1 SUBSTI TUTED TETRAHYDROPYRAN SPI RO PYRROLI DI NONE AND PI PERI DI NONE,
PREPARATI ON AND THERAPEUTI C USE THEREOF BACKGROUND OF THE | NVENTI ON Fi el d
of the | nwerbines798 The present invention rel ates toPaTABRIOD6@H6
substituted tetrahydropyran spiro pyrrolidi none and pi peridi none
derivatives. The conpounds of this indention are nodul ators of H3 receptors
and are, therefore, useful as pharnaceutical agents, especially in the
treatment and/or prevention of a variety of diseases nodul ated by H3
receptors including diseases associated with the central nervous system
Additionally, this invention also relates to nmethods of preparation of
substituted tetrahydropyran spiro pyrrolidinone and pi peridi none and

i nternedi ates therefor. Description of the Art Hi stamne is a

ubi qui t ous nmessenger nol ecul e rel eased from mast cells,
enterochromaffin-like cells, and neurons. The physiol ogi cal actions of

hi stam ne are nedi ated by four pharmacol ogically defined receptors (Hl, H2,
H3 and H4). All histam ne receptors exhibit seven transnenbrane donai ns and
are nenbers of the G protein-coupled receptor superfamly (GPCRs).

The Hl receptor was the first nenber of the histamne receptor famly to be
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peri pheral tissues and the central nervous system (CNS). In the brain, HL
is involved in the control of wakeful ness, nood, appetite and hornone
secretion. 2 The H2 receptor is also expressed in the CNS, where it
may nDduIate several proc8RHSGROUNDADRJHE GWVENIHONHowever, H2 recept or
antagonl qi rlnarlly been devel oped to aneliorate gastric ulcers by
inhibit| §ARTdPE IHVRANREdI at ed gastric acid secretion by parietal cells.
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serotonin. O partlcular note, presynaptic nodul ation of histam ne rel ease
by H3 alP@sirtpgeftheArt regul ation of HL and H2 receptors in the brain.
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central nervous system (CNS).” In the brain, H1 is involved in the control of

wakefulness, mood, appetite and hormone secretion.



3 Accordingly, it is an object of this invention to provide a series
of substituted tetrahydropyran spiro pyrrolidi none and piperidi none as

sel ecti vewbl2oroasepsor | i gands for treatnment of H3 receptror/usegualoadeeel CNS

di sorders. It is also an object of this invention to provide
processes for the preparation of the 8ubstituted tetrahydropyran spiro
pyrrolidinone and pi peridi none as di scl osed herein. O her objects and

further scop i I t I n | '
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presynaptic heteroreceptor in nonhistamine-containing neurons in both the central
and peripheral nervous systems. In addition to histamine, H3 also modulates the
release and/or synthesis of other neurotransmitters, including acetylcholine,
dopamine, norepinepherin and serotonin. Of particular note, presynaptic modulation
of histamine release by H3 allows significant regulation of H1 and H2 receptors in the
brain. Modulating multiple neurotransmitter signaling pathways, H3 may contribute to
varied physiological processes. Indeed, extensive preclinical evidence indicates that
H3 plays a role in cognition, sleep-wake cycle and energy homeostasis.

Modulators of H3 function may be useful in the treatment of central nervous
system disorders, such as cognitive impairment associated with schizophrenia
(CIAS), dementia of Alzheimer Type (DAT), schizophrenia, Alzheimer's disease,
attention-deficit hyperactivity disorder, Parkinson's disease, depression, and epilepsy,
sleep disorders (narcolepsy and insomnia), cardiovascular disorders (acute
myocardial infarction), respiratory disorders (asthma), obesity, and gastrointestinal
disorders. See generally, Hancock. Biochem. Pharmacol. 2006 Apr 14;71(8):1103-13
and Esbenshade et al. Mol Interv. 2006 Apr;6(2):77-88, 59.

U.S. Patent No. 7,223,788 discloses a series of compounds, including
substituted bis-pyrrolidines, having melanin concentrating hormone (MCH) receptor
antagonists. But the compounds disclosed therein are not reported to be active at the
H3 receptor site.

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



4 groups are nethyl, ethyl, n-propyl, isopropyl and tert-butyl. Derived
expressions such as "(C -C4)al koxy", "(Cl-C4)al koxy(Cl-C4)al kyl", or

"hydr oxy(WO-20)mbiogl * are to be construed accordingly. PCT/US2009/066566l
herein, the expression "(Ci -C6)perfluoroal kyl" neans that all of the
hydrogen atons in said al kyl group aré replaced with fluorine atons.
IllTustrative exanples include trifluoronethyl and pentafl uoroethyl, and
strai ght - chai figg, r an; ltQr; I t -
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"hal 0" ans chlaorq, fluoro, bro i,0do As used herein,
"pat i eng;_‘c?’r ﬁggmerg %#%eﬁg?féﬁgﬁlg?%&ﬂgsG@ﬂr%sf or exanple rat, nice, dogs,
cats, guinea |pjsdfiso HMdotELBI AR MYERLGH td PR processed\orthigbroSaratin drhe

expression "pharmaceutically acceptable carrier”™ means a non-toxic sol vent,
di sper sdhe, substityiedntiefrahgfipparan spiroopyreelidivenrs ianid piriecikinanenagedisoliosedt he
conpounglﬁor{a. the present invention in order to permt the formation of a
phar mac Qal conposition, i.e., a dosage form capabl e of adm nistration
to the pati endthePopjeXRERY Surdhersstoipedofahe rHpplicalsilit) At @esEdre ahvention will
acceptable oil typically used for parenteral adm nistration. The term
" phar made@sontagpRargst kpalbecdaiailadsdesasiption dhaldpdowsS neans that the salts of
t he conpounds of the preseng i { n medi ci nal
preparations. Qther salts égW&%&@?ﬂﬁ% I@S/e ul EIll'\ln the preparation of the
conpounds acdbhdsngpw dddmefoumdettiat dhe asongdourtugi of forerui@mgpudrecasdful as H3
acceptabl e salts, Suitable pharmaceuticall ac_crkejgg abl e salts of the

conpound§CPLof HPEGQQH‘%%?PGWQi'%\@r%@QQEESEﬁ-a g inorCCcoagarcaite therpiacticg of
exanpl e, 1 Xl } ound according to the
i nventi gneﬁmn{lﬁﬁtaﬁgtglgﬁet !goﬁr({bg?jeg a;ﬁ%#h%@@%ﬁ E&zgﬁﬁ")l/é:gggept abl e acid such as
hydrochl oric acid, hydrobrom ¢ acid, nifric acid, sulfanic acid, sulfuric

acid, nethanesul fonic 21lhydr oxyetihanes nic acid, p-toluenesulfonic
acid, fumaric acid, [ i Nh dy wwlekc aclLd, ic acid, ascorbic
aci d, succinic acid, c acpd, 8 achgylnpropionfc acid, salicylic

acid, cinnamc acid, 2- ?nzoic aci d, hydroxy @éc aci d,

phenyl acetic acid, benzoic acid,/xalic acid, citrrc acid, tartaric acid,
glycolic acid, lactic acid, pyruvic acid, malonic acid, carbonic acid or
phosphoric acid. The acid netal salts such as sodi um nonohydhogen
orthophqﬁﬁ e and pot assi um hydrogen sulfate can also be formed. 5 Al so,
the salte 86 orned may present either as nono- or di- acid salts and can
exi st suhgs$ argrizal | y anhydrous or can be hydrated. Furthernore, where the
conpounds, of the invention carry an acidic noiety, suitable

phar maceutsital #y acceptabl e salts thereof may include alkali metal salts,
e.g. so&§gn1p;2potassiunlsalts; al kaline earth netal salts, e.g. calciumor
magnesi um salts, and salts fornmed with suitable organic |igands, e.g.
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center, (enantioners). Were the conpounds according to the invention
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such is mersH%/ﬁgfﬁ&;wuﬂgéé%?gf in any proportion are enconpassed wthin
t he scope of the pres@BETAIDEENDESTRIPTION @6 THEINVENFION 'R and 'S are
used as commlnl used terns in organic chemstry to denote specific
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priority group. The priority of groups is based upon sequence rul es wherein
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atom c nunber). A listing and discussion of priorities is contained in
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The term"treating"” refers to: (i) preventing a disease, disorder or
condition fromoccurring in a patient that nay be predi sposed to the
di sease, wp=orudes79and/ or condition, but has not yet beeRCEHIUBINIDHBRS

having it; (ii) inhibiting the disease, disorder or condition, i.e.,
arresting its developnment; and (iii) #delieving the disease, disorder or
condition, i.e., causing regression of the disease, disorder and/or

condi ti | c i t ' f T . eis
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2. 7 p dss "(CeC.alkory’ i {CryCialsexy(Cq Cl@Aykl oyl "hy@REy(C1-Ca)alkyl" are to be
(C1-A4) al koxy- (,C1- C@r?l kyl. R2 is hydrogen, hal ogen, (Cl-C4)al kyl or CF3.
Thi s inmfréﬁ BGPPEINGlY nel udes various salts of the conpounds of formla
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(I'). As noted herei nabove and by way of specific exanples hereafter all of
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there is provided the conpounds of fornula (I{ wherein m n and p are 1. Rl
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rat, mice, dogs, cats, guinea pigs, and primates such as humans.

As used herein, the expression "pharmaceutically acceptable carrier" means a
non-toxic solvent, dispersant, excipient, adjuvant, or other material which is mixed
with the compound of the present invention in order to permit the formation of a
pharmaceutical composition, i.e., a dosage form capable of administration to the
patient. One example of such a carrier is pharmaceutically acceptable oil typically
used for parenteral administration.

The term "pharmaceutically acceptable salts" as used herein means that the
salts of the compounds of the present invention can be used in medicinal
preparations. Other salts may, however, be useful in the preparation of the
compounds according to the invention or of their pharmaceutically acceptable salts.
Suitable pharmaceutically acceptable salts of the compounds of this invention include
acid addition salts which may, for example, be formed by mixing a solution of the
compound according to the invention with a solution of a pharmaceutically acceptable
acid such as hydrochloric acid, hydrobromic acid, nitric acid, sulfamic acid, sulfuric
acid, methanesulfonic acid, 2-hydroxyethanesulfonic acid, p-toluenesulfonic acid,
fumaric acid, maleic acid, hydroxymaleic acid, malic acid, ascorbic acid, succinic acid,
glutaric acid, acetic acid, propionic acid, salicylic acid, cinnamic acid, 2-
phenoxybenzoic acid, hydroxybenzoic acid, phenylacetic acid, benzoic acid, oxalic
acid, citric acid, tartaric acid, glycolic acid, lactic acid, pyruvic acid, malonic acid,
carbonic acid or phosphoric acid. The acid metal salts such as sodium
monohydrogen orthophosphate and potassium hydrogen sulfate can also be formed.



In a further aspect of this invention the foll ow ng conpounds enconpassed
by the scope of this invention without any limtation nmay be enunerat ed:
242- met hyWo44(0265B8S) - 2- met hyl - [ 1, 31bi pyrrol i di nyl - 11- y PrTlseomlob6686 oxa- 2- a
za- spiro[ 4. 5] decan-1 -one;

242- et hyl - 44(2S,3'S)-2-nmet hyl -[ 1, 31bdpyrrolidinyl-11-y1)-phenyl]-9-oxa-2-a
za- spiro[5.5]undecan-1 -one; 2[4-((2S,31S)-2-nmethyl 41 |, 31bipyrrol id

1-11-4d) - . +2ma7 S8l
'2% . uoﬁrd%é, 4@%%%]1353%3%%&2@??%@%ﬁ&[@ﬁ]@gﬁﬁ% & acid salts and can exist

i nyl- 11-subptgrtiiaily lahh@dmus- @ carabpi hyalrdted] diecrdimerinorenethere the compounds of
2-{2- 2-nmethyl -pyrrol id in-1 -vyl)-pi idin-
11]{ pﬂg 5' ||ngeégkgﬁ2c: an@g}e Iag@p gﬁélrggénls%te{tg%eoha}?n?ac%hp garlly a'cge&table salts
242- et hMére‘b‘ff(rﬁ& %cﬁ)dezaﬂ@h hyétal saltsl . Q)@Mﬁhm‘ 8 potassium salts; alkaline earth
i nyl-11-y1)-phenyl | - 8- oxa- 2- azaspi r o[ 4. 5] decan- 1 -one; 244-(2-ethyl-0

, 31bi pyrmetal rsalt$ neyg calciuny oz-rnagmﬁ&u,lrpmit;%l, png-salts- forraed g swfablsodgania- 1 -

Ogibl pyr@%ﬁp%’l %@ﬁﬂ@ﬁﬁ&%ﬁ@%ﬁ%@g&a 2-aza- spiro[4.5]decan-1 -one;

2[ 2-f | uor o- 4-THe @kprlé)é "sPrebRYHEt" is a general term used for all isomers of the
I dinyl-11-y &‘ henly oxa- 2-aza- spllrohI 5] decan-1 - one; .
2-{2-f| uodiy Fzm@@syleg Hhathgiffepyaniyl ini e wrientatipn. ef gbeirgatomsy in space.
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i ny1- 11-ashmméeicycdntér; demaritionzers).s Whiere4hé Jodeqmountls-aueerding to the invention
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diastereoisomers, also certain individual molecules may exist as geometric isomers
(cis/trans). 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 keto-enol tautomers,
phenol-keto tautomers, nitroso-oxime tautomers, imine-enamine tautomers, etc. It is
to be understood that all such isomers and mixtures thereof in any proportion are
encompassed within the scope of the present invention.

As used herein, 'R' and 'S' are used as commonly used terms in organic
chemistry to denote specific configuration of a chiral center. The term 'R' (rectus)
refers to that configuration of a chiral center with a clockwise relationship of group
priorities (highest to second lowest) when viewed along the bond toward the lowest
priority group. The term 'S' (sinister) refers to that configuration of a chiral center with
a counterclockwise relationship of group priorities (highest to second lowest) when
viewed along the bond toward the lowest priority group. The priority of groups is
based upon sequence rules wherein prioritization is first based on atomic number (in
order of decreasing atomic number). A listing and discussion of priorities is contained
in Stereochemistry of Organic Compounds, Erest L. Eliel, Samuel H. Wilen and
Lewis N. Mander, editors, Wiley-Interscience, John Wiley & Sons, Inc., New York,
1994.

In addition to the (R)-(S) system, the older D-L system may also be used
herein to denote absolute configuration, especially with reference to amino acids. In
this system a Fischer projection formula is oriented so that the number 1 carbon of



spiro[4.5]decan-1 -one; 2-{4-[4-(2-isopropyl-pyrrol idin-1 -yl)-piperld
i n-1 -yl]-phenyl}-8-oxa-2-aza- spiro[4.5]decan-1 -one;

2-{4-[ 4- (Ropomppb7rpyrrol id in-1 PCT/US2009/066666

-y1) - pi peridin-111] - phenyl1- 8- oxa- 2- aza-spi ro[ 4. 5] decan-1 - one;

244- (2- met hoxynet hy1-0 , 31bi pyrr ol 6

I dinyl-11-y1)-phenyl] - 8- oxa- 2-aza-spi ro[ 4. 5] decan- 1 -one;

2-{ 4~ 4- 20 hes |l iRl oid) ~Bi RET el 1i ps
2 etht Sl B s REIHE! tdd) Thel prkhd “B{ ROUSG B fepresent the absplute
, 31bi pyravoifigucdhtionydf-thé-igdnhep mewhich- theduactibret ddetepnmiid). gFpupde carthé rightte;
2-{4-[4-(2- | - Il idin-1 -vyl)-pi i di n- ) )

2T b e Bl Rae e il setieh AR M e samge inphich. bisson the

2-{4-[4-gf-1sopropyl -pyrrolidin-1 -yl)-piperid in-1
-y1l]-2-trifluoronethyl-phenyll-8-oxa-2- aza- spi ro[ 4. 5] decan- 1- one;
244- ( 2- propyln0a, Brgem pensel the temyl -'substituted” is contemplated to include all

2. 2 | a Ry RSB IRpREr Gr E  RGURRD i ol STEERHE miBBfients

-Y1] - 2- tgy didemiseehBidin P e dim 8'sonstitdtectz Aredpb I lsktibltdacanh loseesr more
substituents independently selected from the group consisting of (C1.Cs)alkyl, (Co.
Ce)alkenyl, (C4.Cg)perfluoroalkyl, phenyl, hydroxy, -CO.H, an ester, an amide, (Cs-
Ce)alkoxy, (C1-Ce)thioalkyl, (C1-Cs)perfluoroalkoxy, -NH,, ClI, 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
is effective in treating the named disease, disorder or condition.

The term “treating” refers to:

(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;

(ii) inhibiting the disease, disorder or condition, i.e., arresting its

development; and

(i)  relieving the disease, disorder or condition, i.e., causing regression of

the disease, disorder and/or condition.

Thus, in accordance with the practice of this invention there is provided a

compound of the formula I

Sentalye

(1)
wherein
mis 1 or 2.

nis1or?2.



244-((2S, 31S)-2-nethyl1l-0 ,31bipyrrol id inyl-1'"-yl)-2-trifl

uor onet hyl - phenyl ] - 8- oxa- 2- aza- spiro[4.5]decan-1 -one;

244- (( S) -worretanss798 1 PCT/US2009/066666
, 411D pi peridinyl-11-y1)-2-trifluoronethyl -phenyl]-8-oxa- 2-aza-
spiro[4.5]decan-1 -one; 9 2-{2-ethyl 7444-(2-propyl-pyrrol id in-1
-yl)-pi pend i n-1 - A-phenyll- 8-oxa-2-aza- spiro[4.5]decan-1 -one;

2-{2-et3y Ao(2- met hoxynet hyl -pyrrol id in-1 -yl)-pipend in-1
- A- phen 1f 8- oxa 2-aza- spiro[4.5]decan-1 -one;

2[ Zletlgﬁr i4- F(YSEGQ@S (T Lapakyly CF3, CCHEL@A)BB“DgHéCh@nal'ky'

in e oxa- ecan-1 -one;

2[% fl ud%%)sztﬁ/@g@/eﬂ@al iﬁy@&?lk Fyrrol id

inyl-11-y1)- pﬂﬁé‘ﬁﬁ«}erﬁlbﬂx@'rt%eﬁ%luéé% K/Ql[léus‘S]sblﬁéj%(fQHe leorfitinds of formula (1)

242-nmet hyl-44(2R,3'S)-2-nmet hy1-0 , 311D pyrrol id
i ny1- 11-ipalidingegriQue eoratiomearsa or gfiaste[enragrsnde campoundaegf formula (I). As

?lenﬁ&h | ?él ﬁ%ﬁ%g%&%g %Qg%%h\é%%gf g;g%(%% g%@%g&% ereafter all of the salts that can
2[ 2- met ¥4 fotHedSnaluBing? phginhacdeulicaBl Besaptalle $dits are part of this invention. As
i nyl-11-y1)-phenyl] - 8-oxa- 2- aza-
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, there is provided the compounds of formula (1)
wherein m, n and p are 1. Ry is methyl, ethyl, isopropyl, n-propyl or methoxymethyl.
Rz is hydrogen, fluorine, chlorine, methyl, ethyl or CFs.

In another embodiment of this invention there is also provided a compound of
formula (1), whereinnis2andmis1ornis1and mis 2. pis1or 2. Ryis methyl,
ethyl, isopropyl, n-propyl or methoxymethyl. R2 is hydrogen, fluorine, chlorine,
methyl, ethyl or CFs.

In a further aspect of this invention the following compounds encompassed by
the scope of this invention without any limitation may be enumerated:
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-

spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4.5]decan-
1-one;
2-[3-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{2-methyl-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[4-(2-ethyl-[1,3"]bipyrrolidinyl-1'-yl)-2-fluoro-phenyl]-8-oxa-2-aza-spiro[4.5]decan-1-

one;



spiro[4.5]decan-1 -one; 2[2-nethyl-4-(2-methyl-0 , 31bi pyrrol

I dinyl-11-y1)-phenyl] - 8- oxa- 2-aza-spi ro[ 4. 5] decan- 1 -one;

2[ 2- met hyWo44(02R5B8R) - 2- met hy1-0 , 311Di pyrrol id PCT/US2009/066666
inyl-11-y1)-phenyl]-9-oxa-2-aza- spiro[5.5]undecan-1 -one;

2[ 2-nmet hyl -44(2S,3' R) -2-met hy1-0 , 31bBpyrrol id

i nyl-11-yl)-phenyl] - 9-oxa-2-aza- spiro[5.5]undecan-1 -one;

S s s e e g

inyl-11-y1)- ]5]®cemeﬂ—ﬁna,za- spiro[5. 5]undecan 1 -one

oo 1 of 5 Bjea & e SMBopokday e g pka Y 62 shircf Bfdecat i

, 311Di pyrrol igigiyl-11-y1) - phenyl] - 9- oxa- 2- aza- spi ro[ 5. 5] undecan-1 -one;
2[ 2-f1 uoro-44( 2R 3' S)-2- Met hy141 S
, 311Di py2-fdfluaiond-14-((B)y2maingrpytiolidinek-a!)piperdinsipyli-ohsny}-Sreiec 2raza- - one;

|2£132/1f lllljog/g) i Zﬁ’ﬁ?@ﬁ éQI{:ﬁEéh%Ml sgllPlo%rrSanldgcan-l -one; and
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((S)-2-methyl-[1,4"]bipiperidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-(2-isopropyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-(2-propyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-spiro[4 .5]decan-1-
one;
2-[4-(2-methoxymethyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4.5]decan-
1-one;
2-{4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-(2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-{4-[4-(2-ethyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-(2-isopropyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one;
2-[4-(2-propyl-[1,3']bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[4-((S)-2-methyl-[1,4"|bipiperidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;



10 2[ 2-fluoro-44(2S,3' R -2-Methyl-0 , 31bipyrrol id

I nyl-11-yl1)-phenyl ] -9-oxa-2-aza- spiro[5.5]undecan-1-one. Al of the
above compountses®$ al so i ncl ude correspondi ng salts wheceuszoposssdl e
i ncl udi ng the pharmaceutically acceptable salts thereof. I n anot her

aspect of this invention the follow n§ conpounds enconpassed by conmpound of
formula (1) of this invention without any limtation nay be enunerated:

242 met hyk zs %ﬂ(yﬁ ﬁs‘? Opr%gg%mdndﬂrh%ﬂr})b.&éﬁaﬂ'1 Girntni-gidiapheny! | - 8-oxa-2-a
242 met hyl - 44p8[B58Mecanseohy] - [ 1, 31bi pyrrol i di nyl-11-y1)-phenyl] - 9 oxa-2-a

1 1145 B Cane e e ey Py by DR oHsbRery Srond-2-oe-
2[ 3-f1 uoro- 4429 @g@etgnmebhé(l -0 , 31bi pyrrol i d
inyl-11- %d phenyl - oxa- 2- aza- spi ro[ 4. 5] decan- 1- one;

2-{ 2- meth{d-ethy|-4- (( Sﬁsz) ronaibyl- [@ﬁ]bmwrmhdmywiyl) pheeyl]-8iaxaid-graphenyl | - 8- ox

a-2-aza- spi ro n-.1- 242- et hyl - 44( 2R, 3' S) - 2- et hyl 41
, 31bi pyrrol i% r%#%fﬂ’%%gpf) ﬁ%’enyl] 8- oxa- 2- aza-

spi r o[ 4. Bj0eGEHd-4- 33) -2-methyl-[1,3']bipyrrolidinyl-1'-yl)-pheny J -9-oxa-2-aza-
2-{2- quoro 4-1 44 5}3@@ net hyl -p rroI|d|n 1-yl)-piperidin-1- A-phenyll-8 oxa-
e

2-aza- spiro[sPIng] Qa@ﬁeon%[Z f1 uor o- 44( 2S, 31S) - 2- et hyl - 0 , 31bi pyrr ol
IZFZI P ?/aozrlﬁz gfﬂe%?@) -9t né% ﬁ;?%e%ﬁﬁ%3%§¥#@| ny\a]q?;)%e}]ﬁfﬁ@oﬁ 28a Oxa- 2- aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-(2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4.5]decan-
1-one;
2-[2-methyl-4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-fluoro-4-((2R,3'S)-2-Methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-fluoro-4-((2R,3'R)-2-Methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and



spiro[4.5]decan-1-one; 2-{4-[4-((S)-2-nmethyl-pyrrol idin-1 -yl)-piperid

I n-1 -A-phenyl | -8-o0xa-2-aza- spi ro[ 4. 5] decan- 1- one;

243- f | uorwode(tdsamshyl -[ 1, 31bi pyrrolidi nyl-11-y1l) - phenylPLTAre000/086668@ a-
spiro[5.5]undecan-1 -one; 2-{4-[4-((S)-2-nethyl-pyrrol id in-1 -yl)-piperid
in-1 -yl1]-2-trifluoromnethyl-phenyll-8tbxa-2- aza-spiro[4.5]decan-1-one;
2[4-((2S, 31S)-2-nethyl -0 , 31bi pyrrol id inyl-

1
1-y1) - 2-4._f4_F| , ' 5 ;11
YUY -[zz.f%ae@[.@]@_@ﬁyh)@mywqﬁsqmy?mﬁ&.ﬁw-f'qn)r.srﬁéhﬂlgt%&a&-éza-one
, 41bi pi peri disprdfd dluntlpcdntir-ore. uororret hyl - phenyl ] - 8- oxa- 2- aza-

Pk ) Rt Shots b S0 e oldbhord A LRk

2[ 2-T1 ugsdasthid (r%ﬁjcﬁﬁ%}he? pRBhYdeuMea Qd:cféﬁté@b dafts itherbol

"-yl)- phen |'] -9-oxa-2-aza- spiro[5.5]undecan-1-one;
242- et hyl - 4- Io(emthae@smaqtr@tf Hilws mwerﬂm irer folowing ¢ommoqnds encompassed by

2;%' )rref E‘Seﬂ %%@%@%ﬁﬁ |R{(;?nt \f\‘/gﬁgﬁgqn%/l @’HI?&HW may be enumerated:
-y1) - plee ety axg28: 3 R2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((28,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4.5]decan-
1-one;
2-[3-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{2-methyl-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{2-fluoro-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((S)-2-methyl-[1,4"]bipiperidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-(2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-{4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;



spiro[ 4. 5] decan- 1-one; 242-nethyl-4-((2S,3" R -2-nethyl-M, 31bipyrrol id
inyl-1 '"-yl)-phenyl]-8-o0xa-2-aza- spiro[4.5]decan-1-one;

242- met hyWo40((@R98' R) - 2- net hyl - M , 31bi pyrrol id inyl-1PCT/US2009/066666
"-yl)-phenyl]-9-oxa-2-aza- spiro[5.5]undecan-1-one;

242-met hyl -4-((2S,3' R -2-nethyl -M , 3160 pyrrol id inyl-1
"-yl)-phenyl]-9-oxa-2-aza- spiro[5.5]undecan- 1-one;

2[ 4- ((2R_Bi_gk\2 | eI 9y S_i-aY A athViLds Yyl 9 9xa- 2- aza-
spiro[ S%Fuﬁggéﬁ%ﬂ%%w‘@?ﬁg{@w g }ﬁlf S%Ztl-nﬂ‘éta%@??twl, %’H [ n%/rlog?s;{ g%alanyl- 1
' -yl) - phenyl ]spérofkaldecanet-os@i r o[ 5. 5] undecan- 1- one;
o S A TEAS S M Ry Bloy ity Ty ) oA PBSRA 3 a2a 0X 2 2 828
244-((2S, 3 S)S&o{@gwgcahh,_ga@;i pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-aza-
spiro[ 5. 5] undecan- 1-one; 2[2-fluoro-4-((2R, 3"'S)-2-Methyl-M, 31bipyrrol id
i ny1-1 ' 2-{2-fugoehy(25. §SoRamethykdt 33pipyptliey i yepireni]ohoxa-2-aza-
2[ 2-fluoro-4-(( - R)-.2- Met -M,3lbipyrrol idinyl-1
'-yl) - phenyl ]#&%@ilﬁdg%; s'g'%((lr’o[ 5. 5] undecan- 1- one; and
2[ 2- 11 u--frelf 3 A-R2R) 3'8)-BErhiryt-M, 3 Bdipy PIidigy - 1"-1) . ghehyfl-9-oxa-2-aza-
-yl )-phenyl ] - 9-oxa- 2- aza- _
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-fluoro-4-((2R,3'S)-2-Methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-fluoro-4-((2R,3'R)-2-Methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and
2-[2-fluoro-4-((2S,3'R)-2-Methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one.
Again all of the conceivable salts of the above noted compounds including the
pharmaceutically acceptable salts are part of this invention.



spi ro[ 5. 5] undecan- 1- one. Again all of the conceivable salts of the
above noted conpounds including the pharnmaceutically acceptable salts are
part of tWO0iwmsée™si on. 12 In a further aspect ofCrhissome@néi on t he
foll owi ng conpounds within the scope of this invention may be enunerat ed:
242-met hyl -44(2S, 3' S)-2-nmet hyl -[ 1, 31bldyrrol i di nyl- 11-y1) - phenyl ] - 8- oxa- 2-a
za- S iro[4.5]decan 1- one;

o api ol s, O nitu Rk EREELOY b huEhRoRYhs @'%?ﬁ%@sﬁ@@ﬂ? e Sgope- 22
i ny1- 11-of Ihispimeantiop-r8aypbe-eseratqd:r o[ 4. 5] d:acan- - one;
iy 1 1198 TN (2853 RE el e e i) phequl-8-oxa-2-aza-

242- et hyl - A4 2R B5Rlerdnbhy] 41 , 31bipyrrol id
i nyl- 110’3/(3 phenyl | - 8- oxa- 2- aza- s§| ro[ 4. 5] decan- 1- one;

2[2-flu nw(dzs&rde 28,3SpatmegthyB[1, ]Lbjﬁ))pml yli14y!)-phenyi]-9-oxa-2-aza-
2511 uor o 4 WIOLROOREI TIBIE, o1 i ai myt. 11 v1) - phonyi] -9- oxa- 2- aza-
T ) Tt o gl
2-[3-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-(2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-ethyl-4-((2S, 3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;



2-[2-ethyl -4-((2S,

3'S)-2-nmethyl -[1, 31bi pyrrolidinyl-11-yl)-phenyl]-8-oxa-2-aza-

spi ro[ 4. Svdeoswveirodne; 2[ 2-fl uor o-44(2S, 31S) - 2- net hyl - O PC3AIse@@Ns@L6 | d
inyl-11-y1)-phenyl]-9-oxa-2-aza- spiro[5.5]undecan-1-one;

242-met hyl - 44( 2R, 3' S) - 2- et hyl 41 |, 31bi%yrrol id

I nyl-11-yl1) - phenyl ] -9-oxa-2-aza- spiro[5.5]undecan-1-one;

242- et R}l i b '

vt 11 o (GRS o et e St ot P IBnd -6 o5 2-aze:
242- et hyl - 44pkS[B5RNd2captihgne0 , 31bi pyrrol id
e e N
inyl-11-y1)- é.B@d@éénA'-@ﬁ@' spiro[ 5. 5] undecan- 1- one,
242- et hyl -44225?3' ) - 2-met hyl -'0 , 31bipyrrol id

i ny1- 11-3}&4&(@ ehiR)-R-raethvh D 3dinyrelidingf Byhehanytdhota-@neza-13

2[4-((2R 3'9)-2- | =M., 31pipyrrol id inyl-11-y1)-phenyl]-9-oxa-2-aza-
<pi 101 5. 5] undUED 2B o8 IOEER 3 Ry 2l et nyl M 3ibi pyTrol id

i ny1- 11-yM-¢RBeN)-D=-rAe i L3 #FpyrrolRiif2L By BlpHete ] nota-2n&sa-

spiro[5.5]undecan-1-one;

2-[2-fluoro-4-((2R,3’S)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;

2-[2-fluoro-4-((2R,3’R)-2-Methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and

2-[2-fluoro-4-((2S,3'R)-2-Methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one.

Again all of the conceivable salts of the above noted compounds including the
pharmaceutically acceptable salts are part of this invention.

In a further aspect of this invention the following compounds within the scope
of this invention may be enumerated:
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-

spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

spiro[5.5]undecan-1-one;
2-[4-((28,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4 .5]decan-
1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-ethyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;



2[4-((2S,3' R -2-nethyl-M, 31bi pyrrol id inyl-11-y1l)-phenyl]-9-oxa-2-aza-
spi ro[ 5. 5] undecan- 1- one;

244- ((2S, 8036w hyl -[ 1, 31bi pyrrolidi nyl-11-y1l) - phenylPLTArse00a/08666@ a-

spi ro[ 5. 5] undecan- 1-one; 2[2-fluoro-4-((2R 3'S)-2-Methyl-M, 31bipyrrol id
i nyl-11-y1)-phenyl ] -9-oxa-2-aza- spirt{5.5]undecan- 1-one;

2[ 2-fluoro-4-((2R 3'R) -2- Met hyl - M, 31bi pyrrol id

inyl-11- =N R PN | an~ls 6ne; . and
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inyl-11-y1) - =Hpenofd.pludrdecrand-aze- Spi ro[5 5] undecan- 1- one. Again al |
of the ¢ sal he a ove d. co unds i ncl udi ng t he

phar rracezg[}‘i ﬁgéa%g@ {hé(bﬁe:s pyrso égr”éylpaﬁ’ nﬁ%so%(‘?\ ¢eRfd on. In a
further aspecdy@fs. gmngebgﬁ_qn@h@n the follow ng conpounds within the scope
of this invention may be enunerated:

242- net Rr[2-Augrods (@RS R)-2ritatlyy!- [I!;B]tatptyrrpydml1eulhpner1>1}91>)<ap?hen§/1] 8- oxa- 2-

gig- net hyl - Z%&J%@gﬁ@%%ﬁﬁé ?\'%] EfnP 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa- 2-
aza- spiz-f-hudb R)- ZOM%Ih)Z{[’ﬂ 3(]6@)?rr6ﬂc$hyl2‘r rwybryénmg%&blzoufénl i d

inyl-11-yl)- phené - 8- oXa- 2- aza- spiro decan- 1-one;
2[ 2- f | uor o- 4-SQir®: IUSﬂEQa"ﬁrétWW M, 31bi pyrrol id

Izzglegﬁy?ll) @X ﬂéff_tgé%o ﬁé‘u@m&%@o&ﬁp%%%g%&eé’ ®6mpounds including the
i ny1- 11-m@mheuu¢dlw&wbﬂtab1@salts are part of this invention.

