitrogen gas, “iPrOH” refers to isopropy! alcohol, “Et,O” refers to ethyl ether,
“LAH?” refers to lithium aluminum hydride, “heptane” refers to n-heptane, “HMBA-AM”
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The title compound was prepared in a manner substantially the same as
intermediate (v) by condensing N-BOC-3-pyrrolidinone (1.26 g, 6.83 mmol)
and 2-(S)-methylpyrroline, 15followed, by de-protection with hydrochloride
in dioxane. LCMS: RT = 0.36 minutes, MS: 155 (M+H). II-1 NMR (CDCI3,
300MHz), 6 (ppm): 4.16 (m), 3.77 (m), 3.61 (m), 3.13, (m) 3.31 (m), 2.53

' 41 L34 dintermedAie d) “pacL(dpph),” ref
res“ggg{?R%?(?g%é&?e%ﬁ?ﬂ%%f}py%'r‘é|idir@ 1%%?@%/% L ol pRty efers to
1,1' égsédighiEnylpkosphime erttoraec ftdkidives ¢Hargéchlvitde-DUkhesutfply, “HBTU”

chlori .01 g, 83. ) uiv. d 150 ml,of aphydrous DCM. .. "
S b MR N SR S
refewitto niiiegeop¥le thitaohtjofCslES edeadta sobiiianfbfd@R)- “Mel” refers to methyl

. ,.(=)-N- =3- rroliding (purchased from Aldrig 0.4 59 .
odi N MIE ot Bl RS WEAE, BREAIE o) Lhe r iR lofoyi loroaceti
acid( TG RN ek ERets alutitiy dvafusitiredMitterefitrogedimearifihhitaritQCRMP" refers to
TLC (5 % MeQH in Df showed the completiqn of.the reaction. The e
1 RS Sty AELTTo SO ot e LIS gyroony "brine
refesiiteesl Stunbad HRQdolksafdafuM wdsratidesduilie Oraniddayry iakiyasivd refers to
.. with H3PO4 (1M, 2 x 50mL), followed by N%IHCO3 (50 S}gt,]\) brine (50 ng,

millypelto 306 35S Aoy TSR A1 082 (BB 49, BHPE RentPhtetfigs o normal,

"TLebtatrdhe ditlense MRy NehasHRalispig S SR PL (B2 8P VoS 1hdb3 MMtd¥akince liquid
TLC (DCM) Rf = 0.3. 1H NMR (CDC13, 300MHz), 6 ( pm):"7.80éqr,
chrogngiagranhy, 7HBNIS 2 efas oy B meqldionayass speetuan) LB (hcfsigyo loss on

dryigé,) "0 ZHA ¢ 34S rdido dpiRIMNEdiate (hYers to intraperitoneally, "iv." refers to
152-(2S)-Methyl-[1,3'(3'S)]bipyrrolidiny1-1'-carboxylic acid tert-butyl ester
intraqg s i, 33 anhydrous; aq = aqueous; min = minute; hr = hour; d = day; sat. =

satupilRR € %ﬁ%!é%‘”dsﬂ'BQR%'}%%&Y}'Qy{f@igﬁnﬁ'l'ﬁ%l%}’%?a—ciﬁiﬁﬁﬁ%ytﬁf@fdoublet of
(Intennediate’ (ix) obtained above, 15.82 g, 46.4 mmol, 1 equiv.) and

doulgets;)-br methphdsipdrindifia (b eirsaatearimuviiced meypnetieyaphggSI/MS =

elecgoWiW{i&my 'gﬂggﬁ%graph; RT = retention time; M = molecular ion, “~” =

approximately.

Reactions generally are run under a nifrogen atmosphere. Solvents are dried over
magnesium sulfate and are evaporated under vacuum on a rotary evaporator. TLC analyses
are performed with EM Science silica gel 60 F254 plates with visualization by UV irradiation.
Flash chromatography is performed using Alltech prepacked silica gel cartridges. The 'H
NMR spectra are run at 300 MHz on a Gemini 300 or Varian Mercury 300 spectrometer with
an ASW 5 mm probe, and usually recorded at ambient temperature in a deuterated solvent,
such as D,0, DMSO-Ds or CDCl; unless otherwise noted. Chemical shifts values (8) are
indicated in parts per million (ppm) with reference to tetramethylsilane (TMS) as the internal
standard.

High Pressure Liquid Chromatography-Mass Spectrometry (LCMS) experiments to
determine retention times {Rr) and associated mass ions are performed using one of the
following methods:

Mass Spectra (MS) are recorded using a Micromass mass spectrometer. Generally, the
method used was positive electro-spray ionization, scanning mass m/z from 100 to 1000.

Liquid chromatography was performed on a Hewlett Packard 1100 Series Bmary Pump &
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20 dissolved in anhydrous CH3CN ( 150 mL). To this colorless solution

was added powdered K2CO3 (powder, 325 mess, 98+%, 14.11g, 102.08

mmol, 2.2 equiv.) at r.t. The suspension was heated in an oil bath

maintained at 80C for 24h. TLC (3%2MeOH in DCM for starting material

(SM) and 7.5% MeOH in DCM for product) showed that the SM was

consumed almost completely. LC/MS showed very little amount of SM at
Degasvar 363vahdrthedptedoct ats2d265re: HéwelstisPeisant Wa&&:mrm detector,

ess. The resi #aée 25 mL) an M
wav f:IE)?legﬁ\}vo I%zlé-rs were((ijlsb:(foarat%Eﬁﬁ g]t e aV?J%e(gﬁg gyie qlggcélx rac éli'%l*ﬁk detector
tempXatvr{20 46K R). phg@erakingd DCM extracts were washed with sodium
bi 2 and brine (25 mL), dried (anhydrous potass
LT AR HRAA T RO NG TR Aho b EIUD oA B to 955 G
min)pUsfigdmonvamlinpget aump BluteghwitihMeOH in DCM (0 to 7.5 %) to
)get the title compound as aﬁumm material, 7.91 g (67%). LCMS: RT =

5P mRie Mindsisee RAxe | SA{RIMR (300 MHz, CDC13), 6 (ppm):

Gracﬁem(mo.ab% IBANIBIO+Z SPANTEY) )= 2565 (10, rhi). 8-98 63 Ubhihy9B 95:5 (4.4
(m, 2H), 1.96-1.67 (m, 4H), 1.46 (s, 9H), 1.06 (d, 6.2Hz, 3H). Intermediate

min)(xi) 2-(2R)-Methyl-[1,3'(3'S)]bipyrrolidiny1-1'-carboxylic acid tert-butyl ester
LCT@%M@QZ#%&%@QMQMe(mweromW@qmemr%WAWBW (0 min) to

substantially the same as intermediate (x) by condensing
95:5 £3 4 Rymdridne-44imBAYloxy)-pyrrolidine-I-carboxylic acid tert-butyl ester

QU: tinRrmgsliate {iohtained, qh%mm@% foirgiEngidylpinesingling (ORIAINGGd) = 5:95
from Advanced Asymmetrlcs LCMS: RT = 1.05 minutes, MS: 255 (M+H).

(0 muy tp RVIREOOIM RO THB1ENB) (ppm): 3.30 (M, 1H), 3.14 (bs, 2H), 2.91

(MTEFoRoAwid D) cabbibs2dedciBe L) pfoddalred (Ra6ih the?frépeibn of various
1.10 (d, 6.0Hz, 3H) Inteu ediate (xii)

startigg auyerieRenBlavsd e BecxyPavHORERE componyie of i térrpuion
ester H3C H3C CH3 INTERMEDIATES

Intermediate (1)

2-Methyl-[1,3"Tbipyrrolidinyl-1'-carboxylic acid tert-butyl ester

o:( 3

0O
HSC«%CHS
CH,
To a solution of N-BOC-3-pyrrolidinone (4.22g, 22.9 mmol) and 2-methylpyrroline
(1.95 g, 22.9 mmol) (HCI salt was made by addition of 22.9 mL of 1 M HC] in ether into the
DCM solution of 2-methylpyrroline, then evaporated) in DCE (60 mL) was added powdered
sodium triacetoxyborohydride slowly under N, at r.t. The yellowish milky solution was
stirred at r.t. overnight. LC/MS - m/z 255 and 199 (base and M-tBu).
The reaction was quenched with aq. NaHCO; solution. The two layers were separated,
and the aqueous layer was extracted with DCM (20 mLx2). The combined DCM extracts

were washed with sodium bicarbonate (10 mL), and brine (5 mLx2), dried (anhydrous

potassium carbonate), filtered, and concentrated in vacuo. The crude product was purified on
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A round bottomed flask was charged with 80 mL of anhydrous DCM. The
solvent 20 was evacuated and purged with nitrogen. To this solvent was
added (3S)-1-BOC-3- pyrrolidinol (objained from Astatech), (16.32 g, 33.8
mmol), DMAP (0.4g). The solution was cooled to an ice-water bath. To
this cold solution was added a solution of p-toluene-sulfonyl chloride (9.67

a sil?c 18 moI e} ITS b@l@loan WOH]& 'B%‘:M%egmﬂé Wee c%mpound as a

e so utlon was stifre der nitrogen overnight. T

liquiﬁ%iﬂ@,dbllﬁth@l%}oﬁ\S}MiQ Wbt atoh; DEK Gt Medlict O¢Mshowed

the completion of the reaction. Thet{etactlog V\{a% uenched by addition of

polymer-supported amine (4.5 g), stirre min: 30 mL of DCM was

added and filtered. THdditiydtjo s Pagymadidiaghkydwith!D@EM. The organic

was 5 washed with H3PO4 (1M, 2 x 50mL), followed by NaHCO3 (50 mL,

brine (50 mL), dried (K2CO3), filtered anfd coRcentrated to a liquid. This

was purified on a 110 g silica umpjon Analogix using 0-2% MeOH in

DCM to obtain pure product, SEZ g 277% yield). TERHOIC1V1) Rf = 0.3.

LC: Rt = 3.55 min, 100% pure on totgtpen, MS: 363 (M+Na); 342,

327, 286 (base). 1011-1 NMR @OOMHZ CDC1 ) S (ppm): 7.81 (d,

8.7 " 4 ),

1 42‘%&@} %Ir?tgﬁg é%’gya te nﬁ)_l-)l %Qﬁo(gﬁlc’l'kgclﬁ %mu{l}hl RtAP (ﬁn%_ﬁledlate (i)
obtameﬂ&)Mng(z R@pammaumwm@t@hm&ﬁ&rab@ﬁér%mﬂl dstdiogane at 0°C,

The'd s 1%1%%“!&% 1’?’ t{%%l%)l (a-[? U§D&m 'h‘?m’ltﬂ@’l‘%% Ry gdr]séM) did not

-car oxyI|caC| tert but ester termedlate( 1) obtained above) (6.82
detetOtBY stamivlg netpuiol. )Hmd@ Ees2dtbthyidigbeisdineobtaned iegn The outlet was

A v nc ) [
res S CRESA ABIGHIDL 5 LU AT EH) I A move
evapom@@ (polupiars3RE goeds; Sigle%oBiiOmMas2enhy@hRpEgaimnat material, 5.3 g

_10Hhg,sus ion was heated 20, with, stirrin oye
At S RO I FORL G HREHD AT Gont stms o
illusieoi tielC M.€O¥Prdtitret) éﬁowedwhel\@ll 1Hpag ¥oridumed almost

D P R R R gy 2 oo

suspensioh was co centra

2.28(08mL)10 (m), 1.46 (bs).

Intermediate (iii)

2-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3'Jbipyrrolidinyl

0

2-Methyl-[1,3']bipyrrolidinyl hydrochloride (Intermediate (i1) obtained above, 5.3 g,
21.6 mmol, 1.12 equiv.) was dissolved in anhydrous DMSO (30 mL). To this solution was
added 5-fluoro-2-nitrotoluene (3.00 g, 18.78 mmol, 1 equiv.), followed by powdered
potassium carbonate (8.9 g, 65 mmol). The suspension was heated on an oil bath to 85°C for
4h when the starting material was consumed as determined by TLC (5% MeOH in DCM) and
LC/MS. To the suspension were added 20 mL of water and 50 mL of DCM. The two layers
were separated, and the aqueous layer was extracted with DCM (20 mLx2). The combined
DCM extracts were washed with sodium bicarbonate (20 mL), and brine (15 mLx2), dried

(anhydrous potassium carbonate), filtered, and concentrated in vacuo. The crude product was
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and DCM (80 mL). The two layers were separated, and the aqueous layer
was extracted with 25 DCM (20 mLx2). The combined DCM extracts were
washed with sodium bicarbonate (25 mL), and brine (25 mL), dried
(anhydrous potassium carbonate), fittered, and concentrated in vacuo.
The crude product was purified on a silica gel column (70 g) on Analogix,
eluted with 30 MeOH in DCM (0 to 7.5%) to obtain 4.08g (80.3%) of the
purifiitié @ompboagdsalgumrelperhterialb KOS IR DC W tongetites tMISc@bbound as a

H), 12-1 NMR (300, M 30 (m, 1H), 3.14 (bs,
yeﬂo&iﬁ 13 /"fffm&\l'ﬂn%) %2‘%§gﬁn7001£’50§1§1%60@%3®07-1.69 (m, 6H), 1.46
"H NSIRBO M (OTHY), Siohintamedati V), 6.36 (bd, 9 Hz, 1H), 6.28 (bs, 1H),

T S T L

manner substantially the same as inigmmediake (i) by condensing
3-(3S)-(toluene-4- sulfonyloiﬁmﬁrrohdlne 1- carboxyllc acid tert-butyl

10ester (Interm &t t’in- -phordmMitoiperindine

(obtained from Advanced Asymmetries). LCMS RT = 1.09 minutes, MS:
255 (M+H). 1H NMR (300 MHz, OD

3) 5. (ppm): 3.15 (m, 2H), 3.3 (m,
3H), 2.97 (m, 1H), 2.71 (m ?f) 1 I 8 (m, 2H), 1.96-1.67 (m,
4H), 1.46 (s, 9H), 1.06 (d./&PRZNH). fAter e (xv)
1

H,C
A solution of 2-methyl-1"-(3-methyl-4-nitro-phenyl)-[1,3"Tbipyrrolidinyl (Intermediate

(iii) obtained above, 2.23 g, 7.7 mmol) in MeOH was de-acrated and nitrogen was introduced.
To this solution was added Pd-C (10%). This mixture was stirred under H, atmosphere at 1.t.
for 8h. TLC (10% MeOH in DCM) and LC/MS showed the reaction was complete. The
mixture was passed through a Celite pad, rinsed with methanol. The filtrate was concentrated
to dryness, and further dried under high vacuum to yield a reddish brown liquid after drying
under high vacuum to obtain the title compound as a gummy black liquid, 1.73 g (86%). This
material was used in the next step without further purification and storage. MS: 260 (M+H").
Intermediate (v)

2-(2ZR)-Methyl-[1,3"Tbipyrrolidinyl hydrochloride

O/'Q . 2HCI
N CH,

To a solution of N-BOC-3-pyrrolidinone (1.26 g, 6.83 mmol) and 2-(R)-
methylpyrroline (0.83 g, 6.83 mmol) in DCE (20 ml) was added powdered sodium
triacetoxyborohydride slowly under N, at r.t. The yellowish milky solution was stirred at r.t.
overnight. LC/MS showed m/z 255 and 199 (base peak and M-tBu peak).

The reaction was quenched with aqueous NaHCO; solution. The two layers were
separated, and the aqueous layer was extracted with DCM (10 mL.x2). The combined DCM
extracts were washed with sodium bicarbonate (10 mL), and brine (5 mLx2), dried (anhydrous
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15Preparation of 2(2S)-methyl-[1,3'(3'R)]bipyn-olidinyl 2HCII CH3
2-(2S)-Methyl11,31(3'R) ThipytTolidinyl-F-carboxylic acid tert-butyl ester
(7.91 g, 31.14 mmol) was treated wifh 28.8 mL of HC1 in dioxane at O0C.
The solution was stirred under nitrogen at r.t. overnight. Both TLC (10%
MeOH in DCM) and LC/MS did not detect 20the starting material. The

reaction was ju complete, N2 was passe t ' :
pord R L SRR B Concen R RS, T RAT B pricd on
a silion lpelTHotusoly ehtiedasitb MG by 254pdatith i BEMeosga gdiqhid,itidd g (vield:

»Lompound as.a hygroscopic thi m 2HC It, h t
7o RN SRR SR A GG s S 4 . or
HCYBR0ic308MHEC. 5 Thpmhitibs (s, titkDuhdbs pitkdpdnl ¢ okt TLC (10%
.2 -3, H), 2.4-2.1 (m, 4H), 2.4(m, 2H), 1.6 (m, 1H), 1.4(d,
Me@%%@éﬁ(ﬁ ‘gil ﬁ‘?%g‘??geecgfaﬁ%s&w %(%gﬁ)\l/?efthyl-[l,3'(3'5)]bipyrro|id nyl
Thenjtkeasqrayzed nbkwas phepatatdn wirhaninengsuf$tantidity ths passedabough KOH
intermediat )by acid. hydrolysis of .
sl RS P 8 S R 2 SR S Y PBf vmess to e
a hylptesmadigter(Hataiedmbaye)at ChiSct RErapdsiTomimitasyMs: 1155 g (~100 %),
(M+H). 11-1 NMR: (D20, 300 MHz), 6.(ppm): 11.6,(bs, 1H), 9.1 (bs, 1H).
Thi ) 5 89 (), ST S B0 (R BB, Gy oed below
LCMIS (685 ifdtes, M3z, B54) akHermediate (xvii)
Intermediate (vi)

2-(2R)-Methyl-1'-(3-methyl-4-nitro-phenyl)-[ 1,3 Tbipyrrolidinyl
H,C
] NONJQ
2
H,C
5-Fluoro-2-nitrotoluene (1.55g, 10 mmol) was dissolved in anhydrous DMSO. To this

solution was added 2-(2R)-methyl-[1,3'Ibipyrrolidinyl hydrochloride (2.30 g, 15 mmol),
followed by powdered potassium carbonate. The suspension was heated on an oil bath to
85°C for 3h when the starting material was consumed as determined by TLC (5%
MeOH/DCM) and LC/MS. To the suspension was added 20 mL of water and 50 mL of DCM.
The two layers were separated, and the aqueous layer was extracted with DCM (20 mEx2).
The combined DCM extracts were washed with sodium bicarbonate (20 mL), and brine (15
mLx2), dried (anhydrous potassium carbonate), filtered, and concentrated in vacuo. The
crude product was purified on a silica gel column, eluted with 5% MeOH in DCM to obtain
the title compound as a yellow solid after drying, 2.70 g (93%). MS: 290 (M+1).
'"H NMR (CDCls, 300MHz), 8 (ppm): 8.10 (d, 9Hz,), 6.36 (bd, 9 Hz), 6.28 (bs)3.4-3.2 (m),
3.00-2.78 (m), 2.64 (s), 1.7-2.2 (m)1.5 (m), 1.06 (d, 6.6Hz), 1.14 (d, 6.6 Hz).

Intermediate {vii)

2-Methyl-4-(2-(2R)-methyl-[ 1,3"|bipyrrolidinyl-1'-yl)-phenylamine
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Preparation of 2(2R)-methyl-[1,3'(3'S)]bipyrrolidinyl CH3 The title
compound was prepared in a manner substantially the same as
intermediate (xv) by acid hydrolysis of

2-(2R)-methyl-[1,3'(3'S) Thipyrrolidinyk1 "-carboxylic acid tert-butyl 15ester
(Intermediate (xi) obtained above). Intermediate (xviii)
2(2R)-Methyl-[1,3'(3'R)]bipyrrolidinyl The title compound was
prepared in a manner subtsitially the same as intermediate 20(xv) by

acid hydrolysis of 2-(2R)-methy:3'(3'R)]Ripyrrolidinyl-1'-carboxylic acid
i htaiRed aljove). MS: 155 (M+H). 11-1
6 (bsNLEH9.1 (bs, 1H) 4.12 (m, 1H)

tert- butyl ester (Intermgdiate

NMR: (D20, 300 MHz), 6 (p \

3.5, (m, 2H), 3.3-3.1 (m, 3H), 2.4-2.1 (m, 4H), 2.4lm, 3H), 1.6 (m, | H),

1.4(d, 6.0 Hz,3H) Intermediate (xix)

252-(28)-Methyl-l‘-(3-methy1-4-nitro-pheny—l:)d ,3'(3'R)]bipyrrolidinyl 32

NOH 3 2(2S)-Methyl-[1,3'(3'R)]bipyrrolidinyl (0.23 g, 1.2 mmol) was

disaodebativnarti BPayaiMEQA (B3rtothy edflasio-phcthin-$o/8 b wasidiny! (2 g, 6.9

- -2-Ni I 22 A4 ), foll

mmoiﬂ%?%éﬁ%ﬁ% &%ﬁg&%ge%@%gﬁ%}ﬁlﬁﬂ%gﬂg‘%ﬁ ; %g(f yfoomgsegggtion was
added Pd-C (10%, 0.20g). The nitrogen was replaced with hydrogen and the mixture was
stirred under H; atmosphere at r.t. overnight. TLC (10% MeOH in DCM) and LC/MS showed

the reaction was complete. The mixture was passed through a celite pad, rinsed with
methanol. The filtrate was concentrated to dryness, and further dried under high vacuum to
yield the title compound as a reddish brown liquid after drying under high vacuum, 2.02 g
(100% yield). |

Intermediate (viii)

2-(28)-Methy!-[1,3'|bipyrrolidinyl hydrochloride

Savals
N CH,

The title compound was prepared in a manner substantially the same as intermediate
(v) by condensing N-BOC-3-pyrrolidinone (1.26 g, 6.83 mmol) and 2-(S)-methylpyrroline,
followed by de-protection with hydrochloride in dioxane.
LCMS: Rt = 0.36 minutes, MS: 155 (M+H).
'H NMR (CDCls, 300MHz), 8 (ppm): 4.16 (m), 3.77 (m),. 3.61 (m), 3.13, (m) 3.31 (m), 2.53
(m), 2.41 (m) 1.98 (m), 1.67 (m), 1.31 {m).
Intermediate (ix)

3-(3R)-(Toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester

{: )/CHS
UO\S

/

N 0/ \0

\
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5 suspension was heated on an oil bath to 85C for 4h when the starting

material was consumed as shown by TLC (5% MeOH/DCM) and LC/MS.

MS: 290 (base peak). To the suszgension were added 2 mL of water

and 5 mL of DCM. The two layers were separated, and the aqueous layer

was extracted with DCM (10 mLx2). The combined DCM extracts were

washed wit dlum IC rbona 5 nd.byine (5

(an yd)rou&s?ﬁg asgﬁsf% Carb (;I?\aé G)T?'%t{ﬁéjd il co%%q% rateéllgrﬁii v 16'8.] g 83.98
mmdlhé .6regapiaohdcl anbuflﬁahiydmassﬂma/gelfmllsnimiehm with&to an ice-water

MeQH in D et the t|t| com oun s.a.vellow solid aft rying. ..
bain g R S R ﬁﬁ%&ﬂﬁ%awﬁé?%ﬁ%% of GR)
(-)-NpB@@-&H@d@d@p@thﬂihi): @Gﬁl(akd;dgiﬁrﬂ BidaciH)] @@8&@29&3 Iﬂzmol) in 50 mL

ol S B P e A A s o

unde? Mrbden (@nethijht . 800 @ 26zt 31HlLC|' (ﬁe%ﬁabﬂ)éhimﬂi}@ﬂ/ﬁl Eﬁ(ﬁ‘afed the completion

condition d were, as follo I tc 0% iso | with 0.5%
of 4 ATATHE B LTS RFBLHE SESUUTER0 B, OB R RS PSR mine (8 ).

Stirese agifoll oW RITDIVORMinided. mﬁefoozgnmenmdm peghed with HsPO, (1M,

TR S .

silicBasPERd inielroeabaierfxd) fayobaridensinge compound as a liquid, 15.82 g (82.8 %).
2(2S ethyl [1.31 pyr roI|d nyI and 5-fluoro-2-nitrotoluene. 25
L%?i*/lé“ Jﬁcrf%é@ 590 (M+H). 33 1H NMR (300 MHz,
'H r@@@t@D@@QmNﬁ&@ @i(p%l%b*zz 86r9a 6o3FHEDED) 27 3 B(HZ7 §H), BIRB £b4 (bs, 1H),
36 (m, 2H), 3.3 (m, 3H) 300278(dt 3.5Hz, 8.8Hz,2H)"

H)
3 452@?9”(1’9 %4)5 E5A, 3195 056 1Hh, 114H) & Im, 2H), 1.98 (m ,2H) 1.45
(m,1H), 1.08 (d, 6.2Hz, 3H). The anghdicalehitakiiPLC conditions used
were as follows: Isocratic 100% is EJgro anol with 5 0.5% IPAmine

5miHAR DB ds3 (teS Bippso Bbovm -cproradifReib gturgl gster

follows: RT = 8.16 min; ee 100%. Intermediate (XXI)

2-(2R)-Methyl-1'-(3-methyl-4-nitro- pheny@ Thipyrrolidinyl Np
H3C

Com
I

HC7<‘<

3-(3R)~(Toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic  acid  tert-butyl  ester
(Intermediate (ix) obtained above, 15.82 g, 46.4 mmol, 1 equiv.) and S-(+)-2-methyl-
piperindine (obtained from Advanced Asymmetrics), (7.88 g, 92.79 mmol, 2 equiv.) were
dissolved in anhydrous CH:CN ( 150 mL). To this colorless solution was added powdered
K,COs (powder, 325 mess, 98+%, 14.11g, 102.08 mmol, 2.2 equiv.) at r.t. The suspension
was heated in an oil bath maintained at 80°C for 24h. TLC (3% MeOH in DCM for starting

‘material (SM) and 7.5% MeOH in DCM for product) showed that the SM was consumed

almost completely. LC/MS showed very little amount of SM at m/z 363, and the product at
255.

The suspension was concentrated to dryness. The residue was taken in water (25 mL)
and DCM (80 mL). The two layers were separated, and the aqueous layer was extracted with

DCM (20 mL x 2). The combined DCM extracts were washed with sodium bicarbonate (25
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10The title compound was prepared in a manner substantially the same

as intermediate (xix) by condensing 2(2R)-methyl-[1,31(3'S)]bipyrrolidinyl

and 5-fluoro-2-nitrotoluene. LCMS: RT = 1.41 minutes, MS: 290 (M+H).

IHNMR (300 MHz, CDC13), 6 (ppm)288.10 (d, 9.1Hz, 1H), 6.36 (dd, 9.2,

2.5 Hz, 1H), 6.28 (d, 2.4 Hz, 1H), 3.654(m, 2H), 3.37 (m, 3H), 2.99 (dt,

3.7Hz, 8.8Hz,1H), 2.84 (sixtet, 6.6Hz, 1H), 152.65 (s, 3H), 2.56 (q, 8.1Hz,
mL)1a4y] Brie (@) 281)), 2ligd(fanRiHiraus Détassidin TaBofht€) 2 xr8# jankheoncentrated in

follows:,lsocrati
o IR S B RS Wiy b
to 7.3Héresgits tsetitlyvaegs folbsss: RTmiy1®8amal; 89 1Q0%I%). LCMS: Ry = 1.27

. | nedi 1)
mm@%?g%%ﬁ%@-metﬂii1-4-nitro-pheny1)41,3'(3'R)Thipyrro|idinyl 0-2

'"H NHBR (300 MHe, tTBChiN ﬁc(ppdl)'\/aiﬁ)r(ema;rﬂd B3R (MARHSS ZeBgtantiBly 27 (m, 1H),

247 BT oAbt o ST ahas -3 e 39

LCMS: RT = 1.43 minutes, MS: 29®n(MrHeld1a£’e4(ﬂ;b1 NMR (300 MHz,
CDC13) d, 9.2 1H) dd, 9 2.8 Hz, 1H) 6.28 (d,
2.2 Hz, 11 %%Eé @ﬁﬁé tsfbﬂzf(lﬁae a5l agl%m’tﬂqjyl ester
2.79 (m, 1H) 2.64 (s, 3H), 2.56 (m, 1H) 2.03 (m, 2 .98 (m ,2H) 1.45
(m,1H), 1.08 (d, 6.2Hz, 3H). The analytical,eqiral F¥PLC §onditions used
were as follows: Isocratic 100% isopropafiol wikh 5

o IPAmine
5m1/min outlet pressure 150 bar, 200 nMy

resultd used were as

follows: RT = 8.95 min; ee 100%. | diate (xxiii)C
2-Methyl-4-(2-(2S)- methyllllr%(%z )Thipyrrolidinyl-I'-y1)-phenylamine
H,C CH,

The title compound was prepared in a manner substantially the same as intermediate
(x) by condensing 3-(3R)-(toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic acid tert-butyl
ester (Intermediate (ix) obtained above and R-(-)-2-methylpiperindine (obtained from
Advanced Asymmetrics). LCMS: Rt = 1.05 minutes, MS: 255 (M+H).
'H NMR (300 MHz, CDCl3), § (ppm): 3.30 (m, 1H), 3.14 (bs, 2H), 2.91 (m, 1H), 2.75 (m,
1H), 2.51 (m, 1H), 2.07-1.69 (m, 6H), 1.46 (s, 9H), 1.10 (d, 6.0Hz, 3H),
Intermediate {xi1)

3-(35)-(Toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester

.s\ O @/

°‘\<
HSC'7< 0
H,C CH;
A round bottomed flask was charged with 80 mL of anhydrous DCM. The solvent
was evacuated and purged with nitrogen. To this solvent was added (3S)-1-BOC-3-

pyrrolidinol (obtained from Astatech), (16.32 g, 33.8 mmol), DMAP (0.4g). The solution was

cooled to an ice-water bath. To this cold solution was added a solution of p-toluene-sulfonyl

~ chloride (9.67 g, 50.87 mmol, 1.5 equiv.) in 20 mL of DCM. The ice-water bath was removed
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NO?ND 10A solution of
2-(2S)-methyl-1'-(3-methyl-4-nitro-pheny1)41,3131R) Thipyrrolidinyl (2.02
g, 6.98 mmol) in MeOH (40 mL) was g)e-aerated and nitrogen was
introduced. To this solution was added Pd-C (10%, 0.2g). This mixture
was stirred under H2 atmosphere at r.t. for 4h. TLC (10% MeOH in DCM)

nd LC/MS showed the reactian was com e,
ond i, S SRR MR SR, TG g for w2
visurilisatbwj tR A nfist paodi.cT He Vijtidtewed Slvonompliied o6 thrynesstiend The reaction

further drjed to yjeld the.title compound as a reddi rQwn.:liqui
was i TRt NG RO L g DDV LTS oo 8 1. 50 m. of
DCM VadVieiedDEMi 23R Thtefitediateppdiwps washed with DCM. The organic was

-Methyl-4-(2-(25)-methyl[1,31(3'S)Thipyrrolidinyl-.l.-yl)}-phenylamine 20 .
washall ) ShTaBo o oo e Bl e Ll gy dred
(K (roeynpaiate xckicohbynhytrd gendimpridof This was purified on a 110 g silica gel column
2-(2S)Methyl-I'-(3-methyl-4-nitrQ-pheny1)- [1,3'(31S)]bi lidinyl., LC/MS:

on AR oeRy GBSO D PRI iy 2 & (o ey

TLQC BRaMerA-4-(23(2R)-meth 43, 3363, IS)Iipyure ldisedl oh' (pijt pomnyl@mied (M+Na);
;ﬁzc he title compound was prepared in a manner substantially the

342 g ediate (xxiii) by hydrogenation of

'H RMERB30mEN; i me b itrogphiang HHEL B SAbiRyreofiHinyiH), 5.04 (bs, 1H),
LC/MS: 260, TLC glO%MeOH/DCM): 0.3 RE 5Intermediate (xxvi)
3452£Wbéiﬁ91-%-£{@@ - eltﬁﬂlﬁﬁ’,%II]()S'R)Thipyrrolidinyl-l'-yl)-phenylamine

Intermediate (xiii)

2-(28)-Methyl-[1,3'(3’R)]bipyrrolidinyl-1'-carboxylic acid tert-butyl ester

s
N
~
HBC7< 0
HC  CH,
3-(3S)-(Toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic  acid  tert-butyl  ester

O

Hy

(Intermediate (xii) obtained above) (6.82 g, 19.97 mmol, 1 equiv. ) and S-(+)-2-methyl-
piperindine (obtained from Advanced Asymmetrics), (3.40 g, 40 mmol, 2 equiv.) were
dissolved in anhydrous CH;CN (65 mL). To this colorless solution was added powder K,CO;
(powder, 325 mess, 98+%, 6.10g, 44.2 mmol, 2.2 equiv.) at r.t. The suspension was heated
with stirring under nitrogen over an oil bath maintained at 80°C for 24h. TLC (3% MeOH in
DCM for SM, 7.5% MeOH in DCM for product) showed the SM was consumed almost
completely. LC/MS showed very little amount of SM at m/z 363.