In a further aspect of this invention the following compounds within the scope
of this invention may be enumerated:
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-

spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

spiro[5.5]undecan-1-one;
2-[4-((28,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4.5]decan-
1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one.

Again all of the conceivable salts of the above noted compounds including the
pharmaceutically acceptable salts are part of this invention.

In another aspect of this invention the compound of this invention may be
represented by a specific stereoisomeric form of formula (Il):

Wherein R4, Ry, m, n and p are as defined hereinabove.



spiro[ 4. 5] decan- 1-one; 2[2-fluoro-4-((2S, 31S)-2-nethyl-M, 31bipyrrol id

I nyl-11-yl)-phenyl ] -9-oxa-2-aza- spiro[5.5]undecan-1-one;

2[ 4- (( 2R 8ORprdsamBhyl - M , 31bi pyrrol id inyl-11-y1l)-pheaylgs2000s@e2- aza-
spi ro[ 5. 5] undecan- 1-one; 14 2[4-((2S,3 R)-2-nethyl-M, 31lbipyrrol id

i nyl-11-y1)-phenyl]-9- oxa- 2- aza- 15 spi ro[ 5. 5] undecan- 1- one;
244-((2S,3'S)-2-nethyl -[ 1, 31bi pyrrolidinyl-t-yl)-phenyl]-9-oxa-2-aza-

5.5 | [ L d
Tyt vl oS80S &) s ke foft HaB heis Rundsidbq BY arl oftheiRbEedlres
2[ 2-f1 udmlml(oZ@we 'skijle@-ivithératt: I\Sp@difnajlyr seVeratof the starting materials used in

1-11- h 2- - 5.5 d
of "t he. diRuEpamtion-af fRE SPritkangRove o (Rt LG8t AOON AP TG deaeves
phar ”acet!btm&él'dldllyaca@@%@@' e 9 t SorAbGURRY tofOthid r"ih§er'1tﬂih‘5'r@aFrioo%everal of lte @

further aspect of this invention the foll ow ng conpounds wthin the scope
of thi s pracwisor @eMmpounds eaynalsatleri:prepared by methods used to prepare similar

242 et h%gr&(?’(f’%ﬁ% %]Sd eecpéﬁ{é%tﬁﬁg thlall’ltgg’a%lpé' n%l 'ag' P&Hher éf&gcr%%%n}ﬁe;lelrg O)ﬁ%rz az
242 et Nigstaféé 25ed - Z:nﬂ_tdwék[icaﬁr#pﬁr@ryérrswe dorydnid - Yeanskdraisitiohs 9- ®GH 2- az
a- spiro[5.5 undecan- 1- one;

publishers, 1989.

It is also well known that in various organic reactions it may be necessary to
protect reactive functional groups, such as for example, amino groups, to avoid their
unwanted participation in the reactions. Conventional protecting groups may be used
in accordance with standard practice and known to one of skilled in the art, for
example, see T. W. Greene and P. G. M. Wuts in "Protective Groups in Organic
Chemistry" John Wiley and Sons, Inc., 1991. For example, suitable amine protecting
groups include without any limitation sulfonyl (e.g., tosyl), acyl (e.g.,
benzyloxycarbonyl or t-butoxycarbonyl) and arylalkyl (e.g., benzyl), which may be
removed subsequently by hydrolysis or hydrogenation as appropriate. Other suitable
amine protecting groups include trifluoroacetyl [-C(=0O)CF3] which may be removed by
base catalyzed hydrolysis, or a solid phase resin bound benzyl group, such as a
Merrifield resin bound 2,6-dimethoxybenzyl group (Ellman linker) or a 2,6-dimethoxy-
4-[2-(polystyrylmethoxy)ethoxy]benzyl, which may be removed by acid catalyzed
hydrolysis, for example with TFA.

More specifically, the compounds disclosed herein and various precursors
used therefor can be synthesized according to the following procedures of Schemes
1 -7, wherein Ry, Rg, m, n and p are as defined for Formula | unless otherwise
indicated.

For instance, Scheme 1 illustrates the preparation of the intermediate of
formula (4), wherein Ry, m and p are as defined herein. First, in step 1, Scheme 1,
suitably protected (for example tert-butyloxycarbonyl (boc)) pyrrolidinone of formula
(1) is condensed with a desired substituted pyrrolidine of formula (2) by any of the
known reductive amination procedures to form an intermediate of formula (3). For
instance, such condensation reactions are generally carried out in the presence of
reducing agents such as triacetoxyborohydride in an inert atmosphere, such as



2[4-((2S, 31S)-2-nethyl -M , 31bi pyrrol id
inyl-11-y1)-phenyl]-8-oxa-2-aza-spiro[4.5]decan- 1-one;

2[ 2- f | uorwo44(0265B%S) - 2- mret hyl - M , 31bi pyrrol id PCT/US2009/066666
inyl-11-y1)-phenyl]-8-o0xa-2-aza- spiro[4.5]decan-1-one;

2[ 2-fl uoro-44(2S, 31S) - 2- et hyl - M, 31bifpyrrol id
inyl-11-y1)-phenyl]-9-oxa-2-aza- spi ro[ 5. 5] undecan- 1- one; and
244- (( 2S,iBn 5 al & ' Gl z - :

Spi ol 5. L eabeLfo e e eaBlEh Eoh Hf¥kuribg ! sRIECH AT aREE APt
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form of hkgrelia thén Morké’&lﬁb%%&broc%%uré@ kRowRdoRskdle® iAShE&rt B Rolate the
her ei nabove. 15 The conpounds of this invention can be synthesized

by any dntermedateoétnimeda k3jown to one skilled in the art. Specifically,
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be prepared bﬁ/ met hods used to prepare simlar conpounds as reported in the
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avoi d their unwanted participation in the reactions. Conventional

pr ot ect i"RFCYRTDUEERAAFIUERS U 150 aLE0MgEA C ECRFREINGt 4RAAT Sr BRI OTarile
known t i i mythe art, for exanple, see T. W Geene and P. G
M V\ﬂtqu%Pﬁ]SgLattégﬁdvr@% Q‘?’L}bs in Oganic Chem stry" John Wley and Sons,
Inc., 1991. For exanple, suitable ar8anenpr ot ecti ng groups include w thout
any limtation sulfonyl (e.g., tosyl), acyl (e.g benzyl oxycar bonyl or

t - but oxycar bonyl ) and apyhal kyl (e.g— bapzyl), vhi 3h be renoved
subsequently by hydrol ysi s\.or Hydggge 3t‘i—cm>angca5 jprivat 8. Qther suitable
am ne protecting grioeps WMicTHde tri poacetyl [-C(=0) ] whi ch nay be
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renmoved by base catal yzed hydrol ysis, or a solid pha esi’n bound benzyl
group, such as a Merrifigld resinobound 2, 6-di met [gyxybenzyl group (El I man

| inker) or a 2, 6-di nmet hoxy4-[2-(pol ystyryl net hoxy) et hoxy] benzyl, which may
be renoved by acid catal yzed hydrolysis, for exanple with TFA Mor e
specifically, the conpostagg discl ose erein and various precursors used

t heref or can be synthesized accordhﬁg;gf\t fol | owi ng procedures of
Schenes 1 - 7, wherein R, |®2, m n piar e, as defined for Formula I

unl ess ot herw se indi cat ed. For i nsjyanc Schene 1 illustrates the
preparation of the intermediate of formiia (4), wherein Rl, mand p are as
defined herein. FirgP=iln2step 1, Sch 1, suitably protected (for exanple
tert-butyloxycarbonyl (boc)) pyrrolidinone of formula (1) is condensed with
a desired subdthang &dilpstrates ingeprragen oberantomeyicaly arye ispmerie ok Mesvhl 3
reduet | SrhiRlbatoRiAE B 1 Auh 0] e KU AT RALALE & oLAidrhardid) 1n FO"

i nstance,” such’cbhdensarion reactions are géneral carried out In the
presencestep T,e8ulemg 2gesnitablgusiotected r (farc ekample hoky dyinddiding an pipenidine

at nosphere, such as

alcohol of formulal(%) is treated with 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 for example carrying out the reaction in the presence of
a suitable base such as triethylamine and DMAP in a suitable organic solvent,
preferably an aprotic solvent such as dichloromethane at sub-ambient or ambient
temperature conditions.

In step 2, Scheme 2, the intermediate of formula (6) is condensed with a
desired pyrrolidine or piperidine of formula (7). Again, such condensation reactions

can be carried out using any of the procedures known to one skilled in the art in order



ni trogen atnosphere. The reaction can be carried out either at sub-anbient,
anbi ent or super-anbient reaction tenperatures and pressures. Typically,
such reacwpanp/ms®scarri ed out at roomtenperature at aPODASR@VI0666PE esSSur e
of nitrogen. The reaction mxture is then worked-up using procedures known
to skilled in the art to isolate the Tmtermedi ate of fornula (3). In
step 2, Schene 1, the internediate (3) is then de-protected to formthe
desired r SHEdh ; Lon
dos o0 B RTARH BBl oPYG ALY TR B deivenSHeh feprglectt o
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di chl or gweityaae betde&ettmlaeblbgmmr@t H&g.ent tenperature conditions. In
step 2, Schene 2, the internediate of fornula (6) is condensed with a

desired pyrrolidine or piperidine ofP¥®MRiLa (7). Again, such condensation
reactions can be carried out using any of the pr oced@rkes known to one

skilled in the ar nord&nep17to obt the i rfedi’at ested 2f or nul a (8).
Typi cal Iy, such gond nsa |g_ [a [T Qn_reaction carr put I the pr&sence of a
base such asb¢ita 8t e becT sol vent’s ’JCh as

acetonitrile at anblent t o super-anbi ent temetrature condilti In
step 3, Schene 2, the internedi ate of fornq#a\ 8) is then Neacted with an
acid, such as hydrgﬁhloric acid in a suitab ol vent, such asRdi oxane, to
formthe desired stéereospecific isoner of«Dnternediate of fonmula (9). It
has now been found that the internediates of fornula (9) can be readily

formed in accordan¢e With the process of this in tion with high

enanti omeric ptl)Jrl/tN/ ﬁ C de‘stepl:?s of whi c re provi ded hereinbel ow by
way of various Txa eneral, the enantl 'GN ity can be
determ ned by chiral HPL& heme 2 m= 1 or Schene 3
illustrates the pr(épaqu‘tl on of ani no- phenyl - pyrrol i d| n ;)Jyrrol i di ne
internediate of forrmula (12), wherein Rl, R2, ncRp are as defined

herein. In step 1, Schene 3, suitably substituted nitrobenzene of formula
(10), wherein X ima1s¢ri2qbi=a éreavi ng group, such as d, F, Br, or triflate
(OTf) is condensed with the [1,3] yrrolldlnyl-pyrrolldlne of forrmla(4)

in order to A 3 rﬂi@tr@&ﬁ He ReepaGHRD | ol emine-peaeyl-RysienyEPyBalidine
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skilled int suc densat'i on reacti on can be carri ed
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Such condensation reactions can again be carried out using any of the procedures
known to one skilled in the art. For example, such condensation reaction can be
carried out in a polar solvent such as DMSO in the presence of a base such as
potassium carbonate at ambient to super-ambient temperature conditions.
In step 2, Scheme 3, intermediate of formula (11) is reduced by hydrogenation
or other known chemical methods, such as using tin dichloride in hydrochloric acid, to

form the key intermediate (12).



WO 2010/ 065798PCT/ US2009/ 066666 (10) step 2 m p = 1 or 2(12) Scheme
4 illustrates the preparation of conpounds of formula (16). In step 1,
Schenme 4,woanmersisal | y avail abl e t etrahydro- pyran- 4- car lpoxyuise@9meiods est er s,
such as nethyl or ethyl esters, of fornmula (13) is treated with suitable
base, such as nBuLi in presence of HMRA in THF, followed by al kenyl

hal i des, to forminternediate of fornula (15). This reaction can be carried
out using any of the procedures knovg'sbhtepﬁge skilled in the art, such as
reported in the literature (Nagunmo, S.; toba A ; et al, Tetrahedron,

2002, 58(49), 9871r9877; Stafford, J. A ; Heathcock, C. H J. Og. Chem,

1990, 55(20), 5433-(5434). In 2, Sct‘geéga14 th A 15) is cl eaved
with 0504 ando xprqp | g =t 0y ' 167 Schene 4
Step 2 NalO4 0s0%=/Pr OH H20 Z 1 or rrp s of the
present invention ﬁO%n be prepare y ‘?ng the |nter ﬂl at epar ed
usi ng the Schenes to 4 and tHén 1errpl oyi ng either od (A) or Met hod ( B)
as illustrated further bel ow
step 2
e Q
o
m,p=1or2

Scheme 4 illustrates the preparation of compounds of formula (16). In step 1,
Scheme 4, commercially available tetrahydro-pyran-4-carboxylic acid esters, such as
methyl or ethyl esters, of formula (13) is treated with suitable base, such as nBuLi in
presence of HMPA in THF, followed by alkenyl halides, to form intermediate of
formula (15). This reaction can be carried out using any of the procedures known to
one skilled in the art, such as reported in the literature (Nagumo, S.; Matoba A.; et al,
Tetrahedron, 2002, 58(49), 9871-9877; Stafford, J. A.; Heathcock, C. H. J. Org.
Chem., 1990, 55(20), 5433-5434). In step 2, Scheme 4, the alkene (15) is cleaved
with OsO4 and NalOy4 in propanol and water to form aldehyde (16).

Scheme 4
5 0 Step 1 0 CH,
o)
O)Lo’CH?’ * |/H\/ — 0 /
n .
nBuLi n
HMPA
13 14
(13) (14) THF (15)
0 CH,
Step 2 o
Nalo4 0 o
OsO4 n
iPrOH H
H20 (16)
n=1or2

The compounds of the present invention can be prepared by using the
intermediates as prepared using the Schemes 1 to 4 and then employing either
Method (A) or Method (B) as illustrated further below.



19 Schenme 5 illustrates the preparation of conpounds of this

i nvention using Method (A). In step 1, Schene 5, the al dehyde of formul a
(16) is cwodermssrosi t h a desired internedi ate of fornul aCtARpodweany of the
known reductive am nation procedures to forman internediate of formula
(17). For instance, such condensation!'Yeactions are generally carried out
in the presence of reducing agents such as triacetoxyborohydride in an

i nert atnosp : i t g - i ed
out ei ther At L uarets HRG3eBarAR0R o EompOends 2 Y AFRDUBE R c
and pr eddethes. (Aly dhcaép Y, Scheme dattiel aldehydes of formudal (boiX isatondeosed with a

t t t. at her i f it . Th tion m Xxt| i
e e AR L P B0 L e 89S P T e
inter W%r@&@dlﬂésf@]ﬁ‘éﬂ% %n(iﬁt@mﬁafb@e oY [drhadd (PN | FortiRSfRancB! $uicH &shdvhsation

catal ytic anount of base, such as potassiumt-butoxide in aprotic solvents,

such THFeaetorfsolne gensoalid sagied euininathel gyesemsehol re¢dyciisg regents such( ag)

thi s i nveRes gy iR M el ARGt 50 8% SRrho el EtiRtentng
with a deatti®fcanmeedsatiad lout aithet absgb-Brmkkie apfbidrardrdupet-bbibht @aktien t he
known reductive am nation procedures to forman internediate of formul a

(20). FdeMPesatarRse anduBressyRfens hYRieally: esahi 6erCtigNe gené&pEIady oshrati BProut

in the f rgﬂm&g’ ag Lac X ahydr I

i nert aItO[ rémﬁ@% %rﬁcraé) as?uc aéﬁ'%ln? r §%§§u§1%s@ﬁgééﬁ Tﬁbgr gé;a%{t'?gnﬂﬂ)ggﬁebégégg?i ed
out ei t heorkatl-upubsiagiprecdédurasikinenin tor sidiigeein- thebarend isetatet thennte?ediate of
tenperat ures and pressures. Typically, such reactions are carried out at

room t erfPEPERUd) at T FYSERERT dS thert diifidiedroy CatenhienameHBt PERESE oFHGH B ur e
is then U | r r i | | i te
the. 1t doga a7 oF BHEKSE P 2GSl e SultP T o “Privibofids P PRYA

cat al yti(d8anount of base, such as potassiumt-butoxide in aprotic solvents,
such THF, to form conpounds of for %%482@% The internediate of fornula
(21) is then condensed with the am i hedi at e (4) or (9) prepared
according to Schemes 6 and 7 to formdHaecgnpounds of this invention (18).

Met hod B.
R2
NaBH(OAc)3
o, E
o HN BT P
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c
o. |
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(16)
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p
0 L R2 Q KOtBu
D/ ) Y THF
o N
\
~ H

(18)
(17) nmp=1,2

Schemes 6 and 7 illustrate the preparation of compounds of this invention by
Method (B). The aldehyde of formula (16) is condensed with a desired commercially
available bromide of formula (19) by any of the known reductive amination
procedures to form an intermediate of formula (20). For instance, such condensation
reactions are generally carried out in the presence of reducing agents such as
triacetoxyborohydride in an inert atmosphere, such as nitrogen atmosphere. The

reaction can be carried out either at sub-ambient, ambient or super-ambient reaction



Schene 6 As al ready noted herei nabove, the conpounds of this
invention can readily be converted into salts. Mre particularly, the
conpoundswofotomespPsesent i nvention are basic, and as suebTase@oos@se of this
invention are useful in the formof the free base or in the formof a

phar maceutically acceptable acid addi2d on salt thereof. Acid addition salts
may be a nore convenient formfor use; and, in practice, use of the salt
formin S&myat ; r bﬁéﬁb' T ' [ an
be usedhggﬁgﬁéﬁgre Pﬁeﬁg%gaHigd?TYéﬁagél?@minc J'@gg?ﬁﬁggé yqﬁﬁgﬁeﬁﬁﬁﬁch
pr oduce,tewipenatceriatnainedphierichprefssere ldseifrogeéar mrdbeutéaciibhymadoeptieihen
salts, that ii,s, salts whose anions are .nop-toxic.to.the patient in.

ohar nc tikedUnuSbe RepCadiges noen Solial i e Ganeisalria Neriesmediaje of

ef f ect s fhARGREP0)] MH By EIZBR0RAS ehér thifided by balaRAicPAMBLACOEDASE! Such as
ascribable to the anions. Although pharnaceutlcaIGy acceptabl e salts of

sai d bagiatassiupolbdtoxisiepinegprotisdsolegnts agueh ddth, ttbdarmatanpeurdsistfarmuia

sour ces the free b farm e i f rii ar. salt. per. i,S

desi r ed @ity MielfEE i dpTb @4IRahls. g PP S Mire R ol
formed qalrf(9) ppeparesescairdinyrtof Semémes.6 and 7 derbirhithatdompo@idsnBethist i's
used as internediate in preparing a pharmaceutically acceptable salt by ion
exchangenygseadlses. | n anot her aspect of this embodi ment, a specific
di sease, a disorder or a condition %ﬁaﬁ 83? be prevented and/or treated

wi th the conmpound of this invention " ACPU €, without any limtation the
followi ng: sleep-related disorders (Speend 6c exanpl es include w thout any
limtation narcol epsy, attentional deficits, circadian rhythm sl eep

di sorders, obsfructive sl eep &pnea, periodh@BMbmﬁganenenfh Nk, 22 restless
| eg syndrone, ®xcéssive sl eepi S d drowsEness due tdredi cabiep—B"
side-effe c.), netirologic I sorders_(speci)fic es t may be
enunerated i ¢l udes but not [ to denentia, Al zhei mex's diSedSe,
mul ti pl e sete &, epilepsy and neuropathic pain), n thgl ogi cal and
cognitive disorders (a few of the specific exanples includ€é wthout any
limtation include schizophreﬂgp, attention deficit/hyperactivkdy disorder,
Al zhei ner' §'8di sease, depression, seasonal affective disorder, and cognitive
inmpairment). Certain of the disorders alsa include cognitive inpairnent

associ ated with schi zophrenia (C AS) ,_anyi di sorders such as generalized
anxi ety, panic disorder 8t -t r gunyt i oyY'sth ess di sorder, and nmjor
depressive disorder. Qh sorder g\l Yde denentia of Al zhei mer_type
(DAT), cogffithui ve defH{Ci ated to neurol ogi cal diseases such

Al zhei mer , ™MPar ki nsan ntington, age®<%Pated cognitive i &bld
cogni ti ve—Tmpai r fent scul ar derfentia, Lew's Body Blenment ila d ahy ot her

cognition associ at ncognitive deficits. As deSeyi bed/'herei nbel ow
by way of specific exanples, the conpounds of fgrmula bind to the H3
receptors and denonstrate inverse agoni smversus\H3 #un€tional activity.
Therefore, the conﬁ%hnds of this invention mak have\utility in the
treatment of diseases or conditions aneliorafed Wty H3 receptor |igands.
More specinfiral.Ry, the conpounds of the presgnt J Wvention are H3 receptor

| i gands that nodul ate function of the H3 receptor by antagoﬁﬁking t he
activity of the receptor. Further, gg%‘co ounds of this invention may be

i nverse agonists that inhibit the b © rTPivity of the receptor or they
may be antagonists that conpletely block the action of receptor-activating
agoni sts. Additionally, the conpounds of this invention may al so be partial
agoni sts that partially block or partially activate the H3 receptor or they
may be agonists that activate the receptor. Thus the conpounds of this
invention may act differentially as antagonists, inverse agoni sts and/or
partial agoni sts depending on functional output, histam ne tone and or

ti ssue context. Accordingly, the differential activities of these conpounds
may allow for utility to aneliorate nmultiple disease states as specifically
enuner at ed above. Thus in one aspect of this invention there is

provi ded a nmethod of treating a disease in a patient, said disease sel ected
fromthe group consisting of sleep related disorder, denentia, Al zheiner's
di sease, multiple sclerosis, cognitive disorder, 23 attention deficit
hyperactivity di sorder and depression, conprising admnistering to said
patient a therapeutically effective anobunt of a conpound of formula (I).

One of skill in the art readily appreciates that the pathol ogi es and
di sease states expressly stated herein are not intended to be limting
rather to illustrate the efficacy of the conmpounds of the present

invention. Thus it is to be understood that the conpounds of this invention
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24 adm nistration, or for adm nistration by inhalation or insufflation.
Alternatively, the conpositions nay be presented in a formsuitable for
once- weekwg 2010/088198- nont hl y adm ni strati on; for exanpl epCamseomwobashé e sal t
of the active conpound, such as the decanoate salt, may be adapted to
provi de a depot preparation for intra?uscular injection. An erodible

pol ymer containing the active ingredient may be envisaged. For preparing
solid conpositions such as tablets, the principal active ingrediantcis
mxed with a phay maceuti cal carrier, e.g. conventional tabl et

i ngredi ents such Orn star Pmctose sucrose, gsor ta stearic
aci d, magnesbum rate, dic i um phosphate or gu 5 moyﬁer

i iluents, e.qg. ﬁeter to forma soli ef orrmul ati on

aining a honngeoeous.nixture of onpound of the present

" phar maceut i.galdcye@ccept abl e qal ereof . When referring to
these preformpul ati on conpositions as honogen .1t is nmeant that the
active ingredient is dispersed evenly throughout the conmpé8ition so that
the conposition may be readily subdivided into equally effective unit
dosage forns such as tablets, pills and capsul es\This solid prefornul ati on
conposition is gﬁip subdivided into unit d gt Jos of the type descri bed
above cont ai ni Agv#Tom 0.1 to about ny Qf the: zactive ingredient of the
present inventiofi. Flavored unit dosa "contain from1 to 100 ng, for
example 1, 2—5—36—=25, 50 or 100 the active ingredient. The
tablets or |IIs of the novel co ftion can be coated or otherw se
conpounded prOV|de a dosa rmyffording the advantage of prol onged
action. For exanple, the tabllet pill can cqurise an i nner dosage and an
outer dosage component, the [Catter %eing in the formof an envel ope over

the former. The mo conmponent s can separ at e an_enteric | ayer
serves to res‘b%? ready AP ReresiRboNe: ﬁ@ %‘Frﬁﬁﬁ‘é"l‘ajsaﬁtvj inyenton gan;r ﬁ‘e'fng
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variety of materials can or’'such enteric [ayers or coatlings, such
mat er i allE@siganddinguch eampeunds obibis/imeentoraaredgseafndinrthe tfomne of th‘e ret Pasei c

aci ds wth. sych nateria as she cet alco ol d cell ose acget at e.
e T oy e 20 G 8 b achatic. afcertpbRy A0 pa it S herdst o Aaid o
nmay be ijidrsaterhal e adBBIi nvahicdb f@hafdriser akdy, |hrhr8§t1ide3rlhser6f|th'é1§alt
aqueous solutions, suitably flavored syrups, aqueous or oil suspensions,
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veni ol edd isrbii et sPs BEufs HEsB 4R WP 2BRAREE Whed
suspensigmsbined |Vi4ﬂ|ﬁti‘®yfﬂé@@asé pnarmf@éemebllouooeauble §§Itst Itiﬁ’eﬂaigaﬁélts whossi a,
al gi nate, dextran, sodiuntcarbox nethxlcellulose | ul ose

pol yvi nydi9ns are ABRE0YE tgéhgtnaflent in p arm@cqmaha@e@ﬁ p{éhe el thas ke of
this i m‘tﬁ?fe'feﬁ ?rﬁﬂbiitf‘r ﬁfh%rr&qt RYtraedMha %E riéer’iétct?lﬁatﬁa sld'é %ffé‘cté‘”
ra e ceut | Ca

I n gene osi t'i ons is inventi

adm ni stascetable tmr’dtie amiohsarmlsimd@r phamhexdudicalby scceptablel saltsnbf aaidabzhmal ,
intranasal, intraperitoneal or topjcal route. The referred rations
of the. FRERRIELE REfertai st GHCBON $71ES pisyesRIHbRS SPHGS Qfa {56 fribase
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adm ni stered on a regi nen of tines per day. This invention is
further ill usﬂr&m@bebﬁspﬁ@t Pbithiswergoditaenil & spafifa cdiseass, ovidiserdepor a
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i ndi cat ed: "k"rﬂerstolqlormm "g" refers to grans, "ng" refers to
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et ors YRR igep JorddfsClobsl o Seep dfe, Paidic, fimPehioiemdt %
nanonol es, "L" refers to liters, "nmL" or "m" refers to nilliliters

refers to mcroliters, "gal" refers to gallons, "C'" refers to degrees
Celsius, "Rf " refers to retention factor, "np" or "ntp." refers to nmelting
point, "dec" refers to deconposition, "bp" or "b.p." refers to boiIing
point, nniof h@ refers to pressure in nillineters of mercury, cnf refers

oy o oy Y T T



LCT: G ad (AcN-FO.05% TFA) : (H20-1-0.05% TFA) = 5:95 (0 min) to 95:5 (2.5
mn) to 95:5 (3 mn). Colum: YMC Jsphere 33x2 4 pM 1 m/mn MJX: Col um:
YMC Jsphewe 28825798 ml /mn Grad (AcN FO. 05% TFA) : ( H20- FeC@aX0BAF6656 5: 95 (0
mn) to 95:5 (3.4 mn) to 95:5 (4.4 min). LCT2: YMC Jsphere 33x2 4 pM
(ACN+0. 05%IFA) : (H20+0. 05%FA) = 5:95 20D mn) to 95:5 (3.4 nmn) to 95:5 (4.4
mn) QU YMC Jsphere 33x2 1nl/min, (AcNFO0.08%formc acid):(H20+0.1°)/0

form c %éﬂ@ss‘leﬁ %ﬁg?&ng‘ %}cés%w%?’slée ﬁeééﬁaﬂb otrgwgnr’legs (43981 A dication s&é

fol |l ow ng exanpFe escri the procedures use he preparation o
vari ous effemt,t etq), meewolagical edipbmessl (spetifie @xappleat that wikyt be emumperated of
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addi t i orspeCifiz2 egamiplesf |rlclumie without any Ilrhltatlon include schizophrenia, attentlon
deficit/hyperactivity disorder, Alzheimer's disease, depression, seasonal affective
disorder, and cognitive impairment). Certain of the disorders also include cognitive
impairment associated with schizophrenia (CIAS), anxiety disorders such as
generalized anxiety, panic disorder and post-traumatic stress disorder, and major
depressive disorder. Other disorders include dementia of Alzheimer type (DAT),
cognitive deficits related to neurological diseases such as Alzheimer, Parkinson,
Huntington, age related cognitive impairment, mild cognitive impairment, vascular
dementia, Lewis Body dementia and any other cognition associated to cognitive
deficits.

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. Therefore, 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.

Thus in one aspect of this invention there is provided a method of treating a
disease in a patient, said disease selected from the group consisting of sleep related
disorder, dementia, Alzheimer’s disease, multiple sclerosis, cognitive disorder,



28 HC in ether into the DCM sol ution of 2-nethylpyrroline, then
evaporated) in DOE (60 nL) was added powdered sodiumtriacet oxyborohydri de
sl oW y umatenoi@eatosr.t. The yel |l owi sh m | ky sol uti on wa®Cstuiseeade@se r . t .
overnight. LM - mz 255 and 199 (base and MtBu). The reaction was
guenched with aq. NaHCO3 solution (108 nL). The two | ayers were separat ed,
and the aqueous |ayer was extracted with DCM (20 nL X 2) The conbi ned DCM
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2-Methyl -[ 1, 31bi pyrrolid | -t-carboxylic acid tert-butyl ester (5.50 g ,
21. 62 lt)acwa@f hheetzqreralow shoR2ihenpresenuinveri®n.i M has dikisrte ke uodersioas that
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herein. As stated herein, the compounds used in the method of this invention are
capable of inhibiting the effects of H3 receptor and thereby alleviating the effects
and/or conditions 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,
subcutaneous, 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 carrier and a
compound of formula (1), 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 | 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, metered aerosol or liquid sprays, drops, ampoules, auto-injector

devices or suppositories; for oral, parenteral, intranasal, sublingual or rectal



This internediate is synthesized essentially in the sanme way as descri bed
in the synthesis of 2-nethyl-[1,31bipyrrolidinyl hydrochloride from1.6 g
of the kewvoneiwmwsmBtain 1.48 g (94 (:)/0 yield) of the Prrius2odiseé as a
clear oil. LOMS: RT = 3.42 min.; Ms: 197.19 (MtH) NVR 1H NVR (300 MHz
CDClI3) 6 4.72 (lH, br), 3.28 (1H, d, & = 12.65 Hz), 3.04 (2H, m, 2.86-2.53
(4H, m, 2.05-1.47 (10H m, 1.47 (3H m, 0.93 (3H m Internediate (iv)
4-(2- | sopy |H)é|tra%ﬁr8" 5F BodmiiskaRb e thaitioll &t insufiatibhl S AvBHRIITBR! 3he 1S
synt hesi zed essentially in the sane Wway as descri he synt hesi
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0.86 (6 I nt er nedi at e

4-(2- Metlhj@zymt Ay -qmdlbtﬂ pokymem qorytalptr]g e adtl\rewmgremewt masHReNenyisaged.
For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical carrier, e.g. conventional tableting ingredients such as
corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate,
dicalcium phosphate or gums, and other pharmaceutical diluents, e.g. water, to form
a solid preformulation composition containing a homogeneous mixture of a compound
of the present invention, or a pharmaceutically acceptable salt thereof. When
referring to these preformulation compositions as homogeneous, it is meant that the
active ingredient is dispersed evenly throughout the composition so that the
composition may be readily subdivided into equally effective unit dosage forms such
as tablets, pills and capsules. This solid preformulation composition is then
subdivided into unit dosage forms of the type described above containing from 0.1 to
about 500 mg of the active ingredient of the present invention. Flavored unit dosage
forms contain from 1 to 100 mg, for example 1, 2, 5, 10, 25, 50 or 100 mg, of the
active ingredient. The tablets or pills of the novel 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



This internediate is synthesized essentially in the sanme way as descri bed
in the synthesis of 2-Methyl-[1,31bipyrrolidinyl hydrochloride from1l.6 g
of the kewvoneiwmwstyet 1.40 g (89 "Yo yield) of the titl eprprasean/emea cl ear
oil. LM 199 (MtH) Internediate (vi) 2-Propyl-[1,31bipyrrolidinyl iN)
()NNH/ CH3 This intermedi ate23 s synthesized essentially in the
sane way as described in the synthesis of 2-Methyl-[1, 31bi pyrrolidinyl
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in the sane way as described in the synthesis o
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intratracheal, intranasal, intraperitoneal or topical route. The preferred
administrations of the pharmaceutical composition of this invention are by oral and
intranasal routes. Any of the known methods to administer pharmaceutical
compositions by an oral or an intranasal route can be used to administer the
composition of this invention.