The suspension was concentrated to dryness. The residue was taken in water (25mlL)
and DCM (80 mL). The two layers were separated, and the aqueous layer was extracted with
DCM (20 mLx2). The combined DCM extracts were washed with sodium bicarbonate (25
ml.), and brine (25 mL), dried (anhydrous potassium carbonate), filtered, and concentrated in

vacuo. The crude product was purified on a silica gel column (70 g) on Analogix, eluted with
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NO-N H 3C The title compound was prepared in a manner
substantially the same as intermediate
(xxiii)byhydrogenationof2-(2R)-Methyl-1'-(3-methy1-4-nitro-pheny1)-
10[1,31(3'R)]bipyrrolidinyl. LC/MS: 280, TLC (10%MeOH/DCM): 0.3 Rf.
Example 1 3,5-Dimethyl-isoxazole-4-carboxylic acid
[2-methy1-4-(2(2S)-methyl[1,3'(3'S)]bipyrrolidiny1-1'-y1)-phenylkamide

Me@H3e BSM)/(CHS 0.3%) to obtain 4.08g (80.3%) of the title compound as a gummy

e (2S);met I inyl-11-y1)-phenylamine
mateé%{lo %M;S Zémmio )gv{/]?}l{sl[1 %%:?%?S%WG mL) and DMF (2 mL), and

'H NMISQHMbMHa,s(CDﬁIBﬁi ﬁa@pnc)e Sva0einhalbl).T®. tHigtsoREDOWaS(addet), 2.75 (m,

B Rl JRarmt s e 0o S8 =28 mme!

‘hydroxylbenzotriazole (HOBT) (Btd®Regiate XRimmol, 1.3 equiv.),

ool LM SR Gl o BB L Leabh e

MeOH in DCM) and LC/MS showed that the react| complete and
the product peak (368) was detected. The ctlo as juenched with
saturated aqueous sodium bicarbonate s and 3 mL of DCM.
The two layers were separated, and 36 t agueous layer was extracted

with DCM (5 mLx2). The combined BCI extracts we ashed with

sodium bicarbonate (5 mL) % L) dried (anhydrous potassium

carbonate), filtered, and concén Fg cuo to get a crude product

which was purified on a silica Ideq—\'co Fﬁ‘u (25 g of silica gel) on Analogix to

get the title compound as a tan solid, 200 5 mg (49% yield). LCMS: RT =

1.5 B0 RRORP_UAR 3AN RIFP 2R IMRFEBE 13 oMALY) T (isne) a5 intermediate
(xiii{MBy LdhR:ind3-H4). @d@eﬂé&l—}aﬁﬁbﬁﬁ&% 1@1@010&1‘3593/1%@43313 tert-butyl

(m, 4H), 3.00 (m, 1H), 2.78 (m, 1H), 2.66 bs H), 2.48 (bs, 3H),
ester (Intermediate” (xiii) obtaine above) and R- (-)-2- methylplpenn ine (obtained from

Advanced Asymmetrics). LCMS: Rt = 1.09 minutes, MS: 255 (M+H).

" 'H NMR (300 MHz, CDCls), & (ppm): 3.15 (m, 2H), 3.3 (m, 3H), 2.97 (m, 1H), 2.71 (m, 1H),

2.47 (m, 1H), 1.98 (m, 2H), 1.96-1.67 (m, 4H), 1.46 (s, 9H), 1.06 (d, 6.2Hz, 3H).
Intermediate (xv)

Preparation of 2(28)-methyl-[1,3'(3"R)]bipyrrolidinyl

N :
H -2HCI
N CH

2+(25)-Methyl-[ 1,3'(3’R)Jbipyrrolidinyl-1'-carboxylic acid tert-butyl ester (7.91 g ,

© 31.14 mmol) was treated with 28.8 mL of HCI in dioxane at 0°C. The solution was stirred

under nitrogen at r.t. overnight. Both TLC (10% MeOH in DCM) and LC/MS did not detect
the starting material. The reaction was judged complete.

N, was passed through the solution with stirring. The outlet was passed through KOH
solution to absorb HCI for 1h. The solvent was removed by evaporation to dryness to get the
title compound as a hygroscopic very thick gummy (2HCI salt, hydrated - Exact composition
unknown), 8.07 g (~100 %). MS: 155 (M+H).

'H NMR: (D,0, 300 MHz), & (ppm): 11.6 (bs, 1H), 9.1 (bs, 1H) 4.12 ( m, 1H) 3.5, (m, 2H),
3.3-3.1 (m, 3H), 2.4-2.1 {m, 4H), 2.4(m, 2H), 1.6 (m, 1H), 1.4(d, 6.0 Hz,3H).
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2.5 (m, 1H), 2.26 (s, 3H), 2.18 (m, 1H), 2.00 (m, 2H), 1.79 (m, 2H), 1.48
(m, 1H), 1.14 (d, 6.3 toHz, 3H). Example 2 Cyclohexanecarboxylic acid
[2-methy 1-4-(2S-methyl-[1,31S]bipyjyolidinyl-11-y1)-phenylk amide
trifluoro-acetate sA:::JXN H3Cn TT 3?_, v2ri The title compound
was prepared in a manner substantially the same as Example 1 by
coupling .
2-methyl-4-(2(2S)-methyl-[1,3' (éri ?pﬁr‘:oildlr?yl-1'-y1)-pheny|amine with
bicyclo[2.2.1]heptane Z23bbothlit-Blo il NS Bg2-@did¥H). 25Example 4
Tetrahydro-pyran-4-carboxylic acid

[2-methyl-4-(2(2S)-methyl-[1,3'(3'S) Thjpyrrdlidiny1-11- y1)-phenyl]-amide
37 wt
2-Methyl-4-(2(28)-methyl-[l,@bipyrrglidinyl--lZileLphenylamine
(330mg, 1.15 mmol) was dis$plved in DCYM (6 mL) and DMF (2 mL), and

the. solytion was cooled in an |ce ater bath. To I
t
pow el#elé) teﬁn}?yclilro pyraﬁ) THTEA xy?cméléll%eflsygég %%{ %gg mmog%tfmledla ©
(xv)edoyv goill - hyetfopimior phiAlHi2S(280thg! - Blé((ﬁf\ﬁ)}qu/ﬂohdmyl 1'-carboxylic acid tert-
dro enzo r| BT 162 g, 1.19 mmol, 1.3 equiv.),
buwl?é >%la Y, and ﬁ %@‘L%f( 228 g, 1.19 mmol, 1.3 equiv.). The
LCMSistﬁﬁlOQBG’ahbmwm st8utios (vasttirred at r.t. overmght TLC (10%

0 SO ) A TS h A GG WS (. 28

3.3- §qt(yﬁatgg)sgd4m Ihbicarbpaate Zye0a$BOINIRN EFdné.Ddne 3L of
DCM. The two layers were separated, and the aqueous layer was
extracted with DCM (5 mLx2). THEBEHRREIBEM extracts were washed
with sodium bigathanaten(ormi R RINehbIYE (b, 3NG) SoTigptaslyiesdus
potassium carbonate), filtered and concentrated in vacuo to obtain a
crude product, which was purified on g'silicg gel column (25 g of silica gel)
on Analogix to obtain the titl tan

- 2HCI

N CH,

The title compound was prepared in a manner substantially the same as intermediate
(xv) by acid hydrolysis of 2-(2R)-methyl-[1,3'(3’S)]bipyrrolidinyl-1'-carboxylic acid tert-butyl
ester (Intermediate (xi) obtained above).
Intermediate (xviii)

2(2R)-Methyl-[1,3'(3’R)]bipyrrolidinyl

Y

The title compound was prepared in a manner substantially the same as intermediate
(xv) by acid hydrolysis of 2-(2R)-methyl-[1,3'(3’R)]bipyrrolidinyl-1'-carboxylic acid tert-
butyl ester (Intermediate (xiv) obtained above). MS: 155 (M+H).
"H NMR: (D0, 300 MHz), 8 (ppm): 11.6 (bs, 1H), 9.1 (bs, 1H) 4.12 ( m, 1H) 3.5, (m, 2H),
3.3-3.1 (m, 3H), 2.4-2.1 (i, 4H), 2.4(m, 2H), 1.6 (m, 1H), 1.4(d, 6.0 Hz,3H)
Intermediate {xix)

2-(28)-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3'(3’R)]bipyrrolidinyl
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15solid, 210 mg (49% vyield). LCMS: RT = 1.46 minutes, MS: 372 (M+H).
1H NMR (CDC13, 300MHz), 8 (ppm): 7.34 (d, 8.2Hz, 1H), 6.79 (s, 1H),
6.39 (s, 1H), 6.36 (s, 1H), 4.06 (m, 2H), 3.51-3.19 (m, 7H), 3.00 (m, 1H),
2.78 (m, 1H), 2.53 (m, 2H), 2.19 (s, 3H), 2.13-1.73 (m, 10H), 1.47 (m, 1H),
1.14 (d, 6.0Hz, 3H). 20Example 5 3-Methyl-isoxazole-5-carboxylic acid
[2-methy1-4-(2S-methyl-IL3'SThipyrrolidiny1-11-y1)- phenyl]-amide
trifluoro-acetate 0 H3C H3CH3C.CF3C The title compound was

3- methyl-isoxazole-5-carboxy (M+H). Example 6 38

Furan-3-carboxylic acid ©;

3

C
2- |-4-(2S-methyl-[1,3'S]bipyrrolidinyl-11-y1)-phenylkamjde _
S SRS Y R EGE i anbycrons
DMSIbe(j:Saﬁeﬁ)imamaﬂneﬂwmmiaﬂ&ﬂhﬁasama%ﬂ@%%%tﬁﬁwmhmg, 1.44
- I-4-(2(2S)-methyl11,3'(3'S) Thipyrrolidinyl-11-y1)-phenylamine wit
mm@»rrgﬁ@%%b%&;n?a%&r&dmghéé‘wlwls}}%%fama@tﬁ 662 g, 4.8 mmol). The

suspension was heated on an oil bath to 85°C for 4h when the starting material was consumed

as shown by TLC (5% MeOH/DCM) and LC/MS. MS: 290 (base peak).

To the suspension were added 2 mL of water and 5 mL of DCM. The two layers were
separated, and the aqueous layer was extracted with DCM (10 mLx2). The combined DCM
extracts were washed with sodium bicarbonate (5 mL), and brine (5 mLx2), dried (anhydrous
potassium carbonate), filtered, and concentrated in vacuo. The crude product was purified on
a silica gel column, eluted with 5% MeOH in DCM to get the title compound as a yellow solid
after drying. LCMS: Ry = 1.38 minutes, MS: 290 (M+H).

'H NMR (300 MHz, CDCl), § (ppm): 8.10 (d, 9.1Hz, iH), 6.36 (dd, 9.2, 2.5 Hz, 1H), 6.28 (d,
2.4 Hz, 1H), 3.654(m, 2H), 3.37 (m, 3H), 2.99 (dt, 3.7Hz, 8.8Hz,1H), 2.84 (sixtet, 6.6Hz, 1H),
2.65 (s, 3H), 2.56 (q , 8.1Hz, 1H), 2.31 (m, 2H), 2.11 (m ,2H) 1.87 (m,1H), 1.08 (d, 6.2Hz,
3H). |
The analytical chiral HPLC conditions used were as follows: Isocratic 100% isopropanol with
0.5% IPAmine 5ml/min outlet pressure 150 bar, 200 nM. The results obtained were as
follows: Ry = 10.92 min; ee 100%
Intermediate (xx)

2-(25)-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3'(3’S) [bipyrrolidinyl

HSCD/ ’ : " N; 7
O,N H.C
The title compound was prepared in a manner substantially the same as intermediate

(xix) by condensing 2(2S)-methyl-[1,3'(3S)]bipyrrolidinyl and 5-fluoro-2-nitrotoluene.
LCMS: Ry = 1.43 minutes, MS: 290 (M+H).
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3,5-Dimethyl-isoxazole-4-carboxylic acid
[3-methyl-4-(2-methyl-[1,3']bipyrrolid ny1-11-y1)- phenyl]-amide
trifluoro-acetate H3C 10.CF3COOH ,, The title compound was prepared
in a manner substantially the same as Example 1 by coupling
3-methy1-4-(2-methy141,31bipyrrolidiny1 1 -y1)-phenylamine with

B T e

2.2 H@dé{a,rﬁide(mnlfmypaai:éﬁatﬂi) GHB-*:-78 @F3CHats.8Hz,2Hhe, R0 (m lH), 2.64
(s, 3%?@”5‘/?98 “ﬁf)?ﬁ?o%a{&?ﬂﬁf ane” sHYSS Rl e SHNE A RETRIC
The%ﬁ@tﬁy&l&lﬁﬂaﬁﬁﬂ%[&oﬂﬂi}ﬁw lidimyckelds- yd Jephe ytamine 0% isopropanol with
0. 5“% ef#%ﬁg%é?a%ﬁg&%%:g&%ﬂ%%égg%zgag%da)hﬂ aﬂ?elere%ults used were as follows:
Ry 8 (Bsmethyk[108% hipyn-olidiny1-11-y1)-phenylkamide trifluoro-acetate

Intermediate (xx1)

2-(2R)-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3'(3°S) Jbipyrrolidinyl

BoRN®

The title compound was prepared in 2 manner substantially the same as intermediate
(xix) by condensing 2(2R)-methyi-[1,3'(3’S)]bipyrrolidinyl and 5-fluoro-2-nitrotoluene.
LCMS: Ry = 1.41 minutes, MS: 290 (M+H).
'H NMR (300 MHz, CDCl3), 8 (ppm): 8.10 (d, 9.1Hz, 1H), 6.36 (dd, 9.2, 2.5 Hz, 1H), 6.28 (d,
2.4 Hz, 1H), 3.654(m, 2H), 3.37 (m, 3H), 2.99 (dt, 3.7Hz, 8.8Hz,1H), 2.84 (sixtet, 6.6Hz, 1H),
2.65 (s, 3H), 2.56 (q , 8.1Hz, 1H), 2.31 (m, 2H), 2.11 (m ,2H) 1.87 (m,1H), 1.08 (d, 6.2Hz,
3H).
The analytical chiral HPLC conditions used were as follows: Isocratic 100% isopropanol with
0.5% IPAmine 5ml/min outlet pressure 150 bar, 200 nM. The results used were as follows:
Rt = 11.93 min; ec 100%.