In the treatment of various disease states as described 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 illustration 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 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, “0z” 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, "R; " 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, “DMSQO” refers to dimethyl sulfoxide, “DMF” refers to N,N-
dimethylformamide, “CDI” refers to 1,1'-carbonyldiimidazole, “DCM” or “CH.CI”
refers to dichloromethane, “DCE” refers to 1,2-dichloroethane, “HCI” refers to
hydrochloric acid, “EtOAC” refers to ethyl acetate, “PBS” refers to Phosphate Buffered



31 L Ms: RT = 0.45 min. ; Ms: 183.19 (MtH) NVMR 1H NWMR (300 MHz, CDCl3) 6:
3.39 (1H, m, 3.17 (1H, m, 3.05-2.74 (3H, M, 2.69-2.36 (3H, m,
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2-Methyl -[ 1, 31bi pyrrolidinyl hydrochloride from1.48 g of the ketone to
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800 mg (96 (:)/0 vyie d) of the title product as a clear oil.
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sz |2n? Z1r %gpﬂh?%&hosphmo)#erroceng)pa”%d%ﬁn ?IbHdicmo‘ridg'lgél\/l( gglrhpfek ‘]HI§TL7J”51
refers to 2-(1H-benzotriazol-1yl)-1,1,3,3-tetramethyluronium hexafluorophosphate,
“‘DIEA” refers to diisopropylethylamine, “CsF” refers to cesium fluoride, “Mel” refers to
methyl iodide, “AcN,” “MeCN” or “CHsCN’refers to acetonitrile, “TFA” refers to
trifluoroacetic acid, "THF" refers to tetrahydrofuran, "NMP" refers to 1-methyl-2-
pyrrolidinone, “H,O” refers to water, “BOC” refers to t-butyloxycarbonyl, "brine" refers
to a saturated aqueous sodium chloride solution, "M" refers to molar, "mM" refers to
millimolar, " M" refers to micromolar, "nM" refers to nanomolar, “N” refers to normal,
"TLC" refers to thin layer chromatography, "HPLC" refers to high performance liquid
chromatography, "HRMS" refers to high resolution mass spectrum, "L.O.D." refers to
loss on drying, "uCi" refers to microcuries, "i.p." refers to intraperitoneally, "i.v." refers
to intravenously, anhyd = anhydrous; ag = aqueous; min = minute; hr = hour; d = day;
sat. = saturated; s = singlet, d = doublet; t = triplet; q = quartet; m = multiplet; dd =
doublet of doublets; br = broad; LC = liquid chromatograph; MS = mass spectrograph;
ESI/MS = electrospray ionization/mass spectrograph; RT = retention time; M =

“w_ "
~

molecular ion, = approximately.

Reactions generally are run under a nitrogen 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 DO,
DMSO-Dg or CDCIs unless otherwise noted. Chemical shifts values ( ) are indicated
in parts per million (ppm) with reference to tetramethylsilane (TMS) as the internal

standard.



2-Ethyl -[1, 31bi pyrrolidinyl 32 This internediate is synthesized
essentially in the sane way as described in the synthesis of

2- Met hyl -Wo,28t00i6p398r ol i di nyl hydrochl ori de from 848 ng @eCTiuseokeb@re t o
obtain 750 ng (97 "Yo yield) of the title product as a clear oil. LM RT
= 3.64 mn.; M5 169.16 (M+H) 1H NWR 27300 MHz, CDClI3) 6:3.11-2.29 (8H, m,
219111(9H m, 0.87 (3H, t, J = 7.51 Hz) Internediate (xi)

2- Met hyl - (Kigpet it e W id
2- Met hyl - ?ﬁ]gl pylrp?f% #chleny %ri}g %Ogﬁ%agﬂ#rﬂt@ré%dl gp&t{&‘h‘?t bt SaL
above, &Xbegméms 6tomaetterniing 2redeyotion )tmas (@R3 senhd edssaciaiadydrasas |dDNB@rQ 30

m.). To this saol ution Waz ad]gi d 5-flu -2-nitrotoluene (3.00 g, 18.78
mol , 1 e using PRGOY t 038%19(@& Sissi um car bonat e (8.9 g, 65 mmol).

The suspaasd epelRs (N@taﬁ‘g r@@or@i’éd%dln%%thr@m%@é:rﬁﬁs é'ébd’t\ﬁbﬁﬁletbhe C%r\%frélly"'g

mat eri al was consumned ‘as det erm ned TLC (5% MeOH i'n
the sus dbasmethwod/amdawaeqDozﬁlvmeletEterap@y @mza;tionn&caﬁmrr_rg:massrm/z fmm éQ@r s

Sonbi nedocNCE: R SR e AeGEe e e BBl R AP Pattd b ShAs T
brine (Enﬁ”fyz’)um;ﬁr& embgr By-dnQNHiaBOHessItOH 08Ed anaee)Helliekit %eﬂardamqioo
concentrated i n vacuo he crude product was purified on a silica ge

col urm, riasedvileRcEHY, W@mﬂengtma\a'&oonr@eand pedere %Q@ﬁﬂ&ﬁmm’aﬁv%lg%w

lid af b 300 MHz, CDOl 3
(SSO(I}:)pn’)a SElugh ?d@@@eﬁ%ﬁ (o4t /%E“B%/B yed '\‘2%:)9 Syredt) ’(H%R ( 3.4-3.2 (3n
SH), 3. QER Gfad (AcNFD. 05% G4 A)gH.OFD.05% TFA)= 695 @(b")mlnﬂt&%rﬂ (215|)m|n} &6

3H). | nt er medi at e

El (2- MetHiP (3 InIB)LQﬁ|Wﬂr b’l\}(adﬁmerfl?:?xxi’ﬂ pNeAvindfiime 33 o
Asol ut i cmgfx?ds%rﬂw YIWC 9%@%%241 W‘nl%f?] phenyl)-[ 1, 31bi pyrrolidinyl

Grad (AcN+0.05% TFA):(H20+0.05% TFA) = 5:95 (0 min) to 95:5 (3.4 min) to 95:5
(4.4 min).

LCT2: YMC Jsphere 33x2 4 uM, (AcN+0.05%TFA):(H20+0.05%TFA) = 5:95 (0 min)
to 95:5 (3.4 min) to 95:5 (4.4 min)

QU: YMC Jsphere 33x2 1ml/min, (AcN+0.08% formic acid):(H20+0.1% formic acid) =
5:95 (0 min) to 95:5 (2.5min) to 95:5 (3.0min)

The following examples describe the procedures used for the preparation of
various starting materials employed in the preparation of the compounds of this
invention.

INTERMEDIATES
Intermediate (i)

2-Methyl-[1,3']bipyrrolidinyl-1'-carboxylic acid tert-butyl ester

0]

HSC\%CH:,&

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



(Internediate (iii) obtained above, 2.23 g, 7.7 mol) in MOH was
de-aerated and nitrogen was introduced. To this solution was added Pd-C
(107 )/0) .wohon/mwbresur e was stirred under H2 at nosphere a&CTruseoodfessc8h. TLC
(10°)/0 MeOH in DCM and LC/ M5 showed the reaction was conpl ete. The

m xture was passed through a Celite p&dd, rinsed with nethanol. The filtrate
was concentrated to dryness, and further dried under high vacuumto yield a
reddi sh t
Compound oo ethERHM HfE DRI SRR GnEBlerhy Bt SuitBiq A DL 186,

t he nextmk} easvaddeaupowdertcdesogumi triacatoxgborahgdsde iskydy uviSer :NiOat(ﬂWl—FFD]e

aci 0 kBt iy splotion was stiaF g of STdnb ke e R A gl BReY
mechani cgg mttlgugl ng rod and a 250nl addition funnel was added p-tosyl

chloride (58g, 305mol, 1.5eq) and 600nml of anhydrous DCM The sol ution was
cool ed with il vieacionbweh. qQUErBRedewi jJagadalter ¢alutey)(10R el hdde. two

200 m QP SISk POAYE PP Letarohon et arRe L oM an D Se ey

room t enpRy abkibine&dY BYCNIi @ktkactd vferehusle Wl 86diam @fcafrﬂi@wétéa(qm @), ahe
product had an Rf value of 0.3 (TLC developed in DCM. The reaction was

cool ed Winecé Maxa). diwch(anbydsavsr Paappum ewrbpnateaniilised3ard craseritried iand

stlrred 3 r I n

oo, TR, ok pRRb RS SR bitReSay tlrbh Bt Wl FERL A, O
tvm ce msmmmm Eml\mt(agedSI‘ﬁmWemI%%)mf th@Gifle dojmpamd &8 aniquic2OMSTL) .
The organic ase_wa i ed_over K2003. After concentration, the crude
pr oduct 2%'\@ |)6TEQ' %QW@%@HHP&CMM cartridge (DCMto 5% MeOH i n DCM
to afford the title conpound as ahq%gg é(l (529, 759 . Ms: 363 (MtNa+);
TLC (DCM Rf = 0.3. 1H NWR (CDC 3, %E%t 6) (ppm: 7.80 (d, 9.0Hz, 2H),
7.35 (d, 7.8Hz, 2H), 5.02-Nethyl-fLBbigyradidimyl hyehachiricle (bs, 3H), 2.05 (m
2H), 1.43 (s, 9H). Internedi ate (xivV)
(S)-3-(Tol uene-4-sul fonyl oxy) - pyrrolidine: 1-carboxylic acid tert-butyl
ester A round bottoned sk s gharged with 80 nL of anhydrous
DCM The sol vent was evacuat ed{andypur ggd V\/it?'_@trogen. To this sol vent
was added (3S)-1- BOC- 3-pyrroli ol (obtai ne rom Astatech), (16.32 g,
33.8 mmol ), DVAP (0.4g). The s@jution was 'eooled to an ice-water bath. To
this cold solution was added a sol ution of p-toluene-sulfonyl chloride
(9.67 g, 50. EQZMBWWI;[LB]Binqoiidm)/I -1'rce2BoxtlicobciBQdrt-Oig| iesterwdL B0 doat2i .8as

d dth olutjo d t i TLC (5% MeOH
Do gmogas Bepted it 2hmb o bR ekt 600, TERamkdomesT sHEPG | on
of the rm@rln%qe}hstf@%%rrﬁghtwamw@%h% BN 98 5 RHNTRE SRt o

amne (4.5 g) rred vv!as added ané tere
filtratiroatepatl WeswassiasdeditintoupOhe Taiutiory amithcstiteisg waﬁmduﬂettWaHmeag 1M

Fi 1t or sahiama. K Raialf @ gbsord et ol Tl soaiTowod BP0 ca

el col i ! oo
0% 155 RSO S 09c U 4 iyl

total idnd 9\/19-1@33%)( MIKES maganal gay usggawm[mgtemrther purlflcatlon in subsequent
steps as illustrated below. LCMS: Rt = 0.35 minutes, MS: 155 (M+H).

'H NMR (D20, 300MHz): 8 4.30 (m), 3.85 (m), 3.76 (s), 3.5 (m), 3.46 (m), 3.32 (m),
2.66 (m), 2.28 (m), 2.10 (m), 1.46 (bs).
Intermediate (iii)

4-(2-Propyl-pyrrolidin-1-yl)-piperidine



1H NWR (300MHz, CDCI3), 6 (ppm: 7.81 (d, 8.7Hz, 2H), 7.37 (d, 8.7Hz, 2H),
5.04 (bs, 1H), 3.45 (m 4H), 2.46 (s, 3H), 1.44 (s, 9H). Internediate (xv)
(25, 3' S) -wolktangb7981, 31bi pyrrol id inyl-1'-carboxylic aeca/usesmwobistyl ester
The tosylate (52g, 0.15nol, 1.0eq), (2S)-2-nethyl pyrrolidine (25.2g, 0.3
nmol , 2.0eq), anhydrous CH3CN (500nl),2%nd dry K2003 powder (50g, 36 nmol,
2.4eq) were added to a 2L round-bottom fl ask equi pped with a nechani cal
stirrer and a reflux condenser. The sulting suspension was stirred at 75C
for 20h. The heating bl ock was set /at LG/ M5 showed a smal |
anount of starting material at mz ‘ e reaction m xture was
concentrated in vacuo. The residue s pantitioned between 200 nL of water
and 400 nL of DCM The aqueous | ayer lwas with 50 nL of DCM tw ce.
The organic extracts were combi nedfand\washed with 150 nL of saturated
NaHCO3 sol ution, 150 nL of brine, and dried over K2CO3. The crude was
purified by silica gel colum, eluteg-wth 5-10% MeOH in DCM The product
still had weak UV absorption at 254 gm and 280 nm A pale yellow oil was
obtained. Yield: 24.59 (64%9. LCVs: RT = 1.27 minutes, Ms: 255 (M+H). 1H
NVR (300 MHz, Tr@éD@ht8ymedia{e mrpyntBedized rassrdially3in3thensarBel)way a8 dgsaribad)in

2 66 ¢ g yhyies of Drneblioo B idigfl padrosisriod ri £1d of Giekesbie ss o

inyl-1" -gAniRoxy8 ig(9ahd I8y bftlh@tt)ﬂ'e ;ﬁé&l@ét as a cleaffdf. title compound was
prepared in a manner substantially the sane as internediate

(2R, 31S)L-OMEt Ry £ - 3.4 230ii. ;g6 687 di9rM+H) car boxyl ic acid tert-butyl ester by

Cort - but AR 36 MR FORITRECOER) 52ke RN A REs PRt Al e E7RRr SR dabancea

As t 300 Mz,
CDngB r%y@seh@@wﬂm;zl@@ﬁ mmliqtﬁ(ﬁnb) "4&17 @5 rhgﬂid‘%s (él NYR2(75 RS

2.51 (m 1H), 2.07-1.69 (m 6H), 1nt&6ne®ateedﬂ)) 1.10 (d, 6 OHz, 3H).
I ntermediate (xvii) (2S, 341@3£sp(p|>%6ymf)yrr%?‘d%lpy8 rl[Bé)rlld HI nyl-1'-carboxylic

acid tert-butyl ester O--
CH,
N

CH,

N
H

This intermediate is synthesized essentially in the same way as described in
the synthesis of 2-methyl-[1,3"]bipyrrolidinyl hydrochloride from 1.6 g of the ketone to
obtain 1.57 g (100 % yield) of the title product as a clear oil.

LC/MS: Rr = 3.69 min. ; MS: 197.19 (M+H)
NMR: 1H NMR (300 MHz CDCI3) &: 5.77 (1H, br), 3.35 (1H, m), 2.98 (2H, m), 2.84-
2.46 (4H, m), 2.05-1.46 (10H, m), 0.86 (6H, dt, J = 10.40, 6.05 Hz)
Intermediate (v)
4-(2-Methoxymethyl-pyrrolidin-1-yl)-piperidine



H3c cH3 3-(3S)-(Tol uene-4-sul fonyl oxy) - pyrrolidine-1-carboxylic acid
tert-butyl ester (6.82 g, 19.97 mmol, 1 equiv. ) and

S-(+) - 2- mohylo/qeser i ndi ne (obtai ned from Advanced Asynmrerrise@p/o64686 40 g,
40 mmol , 2 equiv.) were dissolved in anhydrous CH3CN (65 nmL). To this
colorless solution was added powder K303 (powder, 325 mess, 98+% 6. 10g,
44.2 mmol, 2.2 equiv.) at r.t. The suspension was heated vmth stirring
under nitrogen over an oil bath ai ned at 80C for 24h. TLC (3% MeOH in
DCM for SM 7.5% MeOH in DCM for prodyct) showed the SM was consuned al nost
conpletely. LC/MS showed very lit nt of starting material at mz
363. The suspensi on was concefitrateéd to dryness. The residue was
taken in water (25nmL) and DCM (80 wo | ayers were separated, and
t he aqueous | ayer was extracted (20 FH_XZ) The conbi ned DCM
extracts were washed with sodi um i carlbonate (25 nL), and brine (25 niL),
dried (anhydrous potassium carbonatgy, filtered, and concentrated in vacuo.
The crude product was purified on aHsilica gel colum (70 g) on Anal ogi x,
eluted with MeOH in DCM (0 to 7.5% to obtain 4.08g (80.3% of the title
conpound as alhisimmermediate & synithBzeRessentidlly m et e MRy 253gsiokibied ilH

NMR (30Q, MHz, ..CDCI 3

2 75( (m h:eLﬁyhthfssﬁo‘% %hﬁqtﬁ?lpﬂ)ls kpypyircgél[&yhﬁk%rl‘%cﬁloildg fb ?@ 12 5?% 012 tfel%étghe Jfo

6. OHz, ?d@t14mbqsgﬁ/d'yfé1&)éf>%'tﬂtlb dr@&c?ﬂa'g)a 8reMebh'y|-[1 31bi pyrrol id
myll-carboelllc acid tert-butyl ester I'\ CH3 0 The title

conpound-WAAS pr¥pded) i n a manner substantl aI |y the same as intermediate
(2R, 31S) - 2- Met hyl -[ 1, 31bi pyrroli dhﬂg é Gﬁa)xyl ic acid tert-butyl ester by
condensi ng 3-(3S)-(toluene-4-sulf 8 ?/'§?ep ol i di ne- 1-carboxylic acid
tert-butyl ester and R (-)-2- rzepmﬂyp[pg'qmpyhram.mﬂbt ai ned from Advanced
Asymetrics). LCMS: RT = 1.09 m nutes, Ms: 5 (MtH). 1H NMR (300 MHz,

chCl 3), 6 (ppm: 3.15 (m 2H), 33(m 3 .97 (m 1H), 2.71 (m 1H)

2.47 (m 1H), 1.98 (m 2H), 1.96-1 , 1.46 (s, 9H), 1.06 (d,
6.2Hz, 3H). Internedi ate (XxiXx)
(S)-3-((S)-2-Methyl -pi peridin-1-yIN rrol i|di ne-1-carboxylic acid

tert-butyl ester --i H3cO H3c CHH

CH,

This intermediate is synthesized essentially in the same way as described in
the synthesis of 2-Methyl-[1,3']bipyrrolidinyl hydrochloride from 1.48 g of the ketone to
get 1.46 g (100 % yield) of the title product as a clear oil.

LC/MS: Rr = 3.64 min.; MS: 183.18 (M+H)
NMR: "H NMR (300 MHz, CDCI3) 8: 3.39 (1H, m), 3.17 (1H, m), 2.94 (3H, m), 2.69-
2.40 (4H, m), 2.13-1.10 (10H, m), 0.92 (3H, m)
Intermediate (vii)
2-Isopropyl-[1,3']bipyrrolidinyl

O/N
N
H

H,C CH,

This intermediate is synthesized essentially in the same way as described in
the synthesis of 2-Methyl-[1,3']bipyrrolidinyl hydrochloride from 1.48 g of the ketone to
obtain 1.46 g (100 % yield) of the title product as a clear oil.



The title conmpound was prepared in a manner substantially the sane as
internedi ate (2R, 31S)-2-Methyl-[1, 31bi pyrrolidinyl-t-carboxylic acid

tert - but Wwoestoasstyg condensi ng PCT/US2009/066666

3-(3R) - (tol uene-4-sul fonyl oxy)-pyrrolidine-1-carboxylic acid tert-butyl
ester (5 g) with (S)-2-Methyl-piperidéine to get 1.50g (38 (:)/0 yield) of
the product as a beige oil. LM RT=1.95 mns. MS: 269. Internedi ate (Xxx)
4-((9S) - 3- - pyf nel e DV i ne-1-carboxylic acid tert-butyl
ester %%A§%T ?ué‘@tﬂ“ﬁ e“@%rﬂp%%%‘sﬂpr epared in a nanner substantially
the sameNMR: i1|h{ NMI%QB@(I PHZ R B3CIS) 52389 (M, nb)] 331Tb{ 1y, rmp13.66-2y74 (3H,anfoxyl i ¢
acid tert-but ester @condenm

4- (Tol ue31§9424 :f't‘»rm 0B 1p@%QHd“ge1§3éﬁHb69y@i86 (§Eh Mt ert - butyl ester
with (S)-(-)-2-nethyl pi perindi ne (97 (:)/0 yield) of the
product as a pale yellow oil. Ilbgerqu g}[gq%gm ns. MS: 269. Internediate
(xxi) (2S,31R)-2-Methyl -[ 123\1]bihm)(yrr@ttmd+[h,)3l]b@yrrphkd|0thI oride 2HCI OH3
2(2S)-Methyl -[1,31(3" R ] bipyrrolidinyl-1 '-carboxylic acid tert-butyl ester
(7.92 g, 31.14 nol) was treated with 2§.8 of HCl in dioxane at 0C. The
solution was stirred under nitrog N{. o@vernight. Both TLC (10% MeOH
in DCM and LC/MS did not detect t\he gtartiyng material. N2 was passed
through the solution with stirrin e out|l et was passed through KOH
solution to absorb HCl for |h. Thélsol vgyt” was renoved by evaporation to
dryness to get the title conpound as a hygroscopic very thick gumy (2HCl
salt, hydrated - Exact conposition unkn 3, 8.07 g (-100 %9. Ms: 155
(MtH) . 1H NVR (D20, 300 MHz), 6 (ppm: 11.6 (bs, 1H) 9.1 (bs, 1H 4.12 (
m 1H) 3 5 ('Fhls :m)ermedlatajslsymhpseet)i ,eszentigdlylin( the sane Raylemdedidyiped.i (m

(55 37 h8 Bt o1 WashyiiT bRy g i hydiskinride e 148 aaihe ketone to

obtain 1.47 g (100 % yield) of the title product as a clear oil.

LC/MS: Rt = 0.42 min. ; MS: 185.16 (M+H)

NMR: 1H NMR (300 MHz, CDCI3) &: 3.38 (6H, m), 3.21 (2H, m), 3.06-2.40 (6H, m),
2.14-1.57 (5H, m)

Intermediate (ix)
4-(2-Ethyl-pyrrolidin-1-yl)-piperidine

oY

CH,

N
H

This intermediate is synthesized essentially in the same way as described in
the synthesis of 2-Methyl-[1,3']bipyrrolidinyl hydrochloride from 912 mg of the ketone
to get 800 mg (96 % yield) of the title product as a clear oil.

LC/MS: Rt = 3.57 min.; MS: 183.18 (M+H)
NMR: 1H NMR (300 MHz, CDCI3) &: 3.19-2.76 (4H, m), 2.57 (4H, m), 2.15-1.20 (10H,
m), 1.19 (1H, m), 0.86 (3H, t, J = 7.51 Hz)
Intermediate (x)
2-Ethyl-[1,3"]bipyrrolidinyl



OH3 (2S,31S)-2-Methyl -[ 1, 31bi pyrrolidinyl-t-carboxylic acid
tert-butyl ester (24.5g) was dissolved in 30 Ml of dry 1, 4-di oxane. HC

sol uti on WwB2ni/ 068181 n di oxane) was added at 0C, and al | @cgdISe@9mbé666 at r oom
tenperature. Brown gum appeared after about 20 m nutes. After 4 h, the
reacti on was conplete. N2 was passed ¥hrough the flask for Ih with
stirring. The outl et passed though KCOH solution to absorb HCI. The sol vent
was renoved by vacuumto afford 29g of hy copic beige gum 39 LCMVMs: RT
= 0.37 mnutes, Ms: 155 (M+tH). 1H NMR (D20, \300 MHz), 6 (ppm: 11.6 (bs,
1H), 9.1 (bs, 1H 4.12 ( m 1H 3 N2H/ 3.3-3.1 (m 3H), 2.4-2.1 (m
4H), 2.4(m 2H), 1.6 (m 1H), 1.4(d .0 ,3H) Intermediate (xxiii)

(2R, 31S) - 2- Met hyl -[ 1, 31bi pyrroli d.My di hy rochl ori de , ON 2HCI CH3

The title conpound was prepared Hﬁa nEiger substantlally the sane as

I nternmedi ate (2S, 31R)-2-Met hyl -[ 1, 31bi pyrrolidinyl dihydrochloride by acid
hydrol ysi s ofTri¢ Hﬁémmﬁw |s[si/n&ﬂe(s&ea)éetyermﬁanplnl tﬂerssahaé.wa adagegoribedasi d
tert- butx@ ester, bs,

1H) : @ynth@ﬁ)s Q,f %Me(thyﬁﬂ ﬁﬁ;)lpyrrplldl(ny{ hm,qpchlgnge grom %54%m@ﬂ§)thezketoge 1( o
(5K 3w PN GTe S\ e Sadagty i pasly o e (o)

LC/MS: Rr = 3.64 min.; MS: 169.16 (M+H)
'H NMR (300 MHz, CDCI3) 8:3.11-2.29 (8H, m), 2.19-1.11 (9H, m), 0.87 (3H, t, J =
7.51 Hz)

Intermediate (xi)
2-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3']bipyrrolidiny|

HJD/NO\[QQ
O,N
H.,C

2-Methyl-[1,3']bipyrrolidinyl hydrochloride (Intermediate (ii) 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 agueous 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 purified on a
silica gel column, eluted with 5% MeOH in DCM to get the title compound as a yellow
solid after drying, 5.47 g (100%). MS: 290 (M+H").
"H NMR (300 MHz, CDCl3), & (ppm): 8.10 (d, 9Hz, 1H), 6.36 (bd, 9 Hz, 1H), 6.28 (bs,
1H), 3.4-3.2 (m, 5H), 3.00-2.78 (m, 2H), 2.64 (s, 3H), 1.7-2.2 (m, 6H), 1.5 (m, 1H),
1.06 (m, 3H).

Intermediate (xii)

4-(2-Methyl-[1.3']bipyrrolidinyl-1'-yl)-phenylamine




The title conmpound was prepared in a manner substantially the sane as

I nternmedi ate (2S, 31R)-2-Methyl -[1, 31bi pyrrolidinyl dihydrochloride by acid
hydr ol ysiwoab10d662R) - met hyl -[ 1, 31(3' R)] bi pyrrol i di nyl- 1'Pcrasbaxpbices aci d
tert-butyl ester. Ms: 155 (M+H). 1H NVR (D20, 300 MHz), 6 (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) Internediate (xxv)

4-((S)-2-Methyl -pyrrolidin-1-y)-piperidine 40 3 NNH The title
conpound was prepared in a mannenN substantially the sane as internediate
(2S,31R) - 2- Met hyl -[ 1, 31bi pyrrolid di chl oride by acid hydrolysis of
BOC-4-((S)-2- Met hyl - pyrrol ilel%] @ géri dine which was synt hesi zed by
condensation of tosylate with (S) -Z-Z:T;L\ lidine to get 1.28 g (95

0
(:)/0 yield) of the title product as a clear olfl. N\CMs: 3.6 mn.; M
169. 17 (M+rH) 1H NVR (300 MHz CDCI3) 6 (ppm: 312 f2H m), 2.88 (2H, m,
2.59 (4H m, 2.02- 1.59 (6H m), 1.59-1.3HC3H m, 1.05 (3H d, J =6.05
Hz) Internediate (xxvi) (S)-2-Methyl-[1,41bipiperidinyl CH3 N H

A solution of  2-methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3']bipyrrolidinyl

(Intermediate (iii) obtained above, 2.23 g, 7.7 mmol) in MeOH was de-aerated and
nitrogen was introduced. To this solution was added Pd-C (10%). This mixture was
stirred under Hy atmosphere at r.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 (xiii)

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

CH,
/
N o/

o\< o
o %
H,C CH,

To a 2L round-bottom flask equipped with a mechanical stirring rod and a
250ml addition funnel was added p-tosyl chloride (58g, 305mmol, 1.5eq) and 600m|
of anhydrous DCM. The solution was cooled with ice-water bath. EtsN (65ml) and
DMAP (2.65g) were added. A solution of (R)-3-(-)-N-Boc-hydroxy pyrrolidine (38g,
203 mmol, 1.0eq) in 200 ml of DCM was added slowly. The reaction mixture was
allowed to stir at room temperature over night. TLC showed completion of the
reaction. The product had an Rs value of 0.3 (TLC developed in DCM). The reaction
was cooled by ice-water bath. Polymer-supported trisamine (32g) was added and
stirred for 30 min. Trisamine bead was filtered and rinsed with 300~400 mL of DCM.
The organic solution was washed with 200 mL of H3PO4 (1M) solution twice, followed

by saturated NaHCOs3 solution (200 mL), and brine (200 mL). The organic phase was



The title conmpound was prepared in a manner substantially the sane as
internmedi ate (2S,31R)-2-Methyl-[1, 31bi pyrrolidinyl dihydrochloride by acid
hydr ol ysiwoab10BGE98S) - 2- Met hyl - [ 1, 41bi pi peri di nyl whi chpreagaissgmbesé zed by
condensation of corresponding tosylate with (S)-(-)-2-nethyl piperindine to
get 1.37 g (94 (:)/0 yield) of the ti¥ e product as a clear oil. LOM: RT
3.82 mn.; Ms: 183 (MtH) 1H NMR (300 MHz CDCI3) 6 (ppm: 3.11 (2H, m,

2 86 (2 4 i

250 2 b scPlonésiaioindl Sbolathalbuf 18 (5150 i

(28 31R)gacuﬁrldge-(m}l\(l$e 1586 IMeOH-in DENM)-tpladioyd Yhe 1itl& thimpoundlas d beige oil 41
g 2(2S)-Methyl-[1,31(3 R ] bipyrrolidinyl (0.23 g, 1.2 nmol)

vvas d| sd8PgefP 7ok anhydrous DMSO (5 nL) in a flask. To this solution was

added 5-Mi5ug69{RI+NH*}:IMAIP(VEND Rf228.370, 1.44 mmol), followed by powdered
anhydr ous pot assi um car bonate (662 ng, 4.8 mmol ). The suspensi on was heated

on an oi'H NMFR]((EBC&BGOGNH-IZZ)hS\(Wn) t/h80 ¢d,20.0Hag2IMRt 785 &, 18klzcAHE 84 as

:nggnts)?l(aﬁl_’\ﬁéﬁ gy%%/@g 4%”’62%\&%}'\@69%?@ ﬁﬁ ’01S'E%?§ﬂ9?'$ﬁg)tv\o Iaye;rg ;[Ngree

separated, and the aqueous |ayer wagnfdidtaqkeyl with DCM (10 mix2). The
conbi ned DCM extracts were washed wth sodi um bi carbonate (5 nL), and brine
(5 nmLx2), dr(SH3{(2akedecusulimyieei)pyrrotidineriralboxyii¢ aeiddert-batyl astercent r at ed
in vacuo. The crude product was purified on a silica gel colum, eluted

with 5% MeOH in DCMto get the title conpound ] _y€H,ow solid after
drying. LCM5: RT = 1.38 m nutes, X QCD,(I\/Hr NVR (300 WHz, CDCI3), 6
(ppm: 8.10 (d, 9.1Hz, 1H), 6.36 {dd,/9.2,5Z.3 J 1H), 6.28 (d, 2.4 Hz,
1H), 3.654(m 2H), 3.37 (m 3H), (d¢) $H 7Hz, 8.8Hz, 1H), 2.84 (sixtet,
6.6Hz, 1H), 2.65 (s, 3H) 2.50 8.1 Hz, 1H), 2.31 (m 2H), 2.11 (m,2H

1.87 (m1 H, 1.08 (d, ét{% The anal ytical chiral HPLC conditions
used were as follows: |s@ 180% i sopropanol with 0.5% | PAmM ne 5ml/ mn
outl et pressure 150 bar, 3 The results obtained were as foll ovvs RT =
10.92 mn; ee 99%Interrred| ate (XXVIII) 2-(2S) - Met hyl - 11- ( 3- et hyl -

itro- phenyl) -A 10814 $<$pmdpﬂasblwaajchalgged with 80 Thle of jarhydousp OGHd. \Aﬂibe

D o et R R B AO LY 0B0 5 B S EOBE SR o8
= 1. 43 BOCt®pyrridfidingP bitdhEl- 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 and the solution was stirred under nitrogen
overnight. TLC (5% MeOH in DCM for SM, 12 visualization; DCM for product, UV)
showed the completion of the reaction. The reaction was quenched by addition of
polymer-supported amine (4.5 g), stirred 30 min. 50 mL of DCM was added and
filtered. The filtration pad was washed with DCM. The organic was washed with
HsPO4 (1M, 2 x 50mL), followed by NaHCOs; (50 mL, brine (50 mL), dried (K2COs),
filtered and concentrated to a liquid. This was purified on a 110 g silica gel column on
Analogix using 0-2% MeOH in DCM to obtain pure product, 8.82 g (77% yield).
TLC (DCM) Rf = 0.3. LC: Rt = 3.55 min, 100% pure based on total ion, MS: 363
(M+Na); 342, 327, 286 (base).
'"H NMR (300MHz, CDCls), 5 (ppm): 7.81 (d, 8.7Hz, 2H), 7.37 (d, 8.7Hz, 2H), 5.04
(bs, 1H), 3.45 (m, 4H), 2.46 (s, 3H), 1.44 (s, 9H).
Intermediate (xv)
(2S,3'S)-2-Methyl-[1,3']bipyrrolidinyl-1'-carboxylic acid tert-butyl ester



42 1H NMR (300 MHz, CDCI3), 6 (ppm: 8.10 (d, 9.2Hz, 1H), 6.36 (dd, 9.2,
2.8 Hz, 1H), 6.28 (d, 2.2 Hz, 1H), 3.6 (m 2H), 3.3 (m 3H), 3.00-2.78 (dt,
3.5Hz, 8.8b2pRK65798. 79 (m 1H), 2.64 (s, 3H), 2.56 (m PHIUS2000864688 2H) ,
1.98 (m,2H) 1.45 (m1H), 1.08 (d, 6.2Hz, 3H). The anal ytical chiral
HPLC conditions used were as follows:33 socratic 100% i sopropanol with 0.5%
| PAm ne 5nil/ m n outlet pressure 150 bar, 200 nM The results used were as

follows: RT = 8.16 nmin; ee 100% Internediate i X)
2-(2R) - Met hyl -11- (3-net hyl-4-n itro-phenyl) 4l 31( *S)] bipyrrol id inyl
The title conpound was prepared in a ngnnéy.: ntially the sane as above

by condensing 2(2R)-nethyl-[1,31(3"'S)]bipyrroli dl nyl and
5-fluoro-2-nitrotoluene. LCVS: RT = 1. mnute@H M5: 290 (M+H). 1H NWMR

(300 Mz, CDCI3), 6 (ppm: 810(0 1Hz, 1H), 6 36 (dd, 9.2, 2.5 Hz, 1H),
6.28 (d, 2.4 Hz, 1H), 3. 654(!’7'15C 3M7 (m 3H), 2.99 (dt, 3.7Hz,
8.8Hz, 1H), 2.84 (sixtet, 6.6Ha.c 2765 (s, 3H), 2.56 (q , 8.1 Hz, 1H),
2.31 (m 2H), 2.11 (m,2H 1817 M H, 1.08 (d, 6.2Hz, 3H). The

copt opanol vi T %%'i’%ﬁ(é%%dﬂ%ﬁﬂiy @%‘w@s‘:&f@ e BTSSR S RE ie
resul ts 2ieedq), vwmd&msf QH;oMs (560mH, ahd X nK{CO?@oW%(]SOgt g6nmeha 2.4exyX)

2- (2R) - Met hyl - 3- et hyl - 4-ni tro- pheny 1,31(3'R yrrol id i nyl
The tit |\@er@o%@m o0 viaZLpraharkettom Sﬂfaﬁ%‘éppg‘djb’%'ﬂhr@t mcmnpﬁbsw% agd above

2 oo PR AL ke S S8y T et
(300 MHhlogD@h8)set 6t 8§10y : 8. 10 (d, 9. 2Hz, 6.36 (dd, 9.2, 2.8 Hz, 1H),
5 Bhe. CZiH) "5 L%/Még%ewdm%maﬁﬁoeet oh#rt'@%tfemﬁq m;Jz %3 T(h?é. %;Zg;.on 1.98
(m, 2H) rﬁixﬁfre(%slb%ncént%e(ﬁ % vBedFZ Thdesidue was partitioned between 200 mL of
water and 400 mL of DCM. The aqueous layer was washed with 50 mL of DCM
twice. The organic extracts were combined and washed with 150 mL of saturated
NaHCOs; solution, 150 mL of brine, and dried over K,COs. The crude was purified by
silica gel column, eluted with 5-10% MeOH in DCM. The product still had weak UV
absorption at 254 nm and 280 nm. A pale yellow oil was obtained. Yield: 24.5g
(64%).
LCMS: Ry = 1.27 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 (xvi)
(2R,3'S)-2-Methyl-[1,3"bipyrrolidinyl-1'-carboxylic acid tert-butyl ester

N CH,

H,C 7< O
H,C CH,
The title compound was prepared in a manner substantially the same as
intermediate (2R,3'S)-2-Methyl-[1,3']bipyrrolidinyl-1'-carboxylic acid tert-butyl ester by
condensing 3-(3R)-(toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic acid tert-butyl



The anal ytical chiral HPLC conditions used were as follows: Isocratic 100%
i sopropanol with 0.5% I PAm ne 5nil/mn outlet pressure 150 bar, 200 nM The
results woedowawersas follows: RT = 8.95 mn; ee 100% | rCErUSR@OAL@64 XXX )
2- Methyl -4-(2-(2S)nethyl -[ 1, 31(3' R)] bi pyrrolidinyl-11-y1)-phenyl am ne

A sol ution of 36

2-(2S) met hy1-11- (3-net hyl -4-nitro-phenyl) 41, 31(3' R)] bi pyrrolidinyl (2.02 g,

Chie Tistet Milf3OMY i eloliBRndReAEboNR Fif AUbARGRT AlRRNIdHiE] dsthe: TO

this solution was I's mxture s stirre
at nrospheRe=4dt05 ntinuteey M&h 255(M14H)0% MeOH in DCM) and LC/ M5 showed t he

i ShSRAEERE 8 BT RSB Yl 0 79
ves SOnETRL S L NN R ADCT AL 0 YR bhe e compon
LG/ Ms: 260, TLC (10%veOH DCM : O.I8teRmediate éxvidi at e (xxxi i)

o LT ok SR AL

internediate (xxiii) by hydrogenation of

2- (25) Met hy1-11-(3-nethyl-4-nitro-phenyl)x [1,31(3\S)] bi pyrrolidinyl.