Intermediate (xxii)

2-(2R)-Methy!-1 ’—(3~metﬁy1-4-nitro~phenyi)—[l ,3'(3’R)]bipyrrolidinyl

Hscjg/owg

O.N H3C

2
The title compound was prepared in a manner substantially the same as intermediate
(xix) by condensing 2(2R)-Methyl-[1,3'(3’R)[bipyrrolidinyl and 5-fluoro-2-nitrotoluene.
LCMS: Ry = 1.43 minutes, MS: 290 (M+H).
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39 H3C.CF3COOH The title compound was prepared in a manner
substantially the same as Example 1 by coupling
4-(2-methyl-[1,3Thipyrrolidinyl-11-y1)-phenylamine with
tetrahydro-pyran-4- carboxylic acid. MS: 358.23 (M+H). 5Example 10
Cyclopropanecarboxylic acid
[2-methyl-4-(2-methyl41,31bipyn- oI|d|nyI -11-ye-phenylkamide

'H NMRi6360b8tteCDERG. Eﬁﬁﬁﬂ)@ﬂo (d, STHEAi ey 3P dddoiad prEpated, 6.28 (d,

2.2 q]ﬁc%)% Irllé:g%; S.r#e r-g?(gz iéﬁﬁqﬁ?‘hlp rrb?dsljrﬁlszl 8_L§ Z_lngie?nyl?mqm 1H), 2.64

(s, ML Sfcloprodariztantmodtio, dcda. (MS2B28.22 (B HH). Eédudpte2Elz, 3H).
Teq - arbo I|c acid 0
e f e S T TS it o pepfefiqwe i d 0% fsopropanol wit
0. S%rIMde&tﬂfmﬁFh’ﬁﬂthﬂr&@lﬂé GB3EOA nM. Thestiteutnnpalingwas follows:
ared in ner substantially the same as Example 1 by coupling
Ry “_?%S Rye-2£2: éthyl -[1,31bipyrrolidinyl-11-y1)-phenylamine with
tctrahydro- pyran4 carboxylic aitbrM&liaé 2x27i(M+H). Example 12

2-Methyl-4-(2-(2S)-methy!-[1,3'(3’R) [bipyrrolidinyl-1'-y})-phenylamine

PoRgS

A solution of 2-(28);methyl—l '-(3-methyl-4-nitro-phenyl}-[1,3'(3’R)]bipyrrolidinyl
(2.02 g, 6.98 mmol) in MeOH (40 mL) was de-aerated and nitrogen was introduced. To this
solution was added Pd-C (10%, 0.2g). This mixture was stirred under H, atmosphere at r.t.
for 4h. TLC (10% MeOH in DCM) and LC/MS showed the reaction was complete, and the
product was detected by MS at 261. The mixture was passed through a Celite pad, rinsed with
methanol. The filtrate was concentrated to dryness, and further dried to yield the title
compound as a reddish brown liquid after drying under high vacuum, 1.81 g (100%). LC/MS:
260, TLC (10%MeOH/DCM): 0.3 Rf.
Intermediate (xxiv)

2-Methyl-4-(2-(2S)-methyl-[1,3'(3’S) bipyrrolidinyl-1'-yl)-phenylamine

H3Cj©/N : " N; 7
H,N HC

~ The title compound was prepared in a manner substantially the same as infermediate
(xxii1) by hydrogenation of 2-(25)Methyl-1'-(3-methyl-4-nitro-phenyl)-
[1,3'(3’S)]bipyrrolidinyl. LC/MS: 260, TLC (10%MecOH/DCM): 0.3 Rf.

Intermediate (xxv)

2-Methyl-4-(2-(2R }-methyl-[1,3'(3’S)]bipyrrolidinyl-1'-yl)-phenylamine
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20(1S,4R)-Bicyclo[2.2.1]heptane-2-carboxylic acid
[2-methyl-4-(2-methyl41,3 Thipyrrolidiny1- 1'-y1)-phenylkamide
trifluoro-acetate H 0 H3C H 3 C.CF3GOOH 40  The title compound
was prepared in a manner substantially the same as Example 1 by
coupling 2-methyl-4-(2-methyl-[1,31bipyrrolidiny1-1'-y1)-phenylamine with
(1S,4R)- bicyclo[2.2.1]heptane-2-carboxylic :: . MS: 382.28 (M+H).

Example 13 51H-Pyrazole-ﬁ rboxylic aci

[4-(2-methyl11,3 Thipyrroliding/1=4

H,C.CF3COOH The title co En (] was prepared+n’a manner

substantially the same as E ple~ Dy coupling-|3(3
4-(2-methy141,31bipyrrolidinyl-1 '-y1)-phenylamine with
1HPysaztiecdngarokyissRapite S 4 Motidladtxtinpie ddne as intermediate

H:-Methyl-1H-pyrazol e-3- carboxylic acid [2-methyl-4- .
(XXI8)_ metR[1,3'( jif%ﬁi}%‘?fainy1-fi-slo-éﬁ%éﬁ%i‘ﬁ%@'methyl""mtm‘phenyl)"
[1,315%eydoid(r(2S)-oreiky R SKBS (lpyvelidimpehy1)-pirenylamine
(330 mg, 1.15 mmol) was dissglved in DCM (6 mL) and DMF (2 mL), and
the solution was cooled in an idBIHREHIESHY this solution was added
powdepes ety DR Py@Eole-B3aripg yilis it (dyid 16 yiigp Hed aniinel,
1.2 equiv.), N-methylmorpholine (280mg, 3 equiv.), 1-
hydroxylbenzotriazole (HOBT) (0.162 g, 1.189 mkol, 1.3 equiv.),
sequentially, and finally 20 B3 ' , 1.3 equiv.).
The resulting clear brown solutio ight. TLC (10%
MeOH in DCM) and LC/MS ghewet g
the product peak (368) was detected. The reactiod was quenched with

satgipied Sodiupy RitAhanaiearkeaus SRKEIONEB Mkl AN Bd¥arRE RCMermediate

‘The two layers were separated, and the aqueous layer was extracted with
(xxiCM (5DpnLx2).hrdeoesnsbioied DCM extraét&Reddethyl-1-(3-methyl-4-nitro-phenyl)-

[1,3'(3’R)]bipyrrolidinyl. LC/MS: 260, TLC (10%MeOH/DCM): 0.3 R,

e midke triffuoro-acetate

Example 1
3,5-Dimethyl-isoxazole-4-carboxylic acid [2-methyl-4-(2(2S)-methyl-
[1,3'(3’S)|bipyrrolidinyl-1'-y)-phenyl]-amide

Q  HC
NI S
H
N/ \ H,C
\O CH3 3

2-Methyl-4-(2(2S)-methyl-[1,3'(3’S)bipyrrolidinyl-1'-yl}-phenylamine (330 mg, 1.15
mmol) was dissolved in DCM (6 mL) and DMF (2 mL), and the solution was cooled to an ice-
water bath. To this solution was added powdered 3,5-dimethyl-isoxazole-4-carboxylic acid
(1689 mg, 1.38 mmol, 1.2 equiv.), N-methylmorpholine (280 mg, 3 equiv.), 1-
hydroxylbenzotriazole (HOBT) (0.162 g, 1.19 mmol, 1.3 equiv.), sequentially, and finally
EDCHCI (0.228 g, 1.19 mmol, 1.3 equiv. ). The resultant clear brown solution was stirred at
r.t. overnight. TLC (10% MeOH in DCM) and L.C/MS showed that the reaction was complete
and the product peak (368) was detected. The reaction was quenched with saturated aqueous

sodium bicarbonate solution (3 mL) and 3 mL of DCM. The two layers were separated, and
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25 washed with sodium bicarbonate (5mL) and brine (5 mL), dried
(anhydrous potassium carbonate), filtered, and concentrated in vacuo to
obtain a crude product which was purified 41 on a silica gel column (25 g
of silica gel) on Analogix to obtain th& title compound as a tan solid, 207
mg (49% yield). LCMS: RT = 1.61 minutes, MS: 368 (M+H). IH NMR
(300MHz, CDC13), 8 (ppm): 8.3 ((bs, 1H), 7.65 (d, 9.6Hz, 1H), 6.64 (s,
the apy0034 886 BBs(Rx i B BN I CVI Y BrBDx@), THI; 3@abined2B§;M. @2tracts were

L 1D, 2,78 (m, ( Hz 7 ), 2 212 .
waskEh 31 Sl Rt B T ol " e st Botasium
carb@ﬁ@irﬁé@ljtdl;llﬂép:ﬁmea&dénb@omntacgd [Ramethpodu(2 @Sipmedsyturified on a
sﬂice{.]gé”i@éﬁﬂx?x‘ng%%""%'t“é’i%ib’al‘é’l JRhenvikamide hydroghloride 10 HEL IhSolid, 200

titte compou was prepared In'a Manner substartia y%ﬁe ame as
mg empileldl by coupling
smethyl-4-(2(2S)-methyl- 'S)|bipyrrolidinyl-11-y1)-phenylamine with
LM R i A By oot . Cor

,D- et pyrazole-3- ylic acid. The product obtained was
'H NlisRofECIR, DO, § treated Witk 1N, HE),i6 othersatl 85, ©41btein BE), 6.39 (bs,

ochlaride salt of the tjtle co ung as a 15 tan solid. LCMS; RT =
1ED, TR RSl 1 A5, S Q.4 (bs. 30,
2.5 (il BA)(152691 B Khs). B (A 1B, B0 (h)218)50. 1o (RHHS, 161 6srd HI I, 1114 (d, 6.3
§mj 1H), 3.81 (s, 3H) 3.6-3.7 (M, 5H), 3.20 (M, 2H), 2.36 (m, 2H), 2.21
Hz, 3H).
Example 2
Cyclohexanecarboxylic acid [2-methy 1-4-(2S-methyl-[1,3'S]bipyrrolidinyl-1'-yl)-phenyl]-
amide trifluoro-acetate

Q  HC

OO~y
mC .CF:CO;H
The title compound was prepared in a manner substantially the same as Example 1 by
coupling 2-methyl-4-(2(2S)-methyl-[1,3'(3’S)Jbipyrrolidinyl-1'-y[)-phenylamine with
cyclohexane carboxylic acid. MS: 370.41 (M+H).
Example 3
Bicyclo[2.2.1 ]heptane-2-carboxylic acid [2-methyl-4-(2S-methyl-[1,3'S]bipyrrolidinyl-1'-y1)-
phenyl]-amide trifluoro acetate
H,C
WC o crcom
The title compound was prepared in a manner substantially the same as Example 1 by
coupling 2-methyl-4-(2(25)-methyl-{1,3'(3’S) bipyrrolidinyl-1'-yl)-phenylamine with
bicyclo[2.2.1]heptane-2-carboxylic acid. MS: 382.24 (M+H).
Example 4
Tetrahydro-pyran-4-carboxyhc acid [2-methyl-4-(2(2S)-methyl-[1,3'(3’S)]bipyrrolidinyl-1'-
y)-phenylj-amide
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(m, 1H), 2.36 (s, 3H), 2.17 (s, 3H), 1.95 (m, 2H), 1.67 (m, 1H), 1.47 (d,
6.2Hz, 3H). Example 16 202,2,3,3-Tetramethyl-cyclopropanecarboxylic
acid [2-methy1-4-(2(S)-methyl-
[1,31(S)]bipyrrolidiny1-11-y1)-phenyl]-amide trifluoroacetate Fisc CH3
H3C H3C .CF3CO2H The title compound was prepared .in a manner
substantially the same as examplg, Jbe coupling
2-methyl-4-(2(S)-methyl41,31S) Thipyzralidin 1-y1)-phenylamine with
2.2,3,3- 25tetramethyl rOPAE @ TS5, 384.3 (M+H). 42
Example 17 2,2,3,3-Tetrardethyliéyclopre panecarbo acid
[2-methy1-4-(2-methyl-[1,31bipyrrolidinyl- 11- yl)mhenylkamlde

trifluoroacetate H3C CH 3 H3C CH3 .CF3CO2H 5The title compound was
prepaviadhipl < AR e mstindtd hidly Shibipamelidenakd mplephapylamine (330mg, 1.15

mmol) was dissolved in DCM (6 mL) and DMF (2 mL), and the solution was cooled in an ice-

water bath. To this solution was added powdered tetrahydro-pyran-4-carboxylic acid (179.6
mg, 1.38 mmol, 1.2 equiv.), N-methylmorpholine (280mg, 3 equiv.) and 1-
hydroxylbenzotriazole (HOBT) (0.162 g, 1.19 mmol, 1.3 equiv.), sequentially, and finally
EDCHCI (0.228 g, 1.19 mmol, 1.3 equiv.). The resultant clear brown solution was stirred at
r.t. overnight. TLC (10% MeOH in DCM) and LC/MS showed that the reaction was complete
and the product peak (372) was detected. The reaction was quenched with saturated sodium
bicarbonate aqueous solution (3 mL) and 3 mL of DCM. The two layers were separated, and
the aqueous layer was extracted with DCM (5 mLx2). The combined DCM extracts were
washed with sodium bicarbonate (5mlL) and brine (5 mL), dried (anhydrous potassium
carbonate), filtered and concentrated in vacuo to obtain a crude product, which was purified
on a silica gel column (25 g of silica gel) on Analogix to obtain the title compound as a tan
solid, 210 mg (49% yield).
LCMS: Ry = 1.46 minutes, MS: 372 (M+H).
'H NMR (CDCl;, 300MHz), § (ppm): 7.34 (d, 8.2Hz, 1H), 6.79 (s, 1H), 6.39 (s, 1H), 6.36 (s,
1H), 4.06 (m, 2H), 3.51-3.19 (m, 7H), 3.00 (m, 1H), 2.78 (m, 1H), 2.53 (m, 2H), 2.19 (s, 30),
2.13-1.73 (m, 10H), 1.47 (m, 1H), 1.14 (d, 6.0Hz, 3H).
Example 5
3-Methyl-isoxazole-53-carboxylic acid [2-methyl-4-(2S-methyl-{1,3'S]bipyrrolidinyl-1'-y)-

phenyl]-amide trifluoro-acetate
o HG
O
\ H \
H.C H,C

The title compound was prepared in a manner substantially the same as Example 1 by

.CFsCOOH

coupling 2-methyl-4-(2(2S)-methyl-[1,3'(3°S)]bipyrrolidinyl-1'-yl)-phenylamine with  3-
methyl-isoxazole-5-carboxylic acid. MS: 369.21 (M+H).
Example 6



n

coupling2-methy1-4-(2-methy111,31bipyrrolidinyl-1t-y1)-phenylaminewith
2,2,3,3- tetramethyl-cyclopropanecarboxylic acid. MS: 384.3 (M+H).
Example 18 3,5-Dimethyl-isoxazole-4-carboxylic acid
[2-methy1-4-(2-methyl-[1,3]bipyrrolidifyl-1'-y1)- phenyl] amide
trifluoroacetate H3c CH3 H 0 CH3 .CF3CO0211 The title compound
was prepared in a manner substantially the same as example 1 by

Fukspupiiagoemiecragidi [ 2medinl R (28 1gshmlel iy binyyolid eyl apt)rehevish]-amide
3,5-dimethylisoxazoIe-4-carbox%§8}g;a%§ét§83.3 (M+H). 15Example 19
Furan-2-carboxylic acid
[2-methyl-4-(2(S)--methyl-[1:3%(S)]bipyrrolid.nyl-11-y1)-phenylk amide
trifluoroacetate .CF3CORH Re title compaund was prepared in a
manner substanti he sHm a My 2Dcoupling
2-methyl-4-(2(S)- yl-[ 1,31(S)]bipyn-oliﬂi -11-y1)-phenylamine with
furan-2- carboxylic acid. MS: 354.3 (M+H). .CF;COOH

5-Methyl-1H-pyrazole-3-carboxylic. acid ;

o A T RS e g e a5 Bxample 1 by
coupliiilyl OroRteRydte (333 )-methyl-[1,3'(3°S) |bipyrrolidinyl-1'-y1)-phenylamine with furan-3-
carboxylic acid. MS: 354.21 (M+H).

Example 7
3,5-Dimethyl-isoxazole-4-carboxylic acid [3-methyl-4-(2-methyl-[ 1,3 Tbipyrrolidinyl-1'-y1)-
phenyl]-amide trifluoro-acetate

H,C Q CH,
s }3\
SO0y
O
CH, H,C

The title compound was prepared in a manner substantially the same as Example 1 by

.CF:COOH

coupling 3-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-yl)-phenylamine with 3,5-dimethyl-
isoxazole-4-carboxylic acid. MS: 383.22 (M+H).
Example 8
2-Cyclopentyl-N-[2-methyl-4-(2-methyl-[ 1 ;3'Toipyrrolidinyl-1'-yl)-phenyl}-acetamide

trifluoro-acetate

AT
.CF;COOH
The title compound was prepared in a manner substantially the same as Example 1 by
coupling 2-methyl-4-(2-methyl-[1,3"[bipyrrolidinyl-1'-yl)-phenylamine with 2-cyclopentyl-
acetic acid. MS: 370.23 (M+H).
Example 9
Tetrahydro-pyran-4-carboxylic acid [4-(2-methyl-[ 1,3'|bipyrrolidinyl-1"-yl)-phenyl]-amide

trifluoro-acetate



r-- H3C .CF3CO2H The title compound was prepared in a manner
substantially the same as example 1 by 5coupling
2-methyl-4-(2-methyl-[1,31bipyrro|idi§yl-11-y1)-phenylamine with
5-methyl-1 H- pyrazole-3-carboxylic acid. MS: 368.2 (M+H). Example 21
2-Cyclopentyl-N42-methyl-4-(2(S)-methy111,31(S) Thipyrrolidinyl-11-y1)-p
henyl]-acetamide trifluorgacetate H3C GO 101.CF3CO2H The title

compound was prepared|in a m r swgintially the same as example
1 by coupling NA@N N
2-methyl-4-(2(S)age yI-[1,§1S) yrrolidinyl- )-phenylamine with 2-

cyclopentyl acetic acid. MS: 370.3 (M+H). BlAmple 28r,CO0H
155-Methyl-1H-pyrazole-3-carboxylic acid _
[3-ribthiitld q@nmetinyl f2 8 ptsipyred idinynanney Sibptaehgl|safedeme as Example 1 by

ifluorogcstate. cH: : 25 1 nkhed PoUNd, Was. . hvdro- 4.
Cou%i}é%are%%% %1%1%?1%? é%%%gﬁﬂﬂﬁ]e ggrﬁ%% a@l 1gl;(%\i?{ngpleL(!lvby coggl?ng ropyIEn
cart®spkethadid-(REnSthR/RBL(31bipyrrolidinyl-11-311)-phenylamine with

5-methyl- 1H20pyrazole-3-carbox3ﬁi)gagl%ipé ]S: 368.3 (M+H). Example 23

5

Cycéll:propanecarboxylic acid [2-methyl-4-(2-methyl-[1,3'|bipyrrolidinyl-1'-yl)-phenyl]-amide

trifluoro-acetate
o HC
"G crcooH
The title compound was prepared in a manner substantially the same as Example 1 by

10 coupling 2-methyl-4-(2-methyl-[ 1,3'|bipyrrolidinyl-1'-yl)-phenylamine with

cyclopropanecarboxylic acid. MS: 328.22 (M+H).

Example 11
Tetrahydro-pyran-4-carboxylic acid [3-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-yD)-phenyl]-
amide trifluoro-acetate
CH,
ORASSNe

15 e cRcoon

The title compound was prepared in a manner substantially the same as Example 1 by
coupling 3-methyl-4-(2-methyl-[1,3'|bipyrrolidinyl-1'-yl)-phenylamine with tetrahydro-pyran-
4-carboxylic acid. MS: 372.27 (M+H).

Example 12
20 (18,4R)-Bicyclo[2.2.1Theptane-2-carboxylic acid [2-methyl-4-(2-methyl-[1,3"Tbipyrrolidinyl-

1'-yl)-phenyl]-amide trifluoro-acetate

H O H,G
Jr @Q} )
H H,C

.CF;COOH
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(1S,4R)-Bicyclo[2.2.1]heptane-2-carboxylic acid
[3-methy1-4-(2-methy141,3Thipyrrolidinyl- 11-y1)-phenyll-amide

trifluoroacetate CH3 .CF3CO2H The title compound was prepared in

a manner substantially the same as@xample 1 by
5coupling3-methyl-4-(2-methyl-[1,31bipyrrolidiny1-1'-y1)-phenylaminewith
(1S,4R)- bicyclo[2.2.1]heptane-2-carboxylic acid. MS: 382.3 (M+H).
Ex@inptél24orepativepyraparbd aikomdimaciiibstantially the same as Example 1 by

2-methy1-4-(2-methy141,31bipyrrolidinyl-11-y1)-phenyll- 10,CF3CO2H
coupﬁl‘ﬁ% titI}‘eE/"éIcl)‘F%}g c%uﬁ?véé%?’itgﬁglm%gﬁﬁlé?fé’@é%&w saidlys (1S4R)-
bicy s IghkiyreodpiinBoxylic acid. MS: 382.28 (M+H).

2-methyl-4-(2-methyl-[1,31bipyrro|i%?réyll- %1- e-phenylamine with

tetrahydro-pyran4-carboxylic acid™ -3 (M+H). Example 25

1822331 etrameityleyelaproganreaybpK b pgidolidinyl-1'-y1)-phenylJ-amide
[4-(2-methyl-[1,31bipyrrolidinyl-1'-y1)- phenyl]-amide trifluoroacetate
.CF3CO2H  The title compo ﬁ%ﬁ%‘ ed in a manner

substantially the same ag example 1 by coupling

4-(2-methyl-11,31bigyrralidiny1/ 1)-;5®ila ine with
2,2,3,3-tetramelﬂfryIE¥ Ioproﬁ@' am@: 370.3 (M+H).
Example 26 3,5-Dittiethyl-isoxazole-4-carboxylic acid

[4-(2-methyl11,3'Thipyrro|idinyl-ll-yl)-pher{_| 1- amidiFiifthorpacetate

451%'5' title compound was prepared in a manner substantially the same as Example 1 by
coupling 4-(2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenylamine with 1H-pyrazole-4-carboxylic
acid. MS: 340.22 (M+H).

_ Example 14
5-Methyl-1H-pyrazole-3-carboxylic acid [2-methyl-4-(2(2S)-methyl-
[1,3'(3°S)]bipyrrolidinyl-1'-yl)-phenyl]-amide

0 H.C
OOy
H
H,C N/
H

2-Methyl-4-(2(28)-methyl-[1,3'(3’S)Ibipyrrolidinyl-1'-yl)-phenylamine (330 mg, 1.15
mmol) was dissolved in DCM (6 mL) and DMF (2 mL), and the solution was cooled in an ice-
water bath. To this solution was added powdered 5-methyl-1H-pyrazole-3-carboxylic acid
(1746 mg, 138 mmol, 1.2 equiv.), N-methylmorpholine (280mg, 3 equiv.)), 1-
hydroxylbenzotriazole (HOBT) (0.162 g, 1.19 mmol, 1.3 equiv.), sequentially, and finally
EDCHCI (0.228 g, 1.19 mmol, 1.3 equiv.). The resulting clear brown solution was stirred at
r.t. overnight. TLC (10% MeOH in DCM) and LC/MS showed fhat the reaction was complete
and the product peak (368) was detected. The reaction was quenched with saturated sodium
bicarbonate agueous solution (3 mL) and 3 mL of DCM. The twb layers were separated, and
the aqueous layer was extracted with DCM (5 mLx2). The combined DCM extracts were
washed with sodium bicarbonate (5mL) and brine (5 mL), dried (anhydrous potassium

carbonate), filtered, and concentrated in vacuo to obtain a crude product which was purified
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3 HNN CH3 .CF3CO2H The title compound was prepared in a
manner substantially the same as example 1 by coupling
4-(2-methyl-[1,3']bipyrrolidiny1-11-y1);phenylamine with
3,5-dimethyl-isoxazole-4- carboxylic acid. MS: 369.2 (M+H). 5SExample 27
2,2,3,3-Tetramethyl-cyclopropanecarboxylic acid

on e{ﬁsﬁrlrllge{ l%éﬁl meliggl é]tj?g{ﬁ E&l %Q}Zdéﬂyjkrﬁal pﬁ&e&lé{ﬁiﬂ’{ﬂg%ﬂe compound as a tan

uor cetate compou d was prepared in a manner
solidubTantia(§Ptheysadie as example 1 by

pli methyl-4- 1]bipyrrolidinyl-1t-y1)-phenylaminewit
LCI%]%, , ,Sq@ame ¥y°1 (I:\(,yl?sclopr%] anecarboxylic acid. MS: 384.3 (M+H).
'H Hm@emmzmﬂ%p@@mmﬂ 8arlotosylidBeid 65 (d, 9.6Hz, 1H), 6.64 (s, 1H), 6.43-

6.35{%%{3 géfgﬁg'{jﬁg'% 8@ G TIPS gy Loy s PREAIRIGe 1 1), 2.53 (g,
8.1Hz, 1H), 2.37 (s, 3H), 2.28 (s, 3H), 2.12 (m, 1H), 1.98 (m 2H), 1.78 (m, 2H), 1.51 (m, 2H).
Example 15
1,5-Dimethyl-1H-pyrazole-3-carboxylic acid [2-methyl-4-(2(28)-methyl-
[1,3'(3’S)]bipyrrolidinyl-1'-yl)-phenyl]-amide hydrochloride

H 00

Ha HCI

The title compound was prepared in a manner substantially the same as example 16 by
coupling 2-methyl-4-(2(2S)-methyl-[1,3'(3’S)Jbipyrrolidinyl-1"-yl)-phenylamine with 1,5-
dimethyl-1H-pyrazole-3-carboxylic acid. The product obtained was dissolved in DCM and
treated with 1N HCI in ether at 0°C to obtain a hydrochloride salt of the title compound as a
tan solid. LCMS: Rt = 1.76 minutes, MS: 382 (M +LH).
'"H NMR (DMSO-d6, 300MHz), 8 (ppm): 11.31 (bs), 9.15 (bs), 7.26 (d, 8.7Hz, 1H), 6.50 (m,
3H), 5.76 (s, 1H), 4.11 (m, 1H), 3.81 (s, 3H) 3.6-3.7 (m, 5H), 3.20 (m, 2H), 2.36 (m, 2H), 2.21
(m, 1H), 2.36 (s, 3H), 2.17 (s, 3H), 1.95 (m, 2H), 1.67 (m, 1H), 1.47 (d, 6.2Hz, 3H).

Example 16
2,2,3,3-Tetramethyl-cyclopropanccarboxylic acid [2-methyl-4-(2(S)-methyl-
[1,3'(S)Ibipyrrolidinyi-1"-y1)-phenyl]-amide trifluoroacetate

L ) Q.
”36\ CF3CO,H
The title compound was prepared in a manner substantially the same as example 1 by
coupling 2-methyl-4-(2(S)-methyl-[1,3'(S)]bipyrrolidinyl-1'-yl)-phenylamine with 2,2,3,3-
tetramethyl-cyclopropanecarboxylic acid. MS: 384.3 (M+H).



15.CF3CO2H The title compound was prepared in a manner
substantially the same as example 1 by coupling
2-methyl-4-(2(S)-methyl-[1,31(S)]bipynolidinyl-I'-y1)-phenylamine with
2-methyloxazole-4-carboxylic acid. MFS: 369.2 (M+H). Example 29
20(1S,4R)-Bicyclo[2.2.1]heptane-2-carboxylic acid
[4-(2-methyl-[1,3Thipyrrolidiny1-11-y1)- phenyl]-amide trifluoroacetate 46
.CF3C0211 The titte compouBghwak:drepared in a manner

tlal measexa lelb lin iy .
22 fgk? % yrr %}q lic a&éﬁ%gnrﬁn lﬁﬁfEQ-methyl—[lﬁ Tbipyrrolidinyi-

(1S, 4R) blcyclo[z 2. 1]Hégﬂam@jdz}rhmdélmﬁm&%ta368.2 (M+H).
5Example 30 Cyclopropanecgrgoxyllc acid

[4-(2-methy141, 3Th|@)4rrolld|nyl 1'-y1)-2-trifluoromethyl- phenylkamide
LL‘ Th

tithe compound was prepared in

trifluoroacetate H3cC.
a manner substaﬁt%
10coupling4-(2-hh& 1,3lgipyrrolidinyl-1t- yzmluoromethyl phenylam
inewith cyclopropaneg oxylic acid. MS: 38 +H). Example 31
5-Methyl-1H-pyrazole-3-carboxylic acid H,C CE:CO:H

5 4 ﬁlemc% e%%)%%pg&r%o RS %Criel:rﬁgre]d’ ¥112 EQEQ r su ns]’égrﬁtgﬂlyut ré) ggr%%ag% example 1 by |
coupling  2-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-yl)-phenylamine ~ with ~ 2,2,3,3-
tetramethyl-cyclopropanecarboxylic acid. MS: 384.3 (M+H).

Example 18
3,5-Dimethyl-isoxazole-4-carboxylic acid [2-methyl-4-(2-methyl-[ 1,3 Tbipyrrolidinyl-1'-y1)-
10 phenyl]-amide trifluoroacetate
H.C

H,C CF5CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 2-methyl-4-(2-methyl-[1,3"fbipyrrolidinyl-1'-yl)-phenylamine with 3,5-dimethyl-
isoxazole-4-carboxylic acid. MS: 383.3 (M+H).

15 Example 19
Furan-2-carboxylic acid [2-methyl-4-(2(S)--methyl-[1,3'(S)]bipyrrolidinyl-1'-yl)-phenyl]-

amide trifluoroacetate

H,C
H

H,C CF,CO,H

The title compound was prepared in a manner substantially the same as example 1 by
20 coupling 2-methyl-4-(2(S)-methy!-[1,3'(S)]bipyrrolidinyl-1'-yl)-phenylamine with furan-2-
carboxylic acid. MS: 354.3 (M+H).
Example 20



15 .CF3CO2H The title compound was prepared in a manner
substantially the same as example 1 by coupling
4-(2-methyl-[1,3]bipyrrolidiny1-11-y1)-phenylamine with
5-methyl-IH-pyrazole-3- carboxylic acid. MS: 354.2 (M+H). Example 32
205-(2-0x0-2H-pyridin-1-y1)-furan-2-carboxylic acid

e e

same as example 1 by copipting]-amide trifluoroacetate
2-methyl-4-(2-methyl41,31Thipygrolidiny1-11-y1)-phenylamine with

SExample 33 1Hieyrazole-44¢ard (
[2-methyl-4-(2-meth ITJ, IpYrrodh , }\I enylk amide
trifluoroacetate t HSCHIN Ne-

3 .CF;COH

The title compound was prepared in a manner substantially the same as example 1 by
5 coupling 2-methyl-4-(2-methyl-[1,3"bipyrrolidiny!-1"-yl)-phenylamine with 5-methyl-1H-
pyrazole-3-carboxylic acid. MS: 368.2 (M+H).
Example 21
2-Cyclopentyl-N-[2-methyl-4-(2(S)-methyl-[1,3'(S)|bipyrrolidinyl-1'-y1)-phenyl]-acetamide

trifluoroacetate

H,GC
H
OO
.
Cﬁo >
H.C

10 ¢ .CF3CO,H
The title compound was prepared in a manner substantially the same as example 1 by
coupling 2—methyl-4—(2(S)-methyl-t1,3‘(S)]bipyrrolidinyl-1‘-yl)-phenylamine with  2-
cyclopentyl acetic acid. MS: 370.3 (M+H).
Example 22
15 5-Methyl-1H-pyrazole-3-carboxylic acid [3-methyl-4-(2-methyl-[1,3"Tbipyrrolidinyl-1'-yl)-

phenyl]-amide trifluoroacetate

CH,
H,C H
3 WNGNQ
Y
C CF;COH
The title compound was prepared in a manner substantially the same as example 1 by
coupling 3-methyl-4-(2-methyl-[1,3"]bipyrrolidinyl-1"-yl)-phenylamine with 5-methyl-1H-
20 pyrazole-3-carboxylic acid. MS: 368.3 (M+H).
Example 23
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0 The title compound was prepared in a manner substantially the
same as example 1 by 10coupling
2-methy1-4-(2-methyl-[1,31bipyrrolidinyl-1 -y1)-phenylamine with
1H-pyrazole-4- carboxylic acid. MS: 864.2 (M+H). Example 34
1H-Pyrazole-4-carboxylic acid .
[3-methyl-4-(2-methyl-[1,31bipyrrolidinyl-11-y1)-phenylk amide

(1S #RuBroackifie 15hefFacc2eirboxThe ditlé Comgbyhd-(Rasgigpdiedl linmyrolidinyl-
manner substantially tl}e xam by coupli 19
3-methyl-4-(2-methyl4 ﬁil%yrré/ll |ny CE%?[ éLenye{?ar{r.'nne with
1H-pyrazole-4- carboxylic acid. MS: 854.3 (M+H). Example 35
205-Methyl-1H- -pyraz le+3- ' j

[4-(2-methyl-[1,31bigyrolighnyl- yr2-MNifl romethyl-phenylkamide
trifluoroacetate 48".CF3C The title coripoynd was prepared in a
manner substantially the same as example 1 upling

4-(2-methyl-R3Thipyrrolidiny1-1'-y1)-2-trifisromethyt-phegylgmine with 5-
methy1-1H-pyrazole-3-carboxylic acid. MS: 422.2 (M+I—3i) xample 36
2- d"ﬁzﬂdﬁlnﬁwwm@zw@wﬁémgﬁmneé1Irﬁ|Wwﬁam%tmuahwibnéﬁma@eq&mple 1 by

coupHBMuOrRRARIRIL (Bt IBE @by rolidinyl-1'-yl)-phenylamine  with (18,4R)-
bicyclo[2.2.1]heptane-2-carboxylic acid. MS: 382.3 (M+H).