LC Ms: 260, TLC (10%veOH DCM: 0.3 Rf. ¢nte i (xxxiii)

2-Methyl -4-(2-(2R)-methyl -[1,31(3" S)] bi pyrrpol idinyl-11-y1)-phenyl am ne

44 The title conpound was prepared/In a mangerf substantially the same
as internediate (xxiii) by hydroge on of

2- (2R) - net hyl - 11- ( 3- net hyl -4-n1'3t:—72§ﬁe_§¢l )- [1,31(3"'S)]bipyrrolidinyl.

LC Ms: 260, TLC (10%veOH DCM : "?E = 3. Internediate (xxxiV)

2- Met hyl -4- (2(2R) -nmet hyl -[ 1, 31(3”R) ] biPpyrrolidi nyl-11-y1) - phenyl am ne

111)----- P 3-(3S)-(Toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic acid tert-butyl ester
(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
CH3CN (65 mL). To this colorless solution was added powder K,COj3 (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 starting material at m/z 363.

The suspension was concentrated to dryness. The residue was taken in water
(25mL) 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 MeOH in DCM (0 to 7.5%) to obtain
4.08g (80.3%) of the title compound as a gummy material. LCMS: Rr = 1.14 minutes,
MS: 255 (M+H).

'"H NMR (300 MHz, CDCls), & (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 (xviii)
(2R,3'R)-2-Methyl-[1,3']bipyrrolidinyl-1'-carboxylic acid tert-butyl ester



H2NH3c The title conmpound was prepared in a manner substantially the
sane as internediate (xxiii) by hydrogenation of

2- ( 2R) - Mawbyb1010b5798- net hyl - 4-ni t ro- phenyl ) - [1, 31(3' R) ] lpcpyuseabiocions | .

LG Ms: 260, TLC (10%veOH DCM: Rf= 0.3. Internedi ate (XxXxxv)

4- Al l yl -t etrahydr o- pyran-4-carboxyl i c37aci d net hyl ester In a 250-nL
RBF was wei ghed 6.1g (60 mmol) of diisopropylam ne and dissolved in THF
(100 nL). This solution was cooled to -78C. T is was added 37.5 nL of
1.6M butyllithiumin hexane, stirred for 15 rmed up to OC for 20
mn, re-cooled to -78C To this
tetrahydro-pyran-4-carboxy|ic acid net ester}(7.2g9, 50 mmol) in THF (10
m.). There was al nost no col or change fY1ght a mttle bit). This was
stirred at -78C for 45 nmin. Then, @ nfxture of 5g of HWPA and 10.92 g of
allyl iodide was added via ca Towgrds 90% of addition, white
precipitate formed suddenly. Thi ture was stirred at -78C for 20 mn,
then, the dry ice bath was rentWed and t he stlrrlng was continued to al |l ow

e Feact o S UHECC RoNRNT 8 koo iely S0ptl her BB AR 156 DA £5ves
et her (SRtenkedial@€2RES)-23M6tH Mﬁ@]kﬁw&ﬂ@ﬁr@lﬂﬂ tadorglicadis tbﬁm}tylv@&er by

extracted vvlth et her (3x5 The conbi ned organic | ayers were washed
wi th briGeadegsingd @K@é;b@pluemieﬁ -SHERNY@A0-RyGitdNer krcadaxyli a@@ t dergdut. 75

0, {959 Befofind R 12kt BTRANE afRifed B Mavaftd asyimfeeiEs) - Kol

5 02 ( mR2#)1, 093rr8|5utéd1M8325512(M+1-2) Oz, H) 3.71 (s 3H) 3 44 (dt, 2.4He,
11. 4Hz 2.30

it or meclF MR K300,z G0l o P! 30k, aﬁ%s@ o a0 2. Eh koA i 2.7 Ad

nmet hyl \

A Ayt SR 2A7 0010108 g 2P ORI AT, 4H) 14 () | (R SR 7o
was dissolved in i PrOH (300 nl). I'ﬁtertﬁud$atwe(3|x;1dded a aqueous sol ution of
Nal04 (28 g 2,18 eq r (300 m), followd b

addi tion of(S()]s?O&S%‘@O'\AﬁH‘yl (E’l‘%ldéﬂ'g'y\f %IyrB‘ﬂ ﬁtqa&ﬁ?xyélp dterkl"%%%ﬁ&%/i on was
stirred with a nmechanical stirrer at rt (water_bath). After 30 mn, mlKky
cl oudy product was formed. Stirring was contifhued\for 4h. TLC (1% MeOH in

DCM and 5% MeOH in DCM did not det e\(@q\\ M An aliquot was taken and
S

dissolved in CDCI3 to run NMR, there o al e peak in the sanple. The
reaction was judged to be conpl ete. acti on m xture was poured into
ice water (200 nL) and Et OAc (200@% The two | ayers were separated and

t he aqueous | ayer was extract ed t0Ac (5 x 50 nL). More water was
added to dissolve the solid &S ingdn a clear solution. The conbi ned
extracts were washed with bri nﬂgc aPld; concentrated to dryness to get a
liquid. The liquid was subject to a reduced pressure distillation to renove
i sopr opanol . Tlﬁeetirdenui)mpogncﬂ ivgas repareguin fai erthrmeraSlms{aytifillyitdne gzeﬂnecas umm,

Mot -t HaleinBate (PR 35k 2 MRGUP by G oo insa I bRt By
The pr O%He%r'ﬁ?t I 9Q§Ryy?tbﬁJéh‘é|-4 %9#&%/I@WWI@W%§F’O(§)@IIU' @c‘iﬁ atér‘(t—%ﬁt 6. 6

g (60%yield the title conmpound
NI\/R (3ocmter (m)cmth (S3-2 Whethyy- psuomilmes fo gey | 5@98(538(%xyletd)g1ﬂihe DPOWUEE asPR) |
371(35bZEa 344(dt 2.4Hz, 11.4Hz, 2H), 2.30 (d, 7.5Hz, 2H), 2.09 (m

LC/MS: RT—1 .95 mins. MS: 269.
Intermediate (xx)

4-((S)-2-Methyl-pyrrolidin-1-yl)-piperidine-1-carboxylic acid tert-butyl ester

H,C O/
H C>( 7]/ (5
" CH



I ntermedi ate (xxxvii)

4-[ 2- (4- Bronp- 2- net hyl - phenyl am no) - et hyl ] -t et rahydr o- pyr an-4- car boxylic
aci d net hyb 2estmes79846 H3C 2- Met hyl - 4- br ono- ani | i RET(UB2&0®66666 45
mmol ) was dissolved in DOE (30 nL); to this solution was transferred a
solution of 4-(2-0xo0-ethyl)-tetrahydr® pyran-4- carboxylic acid nethyl
ester (1.20 g, 6.44 mol in DOE (30 rrL) The flask was subnerged in a water

bath at rt. | 1 0
ol 3.1 equi ) TP o BRRYRP s BebRd PFR FRIFERRRGPAY (W 19 287
mol , 3 ipguinediate (2R3 x 2ME§hyIn[de3]ng/ra1I|drnyﬂ1 -Gérboygid zamdstertmulty{yester by

t t... L M5 showed 56/ 35 t.1 =
3055 mNCENSRG il [t ROy P RAHFINeA L SRS S o a5 Wiher o
was no diyql)korhritedpipeRAdk t@%?étci.ég #}W 920iefth)of tﬁé%rég’u@toafs Yofd %%WWW

showed no’SM al dehyde, but aniTi ne. e reaction was luted with
m.), codiled to ice-water bath, and quenched with an aqueous sol ution of 10

m. of c H4OH, (4. 45 A, m. of water. (2 Mof NHAOH). The two | ayers
wer e seﬁa@M%,@;%dét'ﬁ@Madﬂ§02§91 ayer was extracted with DCM (20 nix2). The
combi ned DCM extracts were washednydridedwtei( bi carbonate (20 nlL), and
brine (20 nL), dried (anhydrous potassium carbonate), filtered, and
concentrated. The pr o&ft )V%Mqibylr[ﬂ.ﬁ@lnyﬁroadmwlglhyﬁwqc@@r@@ col um (0-5% B
0-4 min; 5-15%B 4-13min; 20 (:)/0 B: 13-25 mn (Bis 10% MeOH in DCM to
get 2.00g (87% of the title conmpund &gs ak oil. LCMS: RT = 3.29 mn.; M
356 (MtH). 1H NMR (300MHz, 0DOI 37, ¥ 7 7.20 (dd, 2.3Hz, 8.4Hz, 1H),
7.14 (m 1H), 6.42 (d, 8.4Hz, 1N), B.86 ¢dt, 3.@Hgl 11.7Hz, 2H), 3.69 (s,
3H), 3.51 (dt, 2.4Hz, 11.4Hz, BI-H 3.12 gm 2H), 2.17 (m 1H) 2.07 (s,
3H), 1.91 (t, 7.5Hz, 3H), 1.58 (m 2H). Infermediate (xxxviii)
ﬁgtzh(lél E;?g‘r) 2§2§thﬁylp[h%"¢8| I@)]blPS)DroWleMLP%F@éM&%cﬁB’ feribdtyf 8sReAYlg1cg aci d
Y 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. N2 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: (D20, 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).

Intermediate (xxii)
(2S,3'S)-2-Methyl-[1,3']bipyrrolidinyl dihydrochloride

O : - 2HCI
ﬁ CH,

(28,3'S)-2-Methyl-[1,3']bipyrrolidinyl-1'-carboxylic acid tert-butyl ester (24.59)
was dissolved in 30 ml of dry 1,4-dioxane. HCI solution (85ml, 4M in dioxane) was
added at 0°C, and allowed to stir at room temperature. Brown gum appeared after
about 20 minutes. After 4 h, the reaction was complete. N, was passed through the
flask for 1h with stirring. The outlet passed though KOH solution to absorb HCI. The

solvent was removed by vacuum to afford 299 of hygroscopic beige gum.



47 This internediate is synthesized essentially in the sane way as
descri bed above from 850 g of the al dehyde to obtain 1.4 g (85 (:)/0 yield)
of the tiwbeoprossisst as tan oil. LCMS: RT = 1.05 mn.; BBI/U3e@90bsskT)

I nt er nedi at e (xxxi Xx)

4-[ 2- (4- Brono- phenyl ani no) - et hyl ] et r a¥¥ydr o- pyr an- 4- car boxyl i ¢ aci d net hyl
ester 0 .LCCYH3IH\....--N This internmediate is synthesized in

t he sanq_odﬁgﬁ):dg?g{rhpﬁgeémggg mﬁz_o g of the aldehyde to get 1.32 g

(85 (:)/0 yie e title product as tan oil. LCMS: RT = 1.0 min.; NS
342 (MrHH NMRr (D@, 800 Nidzxx) (ppm): 11.6 (bs, 1H), 9.1 (bs, 1H) 4.12 ( m, 1H) 3.5, (m,

4-[2-(4-Bronop-2-trifl uoronet h?/ -Ehenill am no}-et hyl ]I-tet rahydr o- pyran-4-carb
oxylic 6;?(j-,l)d3ﬂ%§h1y4me%lfl)erZ.q)—Z.1 m, 4H), 2.4(m, 2H), 1.6 (m, 1H), 1.4(d, 6.0 Hz,3H)

Intermediate (xxiii)
(2R,3'S)-2-Methyl-[1,3"bipyrrolidinyl dihydrochloride

“\\\N
-2HCI
N CH,

The title compound was prepared in a manner substantially the same as
intermediate (2S,3'R)-2-Methyl-[1,3"]bipyrrolidinyl dihydrochloride by acid hydrolysis
of 2(2R)-methyl-[1,3'(3'S)]bipyrrolidinyl-1'-carboxylic acid tert-butyl ester.

MS: 155 (M+H).
'"H NMR: (D20, 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).
Intermediate (xxiv)
(2R,3'R)-2-Methyl-[1,3']bipyrrolidinyl dihydrochloride

N
-2HCI
N CH,

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

MS: 155 (M+H).

'"H NMR: (DO, 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)
Intermediate (xxv)

4-((S)-2-Methyl-pyrrolidin-1-yl)-piperidine



oLo_cH3 F This internediate is synthesized in the sanme way as
descri bed above from 850 g of the al dehyde to get 1.66 g (89 (:)/0 yield)
of the tiwbeoprowwsisst as brown oil. LCMS: RT = 1.12 m n. pCEIS2¢b206d6ckéH)

I nternedi ate (xxxxi) 4-[2-(4-Brono-2-ethyl-phenyl am no) -

et hyl ] et rahydr o- pyran- 4-carboxylic ac4d nmethyl ester 48 Thi s
intermediate is synthesized in the sane way as descri bed above from 850 ¢
of the al dehyde to get 1.39 g (82 (: yield) of the title product as
brown oil. LCMS: RT = 1.10 mn.; N{_BL)SO (M+H)

I nternmedi ate (xxxxii) T

H
2- (4- Brono- 2- net hyl - phenyl ) - 8- oxa- 2- §za- sp():i r’o[ 4. 5] decan- 1- one 00
HC N/ To a clear solution of
442- (4- Br ono- 2- net hyl - phenyl am no) {&t h
met hyl ester (2g, 5.6 mmol) in THF|(80 ) was added a sol ution of
potassiumt-butoxide (1Min THF) 2. (2.5 mmol, 0.45 equiv.) at r.t.
(water bath at rt). The clear soluti¢p turned a little bit cloudy. After 30
mn, TLC (5% MeOH in DCM showed the reaction is conplete (spot to spot),
LC/ M5 det ect elthe Hidepecadpotngerks gireBa40326 a( mahneé 7/sutistgntialihetheeaamieoas was

o0 ot elnBresialS (48 FRy2MC ! dSRy b ldiny WbV etbisnge by Ge Gy B e od
wi th DCMf( 220T-B1(S)- illkﬁetﬁg)lﬂb*rP@@er@;}IFiSEéﬁéﬁw% WRhfchHrashad W hiheBlene, band

Het r ahydr opyr an- 4- car boxylic acid

concentrated on rotava 98% vyield) of the title product as
a whit e candedsatiarvsf tqsvlaie 3VItZ17(SI)r(n) 2 ytsmro lq:lnneoto gaty 1mg(®@o‘mzleldo:m| 3),

PP il o A g, 7,50 (00, 0 BA A 00 (0 6 g

(s 3H) L(?/MlS a‘mmual-l)MsM@gﬂmvH}ﬂ) : | nt er medi at e
(XXXXI i ) 4- Br onp- 2- f | uor o- phenyl ? - 8- oxa- 2- aza- spi rof[ 4. 5] decan- 1- one
*H NM (300 MHz CDCI3) 6 (ppm): 3.12 (2H, m), 2.88 (2H, m), 2.59 (4H, m), 2.02-

1.59 (6H, m), 1.59-1.31 (3H, m), 1.05 (3H, d, J = 6.05 Hz)
Intermediate (xxvi)
(S)-2-Methyl-[1,4"bipiperidinyl

The title compound was prepared in a manner substantially the same as
intermediate (2S,3'R)-2-Methyl-[1,3"]bipyrrolidinyl dihydrochloride by acid hydrolysis
of BOC-(S)-2-Methyl-[1,4']bipiperidinyl which was synthesized by condensation of
corresponding tosylate with (S)-(-)-2-methylpiperindine to get 1.37 g (94 % yield) of
the title product as a clear oil.

LC/MS: Rt = 3.82 min.; MS: 183 (M+H)
"H NMR (300 MHz CDCI3) & (ppm): 3.11 (2H, m), 2.86 (2H, m), 2.58 (4H, m), 2.17
(1H, m), 1.91 (1H, m) 1.66 (5H, m), 1.51-1.20 (4H, m), 1.07 (3H, d, J = 6.23 Hz)
Intermediate (xxvii)
(2S,3'R)-2-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3']bipyrrolidinyl



This internediate is synthesized in the sane way as descri bed above from
1.40 g of the ester to get 590 ng (46 (:)/0 yield) of the title product as
a tan solw0.2010a6B98RT = 3.25 min.; MS: 328 (MtH). 49 1PFCRVR2¢80666k4-z,
CDCI3) 6: 7.34 (3H, m, 4.03 (2H, dt, J = 11.73, 4.22 Hz), 3.76 (2H, t, J =
6.96 Hz), 3.60 (2H, m), 2.19 (2H t, 4 =6.96 Hz), 2.08 (2H m, 1.51 (2H,
d, J = 13.56 Hz). This internediate is synthesized essentially in the

same way as descri bed above from 1.32 g the ester to obtain 760 ng (63
(:)/0 yield) ofthetltlepr ct asa an oI@LCNS RT = 3.42 min.; M

310 (MrH). 1H NVR (300 Mz 7.57 (2H, M), 4.03 (2H,
dt, J = 11.73, 4.22 Hz), 3.78 (2 :678 3.58 (2H, td, J =
10.81, 2.57 Hz), 2.17 (2H, tg 6 Hz), 2508 (2H, ), 1.46 (2H d, J =
13.56 Hz). Internmediate (XxxXV)

2- (4- Brono- 2- aé@?l"\’*@ﬁ@ﬁﬁfﬂ%" )j@@?%ﬁdu |°§§‘?§ ere %p'nﬁr%b@ Wade i‘ve%“‘?n

This interne essen e sa way as descri bed
above framhytirdis OMBG HE edi)ein te flaskai nT(84t®|sm;o(Lﬁbn( wa'so ayildedd}é ftm‘ordme

I d ol .
Eéf)oemﬂin?@%(éi@n%? S8R0 14 oot Bllowert By PORatet anisorcy S Phlagsium 5
7.1 4. 4H,
s Zgza?l%&?at?,(G%Z‘mé 423 ﬁ@ol) ZT((I'S% s%%ﬂenﬁ?n Was h%%tgoeogﬁarflgll Héih tc?B@ég,‘(
I nt er mredoadk wheothe $tarting material was consumed as shown by TLC (5% MeOH/DCM)

2-(4-Br OarF% I?Cﬁ\}lgylMghféB/waSBe F())exaﬁl()z aza-spiro[ 4. 5] decan- 1- one 50

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, CDCls), & (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
obtained were as follows: Rr = 10.92 min; ee 99%

Intermediate (xxviii)
2-(2S)-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3'(3'S)]bipyrrolidinyl

H3C NQ"': 7
OZN’- : HC
The title compound was prepared in a manner substantially the same as above

by condensing 2(2S)-methyl-[1,3'(3S)]bipyrrolidinyl and 5-fluoro-2-nitrotoluene.
LCMS: Rt = 1.43 minutes, MS: 290 (M+H).



I ntermedi ate (XXxxvii) This internediate is synthesized essentially
in the sane way as descri bed above from1l.39 g of the ester to obtain 560
ng (55 (:wOQowesb®y of the title product as a tan sol i dPCVREIS288866586 ( M+-H) .
1H NWR (300 MHz, CDCI3) 6: 7.45 (1H, d, J= 2.20 Hz), 7.35 (1H, dd, J =
8.43, 2.20 Hz), 6.97 (1H, d, J = 8.432), 4.04 (2H, dt, J = 11.73, 4.22
Hz), 3.62 (4H m, 2.51 (2H q, J =7.51 Hz), 2.21 (2H t, J = 6.96 Hz),

1.49 (2H 7 teal i)
& But -5 EhMR 00N, oBCEd, § Pobrks JoTia o2k, RIS 2 Sty
In a 25(628(6%822/\/&& \1\H)g316C{rr621-9 BRO(MM3H), MOQLTSS(IWCQBHZ@BIS}& 2AY | 2.79

di ssolved in THF. This solution was cooled to -780C. _To this was added 24
L of 2 (W b1H>y|2|64 & 3 8- 2 lBndHard03¢(M: k48, 16318 8 & - ARatddup-UWo(doc
for 35 ooI ed to -78C. To this was added

tetrahy Io- pyra -4-carboxylic acid nethyl ester (7.2g, 50 mmol) in THF (10
n). There wakheaknelticalockticdl diPc@acywitidrisgbsed weret de fdlaws: I1SberativddH0%

(5. 700, 8sprafrs Wi O iudronas Bl pUlEl Seeur) oo kL BHE "
change. u%@qx,e,kéaégfdn@ﬁ,saptq«a-_ogmhﬁmt g8-1@peL one bath was renoved. Wen

addi tion was conplete, the flask was subnmerged into an ice-water bath,
stirred for 20 min; then, rt for Imtlermwete( Boddc/ Hept ane 1: 1, par al dehyde

vi sual i zati on) the re ti was., eo | et\e. Jheskeactio xture was
poured into icemg\ﬂ?%&ﬂ ﬁ%c'm WQPQ yﬁwﬁfﬁ@n ]l?l%rrpléc{}wms wer e
separ ated; the aqueous |ayer was extract with ether (3x50 nmL). The

conbi ned organic |ayers were shed wi g bry,r ied (K2CO3), filtered,
and concentrated in vacuo to%\% 7 '8 (81 ¢f the title product as a
slightly yellow liquid. The mate IS pure e h to be used in the next
step reaction w thout furtheg pdr i on. - RT = 3.07 mn.; Ms 199
(MHH). 51 NMR (CDCl 3, 300MHzJ 6: 5.78 (ddt, °8.4Hz, 11.7Hz, 6.6 Hz, 1H),

119;H§m 2|2_|)|-|) T2r?e % ééirh;z)oéljm@%ggﬂr%g}g@kbn%agéegﬁyﬁﬁwm1 thd-<hhnd 98 abdvéHz,

| nt er mediyat eomdeosmg() 262R Bty it SHB19)iieyrralioyrid o-amgr ab-flwooa2buttgtoluereci d
methyl §34G5: Ry= 141 minutes, Ms 2285 i +H).
"H NMR (300 MHz, CDCls), 5 (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: Ry = 11.93 min; ee 100%.
Intermediate (xxx)
2-(2R)-Methyl-1'-(3-methyl-4-nitro-phenyl)-[1,3'(3’'R)]bipyrrolidiny!

HscjijNQ‘Q

O,N H,C

The title compound was prepared in a manner substantially the same as above

by condensing 2(2R)-Methyl-[1,3'(3'R)]bipyrrolidinyl and 5-fluoro-2-nitrotoluene.
LCMS: Ry = 1.43 minutes, MS: 290 (M+H).

"H NMR (300 MHz, CDCls), & (ppm): 8.10 (d, 9.2Hz, 1H), 6.36 (dd, 9.2, 2.8 Hz, 1H),

6.28 (d, 2.2 Hz, 1H), 3.6 (m, 2H), 3.3 (m, 3H), 3.00-2.78 (dt, 3.5Hz, 8.8Hz,2H), , 2.79



H 4- But - 3- enyl -t et rahydr o- pyran-4-carboxylic acid nethyl ester (6 g,

30 mmol) was dissolved in iPrOH (150 nL). To this was added a aqueous

sol uti on wO 2bilG479814 g, 65.2 mmol, 2.18 equiv.) in wat eCT(UE2@90:9666

foll owed by addition of 0s04 (25 ng, crystals, in one portion) at rt,. The
solution was stirred with a mechanica#d3 stirrer at rt (water bath). After 30
mn, mlky cloudy product was forned. Stirring was continued for 4h. TLC

gifen%g#m’&%'ﬁﬁyiﬁﬁ%%mmw ng/lg;h {%‘e?r q_€§8e§ﬁ ﬁ%‘qgl ken&e QLHW%?S

sanpl e. GITBIeIzréldg“.ti on was judged to be conplete. The reaction mxture was

d int A 200 nL |
T ot ed and i anabticeanal et condligs fegd Wik 5 dlows 8585 a0 o

wat er “@§o@r@9§ﬁolt\ﬁltr¢0@8|lpﬂrﬁlﬁ@5§rﬁ’/nﬁ|ﬁ dlﬁét‘bltés@QIré n5@ b‘éF eZUO sl utHeoResulte
conbi ned extracts were washed with brine, and concentrated to dryness to

get a | iupgddverehes follquisdRmess. Qﬁtml@ceedQOé/duced distillation to renove
i sopropanol . The remrmaining |iqui qnt%rﬁ 8 c} on a 50-g silica gel columm,
BHis, Lo floducr |

eluted with 50% Et OAc i n Hept ane oduct is not UV active.

Ani sal dehyde vmaﬂwyzat(rzgasmthﬂe[d ,3'(BR)|BipYABRdiny I A1 - eni@hmecol | ect ed
and concentrated to yie 5 62g (94/0 yield) of the title conpound as a

liquid. LOMS: RT = 2.10 nin.; M 201( HNI\/R(CDCI3 300MHz) 6: 9.74
m 1H), 3.86 (dt, 3.6Hz, 11. R N72 , 3.41 (dt, 2.3H,
11. 7Hz, 2H), 2.42 (m 2H), 2.09 788 ) M 2H) 1.52 (m 2H).

Internmediate (D) 52
443- ( 4- Br onp- 2- net hyl - phenyllazm no) propyl Heﬂ+3€1hydro pyr an- 4-carboxylic acid
met hyl ester 0 CH /3
2- Met hyl - 4- brAvsoiudion) Dfna (esis-metbyl B(BmeDhmeltﬂ@wehylécm B3 BJIpipBmlidiny t o

h |
u(5- ond2 828, B GrlE rEMetth T4a ) WaP sBiasretecand nigan vasiroduess o 5
Lt oo o St It 1995017 OCTHs A B! s alecaingey. HTo

this clear solution was then added acetic acid (930

equi v), dtBIosphece alr faderi4h. oﬂiLGf(mdeﬂOmBHm&bmd d@”@@ @ovwl thﬁ)neaCiaon

i1 ot ‘s PoftBlest e Biehrodie et dbidlof PYMSF ARG . SIS MIRUREGES hRRsUE
with srrEthfo@hMJ Uelitd pad rinsee witnidthgnoratie fitraieVwas b%ﬁbéﬂ@éted'ﬁb@rﬂrﬁéés;f

MeOH in DCN%P showed no SM of al dehyde, but aniline. The reaction
di | ut ed 3% rﬁmqrmotqrmeld pllite ganpund\as & resdish bAGWN oGt RERT WX“HQS L

of conc. @ %EM f r foolNAd | ayers
wer e separ atﬁ}‘; an he1'§(1:]3§£@us yLe(?mvgszeg(ta-rngc g @/B@Ff%y\ﬁfxz) The
conbi ned DCM extracts were vvashedhtmrhdadmt&j(xuml)bl car bonate (10 n.), and
brine (10 m), ous car bonat e filtered, and
concentr at ed. ?ﬁ% g%%f@t&%é U?' ag@ %ﬂ%lgyrigh(angl i,y(L)apfbeé] I38iNgmm el ut ed
with DCMto elute aniline; 2. 5%I\/EOH|n for the product to get 0.85 g
(469 of the title conpound F‘s?an i I 3 872 mn.; M. 372/ 370

(M+|—|) b. &
443- (4- Br ono- phenyl am no) - pr opyI hydro pyr - carboxylic acid nethyl
ester |00 HN

2

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

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

H3C: ::: ,N >"H N 7
H,N H.C



This internedi ate was synthesized essentially in the sanme way as above to
obtain 0.74 g (42% yield) of the title conpound as an oil. LCMS: RT = 3.382

mn.; MS:wB261036879¢M+H). 53 | rCEruseaoab@seg Di i)
443- ( 4- Br onp- 2- f | uor o- phenyl am no) - pr opyl pet r ahydr o- pyr an- 4- car boxylic acid
met hyl ester O This internedi at®# was synt hesi zed essentially in the

same way as above to obtain 0.62 g (33%yield) of the title conpound as an
?Inlt o hEC'c\i/:Sate (rBe ‘iltI%E’@orﬁbBumd NRas IFEHAER (M5Hhmanner substantially the same as

2- ( 4- Br aner2ediatd y(xxjih eny INydtogecetidnaeh-2s (AR )ahbthy]-d (B owmthyi-doniéro-phenyl)- To a
clear saqluti of - _ o

443- (41 %@Jm@wmudwewm 350 DG 49 PN QRYREM REF- O3car boxyl i ¢ aci d
methyl ester (0.85g, 2.3 mmol) imdifedidle ativyas added NaH (60%in m neral
oil, - 100 ng ) and the reaction terrperature was raised to 50C (external)
for 2 h. TLC (2-Methy)-Ac(2@RHMethyddi3 GR)EnpyrsoidimoH yh-abemyfasningr oduct )
showed the reaction was conplete. LC/ M5 detected the product peak. The

reaction was cooled tin an ice-water bat/h, \diluted with 25 nL of ethyl
acetate, quenched with 10 mHdf~yater —Nhe | ayers were separated. The
aqueous | ayer was extracted vm'thc (2x10 The conbi ned Et OAc
extracts were washed with brine (

angd concenH ed on rotavap to yield a
crude product as a slightly ¥ lowsolid. T material was | oaded onto a

(95% yi ol d)  oie e FRTBO LTt PraRIEA Comsed SLBIRSUAN DoosBBenR. : -
';/ED 328/9"2@%@% (X%H)]Wr(y@@é’hatléﬂowgﬁ?)(lﬂef@! 12(3351e(tm| rﬁZh&o &‘%@{)(é m(s
3H), 1. 9[832(3R)]t12|pyrrqlle)myl1 LEZMSN260HT LC (10%MeOH/DCM): HfﬁtO& mediate (Div)
2- (4- Brono- phenyl ) - 9- oxa- 2- aza- Spﬁté%[medlgl X():I()(%Van l-one 54/

4-Allyl-tetrahydro-pyran-4-carboxylic acid methyl ester

o O
~CH,
O
—~CH,

In a 250-mL RBF was weighed 6.1g (60 mmol) of diisopropylamine and
dissolved in THF (100 mL). This solution was cooled to -78°C. To this was added
37.5 mL of 1.6M butyllithium in hexane, stirred for 15 min, warmed up to 0°C for 20
min, re-cooled to -78°C.

To this was added tetrahydro-pyran-4-carboxylic acid methyl ester (7.2g, 50
mmol) in THF (10 mL). There was almost no color change (light a little bit). This was
stirred at -78°C for 45 min. Then, a mixture of 5g of HMPA and 10.92 g of allyl iodide
was added via canula. Towards 90% of addition, white precipitate formed suddenly.
This mixture was stirred at -78°C for 20 min, then, the dry ice bath was removed and
the stirring was continued to allow the reaction mixture to warm to r.t. over 30 min.
When the precipitate was dissolved, the reaction mixture was poured into ice-water
(100 mL) and ether (50 mL). The two layers were separated; the aqueous layer was
extracted with ether (3x50 mL). The combined organic layers were washed with brine,
dried (K2CO3), filtered, and concentrated in vacuo to get 8.75 g (95% yield) of the
titte compound as a yellow liquid.

LCMS Ry =2.70 min.; MS 185 (M+H).