Example 24
Tetrahydro-pyran-4-carboxylic acid [2-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-yl)-phenyl]-

amide trifluoroacetate

H.C,
=O-Q1
L N
0 Q
":C CF:CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 2-methyl-4-(2-methyl-{1,3'lbipyrrolidinyl-1'-yl)-phenylamine with tetrahydro-pyran-
4-carboxylic acid. MS: 372.3 (M+H). |

Example 25
2,2,3,3-Tetramethyl-cyclopropanecarboxylic acid [4-(2-methyl-[1,3"Tbipyrrolidinyl-1'-yl)-
phenyl]-amide trifluoroacetate
CH,
HBC%N—@N&
H,C Ly, O D
HC CF,CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling  4-(Z-methyl-[1,3"bipyrrolidinyl-1"-yl)-phenylamine  with  2,2,3,3-tetramethyl-
cyclopropanecarboxylic acid. MS: 370.3 (M+H).

Example 26
3,5-Dimethyl-isoxazole-4-carboxylic acid [4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-yl)-phenyl]-

amide trifluoroacetate



The title compound was prepared in a manner substantially the same as
example 1 by coupling 4-(2-methyl-W3]bipyrrolidinyl-1 -y1)-phenylamine
with cyclopentyl-acetic acid. 10MS: 336.2 (M+H). Example 37
5-Pyridin-4-y1-2H-pyrazole-3-carboxylic acid
[2-methy1-4-(2-methyl-[E3'Thipyrrolidiny1-1'- y1)-phenyl]lamide
trifluoroacetate H3C Ié,J,\I N 0 .CF3CO2H IsThe title compound was
prepared in a manne subsﬁan @ e as example 1 by coupling

p

2-methyl-4-(2- me‘}’h/ hi Zidinyl-1-y1)-phenylamine with
3-carboxylic acid@%l 3 (M+H).

5-pyridin-4-y1- 2
Example 38

2-Cyclopentyl-N-p- methyl -4-(2-methyl-[1,38ipyrrolidioyletinl)-phenylFa
cetamide 20trifluoroacetate 49 .CF3CO2H The title compound was

prepaFcdfih SOOI WA LERAEN itha BRARSBS-EREMHHEN RS etpRgrample 1 by

couﬁl WXQ%@Hﬂeﬁbﬂ'ﬂﬂi%ﬂmﬁld}n blppenyRhemdaminevsitlimethyl-isoxazole-4-
pent Iacetlc aC|d MS: 370.2 (M+H) 5Example 39
Cafb%lflﬁp?éh%/ (Madia-

5 [2-methy1-4- (2(S) methylll 3 (S)Egmﬂglgj;nyl -11-y1)-phenylk amide

trifluoroacetate .CF3CO2H o
2,2,3,3- Tetramethyl-cyclopropanecarboxyhc acid [3-methyl-4-(2-methyl-[1,3"|bipyrrolidinyl-

1'-y1)-phenyl]-amide trifluoroacetate

CHy :
H@%N@NCL
H,C by, O D

H,C CF3C0,H
The title compound was prepared in a manner substantially the same as example 1 by

10 coupling  3-methyl-4-(2-methyl-[1,3"bipyrrolidinyl-1"-yl)-phenylamine ~ with  2,2,3,3-

tetramethyl-cyclopropanecarboxylic acid. MS: 384.3 (M+H).

Example 28
2-Methyl-oxazole-4-carboxylic acid [2-methyl-4-(2(S)-methyl-[1,3'(S)|bipyrrolidinyl-1"-yl)-

phenyl]-amide trifluoroacetate

H,C,
oy O

15 H,C CF:CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 2-methyl-4-(2(S)-methyl-[ 1,3'(S)bipyrrolidinyl-1'-yl)-phenylamine with 2-methyl-
oxazole-4-carboxylic acid. MS: 369.2 (M+H).

Example 29
20 (18,4R)-Bicyclo[2.2.1]heptane-2-carboxylic acid [4-(2-methyl-[ 1,3 Tbipyrrolidinyl-1'-y1)-

phenyl]-amide trifluoroacetate



The title compound was prepared in a manner substantially the same as
example 1 by _
10coupling2-methyl-4-(2(S)-methyl11,31(S) Thipyn-olidinyl-11-34)-phenyla
minewith cyclopentanecarboxylic acid. MS: 356.3 (M+H). Example 40
Cyclopropanecarboxylic acid
[4-(2-methyl-[1,31]bipyrrolidiny1-11-y1)-phenylkamide trifluoroacetate

15.CF3CO2H The title eompo d was-prepared in a manner
Las gxa @ b coupling

substantially the s
4-(2-methyl41,31kpyj y1-11-y1)-phenylamihe with cyc

lopropane-carboxylic acid. MS: 314.2 (M+H). ple 41
20Cyclopropanecarboxylic acid H,C
[3-methyl-4-(2-methyl-[1,31]bipyrrolidinyl-l‘-yl)—phégﬁi—ga(r)’r%l%e

triflies dibetatopsandGREE R ed in heaittetsrhgontia lwascpreparsctimaple 1 by

nner staptiall same as e by coupling _ . .

coup P A SRR S R R iy, (18400 bieyelo
[2.2. tjistopropamachebphiylicicidI #6828 12{MX:H). 5Biological Examples

Example 42 This Example 42 ggpnorlls%ntes the efficacy of

compounds of this invention as H recgp?or ligands. The compounds of

(ynitoimepatiorattaney lie er die(@nstditdd to3gisplacelkBikii-Wethylhisthminmethyl-

radioligand binding to ma mallij'gn c%fl m brane {expressing rhesus 10

(Macacca Mulatta) H3 regeﬁ?gr. These Elorlﬁ%rgﬁﬁ g aisplay rhesus H3

affinity constants (Ki) in th€range of 1 IAA to <1 nM. Additionally, the

compounds of this inventign

demonstrated by GTP7S

radioligand bindingssa 0 bsug H3 constitutive functional
activity in cell membfan&s. Thisinhibitioh o | rhesus H3-mediated

FTHyS radioligand bindir% demonstrates that thé compounds of this
_invention find utility as inverse agonistsH,C CEsCO,H
The title Compound Was. prepared in a manner substantially the same as example 1 by
10 coupling 4-(2-methyl-{1,3"Tbipyrrolidinyl-1"-yl)-2-trifluoromethyl-phenylamine with
cyclopropanecarboxylic acid. MS: 382.2 (M+H).
Example 31
5-Methyl-1H-pyrazole-3-carboxylic acid [4-(2-methyl-[1,3']bipyrrolidinyl-1'-yi)-phenyl]-

amide trifluoroacetate

5 H,C CF:CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 4-(2-methyl-[1,3"[bipyrrolidinyl-1'-yl)-phenylamine with 5-methyl-1H-pyrazole-3-
carboxylic acid. MS: 354.2 (M+H).

Example 32
20 5-(2-Oxo-2H-pyridin-1-yl)-furan-2-carboxylic acid [2-methyl-4-(2-methyl-
[1,3"bipyrrolidinyl-1'-y1)-phenyl]-amide



15 These compounds decreased rhesus H3 GTPyS radioligand binding
by 0-40% below basal levels. Rhesus H3 membranes were prepared
from the Flp-In T-REx 293 Cell Line (Javitrogen) stably transfected with
pcDNAS/FRT/TO (Invitrogen) containing the rhesus monkey (Macacca
Mulatta) 445 amino acid H3 receptor. (Genbank #AY231164). Stably 20
transfected cultures were amplified if issue culture flasks by standard
tissue culture methods aneFfiduced t6 &xpress rhesus H3 by exposure to
N Y4 Hours Finduction, cells were
dissociated from flasks utiligzin ppet (C . Cells were
centrifuged (1K x g, 5 min) pelet frozen in an ett;i@dry ice bath to
disrupt cell membranes. Frozen cell pellet was re-su tded in 5 mM
HEPES (pH 7.4, Invitrogen) at 25 10m1/1000 cmZ%f harvested cells. The

I ' .
ce %Bﬁg%%%g@?g’_%@%&% ] ﬁ%&?éf%&%ﬁﬂl@lﬁ%’nﬁé)hsﬁ?ﬂqflé(?gxg}ﬁple 1 by

a 23 gaug rther disrupt cell membranés. The ce
couplispesioethyad ¢@nmifiiged! (20K oddimih). -Ebiphmayiarame pelitt wag2-oxo-2H-
18-S i PES (RE 74479Yitiegsn) at a final protein
YR - Sy )\ . : 445 .
pynca%r}]gje rgl%gg g:‘%ﬁ%gf/ﬁkn% aR%%sﬁgéHS o1 K‘uenggranes were stored under
5 liquid nitrogen prior to use in [31-1ExMethid#stamine and GTPyS

holigand binding assays; r~_ sus-H3 radialig é%%g SAY e )
A T e e heny)
above), [314]-MethylhistaminePdskinfEhmewetaid WGA 5 SPA beads
(wheat germ agglutinin scintillation proximity assay) beads (Amersham).
The assay was perfolined in 95 we Opti-Plates (Packard). Each reaction
contained 50 ill rhesus H3 e 0-30 14 total protein), 50 jfl WGA
SPA beads (0.1 n"\%%}%&jil 0 i/m H1-Methylhistamine (final
concentration 2 nM) &hd 5@itl of tested compoNPInd.iThe compounds of this
invention and/or vehicle were diluted with Hi | uffer from 10 mM
DMSO stocks. Assay plates were sealed with TopSe@F{R&H&h Elmer) and
mi shaker (25C , 1 hour). Assay plates were, read on.To u
eras AT e B TRY PR MR IERA A ORARAY cxample 1 by
10 couptamsidrmettiphaiHietholl Bk Mbrpytatbdmired-ipl)-Cieryde Prosoff wyubltiepyrazole-4-
The observ indi r a few of the representative compounds of
Carbt%}glllr?vaé:rll |o%rg£§ %ﬁ%&ﬁ?{z{jd in Table 1. 15Table 1 Example No. Rhesus
H3 binding ki (nM) Inverse Agonist&apihisition of Basal GTPyS binding

11—?-55%%0 Se-ld_ll-%e?rbld)?y_l%ga%?d?[31—ﬁlethyl—4-(2 -methyl-[ 1,3'Jbipyrrolidinyl-1'-y1)-phenyl]-

amide trifluoroacetate

CH,
g et
o '
o Q
15 e CF,COH
The title compound was prepared in a manner substantially the same as example | by
coupling 3-methyl-4-(2-methyl-[1,3"Tbipyrrolidinyl-1'-yl)-phenylamine with 1H-pyrazole-4-
carboxylic acid. MS: 354.3 (M+H).
Example 35
20 5-Methyl-1H-pyrazole-3-carboxylic acid [4-(2-methy!-[1,3']bipyrrolidinyl-1'-yl)-2-

trifluoromethy!l-phenyl]-amide trifluoroacetate



-33 Example 43 This Example illustrates selective affinity of the
compounds of this invention at H3 receptors and exhibit either low and/or
no activity at the MCH receptor site. 20The H3 affinity of the compounds
of this invention were measured in at€ordance with the procedures set
forth in Example 42 and are summarized in Table 2. The activity of the
compounds of this invention at the MCH receptor site, if any was
measured by the procedures @&:set forth below. Test Compounds: The
compounds of tmsclnventlon nverg S

(1 Oa, 10 mM, 100 NES

0). The test

249 L of 100% DM |Iu on 1: Ypounds were further
diluted 1:4 (0.1% DMSO) durlng assay resulting.in the final concentration
of test compounds of this invention to be 16i;aM. 52 ontrol: 40

gM of MCH in assay buffer with 0.4% HMSO were transferred to the
d|IL]ﬂu?ntrﬁﬂ:mm;aowidteewqurepmdhwlardrarmsulteblstmnﬁnﬂbrdmmmmwmmafnple 1 by

ORM nk S fer ¢ narn 0 0, HMSO w! e nsf rmredto .
cou A N DL oy e Al st win s
metlplbid$-puitia 22560 Irlabhiol 856 detdl- Mﬂirm\&e(MNH)a mcubated for 2 hours

at room temperature. PEIl was re ved yacuum filtration just before
pipetting (Univac Polyfiltronic/Wha ma e solution of the compound as

2- Cprﬂppm@hbb%(@@lgih)ﬂeml,\Hqliﬂp@?ﬁga"lmelCbﬂﬂpﬁhenﬁyﬁeelﬁfvlﬁﬂmﬂuoroacetate

(positive control) were added to 96- weII round bottom microtiter plate.
Then 50 p.1 of [125Jk||gan ded followed by 100 gl of 10

membrane suspension-—Fe pI ed with the lids, and
incubated for 60 t 25¢C. The samples Wiﬁansferred to GF/B filter
plate. The reaction ture was removed b m filtration, washed 4 x
with 300 gl ice-cold washing buffer and tH?!,9 ashing@platiniiwas removed

by vac f|Itrat|on The rubber yer at the bot ate was then
ot B YRS e SPGB /o PHTT At IO i Bratte Ssrgpmple | by
oup(bifnl gcil?tﬂhﬁmuhjrﬁ doﬁkbqnl}wad ; Ciii(adgiﬁd@rgdpﬂﬁf lﬁlj?aiﬁﬁelv@\rﬂlrse@iddmdyl acetic acid.
) were added and incubated for 1 hour at room temperature.
o s SRS

ivity was then measured, settings 125J standard, 30
sec./well. From this the percent inBibitiple@Aigand binding was measured

S—P%%g %tﬁgﬁgg car %I)ey 1cEaX£’H1 Eemlelt%y[lqg e( ur?let yPHdﬂ%g ol\{lu)iinylul'-

yl)—phenyl]-armde trifluoroacetate

\/
TN
NN

HSC CF,CO,H

15 The title compound was prepared in a manner substantially the same as example 1 by
coupling 2-methyl-4-(2-methyl-[1,3'|bipyrrolidinyl-1'-yI)-phenylamine with 5-pyridin-4-yl-
2H-pyrazole-3~carboxylic acid. MS: 431.3 (M+H).

Example 38
2-Cyclopentyl-N-[3-methy!-4-(2-methy!-[ 1,3"|bipyrrolidinyl-1'-yl)-phenyl]-acetamide

20 ‘trifluoroacetate
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(tl0gM1040.7204-21306-0841.0-165113.161.8-6.973.2

49

H,C CF;CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 3-methyl-4-(2-methyl-[1,3]bipyrrolidinyl-1'-yl)-phenylamine with cyclopentyl-
acetic acid. MS: 370.2 (M+H).