To a clear solution of

4-[ 3- (4- Bronp- phenyl am no) - propyl ] -t etrahydr o- pyran-4- carboxylic acid

met hyl eswenro(0de3#8g, 2.08 mml) in THF (25 nlL) was addedtass@bwoticen of 1.0
m. of potassiumt-butoxide (1IMin THF) at r.t. (water bath at rt). The
clear solution turned a little bit cl®udy. After 15 min, TLC (5% MeOH in
DCM showed the reaction is conplete (spot to spot), LC/ MS detected the

product 1 nAACH} | ' [ t (dhl d with
s of TRk (ARAAZCEDER R TRRR Bod R Sl BRI PEIES Were
separ at et OHhe21dy BeDlss, |3)e 8. Ma@it eXd Hact €d Ha, PH) E2.80qd( 25H2, aH)), 2.00€m

conbi ned. Et 0Ac extracts were washed with brine, and concentrated on rotavap
to yiel (?"é),érﬁfd@np?%ﬁuct as a slightly yellow solid. This material was

| oaded onto a 25-g of silica gel wi th DCM and 5% MeOH i n DCM
to get 0.64 g (86%yield) of thelntq%n?gem%tg%g%\ﬁd as a white solid. LCMS: RT
= 2.91 mn.; M5 32A2,Q26-etiitHetrahiid dvBye@BEcarba3@idveizid réelhypester 7. 50 (d,
9.3Hz, 2H), 7.11 (d, 9.3Hz, 2H), 3.95 (mb 2H), 3.73-3.61 (m 2H), 2.12 (m
2H), 1.98 (bs, 4H), 1.52 (m 2H). o I nt er nedi ate (Dv)

2- (4- Brono- 2- f | uor o- phenyl ) - 9- oxa- i r8JH. 5] undecan- 1-one F

This internedi ate was synt hesi zed s ant al | y the sane way as above to
obtain 0.53 g (85%yield) of the title und as a white solid. LCMS: RT
= 3.01 mn.; M:342/344 (MtH). 1H NWR ( 1 3, 300MHz) 6 (ppm): 7.31 (m

2H), 7.10 (m 1H), 3.94 (bs, 2H), 3.70 (m 2H), 3.56 (bs, 2H), 2.22 (bs,
2H), 1.99 (m 4H), 1.56 (m 3H). . . Exanple 1

2-[ 2- Met hyl - £-A9Setrakydro-pysaRyi-carbozylin agierpethyl ayter 1119.159 68enNo)- 8asxa- 2

-azaspir C 0, X -

4= 242 1D ITeG T BROL E0,meY, UL Radiaddkl: faueaus sqiytion of NelOS (286,

thyl | - t1€30.4mychoQ-Y 8 astidv.§ af beated (300aaiLd, fatibvmed ey taeldition@I30802HB0HMg,
crystals, in one portion) at rt,. The solution was stirred with a mechanical stirrer at rt

(water bath). After 30 min, milky cloudy product was formed. Stirring was continued
for 4h. TLC (1% MeOH in DCM, and 5% MeOH in DCM) did not detect the SM. An
aliquot was taken and dissolved in CDCI3 to run NMR, there was no alkene peak in
the sample. The reaction was judged to be complete. The reaction mixture was
poured into ice water (200 mL) and EtOAc (200 mL). The two layers were separated
and the aqueous layer was extracted with EtOAc (5 x 50 mL). More water was added
to dissolve the solid resulting in a clear solution. The combined extracts were washed
with brine, and concentrated to dryness to get a liquid. The liquid was subject to a
reduced pressure distillation to remove isopropanol. The remaining liquid was
purified on a 80-g silica gel column, eluted with MeOH in DCM: 0% 0-5 min; 5-10% 5-
25 min. 10-12% 25-60 min. Note: the product is not UV active. Anisaldehyde
visualization was used. The product fractions were collected and concentrated to
yield a liquid 6.6 g (60% yield) of the title compound.
LCMS: Rr = 1.26 min.; MS: 187(M+H).
"H NMR (300MHz, CDCl3), & (ppm): 9.68 (s, 1H), 3.85 (dt, 3.9Hz, 12.0Hz, 2H), 3.71
(s, 3H), 3.44 (dt, 2.4Hz, 11.4Hz, 2H), 2.30 (d, 7.5Hz, 2H), 2.09 (m 2H), 1.54 (m, 2H).
Intermediate (xxxvii)
4-[2-(4-Bromo-2-methyl-phenylamino)-ethyl]-tetrahydro-pyran-4-carboxylic acid

methyl ester



\"....-N

2-Methyl -4-((25,3' S)-2-nethyl -[1, 31bi pyrrolidinyl-11-y1)-phenyl am ne(4.56
nol ) waswoi2esalesmd in DCE (20 nl); to this solution wagcrnasp@besdces a
solution of 4- (2-0xo-ethyl)-tetrahydro-pyran-4-carboxylic acid nethyl
ester (0.85g, 4.56 mmol) in DCE (50 9. To this clear solution was then
added acetic acid (0.86g, 14.3 mol, 3.1 equiv), followed by addition of
powder NaBH(OAc)3 (CSN. 56553-60-7, mvw=211.94): 2.9 g, 13.6 nmol, 3 equivVv.)

in one portion under N2 at r.t. | ophish milky solution was stirred at
r.t. overnight. LC/MS showed m ¥ 42p, 430.40 at t = 2.123 nin. TLC (5% of
7N NH3/ MeOH in DCM showed no S e rﬁact' on was diluted with DCM (40 nl)

and quenched with 30 nL of conc. NH4COH jjn @- @y water. The two | ayers
were separated, and the aqueous |ayer was extfacted with DCM (10 nlx2). The
combi ned DCM extracts were washed with gagli um bi carbonate (10 ni), and
brine (15 nlL), dried (anhydrous potassi um car bonat e), filtered, and

concent r at ed.2-Neghyr4oBropho-wasine i F06@. mm@ﬁm&dwmmh DCEUB0 0y, 20%
0-4mn; 20-40: 4-13mn; 40% 13-25 mn Alsa‘f'r /0 of 7N NH3 /MeOH i n DCM
to get 1his7olwion Wwes t tiansherned on3RIUlRD a8l Ar(Edx0-etbykrtetsabydro-pyran-4- vs

385 (mBppg g st LEPDg, B nisiy PBGE St Figy sy e

(si xt et ,subnfdfiged Itdp, watebBalhgat 8. Bdhis tidpr s@lutién jzvaﬁs7themadﬁ@ﬂ)acehc%4dl(142 (m

o) baz KA IROL (5% i) 3o/, bY fa0ciian gl PeBoraTRRRRAGRAT o, 193

y1) - phe hiyl i
g g o e e, 9 g

t - but oxisdiered1st rh awernightd. L(OMS shomedl m/2.36663p8 at } a8.99% miThealongewith
solutlont ned a little bit cl - A 15 m TLC (5% N, NH3, / MeOH
el o o deon™ 8 e GRE) faor TR waey Beniwalit SR he
pr oduct aakteal (MAB526.47).2TEHE (5% Bf MEOM I @CMpkhehvatt ndSNIeligshyle, igak of
430/ 429. The stirring was continued for 45 mn nore and the reaction is

conpl et earbljﬁq_C/TlVS regpkon awst dibredivithuPEIMBP el caesirdl thicedvatari kathweeeé DCM
20 nL T
wor e setEelBY it A lboBCiol RSB RLFR BERBE NPT Bb MRy e

conbi ned;v&@M @Urafaqid4@et) e Trstwesliayetdiweré Bepadited ndde@quedus! lageretas and
concentrated on rotavap to yield a crude product, al nost pure. This

mat er i alexiastef 4y LM, QQD@N‘P(@ e, ComRHEd 8Tl axtpagty weres washgd geith

i (A 1SS gtk P ik ARty BG83 Grpps; Rofissin *°

conpounccatBonat€), Nitetdd) and cponcentrai®d.3BBe prbdicidvds purified on a 40-g silica gel

63, 18) DR 05h B0 Aol SrTa% BT IR P BT 5 10 THEe BIEGROM

Wi th thED@Ng @g@c@OG@KSP}%? oF&étﬁ%é‘c% i) 4asn gpided 100 L of DCM -~ The

sol ution cooled t0 an ice-water bath. To this solution was added powder
KOH (3. L@MS58623@290Nin..2V6: 8§6i(M+H)o the amine salt) with stirring under

St rri g WM PR CCBLD, 6o h}ﬁnéggﬁ%gbaé’gvﬁﬁfmﬁ%ﬁﬁdﬁ& o o

Cel i 12 Rads ananagd wisellabahbuat 1 7he, amnecuas dispat ot DELG: (4%19/0 Veor

in DCM ‘ani sal dehyde vi'sual 1 zati on, e spot t above the'origin). The
sol ut i orBHas. Ghrae2il), é?tbﬂ(mo1tll),y216§s{$ 3Hhe 1r93‘s(tdﬁéHm§H)ui HBdm, d?rH)ed under
hi gh vacuumwi th stirring for 1q gfﬁf Ived in 50 nmL of anhydrous

tol uene and ready to use. Q ontaining a stir bar was
charged a2 mwaméba}@o;(olﬁﬁerﬁgmammoaf&ﬁwmﬁah ArébyReua ‘éa?box lic acid methyl

2- di cycl ohexyl phosphi no- 2 -triiso ropylblp enyl 1 (485 ng, 1.01

mmol, 0.05 equiv.), ester

2- (4 Br ono- 2- met hyl - phenyl ) - 8- oxa- 2- gzaspi ro[ 4. 5] decan- 1-one (6.6 g, 20.36
nmol, 1 equiv.), and sodiumt-bgto (4891 g, 50.9 mol, 2.5 equiv.).
The flask was de- gassed and refilleg’wi@h R2 three cycles. 100 ni of
anhydrous toluene was introduced™ang thg regd=solution was stirred for 2 57
mn at rt, then the amne (22.71 ‘ Br obtai ned from above) in
tol uene was introduced into the flask via rannula The flask was evacuat ed
and backfilled with N2. The reaction was heated in an oil bath set at 90 C
for 2.5h, allowed to cool down to roomtenperature and quenched with water
(20 nmL). The m xture was extracted with DCM (3 x 100nL). The conbi ned DCM
extracts were washed with sodi um bi carbonate (50 nL), and brine (50 m),

dri ed (anhydrous potassium carbonate), filtered, and concentrated. The
crude product was. purlfled on a 80-g silica gel col um on Analoglx

~ AN ~ r~eanzl oA PN AT~ . ~r~nzsI A r— - 7 AN




1H NWR (300MHz, CDCI3), 6 (ppm: 6.94 (m 1H), 6.39 (m 2H), 4.05 (dt,
4.2Hz, 11.7Hz, 2H), 3.64-3.47 (m 10H), 3.37 (dt, 2.6Hz, 9.0Hz, 1H), 2.76
(sixtet, wWO2m063tdy, 2.52 (q, 8.4Hz, 1H), 2.14 (s, 3H), PETAR2€0066bk§ , 1. 98
(m 2H, .77 (m 2H), 1.48 (m 3H), 1.14 (d, 6.3Hz, 3H). Optical rotation:
[a]D =+ 27.2 (c 0.5, MeOH) Chiral pufity: 99.9% (Chiral HPLC). The product
from Method A and Method B exactly nmatch each other in NVR LCMS, and

Rot at i on.

2-[ 2- Met hyl - 3“?% %?eé’]_‘%)d'ae RGBS I i M SETS, 1Y AR ST 88 B a- 2
-aza- smbmvpﬁrcﬁhwﬁﬂaga:ﬁ -the atdehydiertal otfiaiA3C4 ¢ (8% F3 gieldBof thEHltN\,ﬁm@BﬁOM,
CDCl 3) , pm: 6.93 (d, 9.3Hz, 1H), 6.39 (m 2H), 3.98 (m 2H), 3.75-3.14
(m 9H) t aB%1 (m 1H), 2.76 (m 1H), 2.53 (q, 8.4Hz, 1H), 2.31-2.10 (m

4H) 2. 1S, R%HMo%rﬂﬁh (irs: 86D (MHHE (m 2H), 1.50 (m 3H), 1.13 (d,
6.3Hz, 3H). Exanp

244- ((28 318) 2- I\/bt hyI [ 1, 31bi pyr ideimedigte (xkxixl) - pheny1] - 8- oxa- 2- aza-
spiro[4.5] deﬁ-a[ai(&:l?r%%o-pﬁje"hylgm|ncé)-ethylwtetrahydro-pyran-4-carboxyl|c acid methyl
ester

o)

o o

H

This intermediate is synthesized in the same way as described above from 850
g of the aldehyde to get 1.32 g (85 % vyield) of the title product as tan oil.
LCMS: Ry = 1.0 min.; MS: 342 (M+H)
Intermediate (xxxx)
4-[2-(4-Bromo-2-trifluoromethyl-phenylamino)-ethyl]-tetrahydro-pyran-4-carboxylic
acid methyl ester

H
N Br
F
F

This intermediate is synthesized in the same way as described above from 850
g of the aldehyde to get 1.66 g (89 % vyield) of the title product as brown oil.
LCMS: Rr = 1.12 min.; MS: 410 (M+H)
Intermediate (xxxxi)
4-[2-(4-Bromo-2-ethyl-phenylamino)- ethyl]-tetrahydro-pyran-4-carboxylic acid

methyl ester



H3Cs Thi s conpound was synt hesized by the Method A, LCMS: RT = 1.9 mn.;

M5: 384 (MtH). 1H NWR (300MHz, CDCI3), 6 (ppm: 7.45 (d, 2H), 6.57 (d, 2H),
4. 04- 3. 98wOrm10Ai657983. 77-3. 71 (m 4H), 3.61-3.53 (m 4H) pC3/14203/0866¢ m 2H),
3.30-3.24 (m 2H), 2.97-2.93 (m 1H), 2.30-2.25 (m 2H), 2.18-2.02 (m 8H),
1.82-1.70 (m 1H), 1.40 (d, 3H. Examiie 4

2-[3-Fluoro-4-((2S, 319) - 2- rret hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2

-aza- spiro[4ppd ﬂﬁ&ﬁﬁe& ﬁtrgﬁilie%‘ lthe salhlle}\lﬁ? {3S%fescribed, abdPé froht BSO

conmpound was synt hesi ze foI OW ng su stant the procedures as set
forth i g dktheaddéhydedangdtel .39 gr82&hpliald) afghehﬁleqmodeetmsrinhom agit.arting

terial : = 2. in.;. MS. 402 (MrH).  1H NMR (300MHz, CDCI3), 6
?Ep%!aff%'ﬂb%fﬁi})m*ﬁ i@sr’éﬁo (E/M)'E") 6. 68((tH)1H) 4. 05- g 99 (m 2H), )
SB5 3. 71 (m 41y, 365345 (micfihedaddxodp (m 2. 292 (a, 14,
2.23-1.99(m 10H), 1.80-1.71 (m 3H). Exanple 5

2-{2:Nethy - 4-[ 4. “3-(4spromael- mathxd;nhe@wl)r&ioxarziaz,a ;plm[ﬁe‘i]d@rzan 1-one
1-y1] - phenyl} - 8- oxa- 2-aza- spirg[4 S]Fggcan -one
0O 3

N Br

To a clear solution of 4-[2-(4-Bromo-2-methyl-phenylamino)-ethyl]-tetrahydro-
pyran-4-carboxylic acid methyl ester (2g, 5.6 mmol) in THF (80 mL) was added a
solution of potassium t-butoxide (1M in THF) 2.5 mL (2.5 mmol, 0.45 equiv.) at r.t.
(water bath at rt). The clear solution turned a little bit cloudy. After 30 min, TLC (5%
MeOH in DCM) showed the reaction is complete (spot to spot), LC/MS detected the
product peak of 324/326 (t 3.267 min). The reaction was cooled tin an ice-water bath,
diluted with 100 mL of DCM, quenched with 20 mL of water. The two layers were
separated. The aqueous layer was extracted with DCM (2x20 mL). The combined
DCM extracts were washed with brine, and concentrated on rotavap to yield 1.79g
(98% yield) of the title product as a white solid.

LCMS: Rr = 3.27 min.; MS: 324 (M+H).
"H NMR (300MHz, CDCI3), & (ppm): 7.42 (d, 2.1Hz, 1H), 7.36 (dd, 2.1Hz, 8.4Hz, 1H),
7.00 (d, 8.4Hz, 1H), 4.06 (dt, 4.2Hz, 11.7Hz, 2H), 3.61 (m, 4H), 2.21 (t, 6.9Hz, 2H),
2.17 (s, 3H), 2.11 (m, 2H), 1.51 (m, 2H).

Intermediate (xxxxiii)

2-(4-Bromo-2-fluoro-phenyl)-8-oxa-2-aza-spiro[4.5]decan-1-one

O
0 F

This intermediate is synthesized in the same way as described above from
1.40 g of the ester to get 590 mg (46 % yield) of the title product as a tan solid.
LCMS: Rt = 3.25 min.; MS: 328 (M+H).



An 25-nL RBF containing a stir bar was charged with Pd2(dba)3 (00.01
equiv., 0.0154 mmol, 14 nyg.),

2- di cycl ohexygioplsemphi no-2' ,4' , 6" -triisopropyl bi phenyl 1pCO/UBB008M66666, 0.077
mol , 36.7 ny), 2-(4-brono-2-nethyl-phenyl)-8-oxa-azaspiro[4.5]decan-1-one
(0.50 g, 1.54 mmol, 1 equiv.), and sotiumt-butoxide (2.5 equiv., 3.85
nmol , 370 ng. and piperidin-4-ol (1.5 equiv., 2.3 mmol, 234 ng). The vi al

),
was capp ' u t cktijq hhhy N2, -kO this
vi al was?_FN r%%@e%?@%@géhﬂ?é%ﬁg t(‘Jla(ipe%@l’ﬁ’e}rée;cflg’o{baéﬁsﬂh%g;éed in
an oi | haHhtskt 6206 BI2),3.60(2Ehm)a2 HOVRH, t,Q) €606 Ha)w2.0® (210m)t EBPERHL df €
and quenched with water (2 nL). The two | ayers were separated and the
aqueous J ﬁﬂ§r5§/\}d§)-ext racted with DCM (3 x 10nmL). The conbi ned DCM extracts
were washed with sodi um bi carbo d brine (50 nL), dried
(anhydr ous potassi um car bonat e) ?ﬁ%?rlntgaggégf&xﬁ%(g}jconcentrat ed. The crude
product was purifi ed2i¢-Brosid-pbany gB-wal-2Hazatspirgid.B]desat-1vgné 14% yi el d) of
the title conpound as a light yellow solid after standing. LCVMS: RT = 1.42
mn.; MS: 345 (M+H) 1H NVR (3000 13), 6 (ppm: 6.99 (d, 8.4Hz, 1H),
6.78 (m 2H), 4.05 (dt, 4. 2Hz, 11. ﬁ)@&Bgm 1H), 3.58 (m 5H),
2.91 (m 2H), 2.17 (m 4H), 2.10 A 3H), (m 8H). Step 2:
2-{2-Methyl -4-[4-((S)-2-methyl -pyrrol 1d in-1-yl)-piperid
i n- 1- A- phenylthi§-igteamediad as sfintitdsizd desamiakyoimetHesbile way-as d¥ickibed H36
A round bottoned flask equipped wth a stir bar and a seﬁt um was char ged
wi t h p- takayerfedl .34 @ ofcthesstereto( gotaiui §0 M (657 Ymtield) ddhengjle padectas af
anhydr o To this solution was added a sol uti on of
2-[4-(4-?—@ oxXy- pi peridin-1-y1)-2-
met hyl - gheMB: Rr8 8x2-rdinazMsSs B 0¢W4-HB] decan- 1-one (75 ng, 0.21 nmol .),
fol | oned b& Et 3N and a few crystal s of . The solution was stirred under

ni ¢ rogen PO MFSOCHCR B0 46 (21, m’r,L7c5(P£(2«Hw@r|0H440ﬁ (BEE.of = 4 Bhd 2EM
t
o Br e ) ARG 30 PR SSaloh, BV TR B B AL 0

stirred B9, @08 (ZH)én)k us4ee (H ad) a9 358 Hey.ed, rinsed with DCM The filtrate

was concentrated to dryness and further dried under high vacuumfor |h to
get an internediate tosyl ate (MANErmSgiags )XoV gave 499. The

Soi Ut on was HARI B P e AR o B P e Oy or

K2CO3 powder anhydrous. The suspensi on wasf heated over an oil bath set at
800C for overnight. Acetonitrile ated. The residue was di ssol ved

aqueous | ayer was extracted wt ;
was extracted with 1IN HCl (2x5 mi). ¢ aqtfegus sol ution was cooled in an

ice-water bath and 10 nL of DCM was added. The m xture was basified to pH 8
and the two |'Hyeristeiwediateparsynéesizet eseenitpliyoinstheagamesnayeas rdascebed t h

(acs)  oHEve; il B8RP OBH Rt & B 540 Pl [ Viekh ol B DG Aoy 'asf e
silica gghseijum eluted with 5% of 7N NH3 /MeOH in DCMto get 70ng (80%

yield ) of the title conpound_as a white solid. LCVMS: RT = 2.24 mn.; M
412 ( MrHHCHIR: Rviz 3800Az;, MBD8Y 8YM+é1)( ppn) : 6.98 (d, 8.4Hz, 1 6.77 (m

H),
2H), 4.0 ) . {67 3. 1 Q7-2. ,
205 (m PR g CogfSFy 28 (A E 2D Db (] 0 Sy e8”
Exanpl e Kz) 7.15 (1H, d, J = 8.43 Hz), 4.03 (2H, dt, J =11.73, 4.40 Hz), 3.63 (4H, m), 2.22
2-[2-Methyl -44(2R, 31S)-2-net hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-
e ol Ol b bt SR B8 2 m) 151 OH Y 2 1875 )
Intermediate (xxxxvi)

2-(4-Bromo-2-ethyl-phenyl)-8-oxa-2-aza-spiro[4.5]decan-1-one

CH,
O
O



The title conmpound was synthesized in substantially the same way as Exanple
1, Method B, in 46%yield. LCRT = 1.95 mn.; M 398. 61 1H NWVR (300MHz,
CDCl 3), oewoeoBdeftys 1H), 6.39 (m 2H), 4.05 (dt, 4.2Hz, pLT/UskimY/02ddpe
3.64-3.47 (m 10H), 3.37 (dt, 3.6Hz, 9.0Hz, 1H), 2.79 (sixtet, 6.3Hz, 1H),
2.56 (q, 8.4Hz, 1H), 2.17 (m 4H), 2.3% (s, 3H), 1.98 -1.69 (m 4H), 1.48
(m 3H), 1.14 (d, 6.3Hz, 3H). Exanple 7 2-[4-(2-Ethyl 41,31 bipyrrol id

inyl-11-y1)-2-fl uoro- phenyl] 8- = A [4.5]decan-1-one The title
conpound i s synthesized by the ‘I\P}Ettéﬂ%gé%?e X?(%sr(r\lr” O ng of the brom de to get

22.6 nmg (30 %lhys ehidymeliatdras ppymthesized le;ssemtiajlymn the Bame Yaylasridescrib@&d416.

dt N¥R—( Prodiom. Hao gt the: qster B potein 560 me 55 ¥ Keidh g flle Shsud e ( 51y
m, 3. OJtaﬁ%Hndm) 2.54 (2H, m), 2.20-2.03 (7H, n), 1.83-1.61 (3H, m, 1.49

(3H, d, J = 13.75 Hz), 1.27 (1H, n), 0.90 (3H td, J = 7.33, 1.83 Hz).
Exanpl e M323§&DQI(MJ'C|1|)0 4-(2-isopropyl-[1,31 bi pyrrol id

ny1- 11y DGR RN My, R85 875 455AH. A 3= J5885-7387%H, dd, J = 8.43, 2.20
Hz), 6.97 (1H, d, J = 8.43 Hz), 4.04 (2H, dt, J = 11.73, 4.22 Hz), 3.62 (4H, m), 2.51
(2H,q,J=7.51 Hz), 2.21 (2H, t, J = 6.96 Hz), 1.49 (2H, d, 13.38 Hz), 1.20 (3H, t,J =
7.51 Hz).

Intermediate (xxxxviii)
4-But-3-enyl-tetrahydro-pyran-4-carboxylic acid methyl ester
0O

O
-CH,

NCH,

In a 250-mL RBF was weighed 6.1g (60 mmol) of diisopropylamine and
dissolved in THF. This solution was cooled to -780C. To this was added 24 mL of 2
M butyllithium in hexane and stirred for 15 min, warmed up to 0oC for 20 min, re-
cooled to -78°C. To this was added tetrahydro-pyran-4-carboxylic acid methyl ester
(7.2g, 50 mmol) in THF (10 mL). There was almost no color change (light a little bit).
This was stirred at -78°C for 45 min. Then, a mixture of 5g of HMPA and bromo-
butene (8.78g, 65 mmol) was added via cannula at -78°C. There was no noticeable
change. About half was added, the ice-acetone bath was removed. When addition
was complete, the flask was submerged into an ice-water bath, stirred for 20 min;
then, rt for 2h. TLC (EtOAc/Heptane 1:1, paraldehyde visualization) showed the
reaction was complete. The reaction mixture was poured into ice-water (100 mL) and
ether (50 mL). The two layers were separated; the aqueous layer was extracted with
ether (3x50 mL). The combined organic layers were washed with brine, dried
(K2CO3), filtered, and concentrated in vacuo to obtain 10.4 g (87%) of the title
product as a slightly yellow liquid. The material is pure enough to be used in the next
step reaction without further purification.

LCMS: Rr = 3.07 min.; MS: 199 (M+H).



CH3 The title conmpound is synthesized follow ng substantially the
sane procedures as set forth in Method B, Exanple 1 starting from 60 ng of
t he bromwe 20wm/ebtai n 64.1 ng (83 % yield) of the produecTas2@obsaésn gum
LCRT = 2.15 min.; M5430. 62 1H NWR (300 MHz CDCI3) 6 7.13 (1H, m, 6.26
(2H, m, 4.04 (2H, dt, J = 11.55, 3.691 Hz), 3.64 (4H, m, 3.38 (2H, m,
3.22(2Hrr)300(1Hrr)248(2Hrr)213(7Hrr)165(4Hrr)150

(3H, ‘N
2a2- A1 WOV AR GO STV 70,08 it Her 117 PO B AT 2 398,
4. 5] decaat, 3L9|aze11 7Hz, 2H7rre7rz|(s|w);tﬂmowtdzlestmmtmlmﬂztm(mwzlﬂg 1.98
subst ant | al the sane procedures as set forth in Method B, Exanple 1
startln ”f 26'?‘/}» fhe brom de to obtain 35 ng (45 %yield) of the
product a brovvn gum LC RT = 2 Y 1H NWR (300 MHz CDCI 3) 6
7.12 (1H t, J 9.16 Hz), 6. 27]|§tfﬂn%da,té/§<>§§9c 2H, dt, J = 11.73, 4.22 Hz),
3.70-3.54 (4H, rr)4 (B CB@-Bropl){tetranydro- @r@?%d&lﬂbomjli,c Kidhegthiy, estgr, 2. 53 (1H,
n, 2.11 (7H, m, 1.97-1.68 (2H, m, 82 (4H, m, 1.29 (3H, m, 0.94 (3H,
m . Exanple 10 2-{2-Fl uoro-4-[4g 2fjmet hyl -pyrrol id in-1-yl)-piperid
I n-1- A- phenyl | - 8- oxa- 2-aza- spir an-dHone 0 / N\) /-N

o~

H

4-But-3-enyl-tetrahydro-pyran-4-carboxylic acid methyl ester (6 g, 30 mmol)
was dissolved in iPrOH (150 mL). To this was added a aqueous solution of NalO4
(14 g, 65.2 mmol, 2.18 equiv.) in water (150 mL), followed by addition of OsO4 (25
mg, crystals, in one portion) at rt,. The solution was stirred with a mechanical stirrer
at rt (water bath). After 30 min, milky cloudy product was formed. Stirring was
continued for 4h. TLC (1% MeOH in DCM, and 5% MeOH in DCM) did not detect the
SM. An aliquot was taken and dissolved in CDCI3 to run NMR, there was no alkene
peak in the sample. The reaction was judged to be complete. The reaction mixture
was poured into ice water (200 mL) and EtOAc (200 mL). The two layers were
separated and the aqueous layer was extracted with EtOAc (5 x 50 mL). More water
was added to dissolve the solid resulting in a clear solution. The combined extracts
were washed with brine, and concentrated to dryness to get a liquid. The liquid was
subject a reduced distillation to remove isopropanol. The remaining liquid was
purified on a 50-g silica gel column, eluted with 50% EtOAc in Heptane. Note: the
product is not UV active. Anisaldehyde visualization was used. The product fractions
were collected and concentrated to yield 5.62g (94% vyield) of the title compound as a
liquid.
LCMS: Rr = 2.10 min.; MS: 201 (M+H).
'H NMR (CDCI3, 300MHz) 8: 9.74 m, 1H), 3.86 (dt, 3.6Hz, 11.7Hz, 2H), 3.72 (s, 3H),
3.41 (dt, 2.3Hz, 11.7Hz, 2H), 2.42 (m, 2H), 2.09 (m, 2H), 1.88 (m, 2H), 1.52 (m, 2H).

Intermediate (D)



H3 The title conmpound is synthesized follow ng substantially the sane
procedures as set forth in Method B, Exanple 1 starting from60 ng of the
brom de twoabtozicn7945. 8 ng (61 % vyield) of the product aPbmraseogosced C RT =
1.87 min.; M5 416. 63 1H NWR (300 Mz CDCI3) 6 7.18 (1H, t, J = 8.98 Hz),
6. 66 (2H, n), 4.04 (2H, m, 3.77-3.5546H, n), 2.91 (2H, m, 2.73 (2H m,
2.58 (2H, ,111(4Hrr)201157(7H rr),150(3Hrr)107(3HdJ
= 6.23 Hz) .4 ;

242" Fl uor o ﬁ%‘?“?@réq? SR g By ey oY s+ AR B o
aza- spiro[4.5]decan-1-one /\ 0 C(.meilyl gste3C s The t|tIe conpound

I s synt hesized foll ovm' ng substantially the sanme procedures as set forth in
Met hod B, Exanple 1 starting @fo Hgf t he bromdeto get 42.9 ng (59 %
yi el d) of the product a brown|gu g = 1. 97 mn.; M5 402. 1H NI\/R (300
MHz CDCI3) 6 7.11 (1H, t, 9.16 27 , 403(2H dt, J = 11.73,
4.22 Hz), 3.62 (4H, m, 3.48 (1H %, 3.42-3.17 (4H m, 3.01
(1H, m, 2.79 (1H, m, 2.53 (1H J = 8. 5 225191(7H m, 1.78 (2H,
m, 1.49 (3H, d, J = 13.75 Hz), 112(3H d J 6.23 Hz). Exanple 12

242- Fl uor o- 4-2- (\/[ﬁ)thﬂ%tdwd»ahilinél(l%ﬁlmgrSalnnmpﬂ) vﬂés sd[B)sotvbdnyl[}Cl -(6QanR); aa a-

4.5]d
spirol tﬁ’ ec?u%on was transferred a solution of 4-(3-oxo-propyl)-tetrahydro-pyran-4-

carboxylic acid methyl ester (1.0 g, 5 mmol ) in DCE (50 mL). The flask was
submerged in a water bath at rt. To this clear solution was then added acetic acid
(930 mg, 15.5 mmol, 3.1 equiv), followed by addition of powder NaBH(OAc)3 (3.18 g,
15 mmol, 3 equiv.) in 1 portion under N2 at r.t. The yellowish milky suspension was
stirred at r.t. overnight. LC/MS showed m/z 372/370 at t = 3.872 min. along with
small amount of aniline starting material (MS: 186/188). TLC (5% of MeOH in DCM)
showed no SM. of aldehyde, but aniline. The reaction was diluted with DCM (100
mL), cooled to ice-water bath, and quenched with 5 mL of conc. NH4OH (7.45M) in
150 mL of water. (2 M of NH4OH). 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 (10 mL), dried (anhydrous potassium
carbonate), filtered, and concentrated. The product was purified on a 25-g-silica gel
column eluted with DCM to elute aniline; 2.5% MeOH in DCM for the product to get
0.85 g (46%) of the title compound as an oil.
LCMS: Rr = 3.872 min.; MS: 372/370 (M+H).
Intermediate (Di)
4-[3-(4-Bromo-phenylamino)-propyl]-tetrahydro-pyran-4-carboxylic acid
methyl ester
0]

This intermediate was synthesized essentially in the same way as above to
obtain 0.74 g (42% vyield) of the title compound as an oil.
LCMS: Ry = 3.382 min.; MS: 356/358 (M+H).



O/ N ) ------ /N\) N H3e The title conmpound is synthesized foll ow ng
substantially the sane procedures as set forth in Method B, Exanple 1
starting woamod@sT™g of the brom de to obtain 24.4 ng (3PC¥Us2@bayce6é t he
product as a brown gum LC RT = 2.03 min.; M 430. 1H NWR (300 MHz CDClI 3) 6
7.19 (1H, t, J = 9.16 Hz), 6.65 (2H, ¥, 4.03 (2H, dt, J = 11.73, 4.22 Hz),
3.76 (1H, m, 3.69 (1H t, J = 6.96 Hz), 3.59 (2H, m, 3.42-2.93 (2H, 64
m, 2.77 (4H, m, 2.38 (2H, m, 2 = ( m, 1.97-1.60 (6H, m, 1.49
(3H, d, J = 13.75), 1.26 (3H, n).mgrgfrep‘ﬁée{el@m

2-{ 444- ( 2- | 49B¢(@pyrionmuy-2rfaiaratiphehyhaty)ing)-prpyitatrdh ydrd-gyhemyd carBoxp E-abicdz a-
spi ro[ 4. 5] decan- 1-one 0 The title compound is synthesized foll ow ng
substantially the same procedures as@mylﬁéﬁﬁh in Method B, Exanple 1
starting from 100 ng of the brogide to obtain 60 nmg (44 (:)/0 yield) of the
product as a brown gum LC R 0B npp. ;M5 426. 1H NWR (300 MHz CDCI3) 6
7.50 (2H, d, J = 9.16 Hz), 6. H, E

od,”3 %5 9.16 H), 4.02 (2H, dt, J =
11.55, 4.22 Hz), 3.76 (2H t, 6.78 Hz),»3x69 (2H, m), 3.57 (2H, td, J =
11. 00, 2.57 Hz), 2.92 (1H m), Q Br2.17-2.01 (4H, m,
1.89-1.51 (9H, m), 1.44 (2H, d, J = 13.86), 0786 (6H, dd, J = 16.13, 6.78

H) .

This intermediate was synthesized essentially in the same way as above to
obtain 0.62 g (33% vyield) of the title compound as an oil.
LCMS: Rt =4.253 min.; MS: 374/376 (M+H).
Intermediate (Diii)

2-(4-Bromo-2-methyl-phenyl)-9-oxa-2-aza-spiro[5.5]undecan-1-one

0
N—<§ >—Br
H,C

To a clear solution of 4-[3-(4-bromo-2-methyl-phenylamino)-propyl]-tetrahydro-
pyran-4-carboxylic acid methyl ester (0.85g, 2.3 mmol) in THF (25 mL) was added
NaH (60% in mineral oil, ~ 100 mg ) and the reaction temperature was raised to 50°C
(external) for 2 h. TLC (2.5 % MeOH in DCM for SM, 5% MeOH in DCM for product)
showed the reaction was complete. LC/MS detected the product peak. The reaction
was cooled tin an ice-water bath, diluted with 25 mL of ethyl acetate, quenched with
10 mL of water. The two layers were separated. The aqueous layer was extracted
with EtOAc (2x10 mL). The combined EtOAc extracts were washed with brine, and
concentrated on rotavap to yield a crude product as a slightly yellow solid. This
material was loaded onto a 25-g of silica gel column, eluted with DCM and 5% MeOH
in DCM to get 0.81g (95% yield) of the title compound as a white solid.
LCMS: Rr = 3.03 min.; MS: 338/340 (M+H).
"H NMR (CDCls, 300MHz) & (ppm): 7.35 (m, 2H), 6.96 (m, 1H), 3.96 (m, 2H), 3.75-
3.52 (m, 2H), 3.37 (m, 2H), 2.22 (m, 2H), 2.12 (s, 3H), 1.98-2.10 (m, 4H), 1.53 (m,
2H).

Intermediate (Div)

2-(4-Bromo-phenyl)-9-oxa-2-aza-spiro[5.5]undecan-1-one



Exampl e 14

2-{4-[4-(2-Propyl -pyrrolidin-1-y1)-piperidin-1-A-phenyll-8-oxa-2-aza-spiro]
4. 5] decarwOommes798 / /' NN\ H3C PCT/US@9t0bdcbe
conmpound i s synthesized follow ng substantially the sane procedures as set
forth in Method B, Exanple 1 startingdrom 100 ng of the bromide to get
75.8 ng (56 "Yo yield) of the product as a brown gum LC RT = 2.16 min.; M
426. 1H NMR (300 MHz CDCI 3) 6: (2H, d, J =8.98 Hz), 6.93 (2H, d, J =
8.98 Hz), 4.02 (2H, dt, J = 11.73, . B3 Hz), 3.75 (2H, t, J = 6.78 Hz),

3.70 (2H, d, J = 12.28), 3.58
e

To a clear solution of 4-[3-(4-Bromo-phenylamino)-propyl]-tetrahydro-pyran-4-
carboxylic acid methyl ester (0.74 g, 2.08 mmol) in THF (25 mL) was added a solution
of 1.0 mL of potassium t-butoxide (1M in THF) at r.t. (water bath at rt). The clear
solution turned a little bit cloudy. After 15 min, TLC (5% MeOH in DCM) showed the
reaction is complete (spot to spot), LC/MS detected the product peak. The reaction
was cooled tin an ice-water bath, diluted with 25 mL of ethyl acetate, quenched with
10 mL of water. The two layers were separated. The aqueous layer was extracted
with EtOAc (2x10 mL). The combined EtOAc extracts were washed with brine, and
concentrated on rotavap to yield a crude product as a slightly yellow solid. This
material was loaded onto a 25-g of silica gel column, eluted with DCM and 5% MeOH
in DCM to get 0.64 g (86% yield) of the title compound as a white solid.

LCMS: Rr = 2.91 min.; MS: 324/326 (M+H).
"H NMR (CDCI3, 300MHz) § (ppm): 7.50 (d, 9.3Hz, 2H), 7.11 (d, 9.3Hz, 2H), 3.95 (m,
2H), 3.73-3.61 (m, 2H), 2.12 (m, 2H), 1.98 (bs, 4H), 1.52 (m, 2H).

Intermediate (Dv)

2-(4-Bromo-2-fluoro-phenyl)-9-oxa-2-aza-spiro[5.5]undecan-1-one

O
F
This intermediate was synthesized substantially the same way as above to
obtain 0.53 g (85% yield) of the title compound as a white solid.
LCMS: Ry = 3.01 min.; MS:342/344 (M+H).
"H NMR (CDCI3, 300MHz) § (ppm): 7.31 (m, 2H), 7.10 (m, 1H), 3.94 (bs, 2H), 3.70
(m, 2H), 3.56 (bs, 2H), 2.22 (bs, 2H), 1.99 (m, 4H), 1.56 (m, 3H).
Example 1
2-[2-Methyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one



65 (2H, td, J = 11.00, 2.57 Hz), 2.94 (1H, m, 2.69 (4H q, J = 11.55 Hz),
2.54 (1H, g, J =8.43 Hz), 2.17-2.02 (4H, m, 1.96-1.11 (14H, m, 0.93 (3H,
t, J = 6.W6dmyocsBRanpl e 15 2-[ 4-(2- Met hoxynet hyl - [ 1, 31 Poirfuseelo66666
inyl-11-y1)-phenyl]-8-oxa-2-aza-spiro[4 .5]decan- 1-one H3C The
title conpound is synthesized followi¥g substantially the same procedures
as set forth in Method B, Exanple 1 from 100 ng of the bromde to obtain
75.7 ng (57 "Yo yield) of the productCﬁs a brovvn gum LC RT = 1.95 mn.; M
414. 1HNI\/R(300M—IzCDCI3)67Q4(2 °d, J = 8.98 Hz), 63(2HdJ:
8.98 Hz), 4.03 (2H, dt, J 74 (2H, t, J = 6.78 Hz),
3.58 (2H, m, 3.51-3.16 ( , @@} (1H, m, 2.54 (1H, m,
2.30-1.66 (10H, m, 1.45 (2H 6 H le 16
2-{4-[4-((S)-2-Methyl -pyrrolidi -yl) pi peri di nC‘l A- phenyl | - 8- oxa- 2- aza-
spiro[4.5]decan-1-one 0 / N )-N\/ H3d Thé title conpound is

synt hesi zed foll ow ng substanti al S rocedures as set forth in

Met hod B, Exanple 1 starting fror{\{l%tgge% Sﬁﬁe brom de to obtain 69.2 ny
(54 "Yo yi4el2]2-Methylet-pL8RI8)- Zasemybtbﬁh]blgwmolldlnyl -1'-yl)-phenylamino]-ethyl}-

tetrahydro-pyran-4-carboxylic acid methyl ester

Z

O CcH,
/
Q O  CH,
H
OOy
H,C
2-Methyl-4-((2S,3'S)-2-methyl-[1,3]bipyrrolidinyl-1-yl)-phenylamine (4.56

mmol) was dissolved in DCE (20 mL); to this solution was transferred a solution of 4-
(2-Oxo-ethyl)-tetrahydro-pyran-4-carboxylic acid methyl ester (0.85g, 4.56 mmol) in
DCE (50 mL). To this clear solution was then added acetic acid (0.86g, 14.3 mmol,
3.1 equiv), followed by addition of powder NaBH(OAc)3 (CSN: 56553-60-7,
mw=211.94): 2.9 g, 13.6 mmol, 3 equiv.) in one portion under N2 at r.t. The yellowish
milky solution was stirred at r.t. overnight. LC/MS showed m/z 429.35/430.40 at t =
2.123 min. TLC (5% of 7N NH3/MeOH in DCM) showed no SM. The reaction was
diluted with DCM (40 mL) and quenched with 30 mL of conc. NH4OH in 70 mL of
water. The two layers were separated, and the aqueous layer was extracted with
DCM (10 mLx2). The combined DCM extracts were washed with sodium bicarbonate
(10 mL), and brine (15 mL), dried (anhydrous potassium carbonate), filtered, and
concentrated. The product was purified on a 25g-silica gel column (0-20%, 0-4min;
20-40: 4-13min; 40%: 13-25 min (A is % of 7N NH3 /MeOH in DCM) to get 1.17g
(60%) of the title compound as an oil.
LC Ry =2.72 min.; MS 430
"H NMR (300MHz, CDCls), & (ppm): 6.56 (d, 9.3Hz, 1H), 6.41 (m, 2H), 3.83 (m, 2H),
3.71 (s, 3H), 3.53-3.41 (m, 3H), 3.35-2.88 (m, 8H), 2.76 (sixtet, 6.0Hz, 1H), 2.50 (q,
8.4Hz, 1H), 2.19-1.87 (m, 10H), 1.85-1.41 (m, 5H), 1.14 (d, 6.3Hz, 3H).

Step 2



LCRT = 1.86 mn.; M5 398. 1H NWR (300 MHz CDCI 3) 6: 7.50 (2H, d, J = 8.98
Hz), 6.93 (2H, d, J =8.98 Hz), 4.02 (2H, dt, J = 11.73, 4.03 Hz), 3.75
(2H, t, Jwe2610/8518), 3.69 (2H, d, J = 12.10 Hz), 3.57 Pemusta/odesss 8. 80,
2.38 Hz), 2.91 (2H, m), 2.78-2.53 (4H, m, 2.13 (2H, t, J = 6.78 Hz), 2.06
(2H, m, 1.98-1.58 (7H, m, 1.44 (3H>°5d, J = 12.38), 1.07 (3H, d, J = 6.05
Hz). 66 Exanple 17 2-[3-Fluoro-4-(2-nethyl- [1 ,31 bipyrrol id

composna s CEEIes it pT Ay PO RSN BT ';eie
forth i ryI)\ﬁhebrqdlarB;noEaeda‘nw tetribhydm-pyrragl-4-|carbo]z®()c r@agico ettig eﬂterm (@e?&g) 1g&4
Z?GQ ng moI) |nOI'I-)(I£ %@%Mﬁﬁggg utlon o? porté)svéﬁ]urﬁlf butOX|d§-{1 M in Tl-ﬁ:) 1mL
2-{4-[4- Q?rrLEtﬂ‘meél}’"lrpbqglk/r) élt rYtl)I'hB'dP@ér‘ chl!]ndn Ylj'r]wea - Ft'tlfa'bi%l@[]ﬁil hxtePhsny 1}
- 8- oxa- 2 azaspirol 4. 5] decan- 1-one C. N )-
min, TLC (5% of 7N NH3 /MeOH in DCM) showed the reactlon is complete (spot to
spot), LC/MS detected the product peak of 398 (t = 2.491 min) with trace of starting
material peak of 430/429. The stirring was continued for 45 min more and the
reaction is complete by LC/MS. The reaction mixtures were quenched by dilution with
DCM (20 mL) and water (10 mL) and sodium bicarbonate (5 mL). The two layers
were separated. The aqueous layer was extracted with DCM (2x10 mL). The
combined DCM extracts were washed with brine, dried (K2CO3), filtered, and
concentrated on rotavap to yield a crude product, almost pure. This material was
dissolved in DCM (1 mL), loaded onto a 25-g of silica gel column, eluted with A in
DCM: 0-40%, 0-4 min; 40-50 4-13 min; 50-70 13-25 min (A is % of 7N NH3 /MeOH in
DCM) to get 0.92g (85%) of the pure compound 10. LC/MS 100 % pure, MS 398.
Method B
(28,3'S)-2-Methyl-[1,3"bipyrrolidinyl dihydrochloride (2HCI.2H20, MW 263.18)
(56.97g, 22.71 mmol, 1.11 equiv.) was dissolved in 10 mL of MeOH with the aid of
sonication. To the solution was added 100 mL of DCM. The solution was cooled to an
ice-water bath. To this solution was added powder KOH (3.9 g, 59.02 mmol, 2.6
equiv. to the amine salt) with stirring under N2. The stirring was continued for 1h. 2 g
of powder K2CO3 was added with stirring to form a nice suspension. The suspension
was filtered through a Celite pad, rinsed with DCM until no amine was leach out by
TLC (20% MeOH in DCM, anisaldehyde visualization, white spot just above the
origin). The solution was concentrated to dryness; the residue was further dried under
high vacuum with stirring for 1h, re-dissolved in 50 mL of anhydrous toluene and
ready to use.
An 250-mL RBF containing a stir bar was charged with Pd2(dba)3 (186 mg,
0.2036 mmol, 0.01 equiv.), 2-dicyclohexylphosphino-2',4",6'-triisopropylbiphenyl 1
(485 mg, 1.018 mmol, 0.05 equiv.), 2-(4-Bromo-2-methyl-phenyl)-8-oxa-2-aza-
spiro[4.5]decan-1-one (6.6 g, 20.36 mmol, 1 equiv.), and sodium t-butoxide (4.891 g,
50.9 mmol, 2.5 equiv.). The flask was de-gassed and refilled with N2 three cycles.
100 mL of anhydrous toluene was introduced and the red solution was stirred for 2



The title conmpound is synthesized follow ng substantially the sane
procedures as set forth in Method B, Exanple 1 starting from90 ng of the
brom de twogeto/®w379¢ ng (45 "Yo yield) of the product aspaThisesm/ogisies LC RT
= 2.37 min.; M5480. 1H NWR (300 MHz CDCI 3) 6: 7.18 (1H, s), 7.07 (2H m,
4.03 (2H, dt, J = 11.73, 4.03 Hz), 3.97 (2H, d, J = 12.28 Hz), 3.61 (4H,
m, 3.09-2.33 (5H, m, 2.18 (2H, t, J =6.78 Hz), 2.08 (2H, m, 1.96-1.40

(10H, ”)rglnlat‘?‘r% tﬂﬂeﬁ%hé%‘ﬁmn? $2dé)?ﬁﬁlr(1)§ll:"1 4 eéuw obﬁmb@f ngé%m?{af it Yoluene

2-{444- (2-1sopropyl -pyrro )-plperid in- 1y
uor onet hyas [rieoduted8intx $he? flaak avis gano k. Jheetiask Wasnevadiiated and badidilledt | e
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494. 1H NWR (30 7.06 (2
4.03 (2rextiacted3with DN (8)x 189061 )( 4Re mmbmledoDQZMExtrasts were zvamedzmtht J
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Hz). Exa
2- [ 4- ( 2-dAriedryate), Liilsked pﬁﬁdcddn‘ébﬁbfhtebl srfh)a érutlel plodaeourishylirifdee oyl  -8d-gxa- 2

-aza- spiro[4.5 ‘decan-1-one CL N F
silica gel column on Analogix. Gradlent B%/tlme 0/ 0-10 min; 0-50%/10-15min; 50-
90%/15 - 60 min (A= DCM; B = 5% of 7N NH3 in MeOH in DCM) to get 6.6 g (82%)
of the title compound as a gummy semi-solid. The material was re-crystallized from
MTBE and DCM to get a colorless crystalline solid.
Mp. 135.5 °C.
Elemental analysis: C 72.51% H 8.87% N 10.57%
Found: C 72.51%, H 9.07%, N 10.65%
LCMS Rt = 1.96 min.; MS: 398 (M+H).
"H NMR (300MHz, CDCI3), & (ppm): 6.94 (m, 1H), 6.39 (m, 2H), 4.05 (dt, 4.2Hz,
11.7Hz, 2H), 3.64-3.47 (m, 10H), 3.37 (dt, 2.6Hz, 9.0Hz, 1H), 2.76 (sixtet, 6.3Hz, 1H),
2.52 (q, 8.4Hz, 1H), 2.14 (s, 3H), 2.12 (m, 4H), 1.98 (m, 2H), 1.77 (m, 2H), 1.48 (m,
3H), 1.14 (d, 6.3Hz, 3H).
Optical rotation: [a]D = + 27.2° (¢ 0.5, MeOH)
Chiral purity: 99.9% (Chiral HPLC).
The product from Method A and Method B exactly match each other in NMR, LCMS,
and Rotation.
Example 2
2-[2-Methyl-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one

@

The title compound was synthesized from Method A.
LCMS: Ry = 1.98 min.; MS: 412 (M+H).

Chiral



The title conmpound is synthesized follow ng substantially the sane
procedures as set forth in Method B, Exanple 1 starting from90 ng of the
brom de twoabtoaics7981. 3 ng (71 % yield) of the product agca/uscawnseggaen LC RT
= 2.44 min.; M 480. 1H NWR (300 MHz CDCI3) 6: 7.05 (1H, d, J = 8.61 Hz),
677(1HdJ:275Hz)665(1H@&J 8.61, 2.75 Hz), 4.03 (2H, dt,
J = 11.55, 4.22 Hz), 3.59 (3H, m, 3.51-3.20 (4H, m, 2.99 (2H, nm, 2.64

(1!* l”zlkﬁNE@Q @jﬂ\mﬂ} c@cge}l) %éﬁﬂ;mpr)‘%"gégghpl g&z 11 6 364 H, 21): 33986(% Lgp (4H,

2-{4-[4-3.0553. 24 Mat QMD 3)911 r(ml 1Hd, 2M6J(rryl1)—})p2;53r(lqd814Hzl-1Y-l)] 22}1t2|1t)|(m 4H),
uor onet hyl - phenyl} -8 aza-spi.ro[ 4. 5] decan- 1- gne The

title copBlmhdhks 1s%ﬁ1frﬂe§Hieﬂd7@ on; 8. nb5gtﬁ'ﬁbt3§'ﬁt? 4P (g, @%ZSQI"T‘B procedur es

as set forth in Method B, Exanple 1 fg,om & %g of the brom de to obtain
107.4 mg (96 "Yo yield) of t he product as a brown gum LC RT = 2.19 mn.;
M5 466. 1H NVR @3@0(26i8'SIECNBthel- [173 ]b&);(rtﬁHdler yl)-@ﬂe(lﬁHB Na-24z83 (2H, dt,

J = 11.55, 4.22 Hz), 3.77 (2H d, _%é .61 (4H, m), 2.99-2.53
(6H, ), 2.17 (2H t, _678H§'r°Eé‘ e@%ﬁ]ﬂ e 202156(7H m, 1.50

(3H, m, 1.07 (3H, d, J = 6.23 Exanpl e 22 2- [44 25 3'S)-2-Methyl 41,31
bi pyrrol id inyl-11- yl) 2-pfi f oro yl enyl ] - 6 a-2-aza- spiro[4
. 5] decan-1-one Cl Q% 4@ i}j
HSC“
This compound was synthesized by the Method A.
LCMS: Rt = 1.9 min.; MS: 384 (M+H).
"H NMR (300MHz, CDCI3), & (ppm): 7.45 (d, 2H), 6.57 (d, 2H), 4.04-3.98 (m, 2H),
3.77-3.71 (m, 4H), 3.61-3.53 (m, 4H), 3.49-3.39 (m, 2H), 3.30-3.24 (m, 2H), 2.97-2.93
(m, 1H), 2.30-2.25 (m, 2H), 2.18-2.02 (m, 8H), 1.82-1.70 (m, 1H), 1.40 (d, 3H).

Example 4

2-[3-Fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one
0 F

0 Chiral
e

H,C
The title compound was synthesized following substantially the procedures as
set forth in Method A, Example 1 and employing the corresponding starting materials.
LCMS: Rt = 2.36 min.; MS: 402 (M+H).
"H NMR (300MHz, CDCI3), & (ppm): 7.54 (dd, 1H), 7.15 (dd, 1H), 6.68 (t, 1H), 4.05-
3.99 (m, 2H), 3.85-3.71 (m, 4H), 3.65-3.45 (m, 6H), 3.42-3.33 (m, 2H), 2.92 (q, 1H),
2.23-1.99 (m, 10H), 1.80-1.71 (m, 1H), 1.36 (d, 3H).
Example 5
2-{2-Methyl-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one



N ---- .N LDF H3Cs's The title conpound is synthesized foll ow ng
substantially the sane procedures as set forth in Method B, Exanple 1
starting woamod@sT™g of the brom de to obtain 108 ng (10@CTNmS2000b@¥6 of t he
product as a brown gum LC RT = 2.18 min.; M 452. 1H NWMR (300 MHz CDCl 3)
6: 7.05 (1H, d, J = 8.61 Hz), 6.77 (18 s), 6.66 (1H, d, J = 8.61 Hz), 4.02
(2H, m, 3.69-3.21 (94, m, 3.00 (1H, m, 2.81 (1H, m, 2.55 (1H, q, J -

8.06 Hz), 2.23-4g ) (3 (mkg(djr?éfgﬂpfgé i-251)-ethydshdrifl-8-Bxad-Fz4k3- 93 Hz) .

1.13 (3H, d, J =6.05 Hz)
244- ((S)-2-Methyl -[ 1, 41bi pi peri dlspydz[4151d¢¢an-2| -ome f | uor onet hyl - phenyl ] - 8- oxa
-2-aza- spiro[4.5]decan-1-one O H,G

OA e

An 25-mL RBF containing a stir bar was charged with Pd2(dba)3 (00.01 equiv.,
0.0154 mmol, 14 mg.), 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl 1 (0.05
equiv., 0.077 mmol, 36.7 mg), 2-(4-bromo-2-methyl-phenyl)-8-oxa-aza-
spiro[4.5]decan-1-one (0.50 g, 1.54 mmol, 1 equiv.), and sodium t-butoxide (2.5
equiv., 3.85 mmol, 370 mg.), and piperidin-4-ol (1.5 equiv., 2.3 mmol, 234 mg). The
vial was capped with a rubber septum, evacuated and backfilled with N2. To this vial
was introduced 8 mL of anhydrous toluene. The reaction was heated in an oil bath
set at 90 °C for 2h, allowed to cool down to room temperature and quenched with
water (2 mL). The two layers were separated and the aqueous layer was extracted
with DCM (3 x 10mL). The combined DCM extracts were washed with sodium
bicarbonate (50 mL), and brine (50 mL), dried (anhydrous potassium carbonate),
filtered, and concentrated. The crude product was purified by a silica gel column to
give 75.1 mg (14% yield) of the title compound as a light yellow solid after standing.
LCMS: Rt = 1.42 min.; MS: 345 (M+H)

"H NMR (300 MHz, CDCI3), § (ppm): 6.99 (d, 8.4Hz, 1H), 6.78 (m, 2H), 4.05 (dt,
4.2Hz, 11.7Hz, 2H), 3.83 (m, 1H), 3.58 (m, 5H), 2.91 (m, 2H), 2.17 (m, 4H), 2.10 (s,
3H), 1.63 (m, 8H).
Step 2: 2-{2-Methyl-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one
Chiral

Q@OQ@

A round bottomed flask equipped with a stir bar and a septum was charged
with p-toluenesulfonyl chloride (2 equiv., 0.47 mmol, 89 mg) and 5 ml of anhydrous
DCM. To this solution was added a solution of 2-[4-(4-Hydroxy-piperidin-1-yl)-2-
methyl-phenyl]-8-oxa-2-aza-spiro[4.5]decan-1-one (75 mg, 0.21 mmol.), followed by
Et3N and a few crystals of DMAP. The solution was stirred under nitrogen overnight



N\/ / -N) \ $ H3e F The title conmpound is synthesized foll ow ng
substantially the sane procedures as set forth in Method B, Exanple 1 from
90 ny of wbeotwmwsisde to obtain 33.4 ng (29 "Yo yield) ofcrhlis2goodiseé as a
brown gum LC RT = 2.37 mn.; M 480. 1H NMR (300 MHz CDCI 3) 6: 7.17 (1H,
s), 7.06 (2H, m, 4.03 (2H, m, 3.77 §2H, m, 3.58 (4H, m, 3.04-2. 74(4H
m, 2.61 (2H, rr) 2.36-1.88 (84 m, 1.87-1.21 (84 m, 1.11 (3H, t,

. HZ)frchenyl | _de 241 187%5R0H 41 Btk Prmyénooﬂdl\ﬂ'fo“&':%dg&{_ér@w% ﬁ!ﬁé

in-111] 8- oxa- 2-aza- spiro[4 .5]decan-1-one
titl e coepotondvias aynushesmpdetef oTrhe)\nearglomuwgs anenahég byhadditone op potysaerr es

Got 54, SURGOLER ATPPALA MO el r TERATEED IR g Hhe RemRnsionwa heiee. v
454. rinsed with DCM. The filtrate was concentrated to dryness and further dried under
high vacuum for 1h to get an intermediate tosylate (MW = 498.65), LCMS gave 499.
The tosylate obtained above was dissolved in 3 mL of anhydrous CH3CN. To
this solution was added 64 mg of (S)-(+)-2-methyl pyrrolidine and 120 mg of K2CO3
powder anhydrous. The suspension was heated over an oil bath set at 80oC for
overnight. Acetonitrile was evaporated. The residue was dissolved in DCM (10mL)
and water (5 mL). The two layers were separated and the aqueous layer was
extracted with DCM (2x4 mL). The combined DCM extracts was extracted with 1N
HCI (2x5 mL). The aqueous solution was cooled in an ice-water bath and 10 mL of
DCM was added. The mixture was basified to pH 8 and the two layers were
separated and the aqueous layer was extracted with DCM (2x4 mM). The combined
DCM extracts was washed with brine (5 mL), dried (K2CQO3), filtered, and
concentrated to a residue. This was purified on a silica gel column eluted with 5% of
7N NH3 /MeOH in DCM to get 70mg (80% yield ) of the title compound as a white
solid.
LCMS: Rr = 2.24 min.; MS: 412 (M+H)
"H NMR (300MHz, CDCI3), & (ppm): 6.98 (d, 8.4Hz, 1H), 6.77 (m, 2H), 4.05 (dt,
4 2Hz, 11.7Hz, 2H), 3.76-3.53 (m, 5H), 2.97-2.51 (m, 4H), 2.15 (m, 2H), 2.14 (s, 3H),
1.96-1.42 9M, 15H), 1.08 (d, 6.3Hz, 3H).
Example 6
2-[2-Methyl-4-((2R,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

The title compound was synthesized in substantially the same way as Example
1, Method B, in 46% yield.
LC Ry =1.95 min.; MS 398.



1H NWR (300 Mz CDCI 3) 6: 6.95 (1H, d, J = 8.43 Hz), 6.79 (2H, m, 4.04
(2H, dt, J = 11.55, 4.03 Hz), 3.72 (2H, d, J = 10.81 Hz), 3.60 (4H, m,
3.13 (1HwO,2000/0658. 55 Hz), 2.94 (1H, m, 2.81-2.41 (8HpPCHUS289D&6686 05 (4H,
m, 1.96-1.61 (84, m, 1.49 (2H, m, 1.43-1.22 (2H, m, 1.18 (3H t, J =
7.51 Hz), 0.93 (3H, m. Exanple 25 2-§2-Et hyl - 4-[ 4- (2- met hoxynet hyl - pyrr ol
idin-1- yI) piperid I n-1-yl]-phen yl}-8-oxa-2-aza-spiro[4.5]decan-1-one 70

[ ----1 1Y Wﬁ) t | S t ized
foll ow ng subst jCI?% 3)£%98r%emrgasggs(h§e@9mgﬁq ot %M% W%F&e
Exanpl e 2H);B®64- Bmg (i, omP()? 3my @ft, 3. Iaeizbemﬂzja H)pzmgt(@ixne@z IHAU H)32.56V,
yield) of the product as a brown gu ;. M5 456, 1H NMR
(300 MHA- g éFl)62 g, 68, ¢y, 2d4 (5, 3, 439%3 696 n794UiH1 48 (m430d {44 (it ,
—1155§53,§g 3.71 (2H, d, J = 11.91 Hz), 3.60 (4H, rr),335(3Hrr)
318(1|5S n)g 01 (3H, n') 2.81-2.41 (6H, m, 2.15 (4H, m, 2.00-1.43
(10H, m, 1.18 (3H, t, = 7.70 Hz). E:‘zoemmnﬂbé’%

Coy1 1) - ohendil- (2)%@”@ Sbipr it b aetugrS-phonyl-8-oxa-2-aza-

spiro[4.5]decan-1-one
0 0
<
F
H,C

The title compound is synthesized by the Method B, from 60 mg of the bromide to get
22.6 mg (30 % yield) of the product a brown gum.
LC Rr=2.11 min.; MS 416.
"H NMR (300 MHz CDCls) 8 7.12 (1H, t, J = 9.35 Hz), 6.27 (2H, m), 4.03 (2H, dt, J =
11.73, 4.22 Hz), 3.66 (2H, t, J = Hz), 3.59 (2H, m), 3.49-3.16 (5H, m), 3.01 (1H, m),
2.54 (2H, m), 2.20-2.03 (7H, m), 1.83-1.61 (3H, m), 1.49 (3H, d, J = 13.75 Hz), 1.27
(1H, m), 0.90 (3H, td, J = 7.33, 1.83 Hz).

Example 8

2-[2-Fluoro-4-(2-isopropyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

N{/ 1
N
F
CH,
The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 60 mg of the bromide to obtain 64.1

mg (83 % yield) of the product as a brown gum.
LC Ry =2.15 min.; MS 430.



0 N H3C The title conmpound is synthesized follow ng substantially the
sane procedures as set forth in Method B, Exanple 1 starting from 77 ng of
t he bromwe 20wm/ebtoain 94.1 ng (99 (:)/0 yield) of the protaso@dc@E6Or OWN
gum LC RT = 1.98 min.; M 426. 1H NWR (300 Mz CDCI 3) 6: 6.93 (1H, d, J =
8.25 Hz), 6.40 (2H, m), 4.03 (2H, dt,63 = 11.73, 4.03 Hz), 3.59 (4H m,
3.40 (1H, m, 3.27 (3H, m, 3.02 1H m, 2.79 (1H, m, 261242(3H

n,
2.14 (4H 1. 6 .l Hz
I 19 EgHH W%h&?@t@%fﬁ%ﬁ ) 87024 sl 4 GHL o 420 98, 7).
242- Fl Udﬂ@)igdé(@ﬂd%ﬁ)&iiﬁ(mﬂhw 322@51 rm%m Otl)'(‘ﬂHUW) 234&’(2)4' pieayld (794,0xa- 2-
aza- spiro undecan- ep 1:
4-{3- [2 ), Jo@%}ﬁ(@$ 98)(3H, Pﬁs)t@in (Pt' i Byrrol i di nyl -11-y1) - phenyl ani no] -
propyl}-tetrahydro-pyran-4-carboxyl i CE)?a%ﬂe@t hyl ester Owe / 1-11

2-[2-Fluoro-4-(2-propyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4 .5]decan-

1-one
0 0O
Heo-a
S O
H,C
The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 60 mg of the bromide to obtain 35
mg (45 % yield) of the product a brown gum.
LC Ry =2.17 min.; MS 430.
"H NMR (300 MHz CDCl3) § 7.12 (1H, t, J = 9.16 Hz), 6.27 (2H. m), 4.03 (2H, dt, J =
11.73, 4.22 Hz), 3.70-3.54 (4H, m), 3.50-3.18 (5H, m), 3.02 (1H, m), 2.65 (1H, m),
2.53 (1H, m), 2.11 (7H, m), 1.97-1.68 (2H, m), 1.52 (4H, m), 1.29 (3H, m), 0.94 (3H,
m).
Example 10

2-{2-Fluoro-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one

ooy

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 60 mg of the bromide to obtain 45.8
mg (61 % yield) of the product a brown gum.
LC Ry =1.87 min.; MS 416.



O\/---N 4- (3- 0xo- propyl ) -tetrahydr o- pyran-4-carboxylic acid nethyl
ester (135 ng, 0.515 mmol, 1 eq) was dissolved in 2.4 nL of

1, 2-di chiwocetomas®s To this was added 2-Fl uoro-4-( (25, 3PErAR2emebeske [ 1, 3'

] bi pyrrolidinyl-11-y1)-phenylamne (103 ng, 0.515 nmml, 1 eq) in 6.2 nL of
1, 2-di chl oroet hane. To the conbi ned nfXxture was added gl acial acetic acid
(96 ng, 1.6 mol, 3.1 eq) followed by NaBH(OAc)3 (330 ng, 1.55 mmol, 3 eq).