Example 39
Cyclopentanecarboxylic acid [2-methy!-4-(2(S)-methyl-[1,3'(S)]bipyrrolidinyl-1'-yl)-phenyi}-

amide trifluoroacetate

o O-A

H,C CFsCO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 2-methyl-4-(2(S)-methyl-[ 1,3'(S)]bipyrrolidinyl-1'-yl)-phenylamine with
cyclopentanecarboxylic acid. MS: 356.3 (M+H).

| Example 40
Cyclopropanecarboxylic acid [4-(2-methyi-[1,3"]bipyrrolidinyl-1'-y})-phenyl}-amide

trifluoroacetate

—O-C
Sl

i CF;COH
The title compound was prepared in a manner substantially the same as example 1 by
coupling 4-(2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenylamine with cyclopropane-carboxylic
acid. MS: 314.2 (M+H).
Example 41
Cyclopropanecarboxylic acid [3-methyl-4-(2-methyl-[1,3'Tbipyrrolidinyl-1'-yl)-phenyl|-amide

trifluoroacetate
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5088A1.498.7-28109.64.01117.02.7 53 Example No. Rhesus H3
binding ki (nM) MCH % inhibition @ 10 tiM 12

50

CH,
-1
ST D

fC CF;CO,H

The title compound was prepared in a manner substantially the same as example 1 by
coupling 3-methyl-4-(2-methyl-{ 1,3"|bipyrrolidinyl-1'-yl)-phenylamine with
cyclopropanecarboxylic acid. MS: 328.2 (M+H).

Biological Examples
Example 42

This Example 42 demonstrates the efficacy of compounds of this invention as H3
receptor ligands. The compounds of this invention have been demonstrated to displace [*H]-
Methythistamine radioligand binding to mammalian cell membranes expressing rhesus
(Macacca Mulatta) H3 receptor. These compounds display rhesus H3 affinity constants (Ki)
in the range of 1 pM to <! nM. Additionally, the compounds of this invention have been
demonstrated by GTPyS radioligand binding assay to inhibit rhesus H3 constitutive functional
activity in cell membranes. This inhibition of basal rhesus H3-mediated TTIIyS radioligand
binding demonstrates that the compounds of this invention find utility as inverse agonists.
These compounds decreased rhesus H3 GTPyS radioligand binding by 0-40% below basal
levels.

Rhesus H3 membranes were prepared from the Flp-In T-REx 293 Cell Line
{(Invitrogen) stably transfected with pcDNAS/FRT/TO (Invitrogen) containing the rhesus
monkey (Macacca Mulatta) 445 amino acid H3 receptor. (Genbank #AY231164). Stably
transfected cultures were amplified in tissue culture flasks by standard tissue culture methods
and induced to express rhesus H3 by exposure to 500 ng/ml tetracycline (Cellgro) for 24
hours. After induction, cells were dissociated from flasks utilizing Cell Stripper (Cellgro).
Cells were centrifuged (1K x g, 5 min) and pellet frozen in an ethanol-dry ice bath to disrupt
cell membranes. Frozen cell pellet was re-suspended in 5 mM HEPES (pH 7.4, Invitrogen) at
10mi/1000 cm2 of harvested cells. The cell suspension was drawn through an 18 gauge
needle (2-3x) followed by a 23 gauge needle (2-3x) to further disrupt cell membranes. The
cell suspension was centrifuged (40K x g, 30 min). Cell membrane pellet was re-suspended in

5 mM HEPES (pH 7.4, Invitrogen) at a final protein concentration of 10 mg/ml. Rhesus H3
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membranes were stored under liquid nitrogen prior to use in [3H]-Methylhistamine and
GTPyS radioligand binding assays.

Rhesus H3 radioligand binding assay was performed using rhesus H3 receptor
membranes (prepared as described above), [3H|-Methylhistamine (Perkin Elmer) and WGA
SPA beads (wheat germ agglutinin scintillation proximity assay) beads (Amersham). The
assay was performed in 96-well Opti-Plates (Packard). Each reaction contained 50 pl rhesus
H3 membranes (20-30 pg total protein), 50 pul WGA SPA beads (0.1 pg) and 50 pl of
83Ci/mmol [*H]-Methylhistamine (final concentration 2 nM) and 50 p! of tested compound.
The compounds of this invention and/or vehicle were diluted with binding buffer from 10 mM
DMSO stocks. Assay plates were sealed with TopSeal (Perkin Elmer) and mixed on shaker
(25°C, 1 hour). Assay plates were read on TopCount scintillation counter (Packard). Results
were analyzed by Hill transformation and Ki values were determined by Cheng-Prusoft
equation. The observed binding data for a few of the representative compounds of this

invention are summarized in Table 1.

Table 1
Example No. | Rhesus H3 binding Inverse Agonism: %
ki (nM) inhibition of Basal GTPyS
binding in Rhesus H3
6 1.8 -17
36 3.14 -33
Example 43

This Example illustrates selective affinity of the compounds of this invention at H3
receptors and exhibit either low and/or no activity at the MCH receptor site.

The H3 affinity of the compounds of this invention were measured in accordance with
the procedures set forth in Example 42 and are summarized in Table 2.

The activity of the compounds of this invention at the MCH receptor site, if any was
measured by the procedures as set forth below.
Test Compounds: The compounds of this invention were stored in a 96-well microtiter plates
(1 pL, 10 mM, 100% DMSO). Each of the test sample was diluted with 249 uL of 100%
DMSQ (dilution 1:250). The test compounds were further diluted 1:4 (0.1% DMSO) during

assay resulting in the final concentration of test compounds of this invention to be 10 uM.
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Negative Control: 40 uM of MCH in assay buffer with 0.4% DMSO were transferred to the
ditution microtiter plates for control which resulted in final concentration of 10 pM.,

Blank: Assay buffer containing 0.4% DMSO were transferred to the dilution microtiter plates
for blanks.

Assay Procedure: The filter plates with 250 mL of 0.5% PEI-solution/well were incubated for
2 hours at room temperature. PEI was removed by vacuum filtration just before pipetting
(Univac Polyfiltronic/Whatman). The solution of the compound as prepared above (50 uL),
or MCH (negative control) or Puffer/DMSO (positive control) were added to 96-well round

bottom microtiter plate. Then 50 ul of ['*°

J]-ligand solution was added followed by 100 ul of
membrane suspension. The plates were closed with the lids, and incubated for 60 min. at
25°C. The samples were transferred to GF/B filter plate. The reaction mixture was removed
by vacuum filtration, washed 4 x with 300 pl ice-cold washing buffer and the washing
solution was removed by vacuum filtration. The rubber layer at the bottom of the plate was
then removed and the filters were dried over night at room temperature. 25 ul of scintillation
cocktail was added and the plates were sealed and, plate frames were added and incubated for
1 hour at room temperature. The radioactivity was then measured, settings '*°J standard, 30

sec./well. From this the percent inhibition of ligand binding was measured and tabulated in

Table 2.

Table 2
Example No. Rhesus H3 MCH % inhibition
binding ki (nM) @ 10 uM
1 0.4 0.7
2 0.4 2.1
3 0.6 -0.8
4 1.0 -1.6
5 1.1 3.1
6 1.8 -6.9
7 32 5.0
8 8.4 1.4
9 8.7 -2.8
10 9.6 4.0
11 17.0 2.7
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Example No. Rhesus H3 MCH 9% inhibition
binding ki (nM) @ 10 pM
12 19.9 -2.8
13 22.1 4.8
14 4.7 283
15 10.8 10.3
16 0.8 5.8
17 37.3 11.5
18 2.6 2.0
19 3.9 6.0
20 309 243
21 0.9 1.9
22 17.3 5.6
23 130.3 11.2
24 6.8 8.6
25 143.8 15.0
26 2.1 9.4
27 65.5 36.0
28 4.6 7.0
29 15.7 11.4
30 14.7 1.2
31 445 305
32 333 10.9
33 247 9.7
34 125.6 16.8
35 307.0. 235
36 3.1 0.7
37 142 344
38 10.7 3.7
39 0.5 -7.2
40 9.7 3.4
41 17.7 -13
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Example 44

This Example illustrates the study of efficacy of the compounds of this invention in
improving the sleep quality in animal models.

Male Sprague Dawley rats (Charles River, France) weighing 250 £ 10 g were
anaesthetized with Zoletil® 50 (60 mg/kg ip) and mounted in a stereotaxic apparatus. Cortical
electrodes (small stainless steel screw electrodes of 0.9 mm in diameter) were screwed into
the bone over the sensorimotor cortex (1.5 mm lateral to the median suture and 1.5 mm behind
the fronto-parietal suture), the visual cortex (1.5 mm lateral to the median suture and 1.5 mm
in front of the parieto-occipital suture) and over the cercbellum (reference electrode). Cortical
electrodes were attached to a connector (Winchester, 7-lead) and fixed with dental cement to
the cranium.

After three weeks of post-operative recovery, animals were placed in plexiglass
cylinders {60 cm diameter) with free access to food and water. The temperature of the room
was kept constant (21 + 1 °C) and lights were on from 7 a.m. to 7 p.m. The rats were
recorded from 10 am. to 4 p.m. during three consecutive days: control day (D1), drug day
(D2) and post drug day (ID3). Vehicle (D1 and D3) or drug (D2) were administered 15 min
before the recording.

Activity in sensorimotor and visual cortices were recorded by comparison with the
reference electrode placed over the cerebellar cortex. Three stages were differentiated:

- wakefulness (W) characterized by low voltage fast electrocortical (ECoG) activity;

- NREM sleep (non rapid eye movement or slow wave sleep: SWS) characterized by an
increase in electrocortical activity; development of high-amplitude slow waves with
some bursts of sleep spindles;

- REM sleep (rapid eye movement or paradoxical sleep: PS) characterized by
hypersynchronization of the theta rhythm in the visual area.

Analysis of the ECoG signal was performed automatically by means of a computerized
system discriminating between the various sleep phases using sequential spectral analysis of
ten seconds periods (Deltamed’s software “Coherence™).

The compounds of this invention were dissolved in 0.6% MTC tween and

administered by oral route (po). The volume of injection was 0.5ml/100g of body weight.
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9.7-3.44117.7 -1.3 54 Example 44 This Example illustrates the
study of efficacy of the compounds of this invention in improving the sleep
quality in animal models. 5Male Sprague Dawley rats (Charles River,
France) weighing 250 10 g were anaesthetized with ZoletilR 50 (60
mg/kg ip) and mounted in a stereotaxic apparatus. Cortical electrodes

(Sm&gt%ﬁle%sgfs t%%l Sscl:ge\\!vve%e%%%d?os. r%la%g 'ﬁ}é”effé’" %eg)%rghvgec(gmgohlnds of this
screwed mto the bone over the sensorirotor cortex (1.5 mm lateral to the
invangohamsusitepanakdfolimes behixddhe theomios phoistaksiotlreddtibevisixalhour-period

analco{tex (1.5 mm lateral to the median suture and 1 5 mm 1.0 in front of the
B’Qﬁeto-occipital suture) and over the cerebellum (reference electrode).

CorTihalretatty acesxpessatinahad tes doennectpe(ddrohbsie), of 4sdik pedtentage of

fixed with den ent to the cranium. After three weeks of . .
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test €6t pimradien vt taeradaesiioffoad andanatefrdhetamgeraie of the

room 15 was kept constant (21 1 % andlli%ts were on from 7 a.m. to 7

p.m. The rats were recorded from 4R %0 p.m. during three

consecutive datssssantadadiayl fxonidrugcaiya(ony antipadtlimgday (D3).
Vehicle (D1 and D3) or drug (D2) wer ministered 15 min before the . .
oo KOy T CEH oSt S CGATEShESsHER RO By mventon
antiGOpRaRIsORpWith thenZreiarrieee electrode placed over the cerebellar
cortex. Three stages were djfferenfiated;: wakefulness é:'va/% c(ilgraﬁlteri ed
S

by IBAFVBRAEHTELSERL YRS COMRLST (EXDEF dETAINNR Yigh Der Poel AM,

Nod@PE EXE MieyeleN oI oy wayeslepmsiiy) ehaagieilzetisbyaealls in the adult

increase in electrocortical activity; development of high-amplityde s
rot: 7GRS BFEFGBH Sitis! S5 R e U???ééé?-vg- Rats were

placP¥ementiampaadwal stegp i) chaiatisyized lpyid floor (MED Associates, Inc.,
persynchronization of the theta rhgthm in the visual area. Anal;esis 0

h .
St. MR Gl digh A S HERoAEE 40t rﬂh%icaﬁgl ‘Bf§rﬁ1g§ﬁgeaefdaevery s and ultrasonic
vocSRIBRLIRI @Y Syskam iseHminaiagdaeivesninal o ubesierppRasestem (Noldus,

Wa%?ﬁqﬁgéi%%ggﬂ)agﬂ%%SZOII;[i%I? Sgcglrcl)%? 1e?1rllﬁgrsas((1|?1%ﬁacr12?e%'tsc)r (Mini-3 bat
model) connected to a microphone was used to transform ultrasonic sound into andible sound.
The signal was then filtered and sent to a computer where the Ultravox software recorded
each bout of UV that lasted more than 10ms. Rats were selected on the basis of their UV
duration (>40s) and subjected to the test, 4h after training. For the test, rats were placed in the
same cage as that used for training. One electric shock (0.8 mA, 3s) was delivered and UV
(duration and frequency) were subsequently recorded with the Ultravox system during 2 min.
The compounds of this invention were administered p.o. 60 min before testing.
Example 46
Forced-swimming test in rats

This Example further illustrates the study of efficacy of the compounds of this
invention as antidepressive agents in animal models.

The procedure was a modification of that described by Porsolt et al. (1977)
Depression: a new animal model sensitive to antidepressant treatments. Nature 266:730-2.
Rats were placed in individual glass cylinder (40 cm height, 17 cm diameter) contaiming water
(21°C) to a height of 30 cm. Two swimming sessions were conducted (a 15-min training

session followed 24h later by a 6-min test). After cach swimming session, rats were placed



30The compounds of this invention were dissolved in 0.6% MTC tween
and administered by oral route (po). The volume of injection was
0.5m1/100g of body weight. 55 Two types of analysis were used to
quantify the effects of the compound¥ of this invention on
sleep-wakefulness variables: the one hour-period and the six hour-period
analysis. The results are expressed in minutes (one hour-period
undegriahpsiihe tanepite Heviddntnoid ohsthelborivol NetueSi0oby)hStatisticasured during
is.,of iad 0 ' t! t for paire :
the G L O S T B SRS min atter
trainStgsssinduretioditasdribwodaliteations test in adult rats This
Example illustrates the study of efficacy of the compounds of this
invention as I()antidepressive agents in animal models. The procedure
usetlivasghdhpted dnomnthestbebm idlustcest bigedinin/ahtRepleostidg Mxamples, it is
not YRR F S MIGZE IS A (260 Temporal palterning Ol LINBSODIC. . oo the generi
Sk SO A heg T Dby MOrphine and benZodiaZepines. e genence
area Rsychaphefora dolclpycd? : MaridrRatdifierdopiacad darbadiaiangcaadsianate without
depad c%%ggowi%g stla}%?lescf %%eel t%rid floor (MED Associates, Inc., 15 St.
P Rllb ns,'\l} FBUr leciiCBhocken.8 mA, 3s) were delivered every 7s
and ultrasonic vocalizations (UV, 22KHz) were subsequently recorded
with the Ultravox system (Noldus, Wageningen, The Netherlands) during
2 min. A modified ultrasound detector (Mini-3 bat model) connected to a
microphone was used to transform ultrasonic sound into audible sound.
The signal was then filtered and sent to a computer where the Ultravox
software recorded 20 each bout of UV that lasted more than 10ms. Rats
were selected on the basis of their UV duration (>40s) and subjected to
the test, 4h after training. For the test, rats were placed in the same cage
as that used for training. One electric shock (0.8 mA, 3s) was delivered
and UV (duration and frequency) were subsequently recorded with the
Ultravox system during 2 min. The compounds of this invention were
administered p.o. 60 min before testing. 25Example 46 Forced-swimming
testin rats This Example further illustrates the study of efficacy of the
compounds of this invention as antidepressive agents in animal models.
The procedure was a modification of that described by Porsolt et al.
(1977) 30 Depression: a new animal model sensitive to antidepressant
treatments. Nature 266:730-2. Rats were placed in individual glass
cylinder (40 cm height, 17 cm diameter) containing water (21C) to a height
of 30 cm. Two swimming sessions were conducted (a 15-min training
session followed 24h later by a 6-min test). After each swimming session,
rats were placed :



56 under a heating lamp to avoid hypothermia. The duration of immobility
was measured during the 6-mM test. The compounds of this invention
were administered p.o. twice (15 min after training session and 60 mm
before the test). 5Although the invention has been illustrated by certain of
the preceding examples, it is not to be construed as being limited thereby;
but rather, the invention encompasses the generic area as hereinbefore
disclosed. Various modifications and embodiments can be made without
departing from the spirit and scope théreof 57 CLAIMS What is claimed
is: 1. A compound of formula (I): OR2 RN ylllIR3 (1) wherein R, RI, R2 and
R3 are the same or different and ikdégdRently of each other chosen from

What (YIEageRi{CI-C4)alkyl or CF3; R4 is selected from the group consisting of
cyclopropyl, cyclopentyl, cyclohexyl, bicyclo[2,2,1]heptyl,
cyclopentylmethyl, tetrahydropyranyl, furanyl, oxazolyl, isoxazolyl and

1. Pwagalybwheisktsald fRy is optionally substituted one or more times with
a substituent selected from halogen, methyl, ethyl, pyridinyl,

; pharmaceutically acceptable salt
erthereof 2. The compound

R M

wherein

R, Ry, R; and Ry are the same or different and independently of each other chosen from
hydrogen, (Cj-Ca)alkyl or CFj;

R, is selected from the group consisting of cyclopropyl, cyclopentyl, cyclohexyl,
bicyclo[2,2,11heptyl, cyclopentylmethyl, tetrahydropyranyl, furanyl, oxazolyl,
isoxazolyl and pyrazolyl; wherein said R4 is optionally substituted one or more
times with a substituent selected from halogen, methyl, ethyl, pyridinyl, 2—0%0—
2H-pyridin-1-yt and CF3; or

a pharmaceutically acceptable salt thereof or an enantiomer or a diastereomer thereof.

2. The compound according to claim 1, wherein
R is methyl;
R; is hydrogen, methyl or CF;;
R, and Rj; are hydrogen or methyl; and
R4 is selected from cyclopropyl, cyclopentyl, cyclohexyl or bicyclo[2.2.1]heptane, which
are optionally substituted one or more times with methyl; or
Ry is tetrahydropyranyl; or
Ry is selected from furanyl, oxazolyl, isoxazolyl and pyrazolyl, which are optionally
substituted one or more times with methyl; or

R. is selected from isoxazolyl or isoxazolyl substituted one or more times with methyl.



114 is selected from cyclopropyl, cyclopentyl, cyclohexyl or
bicyclo[2.2.1]heptane, which are optionally substituted one or more times
with methyl; or R4 is tetrahydropyranyl; or R4 is selected from furanyl,
oxazolyl, isoxazolyl and pyrazolyl, which are optionally substituted one or
more times with methyl; or R4 is selected from isoxazolyl or isoxazolyl
substituted one or more times with methyl. 58 3.The compound of claim 1
selected from the group consisting of: cyclopropanecarboxylic acid
[2-methy1-4-(2-methy111,3Thipyrroldinyl-1'-y1)-phenylk amide;
cyclopropanecarboxylic acid

(42 aaﬁwn&&mww%%eeéa' ‘Aohl & YRR iRheaylkamide;

cyclopropanecarboxylic acid
[AYOORTERRTEDOIINg rdd et HRireeidarhitiipyrrolidinyl-1'-y1)-phenyl]-
Gygl@eropanecarboxylic acid

[3- methyl -4-(2-methy111,31bipyrrolidinyl-1'-y1)-phenylk amide;
PSRRI B BBk A TR a)-2-trifluorometby!-

(ﬁlﬁ&)yﬁl}%ﬁh}d&l 3 (S)]blpyrrolldlnyl 11-y1)-phenylkamide;
§>1 Pgﬁ;ﬁ%ﬁ%%?; %yﬁyd%ﬁéo ﬁnecﬁgf”ﬁ’ Iqacd gmetnyl- g2 metyt .
2%33%&ﬁ‘ﬁﬁmﬂmwhvdaﬁrm@ﬁﬁﬂqﬂmxmmﬂ0[1 3'Toipytrolidinyl-1'-yl)-phenyl}-

methyl [1,31bipyrrolidinyl-1'-y1)- phenyl]-amide;
, , ,3 -tetramethyl-cyclopropanecarboxylic acid

[3-hiedhtetratn(2hiathyit prapdbgoyrboliciiiy deil-fPLnptighyikaBdecthyl-

Crinc{egt Eﬂﬁp}? 8? %pr%ethflﬁﬁé@@ ]I'ﬁlpyrr’olldlnyl 1'-y1)- phenyl]-amide;
@3{éﬁ%ﬁwbbm@g@|m[@w@mhc acid [2-methyl-4-(2-methyl-

143( vk 3LSIninwrofidinge1'-y1)-phenylk. amide;
i -Cy (]:%(?)%ﬂr?t) |- Ny[lz m%&%%g metr?yl [1,3Thipyrrolidiny1-1'-y1)-phenylkac
gt,grﬁla-éetramethy -cyclopropanecarboxylic acid [4-(2-methyl-[1,3"|bipyrrolidinyl-1'-yl)-

exsigpentyd;N42-methy1-4-(2(S)-methyl-[1,31(S)]bipyrrolidinyl-I'-y1)-phe
gyllacetamlde

EéwamYﬂAC(QIHEé?Hﬁrfiagwyﬁaﬁaﬁrﬁwftw)4p&%’ewyrkabetam.de

gigymﬂemyamﬂmn}e;@ﬂeﬁﬂg -mathyl-[1,31bipyrrolidiny1-11-y1)-phenylka
cet mide; bic %0%3( @l(h tane 2- c?qb c acid

o R U o 4 E By o oHHhasaRliny 1 D>
@}@mﬂa}dm@@lo[z 2.1]heptane-2-carboxylic acid
@ygp necér%o@%u?:yzlgd‘?&bnpggol qr”a -metx ll) [‘?%eﬂ%llll(o?/rroﬁt%myl 1"-y1}-phenyl}-
amide;
2-cyclopentyl-N-[2-methyl-4-(2-methyl-[ 1,3"bipyrrolidinyl-1'-yl}-phenyl]-acetamide;
2-cyclopentyl-N-[2-methyl-4-(2(S)-methyi-[1,3'(S)]bipyrrolidinyl-1'-y1)-phenyl]-
acetamide;
2-cyclopentyl-N-[4-(2-methyl-[1,3"bipyrrolidinyl-1"-y1)-phenyl]-acetamide;
2-cyclopentyl-N-[3-methyl-4-(2-methyl-[ 1,3'|bipyrrolidinyl-1'-yI)-pheny!]-acetamide;
bicyclo[2.2.1]heptane-2-carboxylic acid [2-methyl-4-(2S-methyl-[1,3'S]bipyrrolidinyl-1'-
yh)-phenyl]-amide;
(15.4R)-bicyclo[2.2.1]heptane-2-carboxylic acid {2-methyl-4-(2-methyl-
t1,3']bipyrrolidinyl-1'-yl)-phenyl}-amide;



59 (1S,4R)-bicyclo[2.2.1]heptane-2-carboxylic acid
[3-methy1-4-(2-methyl[1,31]bipyrrolidinyl-li-y1)-phenylkamide;
(1S,4R)-bicyclo[2.2.1]heptane-2-carboxylic acid
[4-(2-methyl-[1,31]bipyrrolidiny1-1'-y1)- phenyl]-amide;
tetrahydro-pyran-4-carboxylic acid

[2-methyl-4-(2(2S)-methyl-[1,3'(3'S) Thipyrrolidiny1- 1'-y1)-phenylkamide;
tetrahydro-pyran-4-carboxylic acid
[4-(2-methyl-[1,3Thipyrrolidiny1-1'-yPRphenylk amide;
tetrahydro-pyran-4-carboxylic acid

131ﬁxé&&ybi@y(cﬂqﬁi’éﬁ;}hfmt%%ym@mm;ﬂ-acﬁﬁ;wréhyhé’a@'ra@,thﬂ-

ﬂb% iRYfaf-f ﬁi'?
methyl-4-(2- meth 1 31b|pyrroI|d|ny1 11-y1)- phenyl]-amide;
f&%é@b@p@fﬁ@[%?aaaeptane—z _carboxylic acid [4-(2-methyI-[1,3"]bipyrrolidiny}-1'-yl)-

[Z5hegtyaftiids-methyl-[1,31S]bipyrrolidinyl-11-y1)-phenylk amide;
furan-2-carboxylic acid

[zt%lewg}r%mz@) rrebeyrfic 84S ntnRr S TR YR EA ik Siipigarrotidinyl-

SA2ypxphamiApyidin-y1)-furan-2- carboxyllc acid

[Zf{qnethy%ja(fggf;c%y @}%ﬁ%ﬁ@ YA RASIYAENYEr 1) phenyl]-

[2amigiiy 1-4-(2(S)- methyl [1,31S)]bipyrrolidiny1-11- y1)-phenyl]-amide;

3 -me iIsoxazo arboxylic .
tra %c!lrf) 4)&@ ZF C %{ﬁ Plgé Elpyrro ﬁ;l_ metB/l k ;/lw(p Iro 1dmyl 1'-yl}-

3lﬂ*dnm¢‘ﬂ1yldsnxazole 4-carboxylic acid

%%%%ﬁ?é jﬁ&(@@ ﬁ&ﬁyliéé%@ @Hﬁwﬁql'wsaﬂ.}rx%bﬁmpquLyl)

isoxazole-4-carboxylic acid
[Phsatiyemidemethyl41,31bipyrrolidinyl-1'- y1)-phenyl]-amide;

3 Radimethybdzonazels B-aaRoxMlie 8Githinyi-[1,3'SIbipyrrolidinyl-1'-yl)-phenyl]-
[2-methyl-4-(2- ?ﬁethyl 1 31b|gyrr(§ﬁd|nyltly y15 phelrrljglir%rlnlmy yh-phenyll

3 80ifi%iethyl-isoxazole-4-carboxylic acid
[4r(EZnneihiybbk3ithimrrelidiyli-3 3 %)= phenyllfamigebigOrrolidiny - 1-yl)-phenyl]-
1H-pyrazole-4-carboxylic acid

[ rethy111,31bipyrrolidinyl-lt-y1)-phenylkamide;
1&@6&6@@?‘@1@&@1@3}@&@% 2-carboxylic acid [2-methyl-4-(2-methyl-

12[_{753([7 i é? d“}g}/r 'ﬁ iglgpﬂgﬁl:g;%i: Al,l(zyl) phenylk amide;

iyt 3xmpw{@4¢amykﬂay:a)npﬂénymfa«hﬁé?-,(S)—methy -[1,3'(S)]bipyrrolidinyl-1'-
yl)-phenyl]-amide;
3-methyl-isoxazole-5-carboxylic acid [2-methyl-4-(2S-methyl-[1,3'S]bipyrrolidinyl-1'-
yl)-phenyl]-amide;
3,5-dimethyl-isoxazole-4-carboxylic acid [2-methyl-4-(2(25)-methyl-
[1,3'(37S)bipyrrolidinyl-1'-yl)-phenyl]-amide;
3,5-dimethyl-isoxazole-4-carboxylic acid [3-methyl-4-(2-methyl-[1,3']bipyrrolidinyl-1'-
yl)-phenyll-amide;
3,5-dimethyl-isoxazole-4-carboxylic acid [2-methyl-4-(2-methyl-[1,3']bipyrrolidinyl-1'-
yl}-phenyl]-amide;
3,5-dimethyl-isoxazole-4-carboxylic acid [4-(2-methyl-[1,3"bipyrrolidinyl-1'-yl)-
phenyl]-amide;



5-methyl-1H-pyrazole-3-carboxylic acid [2-methyl-4-(2(2S)-methyl- [1,3(3'

S)] bipyrrolidiny1-11-y1)-phenylkamide;

5-methyl-1H-pyrazole-3-carboxylic acid
[2-methyl-4-(2-methyl-[1,3]bipyrrolidinyl-1'- y1)-phenylkamide;
5-methyl-1H-pyrazole-3-carboxylic acid
[3-methy1-4-(2-methy141,31bipyrrolidinyl-Iry1)-phenylkamide;
5-methyl-1H-pyrazole-3-carboxylic acid
14-(2-methyl-[1,31bipyrrolidinyl-ll-yéld-phenyIk amide;
5-methyl-1H-pyrazole-3-carboxylic acid

[4+42- 44 ' idinyl-41- 2 tHE -phenyl
S L RN STV
[é%am@lézf*zez Wi geie, Brmetbibyroniingd 13 Yaippnelidikemidd)-phenyl]-
afidi@spyridin-4-y1-2H-pyrazole-3-carboxylic acid
[2-methyl-4-(2-methyl-[1,3]bipyrrolidinyl1'-y1)-phenylkamide; or a

pHAPN Sty dedisanie | Hereb ey Ebhbby abidérdirlgdi-phenyl]-
céaidel which is having the formula (I): o R2Ri R47N wherein R, RI, R2,

F%S ari,?gR Lfre as egne in claim]. 61 5. A pharmaceutical composition
OB RO SPOAHG S () SREHRH G Gy BRR Yt claims L to
4 bp'@phabipanelidoalyiagoeptialié salidbereof or an enantiomer or a
diastereomer thereof in combination with at least gne phar. utically . ,
I ERRAGANE SR o) G B 61 eaM B G R
(W apbenglhgradany one of claims 1 to 4, optionally in combination with a

\ el ceptable carrier,for the preparation of a ... . . :
e S T R R Lo rptg -
thib-ghenp! temsiisting of sleep related disorder, dementia, Alzheimer's

KSR RfE1 MHIURIG AGLES0SIS SQURINVR ASOIAR NS, S5 UG diny1_1"-y1)- -
hypeg%tivityﬁsorder and (f?a%?essié)nf 7&’rhertze?d§?§]r§%%8{{)dl&gir% él) phenyi]
VIHERSIN the sleep disorder is selected from the group consisting of

r@fﬁ@il%ﬂsm%%%?éﬁﬂ&ﬁﬂﬂﬂiﬁ'ﬁ%i@iEp-@%eﬁﬁﬁl[y,@“ﬁ‘ﬁﬁ*p?l‘?&l'?dﬂﬂ@-q@yl)-z-

periodic limpb movement and restless leg syndrome, eéxcessive sleepiness

g urmmsietobae b¥midiication side-effect.
1,5-dimethyl-1H-pyrazole-3-carboxylic acid [2-methyl-4-(2(2S)-methyl-

[1,3'(3’S)Ibipyrrolidinyl-1'-y)-phenyl]-amide; and
5-pyridin-4-yl-2H-pyrazole-3-carboxylic acid [2-methyl-4-(2-methyl-[1,3"bipyrrolidinyl-
I'-yl)-phenyl]-amide;

or a pharmaceutically acceptable salt thereof.

The compound according or claim 1 which is having the formula (11):

R (11)

wherein R, Ry, Ry, R; and R4 are as defined in claim 1.



10.

8. The use according to claim 6, wherein the disease is cognitive disorder.
9. The use according to claim 6, wherein the disease is Alzheimer's
disease. 10. The use according to claim 6, wherein the disease is
depression or dementia.

61

A pharmaceutical composition comprising a compound of formula (I) according to any
one of claims 1 to 4 or a pharmaceutically acceptable salt thereof or an enantiomer or a
diastereomer thereof in combination with at least one pharmaceutically acceptable

excipient, diluent or a carrier.

Use of'a compound of formula (I} according to any one of claims 1 to 4, optionally in
combination with a pharmaceutically acceptable carrier, for the preparation of a
pharmaceutical composition for the treatment of a disease selected from the group
consisting of sleep related disorder, dementia, Alzheimer’s disease, multiple sclerosis,

cognitive disorder, attention deficit hyperactivity disorder and depression.

The use according to claim 6, wherein the sleep disorder is selected from the group
consisting of narcolepsy, circadian rhythm sleep disorder, obstructive sleep apnea,
periodic limb movement and restless leg syndrome, excessive sleepiness and drowsiness
due to medication side-effect.

The use according to claim 6, wherein the disease is cognitive disorder.

The use according to claim 6, wherein the disease is Alzheimer’s disease.

The use according to claim 6, wherein the disease is depression or dementia. |