The react] ' tyiar t far . h t) LXEYre was
quenched VIV HANAR R 738 ¢ LUt Soshel o dofurRg 4 8 it Wi
CH- 2012 3.27-8.39(6HiL), 218 ¢ (2id i) 2.0 3qRBlam )¢ 8.58e(2¢, e ), et opde, Mip 250%-1.57
concentrated under vacuum and purified by col um chromat ography on silica
gel (40 (§HeMuw0 G5 b h(ZerT 6383 %‘E)-m n). This gave 130 ng (61% of
the title conpound as a beige seni-g éf‘”@* Step 2
4-{3-[2-Fluoro-4-((25,3"S)-2-net hyl % , fbl pyrrol id inyl-11-y1)-phenyl am
i no] - pr opyZ}2-Fhiorady{28;:3¥)-2mdthgalrbdlbjpyriatidagi-d -pig-phehylgSt@ra-242ary, 0.1
mmol, 1 eq) was dissolved in 2 nL o[f HF and cooled to 0C, where a 2.5 M
solution of n-BuLi in heptanes £0rA?-3ecq-1PV¥ml, 3 eq) was added
drop-wi se and the ice bath s e ved. After 30 mn the reaction m xture
was quenched with water, tré@ err/ed to a separatory funnel and extracted
with diethyl ether (2 x 50 . anics were dried over
Na2504 and purified by col um™clpr o on|silica gel (40 g col um,

[ : [« of the title conpound
as an off-white gum LCOMS: RT = 1.89%mn, MS: 414. 2 1H NMR (300 MHz
CDCI3) 6: 6.99 (m 1H), 6.29 (m 2H), 3.98 (my ~3.69 (m 2H), 3.54 (m
2H), 3.47 (m 1H), 3.35 (m 1H), 3.31-3.15 (m , 3.00 (m 1H), 2.77 (m
iH)lé ( g 5% gﬁgﬁ%ﬁg’g corhgbund i€{Hhestbd fSiching stBsteMiafiihe dam8 dritedties

as set forth in Method B, Example 1 starting from 60 mg of the bromide to get 42.9

mg (59 % yield) of the product a brown gum.
LC Ry =1.97 min.; MS 402.
"H NMR (300 MHz CDCl3) § 7.11 (1H, t, 9.16 Hz), 6.27 (2H, m), 4.03 (2H, dt, J =
11.73, 4.22 Hz), 3.62 (4H, m), 3.48 (1H, t, J = 6.96 Hz), 3.42-3.17 (4H, m), 3.01 (1H,
m), 2.79 (1H, m), 2.53 (1H, J = 8.25 Hz), 2.25-1.91 (7H, m), 1.78 (2H, m), 1.49 (3H,
d,J=13.75Hz), 1.12 (3H, d, J = 6.23 Hz).
Example 12
2-[2-Fluoro-4-((S)-2-methyl-[1,4']bipiperidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

o 0
)
F H,C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 60 mg of the bromide to obtain 24 .4
mg (32 % yield) of the product as a brown gum.
LC Ry =2.03 min.; MS 430.
"H NMR (300 MHz CDCl3) § 7.19 (1H, t, J = 9.16 Hz), 6.65 (2H, m), 4.03 (2H, dt, J =
11.73, 4.22 Hz), 3.76 (1H, m), 3.69 (1H, t, J = 6.96 Hz), 3.59 (2H, m), 3.42-2.93 (2H,



Exanpl e 28

2-[2-Met hyl -4-((2R, 31S)-2-net hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2
-aza- spiwo[2biodjesmydecan-1-one 9 e, CH3 N N \----- ,, | RCDud3@9/066666 The
HCl salt of (2R 31S)-2-Methyl-[1, 31bipyrrolidinyl was dissolved in 2 nL of
MeOH with the aid of sonication. To t%fe sol uti on was added 50 nL of DCM
The sol uti on was cool ed to an ice-water bath. To this solution was added

wd 6 ' t '
Cnder 1o ey CiHy 2,92, fap2 228 By (1A, 1= 97 PEOTBE MM B 3 Bl R adea
with stitd.7og1t26 (3, rm)a ni ce suspensi on. The suspension was filtered

through a Celite pad, rinsed with DCEIU&HI go am ne was | each out by TLC
(20% MeOH i n DCM  ani sal dehyde vi suaFr98PI%MhS white spot just above the

origin). The Qgﬂﬁ'-{m(?'ilsﬁﬁl%p%lﬁﬁﬁﬁﬁdlﬁheﬂ? Fbe‘#lﬁ}fﬂ‘?%/‘ﬂ oI ERkIeays [ ur t her

dri ed under vacuumw th stirrin i ssol'ved i n anhydrous
tol uene and ready to use. Swm[écﬁ]dtcan éi+0rteont aining a stir bar was
charged with Pd2(dba)3 (0.01 eqU| v., 0.002036 mml, 2 ng.),

2- di cycl ohexyl phosphi no-2'o?%" Fii sopr opyl bi phenyl 1 (0.05 equiv.,

0.01018 mml, 4.85 ng.),
N2 @ Q[ 5. Rdecan-1-one (1 equiv. 66
oxide 42.5 i V. 8. 509 mmol, 0.4891

2- (4- brono- 2- nmet hyl - phenyl )

ng, 0.2036 nmol), and sodiumt-

g.). The vial was de-gassed and refilled with N2 thrfee cycles. 100 niL of
anhydrous toluene was introduced and the red soHti s stirred for 2 mn
at rt, then the amne (1.11 equiv., 22.71 mol, obtai d from above) in

t ol uene was |_@1%ﬁiuced |nt t he tPl askqéI cannul) { ask was evacuat ed
and backfill %C‘R@po*r*ﬂ s SYUPP3ReddLianne &y ?'ﬁ” *]e PANR REBEEHC0C
for 2.5hs adtl MR ‘Métﬁ@@'B qlzawmme 1r xaf FMORR GMfe Bremidietd dbthlh Bat er
(2 mL) and extracted wt X 100ni The conbi ned DCM extracts were

washed wng N44 7/8y@dﬁj)|0frth®|p&dl1ﬁ@§t€ebl(cﬁm @i, and brine (50 mL), dried
brodnct eETs e 0Bl SR &) 5i 1§ ca”gel " col mm 6l ut ed wi th DOV and 5% of
7N NH3 MPDMMRI(WVAM eI} e boYbRIAdCIEPDYBHZ), 6.93 (2H, d, J = 9.16 Hz), 4.02
(2H, dt, J = 11.55, 4.22 Hz), 3.76 (2H, t, J = 6.78 Hz), 3.69 (2H, m), 3.57 (2H, td, J =
11.00, 2.57 Hz), 2.92 (1H, m), 2.77-2.49 (5H, m), 2.17-2.01 (4H, m), 1.89-1.51 (9H,
m), 1.44 (2H, d, J = 13.56), 0.86 (6H, dd, J = 16.13, 6.78 Hz).
Example 14

2-{4-[4-(2-Propyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-spiro[4 .5]decan-

1-one
0 0O
OO
H,C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 100 mg of the bromide to get 75.8
mg (56 % yield) of the product as a brown gum.
LC Ry =2.16 min.; MS 426.
"H NMR (300 MHz CDCl3) &: 7.50 (2H, d, J = 8.98 Hz), 6.93 (2H, d, J = 8.98 Hz), 4.02
(2H, dt, J =11.73,4.03 Hz), 3.75 (2H, t, J = 6.78 Hz), 3.70 (2H, d, J = 12.28), 3.58



C/MS: RT = 1.96 nin, MS: 412 1H NMR (300 MHz CDCI3) 6: 6.93 (1H, d, J =

VB 1
5 Hz), 6.40 (2H, ), 4.03 (2H, dt, J = 11.73, 4.03 Hz), 3.59 (4H m,
0
4
9

33@ I

(1Hwopo10d62B8(3H, m, 3.02 (1H m, 2.79 (1H m, PRTAKR2MIARGHEH, ),
(4H, , 1.99 (1H, m, 1.89-1.65 (5H, m, 1.48 (3H, d, J = 12.83 Hz),
(3H, t, J =7.51 Hz), 1.14 (3H, & J = 6.23 Hz). Exanple 29
2-[2-Methyl -4-((2R, 3 R -2-nethyl -[ 1, 31bi pyrrol id

inyl-11- henyh] ik Q[ lidecan11l- -
The 11118 kebund 0% “oyn Rar SRl iR ant TP R o ¥

pr ocedur®43 &fz)s211 7202 4 Hnmyet 86 .B) (Ekidmi),c0.093f(BHnt, clor 6e3pbmili ng starting
materials. LC RT = 1.95 mn.; M5 398 1%@(300 MHz CDCI3) 6 6.94 (m
1H), 6.39 (m 2H), 4.05 (dt, 4.2Hz, EXPRE19H), 3.64-3.47 (m 10H), 3.37

dt, 2.6bz4.9. L1816 invie1' - 8-8x32_L8h-sBi _2.14
(5. 3, 7313 (Etoxpletyt {[@10yfofting oy yehcrl o bra2 et sPghksigein: &
6.3Hz, 3H). Exanple 30 242-Met hyl - 44(2®r@® R)-2-net hyl -[ 1, 31bi pyrrol id
i nyl-11-y1)-phenyl ] - 8- oxa-2-aza- s%i ro[4.5]decan-1-one NNl ) 1 H3C

Ko

H.C
The title compound is synthesized following substantially the same procedures

L
8
3
2
1

N

3

as set forth in Method B, Example 1 from 100 mg of the bromide to obtain 75.7 mg
(57 % yield) of the product as a brown gum.
LC Rr=1.95 min.; MS 414.
"H NMR (300 MHz CDCl3) § 7.44 (2H, d, J = 8.98 Hz), 6.53 (2H, d, J = 8.98 Hz), 4.03
(2H, dt, J = 11.73, 4.03 Hz), 3.74 (2H, t, J = 6.78 Hz), 3.58 (2H, m), 3.51-3.16 (10H,
m), 3.05 (1H, m), 2.93 (1H, m), 2.54 (1H, m), 2.30-1.66 (10H, m), 1.45 (2H, d, J =
13.56 Hz).
Example 16
2-{4-[4-((S)-2-Methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one

oo

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 100 mg of the bromide to obtain
69.2 mg (54 % yield) of the product as a brown gum.

LC Ry = 1.86 min.; MS 398.

"H NMR (300 MHz CDCl3) &: 7.50 (2H, d, J = 8.98 Hz), 6.93 (2H, d, J = 8.98 Hz), 4.02
(2H, dt, J =11.73,4.03 Hz), 3.75 (2H, t, J = 6.78 Hz), 3.69 (2H, d, J = 12.10 Hz), 3.57
(2H, td, J = 8.80, 2.38 Hz), 2.91 (2H, m), 2.78-2.53 (4H, m), 2.13 (2H, t, J = 6.78 Hz),
2.06 (2H, m), 1.98-1.58 (7H, m), 1.44 (3H, d, J = 12.38), 1.07 (3H, d, J = 6.05 Hz).



0 The title conmpound is synthesized follow ng substantially the sane
procedures as set forth in Method B, Exanple 1 from corresponding starting
mat eri al sSWO 26@/06€9RT = 1.95 min.; M 398. 1H NVR (300 MPETATRBIBN6G66. 96 (m
1H), 6.39 (m 2H), 4.05 (dt, 4.2Hz, 11.4Hz, 2H), 3.64-3.47 (m 10H), 3.37
(dt, 3.6Hz, 9.0Hz, 1H), 2.79 (sixtet,66.3Hz, 1H), 2.56 (q, 8.4Hz, 1H), 2.17
(m 4H), 2.14 (s, 3H), 1.98 -1.69 (m 4H), 1.48 (m 3H), 1.14 (d, 6. 3Hz,
3H)

: 31
2-[2-Met hyl -4-(2-met hyl -[ 1, 31bi pyrr oleg?lfﬁﬁhgl y1) - phenyl ] - 8- oxa- 2- aza-spir
o[ 4. 5] decan- 12¢3¢|kBG-4&(2-Mmethyl-[INJf]bkgeolidinyl-1TEphenylkOaxapdarnd- i s
synt hesi zed foll owi ng substanti al | #]he sanme, procedures as set forth in
Met hod B, Exanple 1 from corre§B'6?i[§'r yndecat i ®¥emat erials. LC RT = 1.96
mn.; M5 398. 1H NWR (300 MHz CDCI 3) - exhibits twos sets of spectra.
Exanpl e 32

2-[2-Methyl-4-((2R,3' R -2-nmethylo[1, 3 @ Ql i A, 11-y1) - phenyl ] -9-oxa- 2
-aza- N \ 7

o)

H,C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 100 mg of the bromide to get 78.9
mg (65 % yield) of the product as a brown gum.
LC Ry =2.42 min.; MS 416.
Example 18
2-{4-[4-(2-Ethyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one

oo

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 90 mg of the bromide to get 51.4
mg (45 % yield) of the product as a brown gum.
LC Ry = 2.37 min.; MS 480.
"H NMR (300 MHz CDCl3) &: 7.18 (1H, s), 7.07 (2H, m), 4.03 (2H, dt, J = 11.73, 4.03
Hz), 3.77 (2H, d, J = 12.28 Hz), 3.61 (4H, m), 3.09-2.33 (5H, m), 2.18 (2H, t, J = 6.78
Hz), 2.08 (2H, m), 1.96-1.40 (10H, m), 1.32-1.12 (3H, m), 0.88 (3H, t, J = 7.33 Hz).
Example 19
2-{4-[4-(2-Isopropyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one



spi ro[ 5. 5] undecan-1-one \----- N O H3C The title conpound is

synt hesi zed foll owi ng substantially the sanme procedures as set forth in

Met hod B,waxarmples79¢ from correspondi ng starting nateri alPET/USBRD6666d.. 85
mn.; M 412. 1H NWR (300 Mz CDCI3) 6 6.94 (m 1H), 6.39 (m 2H), 3.98 (m
2H), 3.77-3.16 (m 9H), 3.00 (m 1H),672. 797(sixtet, 6.9Hz, 1H), 2.52 (q,
8.4Hz, 1H), 2.24 (m 3H), 2.10 (s, 3H), 2.04-1.68 (m 8H), 1.60-1.41 (m
3H), 1.13 (d, 6.3Hz, 3H). Exagpl e, 33 242-Methyl-44(25,3" R)-2-nethyl-[1, 31
bi pyrrol id inyl-11-y1)-phényl oxa- 2-aza- spiro[5.5]undecan-1-one 75 9
4 N HZC The title c g fo)t~ow ng substantially
the sanme procedures as set f |l e [L from correspondi ng
starting materials.

H,C
CH,

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 90 mg of the bromide to obtain 90
mg (76 % yield) of the product as a brown gum.
LC Ry =2.38 min.; MS 494.
"H NMR (300 MHz CDCl3) 8: 7.17 (1H, d, J = 2.38 Hz), 7.06 (2H, m), 4.03 (2H, m),
3.77 (2H, m), 3.61 (4H, m), 3.10-2.47 (5H, m), 2.78 (2H, t, J = 6.96 Hz), 2.08 (2H, m),
2.00-1.44 (12H, m), 0.88 (6H, dd J = 15.95, 6.96 Hz).

Example 20
2-[4-(2-Propyl-[1,3'bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

0 0
el
F N
F
F

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 90 mg of the bromide to obtain 81.3
mg (71 % yield) of the product as a brown gum.
LC Ry = 2.44 min.; MS 480.
"H NMR (300 MHz CDCl3) 8: 7.05 (1H, d, J = 8.61 Hz), 6.77 (1H, d, J = 2.75 Hz), 6.65
(1H, dt, = 8.61, 2.75 Hz), 4.03 (2H, dt, J = 11.55, 4.22 Hz), 3.59 (3H, m), 3.51-3.20
(4H, m), 2.99 (2H, m), 2.64 (1H, m), 2.52 (2H, m), 2.21-2.01 (4H, m), 1.97-1.67 (4H,
m), 1.60-1.43 (4H, m), 1.41-1.18 (4H, m), 0.94 (3H, m).

Example 21
2-{4-[4-((S)-2-Methyl-pyrrolidin-1-yl)-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one



LC RT =

1.91 min.; MS 412. 1H NMR (300 M4z CDCI3) 6 6.93 (m 1H), 6.40

2H), 3.98 (m 2H), 3.73-3.51 (m 3H), 3.44-3.19 (m 6H), 2.98 (m 1H),
WOo2b/0631B, 2.53 (q, 8.4Hz, 1H), 2.33-2.16 (m P8HUS209M66666, 3H),
2.05-1.65 (m 8H), 1.60-1.41 (m 3H), 1.14 (d, 6.3Hz, 3H). Exanple 34
244- ((2R, 3" S)-2-Methyl -[1, 31bi pyrrol i@ nyl-11-y1) - phenyl ] - 9- oxa- 2- aza-
spi ro[ 5. 5] undecan-1-one a " N H C The title conmpound is synthesized

(sixtet,

foll ow ng substantially the

1H NWR (300 Mz CDCI3) 6 7,
2H), 3.73-3.56 (m4H), 3.44:
(g, 8.4Hz, 1H), 2.23 (m 3H),
6. 3Hz, 3H) Exanpl e 35 244((2R
nyl-11-y1)-phenyl]-9-oxa-2-aza- spir

rocedures as set forth in Method B,

: m 3H), 1.14 (d,
- 2- Met hyl - '_ﬁ: bi pyrrol id i

5. 5]undecan 3‘one

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from 90 mg of the bromide to obtain 107.4 mg
(96 % yield) of the product as a brown gum.
LC Ry =2.19 min.; MS 466.
"H NMR (300 MHz CDCl3) 8: 7.18 (1H, s), 7.07 (2H, s), 4.03 (2H, dt, J = 11.55, 4.22
Hz), 3.77 (2H, d, J = 12.46 Hz), 3.61 (4H, m), 2.99-2.53 (6H, m), 2.17 (2H, t,J = 6.78
Hz), 2.08 (2H, m), 2.02-1.56 (7H, m), 1.50 (3H, m), 1.07 (3H, d, J = 6.23 Hz).

Example 22
2-[4-((2S,3'S)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

o 0
F “N
F '
F H,C™

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 90 mg of the bromide to obtain 108
mg (100 % yield) of the product as a brown gum.
LC Ry =2.18 min.; MS 452.
"H NMR (300 MHz CDCl3) 8: 7.05 (1H, d, J = 8.61 Hz), 6.77 (1H, s), 6.66 (1H, d, J =
8.61 Hz), 4.02 (2H, m), 3.69-3.21 (9H, m), 3.00 (1H, m), 2.81 (1H, m), 2.55 (1H, q, J
—8.06 Hz), 2.23-1.90 (7H, m), 1.90-1.67 (2H, m), 1.49 (3H, d, J = 13.93 Hz), 1.13
(3H, d, J = 6.05 Hz).
Example 23
2-[4-((S)-2-Methyl-[1,4"|bipiperidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

(m
2.79

ing materials. LCRT = 1.75 mn.; M 398.
2H) \b4 (B~ 8.7Hz, 2H), 3.98 (m
N98 ( H, 2.79 (m 1H), 2.53



The title conmpound is synthesized follow ng substantially the sane
procedures as set forth in Method B, Exanple 1 from corresponding starting
mat er i al swol@oRb57981. 83 mn.; M 398. 1H NVR (300 MHz CBCIr3)S2@9/06dsde ( d,
8.7Hz, 2H), 6.54 (d, 8.7Hz, 2H), 3.98 (m 2H), 3.68 (m 2H), 3.59 (m 2H),
3.44-3.20 (m 5H), 3.01 (m 1H), 2.779m 1H), 2.53 (q, 8.4Hz, 1H), 2.23
(m 3H), 2.18-1.67 (m 8H), 1.50 (m 3H), 1.14 (d, 6.3Hz, 3H). Exanple 36
244- ((25,3 R -2-Met hyl -[ 1, 31bi pyryolidi ny1 11-y1)- phenyl] 9- oxa- 2- aza-

spiro[ 5. 5] undecan- 1-one \ Q-" -1, C sss' The title conpound is
synt hesi zed fol |l owi ng subsit anti F oceﬁ as set forth in
Met hod B, Exanple 1 from co ch . LC RT = 1.85
mn.; M 398. 1H NWR (300 Mz .04 6.54 (d, 8.7Hz,

2H), 3.98 (m 2H), 3.73-3.56 (m 4H(3.44-3.20 (g5H), 298(m 1H), 2.79
(m 1H), 2.53 (q, 8.4Hz, 1H), 2.23 (N 3H), 208169(m8H) 1.49 (m
3H), 1.14 (d, 6.3Hz, 3H). Exanple 37

2-[44(25, 3 S)'FH’GMR%B?:!r'npbihn@@bﬂ’x‘tﬁé@&bé'f@l)va@té"smﬂa%taWﬂﬁW{He‘@arﬁéfbr@cétﬁﬁes

spi ro[ 5. 5] undecan- 1-one he titl e conpound s synthesized

fol | owi rap seffertamt Mathgd &&@mﬂeﬁrfmcﬁﬂm efshe éromisie o obtaie3hddng (29
Exanpl e rre odn arti materlals LCRT = 1.83 mn.; M 398.
1H NVR (%d’éé'%‘c 34 %éf%li’?‘%‘ﬁrr‘ . 6.54 (d, 8.7Hz, 2H), 3.98 (m
2H), 3. 4% Qp= 2|3)7mﬁ}5IQS(4'802H) 3. 44 3 20 (m S5H, 3. 01 (m 1H) 2. 77 (m
1H), 2.53 (q, HE (7 2.18-1.67 (m (H
1.14 (d, I—BNM& 3Q§]-|)/IHzC CI3)8 7.1 (1H s) 7.06 (2H, m), 403(2H m) 377(2

3.58 (4H, m), 3.04-2.74 (4H, m), 2.61 (2H, m), 2.36-1.88 (8H, m), 1.87-1.21 (8H, m),

1.11 (3H, t, J = 6.23 Hz).

Example 24
2-{2-Ethyl-4-[4-(2-propyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one

-0

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 77 mg of the bromide to get 84.6
mg (81 % yield) of the product a brown gum.
LC Ry =2.29 min.; MS 454.
"H NMR (300 MHz CDCl3) 8: 6.95 (1H, d, J = 8.43 Hz), 6.79 (2H, m), 4.04 (2H, dt, J
=11.55,4.03 Hz), 3.72 (2H, d, J = 10.81 Hz), 3.60 (4H, m), 3.13 (1H, d, J = 11.55
Hz), 2.94 (1H, m), 2.81-2.41 (8H, m), 2.22-2.05 (4H, m), 1.96-1.61 (8H, m), 1.49 (2H,
m), 1.43-1.22 (2H, m), 1.18 (3H, t, J = 7.51 Hz), 0.93 (3H, m).

Example 25
2-{2-Ethyl-4-[4-(2-methoxymethyl-pyrrolidin-1-yl)-piperidin-1-yl]-phen
yl}-8-oxa-2-aza-spiro[4.5]decan-1-one



Exanpl e 38

242-Fluoro-4-((2R 3'S)-2-Methyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-
aza- spi repobjossmdecan- 1- one The title conpound iPsETARRMNIMEG6ER

foll owi ng substantially the sane procedures as set forth in Method B,
Exanple 1 fromcorresponding starting/dmterials. LC RT = 1.89 mn.; M 416.
1H NWR (300 Mz CDCI3) 6 6.99 (m 1H), 6.29 (m 2H), 3.98 (m 2H), 3.69 (m
2H), 3.54 (m 2H), 3.43-3.16 5H), 2.97 (dt, 3.6Hz, 7.8Hz, 1H), 2.79
(sixtet, 6.0Hz, 1H), 2.52 (qQ 8. 2.21 (m 3H), 2.10-1.68 (m 8H),
1.50 (m 3H), 1.14 (d, 6.3Hz\3
2-[2-Fluoro-4-((2R, 3" R)-2- Mt hyl
i nyl-11-y1)-phenyl]-9-oxa-2-aza- spi \----- NNi o H3C
The title conmpound is synthesized #0l1ow ng sub®fantially the sane
procedures as set forth in Method B, Exanple J 4rom corresponding starting
materials. LCRT = 1.93 min.; M5 416. 78 1H NWVR (300 MHz CDCI3) 6 6.99 (m

1H), 6.29 (Mt Hite 8oPBolAY i€E)nth8si®8d (Mowdkl substantially the same procedures
as set forth in Method B, Example 1 starting from 77 mg of the bromide to obtain 82.9

mg (81 % yield) of the product as a brown gum.
LC Rr=1.97 min.; MS 456.
"H NMR (300 MHz CDCls) 8: 6.96 (1H, d, J = 8.43 Hz), 6.79 (2H, m), 4.04 (2H, dt, J
=11.55, 3.85 Hz), 3.71 (2H, d, J = 11.91 Hz), 3.60 (4H, m), 3.35 (3H, m), 3.18 (1H,
m), 3.01 (3H, m), 2.81-2.41 (6H, m), 2.15 (4H, m), 2.00-1.43 (10H, m), 1.18 (3H, t, J
=7.70 Hz).
Example 26
2-[2-Ethyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

0 O
“Leoma
H,C 1
H.C
The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 starting from 77 mg of the bromide to obtain 94.1
mg (99 % yield) of the product as a brown gum.
LC Ry =1.98 min.; MS 426.
'H NMR (300 MHz CDCl3) 8: 6.93 (1H, d, J = 8.25 Hz), 6.40 (2H, m), 4.03 (2H, dt, J
=11.73, 4.03 Hz), 3.59 (4H, m), 3.40 (1H, m), 3.27 (3H, m), 3.02 (1H, m), 2.79 (1H,
m), 2.61-2.42 (3H, m), 2.14 (4H, m), 1.99 (1H, m), 1.89-1.65 (5H, m), 1.48 (3H, d, J =
12.83 Hz), 1.19 (3H, t, J = 7.51 Hz), 1.14 (3H, d, J = 6.23 Hz)
Example 27
2-[2-Fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

spiro[5.5]undecan-1-one



3.54 (m 2H), 3.47 (m 1H), 3.35 (m 1H), 3.31-3.15 (m 3H), 3.00 (m 1H),
2.77 (m 1H), 2.52 (q, 8.4Hz, 1H), 2.21(m 3H), 2.10-1.68 (m 8H), 1.50 (m

3H), 1.13y§0,208v/@5»s 3H) . Exanpl e 40 PCT/US2009/066666
2-[2-Fluoro-4-((2S,3 R -2-Methyl -[1,31 bi pyrrol id i

nyl-11-y1)-phenyl ] - 9-oxa- 2-aza- spiro[®%.5]undecan-1-one Nr---- \----NN.O
1-13C sss'

o) o -
N NO’"'""N; 7
H.C

Step 1: 4-{3-[2-Fluoro-4-((2S,3'S)-2-methyl-[1,3'|bipyrrolidinyl-1'-yl)-phenylamino]-
propyl}-tetrahydro-pyran-4-carboxylic acid methyl ester

Q OMe F
| i
O N NO"’"M

4-(3-Oxo-propyl)-tetrahydro-pyran-4-carboxylic acid methyl ester (135 mg,
0.515 mmol, 1 eq) was dissolved in 2.4 mL of 1,2-dichloroethane. To this was added
2-Fluoro-4-((2S,3'S)-2-methyl-[1,3' bipyrrolidinyl-1'-yl)-phenylamine (103 mg, 0.515
mmol, 1 eq) in 6.2 mL of 1,2-dichloroethane. To the combined mixture was added
glacial acetic acid (96 mg, 1.6 mmol, 3.1 eq) followed by NaBH(OAc)3 (330 mg, 1.55
mmol, 3 eq). The reaction mixture was stirred at rt for 15 h. The reaction mixture
was quenched with water, transferred to a separatory funnel and extracted with CH-
2CI2 (2 x 100 mL). The combined organics were dried over Na2SO4, concentrated
under vacuum and purified by column chromatography on silica gel (40 g column, 6%
MeOH in CH2CI2; 35 mL/min). This gave 130 mg (61%) of the title compound as a
beige semi-solid.
Step 2

4-{3-[2-Fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenylamino]-
propyl}-tetrahydro-pyran-4-carboxylic acid methyl ester (40 mg, 0.1 mmol, 1 eq) was
dissolved in 2 mL of THF and cooled to 0°C, where a 2.5 M solution of n-BuLi in
heptanes (0.11 mL, 0.17 mmol, 3 eq) was added drop-wise and the ice bath was
removed. After 30 min the reaction mixture was quenched with water, transferred to
a separatory funnel and extracted with diethyl ether (2 x 50 mL). The combined
organics were dried over Na2SO4 and purified by column chromatography on silica
gel (40 g column, 10% MeOH in CH2CI2; 35 mL/min). This gave 38 mg (98%) of the
titte compound as an off-white gum.
LC/MS: Rr=1.89 min, MS: 416.



The title conmpound is synthesized follow ng substantially the sane
procedures as set forth in Method B, Exanple 1 from corresponding starting
mat eri al swoL@oRb5781. 95 mn.; M5 416. 1H NVR (300 MHz CBCIr3)S2@986686 ( m
1H), 6.29 (m 2H), 3.98 (m 2H), 3.69 (m 2H), 3.54 (m 2H), 3.43-3.16 (m
5H), 2.97 (dt, 3.6Hz, 7.8Hz, 1H), 2. 7% (sixtet, 6.0Hz, 1H), 2.52 (g, 8.4Hz,
1H, 2.21 (m 3H, 2.10-1.68 (m 8H, 1.50 (m 3H, 1.14 (d, 6.3Hz, 3H).
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nM and pf F%Hﬁﬁ e The conpounds of this invention and/or
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representative conpounds of this invention are summarized ih Table 1. TABLE

1 Exanplspinuh.SRmeeaan+isong htieayivkio6(mg) 0.2036 semelgomnd aodium hhutsixideo(2.of
Basal e%?v.?b%@%m&, 0.4891 g.). The vial was de-gassed and refilled with N2 three

cycles. 100 mL of anhydrous toluene was introduced and the red solution was stirred

Rhesus H3 nenbranes were pr
(I'nvitrogen) stably transfecgted

for 2 min at rt, then the amine (1.11 equiv., 22.71 mmol, obtained from above) in
toluene was introduced into the flask via cannula. The flask was evacuated and
backfilled with N2. The reaction was heated in an oil bath set at 90°C for 2.5h,
allowed to cool down to room temperature and quenched with water (2 mL) and
extracted with DCM (3 x 100mL). The combined DCM extracts were washed with



Rhesus H3 1 0.93 -25 80 Exanple No. Rhesus H3 binding ki (nM Inverse
Agonism (:)/0 inhibition of Basal GIPyS binding in Rhesus H3 2 0.38 -9 3
0. 63 WO 2010/065798 PCT/US2009/066666

73

sodium bicarbonate (50 mL), and brine (50 mL), dried (anhydrous potassium
carbonate), filtered, and concentrated. The crude product was purified on a 10-g
silica gel column eluted with DCM and 5% of 7N NH3 MeOH in DCM to get the titled
compound.
LC/MS: Rr=1.96 min, MS: 412
"H NMR (300 MHz CDCI3) &: 6.93 (1H, d, J = 8.25 Hz), 6.40 (2H, m), 4.03 (2H, dt, J =
11.73, 4.03 Hz), 3.59 (4H, m), 3.40 (1H, m), 3.27 (3H, m), 3.02 (1H, m), 2.79 (1H, m),
2.61-2.42 (3H, m), 2.14 (4H, m), 1.99 (1H, m), 1.89-1.65 (5H, m), 1.48 (3H, d, J =
12.83 Hz), 1.19 (3H, t, J = 7.51 Hz), 1.14 (3H, d, J = 6.23 Hz).
Example 29
2-[2-Methyl-4-((2R,3’R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

O

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr =1.95 min.; MS 398.
"H NMR (300 MHz CDCl3) & 6.94 (m, 1H), 6.39 (m, 2H), 4.05 (dt, 4.2Hz, 11.7Hz, 2H),
3.64-3.47 (m, 10H), 3.37 (dt, 2.6Hz, 9.0Hz, 1H), 2.76 (sixtet, 6.3Hz, 1H), 2.52 (q,
8.4Hz, 1H), 2.14 (s, 3H), 2.12 (m, 4H), 1.98 (m, 2H), 1.77 (m, 2H), 1.48 (m, 3H), 1.14
(d, 6.3Hz, 3H).

Example 30
2-[2-Methyl-4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one

H.C
O 3
Otr-0-0~p
H,C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.



-26 4 2.1-3150.7-116 38 -36 75.2-358 76 -229 170 -30
WO 2010/065798 PCT/US2009/066666

74

LC Rr =1.95 min.; MS 398.
"H NMR (300 MHz CDCl3) & 6.96 (m, 1H), 6.39 (m, 2H), 4.05 (dt, 4.2Hz, 11.4Hz, 2H),
3.64-3.47 (m, 10H), 3.37 (dt, 3.6Hz, 9.0Hz, 1H), 2.79 (sixtet, 6.3Hz, 1H), 2.56 (q,
8.4Hz, 1H), 2.17 (m, 4H), 2.14 (s, 3H), 1.98 -1.69 (m, 4H), 1.48 (m, 3H), 1.14 (d,
6.3Hz, 3H).

Example 31
2-[2-Methyl-4-(2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-spiro[4 .5]decan-

1-one

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Ry =1.96 min.; MS 398.
"H NMR (300 MHz CDCl3) - exhibits twos sets of spectra.
Example 32
2-[2-Methyl-4-((2R,3’'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one

2

The title compound is synthesized following substantially the same procedures

H,C

as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr=1.85 min.; MS 412.
"H NMR (300 MHz CDCls) 8 6.94 (m, 1H), 6.39 (m, 2H), 3.98 (m, 2H), 3.77-3.16 (m,
9H), 3.00 (m, 1H), 2.797(sixtet, 6.9Hz, 1H), 2.52 (q, 8.4Hz, 1H), 2.24 (m, 3H), 2.10 (s,
3H), 2.04-1.68 (m, 8H), 1.60-1.41 (m, 3H), 1.13 (d, 6.3Hz, 3H).
Example 33
2-[2-Methyl-4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one
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The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Ry =1.91 min.; MS 412.
"H NMR (300 MHz CDCls) § 6.93 (m, 1H), 6.40 (m, 2H), 3.98 (m, 2H), 3.73-3.51 (m,
3H), 3.44-3.19 (m, 6H), 2.98 (m, 1H), 2.79 (sixtet, 6.9Hz, 1H), 2.53 (q, 8.4Hz, 1H),
2.33-2.16 (m, 3H), 2.10 (s, 3H), 2.05-1.65 (m, 8H), 1.60-1.41 (m, 3H), 1.14 (d, 6.3Hz,
3H).

Example 34
2-[4-((2R,3’S)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

spiro[5.5]undecan-1-one

Yoa,

H.C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr=1.75 min.; MS 398.
"H NMR (300 MHz CDCls)  7.04 (d, 8.7Hz, 2H), 6.54 (d, 8.7Hz, 2H), 3.98 (m, 2H),
3.73-3.56 (m 4H), 3.44-3.20 (m, 5H), 2.98 (m, 1H), 2.79 (m, 1H), 2.53 (q, 8.4Hz, 1H),
2.23 (m, 3H), 2.08-1.69 (m, 8H), 1.49 (m, 3H), 1.14 (d, 6.3Hz, 3H).

Example 35
2-[4-((2R,3’'R)-2-Methyl-[1,3'bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one
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0
H,C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr =1.83 min.; MS 398.
"H NMR (300 MHz CDCls)  7.04 (d, 8.7Hz, 2H), 6.54 (d, 8.7Hz, 2H), 3.98 (m, 2H),
3.68 (m, 2H), 3.59 (m, 2H), 3.44-3.20 (m, 5H), 3.01 (m, 1H), 2.77 (m, 1H), 2.53 (q,
8.4Hz, 1H), 2.23 (m, 3H), 2.18-1.67 (m, 8H), 1.50 (m, 3H), 1.14 (d, 6.3Hz, 3H).

Example 36
2-[4-((2S,3'R)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one

B

A

H,C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr = 1.85 min.; MS 398.
"H NMR (300 MHz CDCls)  7.04 (d, 8.7Hz, 2H), 6.54 (d, 8.7Hz, 2H), 3.98 (m, 2H),
3.73-3.56 (m 4H), 3.44-3.20 (m, S5H), 2.98 (m, 1H), 2.79 (m, 1H), 2.53 (q, 8.4Hz, 1H),
2.23 (m, 3H), 2.08-1.69 (m, 8H), 1.49 (m, 3H), 1.14 (d, 6.3Hz, 3H).

Example 37
2-[4-((2S,3’S)-2-Methyl-[1,3'bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one

0O
0
Sase
"y, D

H,C®
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The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr =1.83 min.; MS 398.
"H NMR (300 MHz CDCls)  7.04 (d, 8.7Hz, 2H), 6.54 (d, 8.7Hz, 2H), 3.98 (m, 2H),
3.68 (m, 2H), 3.59 (m, 2H), 3.44-3.20 (m, 5H), 3.01 (m, 1H), 2.77 (m, 1H), 2.53 (q,
8.4Hz, 1H), 2.23 (m, 3H), 2.18-1.67 (m, 8H), 1.50 (m, 3H), 1.14 (d, 6.3Hz, 3H).

Example 38
2-[2-Fluoro-4-((2R,3’S)-2-Methyl-[1,3'|bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one

%@%

H.C

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr =1.89 min.; MS 416.
"H NMR (300 MHz CDCls) 8 6.99 (m, 1H), 6.29 (m, 2H), 3.98 (m, 2H), 3.69 (m, 2H),
3.54 (m, 2H), 3.43-3.16 (m, 5H), 2.97 (dt, 3.6Hz, 7.8Hz, 1H), 2.79 (sixtet, 6.0Hz, 1H),
2.52 (q, 8.4Hz, 1H), 2.21 (m, 3H), 2.10-1.68 (m, 8H), 1.50 (m, 3H), 1.14 (d, 6.3Hz,
3H).

Example 39
2-[2-Fluoro-4-((2R,3'R)-2-Methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

spiro[5.5]undecan-1-one

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Rr=1.93 min.; MS 416.
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'H NMR (300 MHz CDCl3) & 6.99 (m, 1H), 6.29 (m, 2H), 3.98 (m, 2H), 3.69 (m, 2H),
3.54 (m, 2H), 3.47 (m, 1H), 3.35 (m, 1H), 3.31-3.15 (m, 3H), 3.00 (m, 1H), 2.77 (m,
1H), 2.52 (q, 8.4Hz, 1H), 2.21 (m, 3H), 2.10-1.68 (m, 8H), 1.50 (m, 3H), 1.13 (d,
6.3Hz, 3H).
Example 40
2-[2-Fluoro-4-((2S,3’R)-2-Methyl-[1,3'|bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one

The title compound is synthesized following substantially the same procedures
as set forth in Method B, Example 1 from corresponding starting materials.
LC Ry =1.95 min.; MS 416.
"H NMR (300 MHz CDCls) 8 6.99 (m, 1H), 6.29 (m, 2H), 3.98 (m, 2H), 3.69 (m, 2H),
3.54 (m, 2H), 3.43-3.16 (m, 5H), 2.97 (dt, 3.6Hz, 7.8Hz, 1H), 2.79 (sixtet, 6.0Hz, 1H),
2.52 (q, 8.4Hz, 1H), 2.21 (m, 3H), 2.10-1.68 (m, 8H), 1.50 (m, 3H), 1.14 (d, 6.3Hz,
3H).

Biological Examples
Example 41

This Example 41 demonstrates the efficacy of the compounds of this invention
as H3 receptor ligands. The compounds of this invention have been demonstrated to
displace [*H]-methylhistamine 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 uM to <1 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 GTPyS 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
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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 10ml/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 membranes were stored under liquid nitrogen prior to use in [3H]-
Methylhistamine and GTP S 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 ul rhesus H3 membranes (20-30 pg total protein), 50 ul WGA
SPA beads (0.1 ug) and 50 ul of 83Ci/mmol [*H]-Methylhistamine (final concentration
2 nM) and 50 pl 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-Prusoff equation.
The observed binding data for a few of the representative compounds of this

invention are summarized in Table 1.

TABLE 1
Example Rhesus H3 Inverse Agonism: %
No. binding ki (nM) inhibition of Basal
GTPyS binding in

Rhesus H3
1 0.93 -25
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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 a.m. to 4 p.m. during three consecutive
days: control day (D1), drug day (D2) and post drug day (D3). Vehicle (D1 and D3)
or drug (D2) were administered 15 min before the recording.
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conpound according to claim1, wherei%® n, mand p are 1; Rl is nethyl,
ethyl, isopropyl, n-propyl or nethoxynethyl; and R2 is hydrogen, fluorine,
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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.

Two types of analysis were used to quantify the effects of the compounds 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 analysis) or as the
percentage of the control values (100%). Statistical analysis of the data was carried
out using the Student's t test for paired values to determine significant variations from
control values.

Example 43
Stress-induced ultrasonic vocalizations test in adult rats

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

The procedure used was adapted from the technique described by Van Der
Poel A.M, Noach E.J.K, Miczek K.A (1989) Temporal patterning of ultrasonic distress
calls in the adult rat: effects of morphine and benzodiazepines. Psychopharmacology
97:147-8. Rats were placed for a training session in a cage with a stainless steel grid

floor (MED Associates, Inc., St. Albans, VT). Four electric shocks (0.8 mA, 3s) were
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aza-spiro[ 4. 5] decan- 1- one;
242 met Hijtered pOdRest t@)a zomutgrlwmqreemblwwvw pafitwigre- recogded eaebadt-g-Wba- 2-

Saa. (2 40, PR HBLIES Ui nysats ey, selepied s, I Ag'E; OBV, duygtion

spi r o[ 4.(3hderand kudjRted to the test, 4h after training. For the test, rats were placed in
242-fl uoro-4-(2-isoprop [1, 31b| grrolldln -11-y1)- hen 1] - 8- oxa- 2- aza-
spi ro[ 4. tge(ﬁs@aﬂ gagen as hat used for fraining. One electrlc shock 2/0 mA, 3s) was

gg?r ‘;I[ 31 é&ﬁ aﬁHOB\’/l [duratd 4N rRGLEhEN L wdis ShbsBESIMY r&edti8a Auiftf he

2-{2- f | Witravéx [s§steqSudnge2 mjih- phtte cbmponnds Yot thigi ipeemtibmwéreg dnphisteydd - 8- o
Xxa- 2- aza-spiro[4.5] decan- 1- one;

242-f1 udt-8-90 (T('Q§G§31r9)te%tl thyl-[1, 31b| pyrrol i di nyl - 11-y1) - phenyl ] - 8- oxa- 2-

aza- spiro[ 4. 5] decan- 1- one;
242-fluoro-4-((S)-2-nmethyl -[1, 41bi p| per P(?I nyl-11-y1l)-phenyl] - 8- oxa- 2- aza-
spi ro[ 4. 5] decan- 1- one; Forced- SW|mm|ng test in rats

gpf fo%j (5]2de§'§ﬂ %%Héd?é’ e s itantd thg'sPueJyI S efﬁcac\,/ylljf% ggmi)ounge(%f%laza_
2-{4- [ 4-ifidetioPPyd amidePbssd adedts)in RinkBal MbBelk: Y11 - pheny1} - 8- oxa- 2- aza-
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) containing 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
each swimming session, rats were placed under a heating lamp to avoid
hypothermia. The duration of immobility was measured during the 6-min test. The
compounds of this invention were administered p.o. twice (15 min after training

session and 60 min before the test).

Although 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 thereof.



spiro[ 4. 5] decan- 1- one;

244- ( 2- met hoxynet hyl -[ 1, 31bi pyrrolidinyl-11-y1l)-phenyl]-8-oxa-2-aza-

spi r o[ 4. Sydeocsveirsne; PCT/US2009/066666
2-{4-[4-((S)-2-nethyl -pyrrolidin-1- yl) pi peri din-1-y1]-phenyl}- 8- oxa- 2- aza-
spiro[ 4. 5] decan- 1- one;

243-fl uoro-4-(2-nethyl - [1,31b|pyrroI|d|ny1 11-y1)-phenyl ] -9-oxa- 2-aza-

spi ro[ 5. 5] undecan- 1-one; 86

2-{4-[4-(2-ethyl-pyrrolidin-1-y1)- plperIMIn 1-y1]-2-trifluoronethyl-phenyl}
- 8- oxa- What is claiawst- ispi r o[ 4. 5] decan- 1- one;

2-{4-[4-(2-isopropyl -pyrrolidin-1-yl1)-piperidin-1-yl1l]-2-trifluoronethyl-phe
nyl } - 8- oxa- 2- aza- spi ro[ 4. 5] decan- 1- one;

244- ( 2- pfOpr\EéW%%ghBXﬁmghhﬂé@Ml 11-y1)-2-trifluoronethyl - phenyl] - 8- oxa- 2-
aza- spiro 5] decan- 1- one;

2-{4-14-((S) - 2- rrethyl pyrroli@in-1- yl) Fi?)l perldln 1-yl]-2-trifluoronethyl-ph

enyl} - 8- oxa- 2-a
244-((2S, 3" S) - 2- net hy(g-[l uor orret hyl - phenyl ]
- 8- oxa- 2-aza-sp{ o[ 4

244-((S)-2-nethyl-[1,4
aza-spiro[ 4. 5] decan- ;

2 {2 et hyl- 444-( 2- pr opyl - pyrrolldln 1-y1)- plperldln 1-y1] - phenyl}- 8- oxa- 2-a

za- spi r o[ 4. 5] decan- 1- one; )

2-{2- et hyl- 444 (2 ret hoxynet hyl - pyrrol i di n-1-y1)-pi peridin-1-y1] - phenyl}- 8-

{ hyl - pheny1] - 8- oxa

oxa- 2-aza- sp|r0[4 5] decan- 1- one;
242- et hyl-4- (2813 ;- 2- met hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl] - 8-oxa-2-a
za- S |ro[4 5l decan- 1- one;

242-f1 uor o- 4-1 82 '50845) - 2_ et hyl - [ 1, 31bi pyrrol i di nyl - 11-y1) - phenyl | - 9- oxa- 2-
aza- SR 1] 8 r§] undecan- 1- one,

242-nmet hyl-4-((2R 3" S)-2-net hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-
aza- sPRr I@[lﬁ/dﬂ}gﬂméé)mﬁlialbyieCFg, (C4-Cs)alkoxy-(C1-Cs)alkyl; and

242-met hyl-4-( ( R) - 2-neth 1 rralidinyl-11-yl)-phenyl] - 8- oxa- 2-
aza- di?r 5[ szé‘j’ éﬁ? %‘néé Co,}at?kﬁ% éf_l or

242- met hy 1- 4-4 §21Bthr&df ot-dreéhamtidrerddha BlasterebmMienYderddf.y 1) - phenyl ] - 8- oxa- 2-
aza-
2. The compound according to claim 1, wherein
n, mand p are 1,
R1 is methyl, ethyl, isopropyl, n-propyl or methoxymethyl; and

Rz is hydrogen, fluorine, chlorine, methyl, ethyl or CFs.

3. The compound according to claim 1, wherein
nis2and mis 1;or
nis1and mis 2;
pis1or2;
R1 is methyl, ethyl, isopropyl, n-propyl or methoxymethyl; and
Rz is hydrogen, fluorine, chlorine, methyl, ethyl or CFs.

4. The compound of claim 1 selected from the group consisting of:
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;



spiro[ 4. 5] decan- 1- one;
242-met hyl-4-(2-nmethyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-aza-

spi r o[ 4. Sydeocsveirsne; PCT/US2009/066666
242-nmet hyl-4- ((2R 3' R - 2-net hyl -[ 1, 31bi pyrrolidinyl -11-y1) - phenyl ] - 9- oxa- 2-
aza- spi ro[ 5. 5] undecan- 1-one; 85

242-met hyl-4-((2S, 3' R) - 2- net hyI [1, 31bi pyrrolidinyl-11-yl)-phenyl]-9-oxa- 2-
aza- spiro[5.4% }
244- ((2R, 3' S)-Ejmm f( %3‘5?%‘?'@ Jibipyrrelidioyi Aoy pnenyll S gxe 2 aze:

spi ro[ 5. 5] undecan- sbm{ﬁzS]undecan -1-one;

ggﬁr ( §R5fu§) oISy b 20l PSS A TN DRy b S 2 ae

244-((2S,3' R - 2- {T%VF B]Jde%épnpbﬁéOI i dinyl-11-y1)-phenyl]-9-oxa-2-aza-
spi ro[ 5. 5] undecan- 1-on

244- (E52385i3 5212 [B-freenoyd-( (25,3 BhiZoyethyli tidiyinyralidiny - Bybrghgnydl-braa 2-aza-
spiro undecan-

282 11 nor 0- 4- ( ( 2R SHISE Sl466PATI-OPS: 31bi pyr r ol i di ny1- 11-y1) - phenyl ] - 9- oxa- 2-
aza- s@-ehfethyiun 21me | lidin-1-yl din-1-yl]-phenyl}-8- 2-
242-f1 uoro- 4- (EZR 3WR)-gFﬁ/e?_h 'I-n [)rlopl)ylproP/|)(§)|le]eynl In11 3gl]lg) eprhye}nylo])(aQ oxa- 2-
aza- spiro[ Eﬁ@]’%ﬁ@ﬂ:éﬂ\d%n@ ghd

e e R e e

di ast er eoner therexpﬁro[éﬁﬂﬂeeaomnpnelnd of claim1l selected fromthe group
consi sting of

242- et hyl - 4-4 12 E-8thy] £b3ﬂm@Pwy@'lotlriylﬁlﬂl)r%fﬂ%ﬂ%hwll &-Pxg-Baghrenyl | - 8- oxa- 2-
gézlg: nmet hyl - éslpl( E 8[8%%??2%0%“& - P?[ 31lbi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-

aza- s (2-{flGors}4H2tesemme iyl 4 S ]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
2-[4-((2S,3'95)-2- rgspﬁrhﬂ 5][d1ec%%b1l 8xrro| i di nyl -11-y1) - phenyl ] - 8- oxa- 2- aza-

2-[2-fluoro-4-(2-propyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{2-fluoro-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((S)-2-methyl-[1,4']bipiperidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-(2-isopropyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-(2-propyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[4-(2-methoxymethyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-(2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;



spiro[ 4. 5] decan- 1- one;
243-fluoro-4-((2S, 31S)-2-nethyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-

aza- wopiwwp#As5] decan- 1- one; PCT/US2009/066666
2-{2-met hyl -444-((S)-2-nethyl -pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-o0x
a- 2- aza- spiro[ 4. 5] decan- 1- one; 86

242- et hyl - 4 ((2R 3'S)-2-net hyI [1 31lbi pyrrolidinyl-11-y1)-phenyl] - 8-oxa- 2-
aza- - -

2 (211 uoro: £ 181 %bf*m” oy rBIRegin LI uorometypheny HE Oy o
xa- 2- aza- sazec$ @Mmanlﬂfone

242- 11 4- S li,di nyl -11-y1) - 1] -8 - 2-
aza- sg?;8[4 fﬁé?&ﬁ% Qppmfgl? é’glléln- -yB ppgerrl nl1 3I/If]¥ tnf?'uor%n?etﬁ)ﬁe%nl/l}- _oxa

242-fl uoro-4-((S) (%(-alj@la&gls-drb[ééme%bﬁﬂ]rbﬁé nyl-11-y1)-phenyl] - 8- oxa- 2- aza-
spiro[ 4. 5] decan- 1-

2-{4-[ 4- ((S) -2l42- hmpyb{ﬁr B Wipyreliding 1l -yhi peifiugromethytphengh§xas2-exa- 2- aza-
4.5]d 1-
ggli%r;)l[uor!) ic?g n'esfnye(?id' F]Pe:?fB 1p9p?’ol i dinyl-11-y1l)-phenyl]-9-oxa-2-aza-

spi ro[ 5. 5] unge SyPeinethyl-p rroI|d|n1 )-piperidin-1-yl]-2-trifluoromethyl-phenyl}-8-
2-{4-14-((S) - %g}(yl-pyrroyl yl n-1- Y-)Q%en |ny]1 yl] - tr|f¥uporor¥gthyl ph

enyl} - 8- D@ Zrpgaspirolt- 51®Pa@c1aﬂn%- one:
242 (25,5 0 ey bl AHOLBYSb A 5H b O R

244- ((S) - 2- net hyl Zézal-kblrpimdedam)ﬂlorilél, yl1l)-2-trifluoronethyl-phenyl]-8-oxa
- 2- - spi ro[4. - 1-
D42 ot hyl- 4. O H{BT e gt %ﬂﬁf}ubuppe@gmy@rvlanzrnamH9rpmqthy119he¢w&r§f9raaz oxa- 2-a

za- spiro[4.5].d

242-fl uoro-4-(( ZS,a?fCS?@Z- me ﬂyi -1 1, b pyrrolidinyl-11-y1)-phenyl]-9-oxa- 2-
aza- s 2-{DEBybHtAd@emmpyl-pyreglidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-aza-
242-nmet hyl-4- ((2R 3" ]%L thyl -[1, 31bi pyrrolidinyl-11-yl)-phenyl]-9-oxa-2-
aza- spi r o $P¥] %élégg’ﬁ nal- h

2 [2-nethy1- % {4 8fy iaiy <@ mletn R o1 gicrchA-D )RRy blod oxa- 2
2-[2-net hyl-4- ((29 aza)spone@]Hsecarp 1;@5i pyrrolidinyl-11-y1)-phenyl] - 8- oxa- 2
-aza- 2-[2-ethyl-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3’'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-(2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3’'R)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;



spiro[ 4. 5] decan- 1- one;
242-methyl-4-((2R 3' R -2-net hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-

aza- wopiwwpB®s5] undecan- 1- one; PCT/US2009/066666
242-nmet hyl-4-((2S,3' R -2-nethyl -[ 1, 31bi pyrrolidinyl-11-y1l)-phenyl]-9-oxa-2-
aza- spi ro[ 5. 5] undecan- 1- one; 87

244- ((2R 3" S)-2-nethyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-aza-
spi ro[ 5. 5] undgga 0 -1 21bi idinvl-1'-vl)- -9-0xa-2-37a-
S (2R 3 R F RS RF R mety Ly BToipy oty s ) gheny Lo pragaza: , .

spiro[ 5. 5] }Jndecan-sbir@iﬁzS]undecan-1-one;_ _

oot 8o o TR Ry 2 gl DY B Sloy oty 2y Y oka 3. 828 2 828
244-((2S,3'5) - 2- rrg;{ﬁ%ﬁ[g]]dn@g@gﬁw_éﬁé;i di nyl-11-y1)-phenyl] - 9- oxa- 2- aza-
spi ro[ 5. 5] undecan- 1- one;

242-f | uor o- 4--[42#28,3R)-2-metyH 1.p1oisymoliinyl ol iy phenyl]19-913-2ptizany | | - 9- oxa- 2-

- iro[5.5 -1-gne; .
gig-fl uor o- ZPI(Egl[?,%p'r]ﬁﬁ!gfl’l%@gﬁéP%F‘%%lbi pyrrolidinyl-11-y1)-phenyl]- 9- oxa- 2-

aza- s-[2((2Sd SndansihylLi 08I idinyl-1'-yl)-phenyl]-9-oxa-2-aza-
242-fl uoro-4-( E 2§S(, 3'R ?2- I\/E?Tr}]/yr -1 ? ngyr¥ ol iyc;ipnyl-y 1-y1l) - phenyl ] - 9- oxa- 2-
aza- spiro[ 5. 5] undPRmR-2lupdecanr!-an&al t t hereof or an enantiomer or a

di astereoner j pereqh. 4 8RS SGYRRM-9516i9HBldinGE1 §)-5ledyiLeokES-FLQUP

consi sting of:

242- et hyl - 4- (( 2S,spirg]5.8umelebsh-1-dn&1bi pyrrol i di nyl- 11-y1) - phenyl ] - 8- oxa- 2-
aza- spi ro@f. 5] d?can-,l- one; . - '

242- et hyl - 4-4-[28gogi-(@R3RIA-Methddbi3dpisyalidingly T -Wrphanybéenard-a5oxa- 2-
aza- spirof ~d=ane; ..

244-((2S,3'S)-2- é@ﬁ?ﬁ%ﬁ%wpﬁ%a&ﬂyl- 11-y1) - phenyl ] - 8- oxa- 2- aza-

spi r o[ 4. 5] decafR-fluanoed-((2S,3'R)-2-Methyl-[1,3bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-

;gg:f | uor o-4- (( 28’s%}raé.g]_u%%teg%ﬁ[-éhe3;10brl pyrrolidinyl-11-y1)-phenyl]-8-oxa- 2-

a salt thereof or an enantiomer or a diastereomer thereof.

5. The compound of claim 1 selected from the group consisting of:
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{2-methyl-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-{2-fluoro-4-[4-((S)-2-methyl-pyrrolidin-1-yl)-piperidin-1-yl]-phenyl}-8-oxa-2-
aza-spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;



spiro[ 4. 5] decan- 1- one;

242-methyl -4-((2R, 3" S)-2-net hyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-
aza- wopiwwp#As5] decan- 1- one; PCT/US2009/066666

242-fl uoro-4-((2S, 31S)-2-nethyl -[ 1, 31bi pyrrolidinyl-11-y1l)-phenyl]-8-oxa-2-
aza- spiro[ 4. 5] decan- 1- one; 8

243-fluoro-4-(2-nmethyl -[1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-aza-

5.5
S O os b S LR udmOnRiS) 2smethyii1 Albipineriding-1-y)-phenyilf-oxa-2azas | L
- 8- oxa- 2- azpiropt.bletabldenen- 1- one;

242 e - 4 (138, 5, S4 2 e LU S 8 A g o ore 22

242-fl uoro-4-((2S, s}g@4gd&5m| ohd: 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-
aza- spiro[ 5. 5]undecan 1- one;

242- et hy| - 4-2-[RRiFog}-(2-meshyy .3 Tbirmyrtsiiginy-o1-yiioheny k- 9-oxe) 2 eeny | | - 9- oxa- 2-
aza- spiro[5.5]un

242- et hyl - 4 ((2 ds\gnr%‘é élurp@?ﬁ?ﬁolﬁn%lbl pyrrolidinyl-11-y1)-phenyl]-8-oxa- 2-
aza- E@?g%&@eﬁ@mﬁ—ﬂyﬂ@hdm -1- gl) piperidin-1-yl]-2- trlﬂuoromethyl phenyl}-8-

242- et hyl - 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-
aza- sp| r o[ 2%t aﬁ;plro 5fdecan- 1-one; o
Zgarmethvl - & L{2p8 S 2 eI S his ORI A i bt ey BRG] 8 B 2

242- et hyl - 4 ((28 Baf{)asbrro’ﬁtﬁxdbeérﬂé’dfm pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-

aza- hém%un ecan-1-

244- ((2R, 3’ 3)2 e me hlylﬂﬂn]%'meé'ﬁira" Ay¥D-21rjeprommrihytphenydix@osats a-
spi ro[ 5. 5] undecan-_L--0.

244- ((2R 3' R) - 2- net Ry %ﬁoﬁﬁdblcgyrlg |ed| nyl-11-y1l)-phenyl]-9-oxa-2-aza-
spi r o[ 5. 5] undefZaethyl-4¢(€2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
244-((2S,3' R - 2-net hyl - 31bip rroI i dinyl-11-y1)-phenyl]-9-oxa-2-aza-
spi r o[ 5. 5] undecan-SP Ldég]ldecan ne

244- ((2S, 3' S)2-R-NEdrovA ((b% @él)vzpr)héfrglu[ﬂB']'Mbyrlféndm))l PRADHMA-R6Ra 2-BZAR-

spi ro[ 5. 5] undecan- 1-on
242-f 1 uor o- 4 ((2R, splrgj5 é]imgltengn-ﬂ[-qme;lbu pyrrolidinyl-11-y1)-phenyl]-9-oxa- 2-
aza-

24211 vor o- 4 (RN ERET AT RISl BB PUTO Y L A B YRR P B 2-
aza- spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3’'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3’'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2S,3'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3’S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2R,3’'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'R)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;



spi ro[ 5. 5] undecan- 1- one; and
242-fluoro-4-((2S,3' R -2-Methyl-[1, 31bi pyrrolidinyl-11-y1)-phenyl]-9-oxa-2-
aza- spi rwp2objossdecan- 1-one; or a salt thereof or an eRramtuiseoNR6EH6 a

di astereomer thereof. 7.The conpound of claim1l selected fromthe group
consi sting of: 89

242-met hyl -4-((2S,3'S)-2-nethyl -[ 1, 31bi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-

243. mot hy! -Zf’%'[“%%?%??gf’"ﬂ%we TR VAR T2 10 one 2

aza- SpIro Fﬁp{fﬂ B‘J]flﬁi : R@r) ;_ _

244- (125, 3' S); 5 HESI bk SN Tl iy PRI 430 228

242-fl uoro-4-(( 28,&,1@{5-_gmbagh_—1[_émélbi pyrrolidinyl-11-y1)-phenyl]-8-oxa-2-
- [ 4.5]d -1- ;91

gzzlg- etS I?1Iylr ?El- & ,eléc?rgﬂ-z(%ﬁa’wz-mtmw S binyrrotidinytt1'iy)-phenyhewxhai2-azaxa- 2- a

gi-z-f | uor osgl E ?Eg%ﬁ%@r@feﬁgﬁkﬂn%’lﬁ pyrrolidinyl-11-y1)-phenyl]-9-oxa-2

- aza- SR Z-MiSro-2Ses R)-2Lveieyl-[ 1,3 bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
244- ((2R, 3' R -2-nethyl -1 1, 3113i pyrr ol[i di]n)%- 11- y{) - pyh)eFr)]yI ]y-]9- oxa- 2- aza-
spi r o[ 5. 5] undecan-SRif@ffed]undecan-1-one; or

244 ((25, 3 R 2l ko LI 08 Siehe e hngiagry! 1 -o- oxa- 2-aza-

spi ro[ 5. 5] undeca
244-((2S,3'S)-2-nethyl -[1,3113i pyrrolidinyl-11-y1l)-phenyl]-9-oxa-2-aza-
spi ro[ 5. 5] undecan- 1- one;

242-f | udt-o- 4-?*{92@9@9%10@9%@'?{9Itfei?%f?@é'i%?FW%Q?QHprﬁPﬁSiSIWBﬂ phenyl ] - 9- oxa- 2
2411 vor o- - (20 R B ey g K Y TS I 2% o
-aza- spiro[5. 5] uraprohdldecan:1-one;
2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[3-fluoro-4-(2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-2-trifluoromethyl-phenyl]-8-oxa-
2-aza-spiro[4.5]decan-1-one;
2-[2-ethyl-4-((2S,3’S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;
2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-methyl-4-((2R,3'S)-2-methyl-[1,3]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;



a salt thereof or an enantiomer or a diastereoner thereof. 8. The conpound
of claim1 selected fromthe group consisting of:

242- met hyWo44(0265B8S) - 2- met hyl - [ 1, 3113i pyrrol i di nyl - 11- pCrAsh@apbdee8- oxa- 2-
aza- spiro[ 4. 5] decan- 1- one;

242-met hyl -44(2S,3'S)-2-nmet hyl -[ 1, 311%) pyrrol i dinyl -11-y1) - phenyl ] - 9- oxa- 2-
aza- spi ro[ 5. 5] undecan- 1- one;

2-[4-((2S,3 52Lzzg{_&;ﬁryleﬂ-((fzﬂa’,sgﬂa}-%i-rmé&{w—'[i SuBpYrrdAdiMhl T NSy S8-8%822a A%

spiro[ 4. 5] deca
242-f 1 uor o- 4- ((28 pIrej4. S}dehyl-O[]&;, 3113i pyrrolidinyl-11-y1)-phenyl]-8-oxa-2
-aza-

pa5e 11 vor o- 4 P IL AN G2 Se R B ety B By PGP dR YYD LAY HHeKG 2 2% oxa. 2

-aza- Spl r o[spirel4'BRReaA-1loRse; and
244-((2S,3'S) - 2-net hy { 3113i pyrrolidinyl-11-y1)-phenyl]-9-oxa- 2- aza-

spiro[ 5. 5] unc&eﬁ%{meihsdfﬂe (2R3 8)@amethydré‘r éd»blpysrrromnﬂn fyd)rrahm‘ryl]cﬁ o¥a-2-aza-

di ast er eoner thereof d according or claiml which is having
the formila (I1): B BB oo 25600 068606 92 wher o R, R2, m n
and p are as Apfi I14ﬂ$(QBGB R)-2- méﬂmyﬁ[@fiq’tﬁlﬁw&idlmﬂaﬂ' YUY ]19-8Ra- L0 1 Si ng

one or nore conpounds of any of clains 1 to 9 or a pharmaceutically
acceptabl e salt, aﬁplr@iﬁﬁlur@@éan 10PN di ast er eomer thereof in combination

oxci piont s, R 4PRES STRSHEAAYL IBRAERANT SR EhE o Bl iR D0t car 1y

acceptabl e salt, &pnetﬁaﬁ}urmleean 1eoney di ast er eoner thereof for t he

f h d bl f
ool ati ng. o HEUGR SR RaHEI ot SOPPYTIITHT SO W OAped-Faen

associated with s ey i ., anxi ety disorders such as generalized
anxi ety, panic di S@gﬂ@g?é;ﬁgbggst frdumatic stress disorder, najor

depressi ve diZp-((26,3 Be2emethyl-gf, 3MiphreolnBnyltl-y8- gHany)]:9- on@-rﬂ-az'afe deficits
related to neurol ogi. c?é 5lundecan-1-one:

2-[4-((2S,3’S)-2-methyl-[1,3'bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;

2-[2-fluoro-4-((2R,3’S)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;

2-[2-fluoro-4-((2R,3’R)-2-Methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and

2-[2-fluoro-4-((2S,3'R)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; or

a salt thereof or an enantiomer or a diastereomer thereof.

7. The compound of claim 1 selected from the group consisting of:

2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;

2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;

2-[4-((2S,3'S)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;

2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;



di seases chosen from Al zhei mer, Parkinson or Huntington, age rel ated
cognitive inpairnent, mld cognitive inpairnent, vascular denentia, Lew s
Body denewbi2a10/s6T98i ti on associ ated with cognitive defi ecraS2ebmeqmes el at ed
di sorders, attention deficit hyperactivity disorder and depression, and
obesity. 12. Use according to claim 14, wherein the sleep disorder is

sel ected fronlthe group consi sting of narcol epsy, circadian rhythm sl eep

di sorder,, - obss [ S8 8RR8Iy 9T Bl Frol P TN £ REAy AL Ges HLESS | €0

syndr one, exce SIV epln ss an ess dde to tion
side-effect. 13. Lﬂmo{%hGhﬂe@an@ -boecl ai m 11, wherein the sleep disorder is
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claim1l, wherein gd}@[5i_5m§@ahs|_g@éfent ia of Al zheiner type (DAT).
2-[4-((2R,3’'R)-2-methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3'R)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[4-((2S,3’S)-2-methyl-[1,3'bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;
2-[2-fluoro-4-((2R,3’R)-2-Methyl-[1,3']bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and
2-[2-fluoro-4-((2S,3'R)-2-Methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; or

a salt thereof or an enantiomer or a diastereomer thereof.

8. The compound of claim 1 selected from the group consisting of:

2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;

2-[2-methyl-4-((2S,3'S)-2-methyl-[1,3"bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one;

2-[4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;

2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-8-oxa-2-aza-
spiro[4.5]decan-1-one;

2-[2-fluoro-4-((2S,3'S)-2-methyl-[1,3"]bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; and

2-[4-((2S,3’S)-2-methyl-[1,3'bipyrrolidinyl-1'-yl)-phenyl]-9-oxa-2-aza-
spiro[5.5]undecan-1-one; or

a salt thereof or an enantiomer or a diastereomer thereof.

9. The compound according or claim 1 which is having the formula (l1):
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10.

11.

12.

13.

14.

92
OOy,

wherein Ry, Rz, m, n and p are as defined in claim 1.

A pharmaceutical composition comprising one or more compounds of any of
claims 1 to 9 or a pharmaceutically acceptable salt, an enantiomer, or a
diastereomer thereof in combination with one or more pharmaceutically

acceptable carriers, diluents or excipients.

Use of a compound of any of claims 1 to 9 or a pharmaceutically acceptable
salt, an enantiomer, or a diastereomer thereof for the preparation of a
pharmaceutical composition, which compound is capable of modulating H3
receptor function for treating cognitive impairment associated with
schizophrenia (CIAS), anxiety disorders such as generalized anxiety, panic
disorder and post-traumatic stress disorder, major depressive disorder,
dementia of Alzheimer type (DAT), cognitive deficits related to neurological
diseases chosen from Alzheimer, Parkinson or Huntington, age related
cognitive impairment, mild cognitive impairment, vascular dementia, Lewis
Body dementia, cognition associated with cognitive deficits, sleep related

disorders, attention deficit hyperactivity disorder and depression, and obesity.

Use according to claim 11, 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.

Use according to claim 11, wherein the sleep disorder is narcolepsy.

Use according to claim 11, wherein the disease is cognitive impairment
associated with schizophrenia (CIAS).
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15.  Use according to claim 11, wherein the disease is dementia of Alzheimer type
(DAT).



